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In natural aquatic ecosystems, metals occur m low
concentrations, normally at the nanogram to mucrogram per hitre level
In recent times, however, the occurrence of metal contamunants,
especially the heavy metals n excess of natural loads, has become a
problem of increasing concern This situation has arisen as a result of
the rapid growth of population, increasing urbanization, expansion of

mndustnal activities, exploration and explortation of natural resources,

extension of imgation and other modern agriculture practice as well as

the lack of environment regulation

Trace metals enter the aquatic environment from both natural
(geochemical background) and anthropogenic sources Entry may be as
a result of direct discharges mto both freshwater and marne
ecosystems or through indirect 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 i the environment 1s important
The anthropogenic sources of metals mnclude, mmmng, mdustrnial and
petroleum mdustry activities, domestic effluents and urban storm-water
runoff, leaching of metals from garbage and sohid wastes dump, metal
mputs from rural areas, eg metals contammed pesticides and
atmospheric sources, e g burning of fossil fuels, incieration of wastes
and mdustnal enussion Different examples of potential mdustnal and

agricultural sources for metals m the environment have been reported
by FAO (1992)

Thus report also shows that for most trace metals, anthropogemc
emisstons are either more than or quite equal to natural enmussions The

combustion of leaded petrol in automobules, for instance, 1s responsible



for the widespread distribution of lead m the world For mercury,
however, several reports (Hutchison and Meema, 1987 and GESAMP,
1988) suggest that natural emissions are quantitatively more important

than anthropogenic sources

Heavy metals are usually taken up by both fauna and flora This
uptake could provoke an increase i the concentration of the metal in
the orgamisms, 1if the excretion phase 1s slow, this can lead to the
bioaccumulation phenomenon Some of these metals may undergo
biomagnification through the food chain Several mechanisms have
been reported by Romeril (1971) for uptake and loss of trace elements

by marine orgamisms These mechanisms are

a) Direct absorption of 10ns at membrane-water interfaces,

b) adsorption by active and/or passive diffusion of metal 1ons

from sea water across semi-permeable membrane mto the

body fluids, and

c) mgestion of 1ons with food or in combmation with particulate

matter and absorption through the gut wall

The loss of heavy metals from biological matenal may be
attamned through two mechamsms proposed by Bryan (1971)

1) Excretion across the body surface or gills, and

2) excretion via the gut and urine



-

€ aorimnad

v
e

Living orgamisms have dynamic relationship with therr
environment, therefore, 1t 1s frequently observed that a trace element 1s
both accumulated and excreted until steady state has been attamned It
has been shown by Pringle et al (1968), Majon1 and Petranio (1973 a)
using bivalves appear to mdicate that rates of uptake for trace elements
are proportional to thewr concentration mm the medium Schulz-Baldes
(1974) proposed that rates of loss are correlated to internal
concentration of the element Direct relationships with the environment

may be obscured by slow response time for short-term vanation of

trace elements in water and tissues

Some heavy metals such as Cu, Zn, Fe and Mn are essential for
the growth and well-being of hving orgamisms including man However,
they are bkely to show toxic effects when orgamsms are exposed to
levels higher than normally required, Bowen (1966) stated that low
concentrations of essential trace elements may suppress physiological
action, leading to abnormal growth of an orgamisms Other trace
elements such as Cd, Pb and Hg are not essential for metabohc
activities and exhibit toxic properties Major elements such as Ca, Mg,

Na and K are normally transported as mobile cations in aqueous

solutions

Metal contammnation of the aquatic environment may lead to
deleterious effects from localized mmputs which may be acutely or
chromically toxic to aquatic hfe within the affected area Most
published data on the effects of metals on aquatic orgamisms, however,
report adverse effects at concentrations higher than usually found m the

environment (GESAMP, 1985 and 1988)



Metals may be taken up by orgamisms either m morganic or/and
orgamc soluble form For example, arsenic and copper, the organic
form 1s most toxic (Ballin, 1988) Others, such as Hg, Sn and Pb, the
organic forms are most toxic In ambient water, low concentrations of
Hg, Cd, As and Cu directly may inhibit photosynthesis and
phytoplankton growth Effects at lgh trophic levels include delayed
embryonic development, malformation and reduced growth of adults of

fish, molluscs and crustaceans

The major routs of heavy metal uptake by man are mgestion of
food, and water and breathung ar Fish, are one of the important
sources of metals for human beings, especially those who live by the

sea and fishermen and their diets depends mamly on seafood

Acute toxicity of cadmium may result from ingestion of relatively
high concentrations of cadmium, as may occur m contaminated
beverages or food Nordberg (1972) relates an mstance in which
nausea, vomiting and abdominal pam occurred from consumption of
drinks contammg approximately 16 ppm of cadmmum Recovery was
rapid without apparent long-term effects The principal long-term
effects of low-level exposure to cadmum are chromc pulmonary

disease and emphysema and chromic renal tubular disease There may
also be causes of carcinoma, hypertension and effects on the

cardiovascular and skeletal system (Nomiyama, 1980 , Friberg and
Kjellstrom, 1981)

Lead poisoning resulting from the consumption of contaminated

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

endocrine, reproductive and pulmonary systems also have been noted

The presence of lagh concentrations of mckel m specific tissues
may be responsible for some adverse biological effects For example,
the locahization of mickel m the pitwitary gland may have caused the

reported depresston of prolactin secretion (La Bella et al, 1973 a, b)

Nickel localization m the pancreas may also result mn mhibition of

msulin secretion (Clary and Vignati, 1973)

Copper, zinc and wron are essential elements which play an
important role mn different physiological processes, and their deficiency
results 1 sever health consequences Trace of copper 1s required for
utihzation of imron m haemoglobin formation, therefore, copper
deficiency 1s charactenzed by hypochromic, microcytic anaema
resulting from defective haemoglobin synthesis Oxidative enzymes,
such as catalase peroxidase, cytochrome oxidase, and others, also
require copper Zinc 1s the structural and function component of some
enzymes m the vertebrates It 1s necessary to mamntamn the normal
concentration of vitamin A 1n plasma Deficiency of this metal may
cause the so-called cirrhoses Iron 1s a component of haemoglobn,
myoglobme and cytochrome, 1 e 1t 1s an essential component of blood

pigments mn vertebrates Deficiency of ron causes anaenua i most

vertebrate amimals

Excess amounts of the essential elements m the tissues causes
the appearance of vanous diseases Copper causes hepatolenticular

degeneration (Wilson's disease) which 1s due to excessive accumulation



of copper m bram, kidney and liver Accumulation of Cu m the kidney
may cause a renal tubular damage which leads to increase the urinary
excretion of ammo acids, peptides and occasionally glucose Excess of
Zmc 1s said to cause disruption of hepatic cells which 1s also the chief
storage organ for this element Excess Iron cause a pronounced
pigmentation of the skin (Hemochromotosis) Liver damage with signs
of curhosis, diabetes and a pancreatic fibrosis, frequently occur n

human being as the result of excessive doses of ron
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Literature Cited

Because of their hazardous and deletenous effects on the
environments, heavy metals have been taken mn consideration smce
several decades In marme environment, particularly for manne
organisms, metals were studied by different scientist and for several
auns, such as, mvestigating the levels of metal m the organisms from
poliuted and non-polluted sites, studying the effects of metals on the
orgamisms by computing the median lethal concentrations (LC,,) for
mdividual metal and followmng up the rate of accumulation m the
different organs (bioaccumulation), finding relationships of metals to

the chemical composition of the organisms and effect of age and sex on

the rate of accumulation

In the present review, the metal studies which serve the objective

of the present work are cited and titled according to

1) levels of metal,
2) toxicity studhies, and

3) rate of uptake and elimmation (exposure and depuration)



A

I- Metal levels in fish:

The levels of metals in fish from the Egyptian waters were
determmed by many authors during the last two decades El-Sokkary
(1980) studied the accumulation of mercury m fish collected from

Mediterranean coast waters i front of Alexandna

Abdel-Salam (1981) measured the contents of Cu, Zn, Pb, Fe
and Mn m edible tissues and their accumulation 1 the mternal organs

(liver, gonads, gilis and heart) of 13 Red Sea fish

Emara (1982) determined the level of copper, cadmmum and
mercury in different fish species collected from Abu Qir Bay and Lake
Idku Hafez (1982) measured the accumulation of heavy metals (Fe,
Mn, Zn, Cu and Cd) m hver, muscle and gut of Tilapia milotica
collected from both Lake Mariut and Nozha Hydrodrome

Saad (1985 and 1987) determmned the concentration of Cd, Cu,
Zn and Fe n finfish from Lake Manut and Nozha Hydrodrome

El-Nady (1981) and El-Rayis and Ezzat (1986) studied the
bioaccumulation of copper, zinc, ron, manganese and cadmium 1
selected marme ammals of different trophic levels (Sparus auratus,
Raja miraletus, Portunus pelagicus and Patella vulgata) as part of a
survey on heavy metals pollution in Alexandna waters and effects on
marine ammals Findings indicated that although the waters have been
mfluenced by mcreased amounts of mdustrial, urban and domestic

wastes, significant effects are not apparent mn samples of the tested
animals



El-Nabawi er al/ (1987) determined the concentration of metals
(As, Cd, Cu, Pb, Hg and Zn) m fish from Mediterranean at the
Alexandna region Fouda (1987) mvestigated the requrements of
farmed fish species for various elements such as Ca, P, Mg, K, Na, Zn,

Cu and Fe and composttion of Oreochromis niloticus tissues

Abdelmonemm and El-Deek (1992) determmned the range and
natural variahons of some mmportant heavy metals (Cu, Zn, Mn, Pb, Cr
Cd and Fe) m three organs of two economic fish Lethrinus

mahsenoides and Lethrinus nebulosus from the Red Sea

Shriadah and Emara (1992) studied the effect of water pollution
on the concentrations of 1ron, manganese, mickel, lead and cadmium m
some fish and crustacea collected from the Eastern-Harbour and
El-Mex Bay of Alexandna Also, they estimated the concentration
factors for the tested metals n the studied fish

El-Moselhy (1993) mvestigated the seasonal vanation of Cd, Pb,
Cu and Zn m seven organs (hiver, gills, muscles, bone, bram, skin and
gonads) of four fish species representing all fishing techmques 1 Suez
Gulf and Suez Bay Emara et a/ (1993) compared the level of metals
(Cr, Mn, Fe, Co, N1, Cu, Zn, Cd and Pb) in muscle and bone of fish
from Mediterrancan and Red Seas, and they stated that the
accumulation of metals 1s more pronounced m Red Sea species than

Mediterranean ones

Abdelmoneim ef al (1994 a) studied the content of trace metals
(Cd, Pb, Cu and Zn) m Sardmella gibbosa, Saurida sp and
Epmephelus sp from the Gulf of Suez, and stated that carnivorous fish
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recorded lughest values of Cd and Pb while Zn was recorded m pelagic
herbivorous fish Ahmed et al (1994) measured the content of trace
metals (Cr, Mn, Fe, Co, Cu and Pb) mn muscle and bone of some fish
species from Suez Bay and Ghardaqa, they showed that the highest
levels 1 muscle were found i Upeneus moluccensis and the lowest m
Plectropomus maculatus collected from Ghardaga and Suez,

respectively

Abdelmoneim ef a/ (1994 b) studied the levels of some heavy
metals (Zn, Cu, Pb and Cd) in four fish species collected from El-Mex
Bay, the results showed that the essential heavy metals Zn and Cu are
accumulated in soft tissues as hiver while the nonessential Pb and Cd
are more accumulated 1n hard tissues (bone and gills) Abdelmoneim et
al (1994 c) studied the distribution of heavy metals (Cu, Zn, Mn, Pb,

Cr, Cd and Fe) n the organs of some edible fish species from the Gulf
of Suez (Red Sea)

El-Decek ef al (1994 a) estimated the concentration of Cu, Zn
and Pb n three Epinephelus sp collected from the Red Sea

El-Moselhy and El Samra (1994) determined the level of metals
(Cd, Pb, Cu, Zn, N1 and Fe) i Saurida sp, Nemipterus metoptas and
Nemipterus japonicus collected from Red Sea and Suez Gulf, and
Saurida sp from Mediterranean in front of Port Said City for
comparison They recorded that the fish collected from the

Mediterranean gave higher values of metals than those collected from
the Red Sea
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Many experts mvestigated heavy metals m the manne orgamisms
from waters other than Egyptian ones Merancer and Somers (1968)
determined the effectiveness of dry-ashing for the atomic absorption

analysis of 8 metals (Cd, Co, Cr, Cu, N1, Pb, Zn and Mn) m a number
of typical seafood samples

Lucas and Edgmgton (1970) deternuned the concentration of 15
trace elements by nutron activation analysis of samples of whole fish
and fish hiver from three of the Great Lakes They observed that the

concentrations of trace elements varied with species and lakes

Klemert ef al (1974) found the concentrations of metals m fillets
of fish sampled from Wisconsmn waters were less than 0 05 ppm for Cd,
not detectable (ND) to 0 42 ppm for Cr, 2 7 to 18 3 for Zn, ND to 4 31
for Pb and ND to 0 35 for As They recommended that these metals,

which found n the tested fish, are presented mn sufficient amount which
did not create any hazards to consumers

Bryan (1980) mvestigated the contamination of heavy metals m

sea, mput of metals to sea and therr deposition m sediments, and

influence of environmental and biological factors on the accumulation
of metals by biota

Shiber and Salank: (1981) determuned Pb, Cd, N1, Fe, Zn, Cu

and Cr concentrations m 6 species of mtertidal organisms common to
the coast of Ras Berrut, Lebanon
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Salank1 ef al (1982) measured the concentration of Hg, Cd, Cy,
Pb, Zn, Fe and Mn m chironomidae larvae, crustacea, plankton, as well
as m various 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 mn the

metal concentrations of species and tissues

Honda ef al (1983) determmed the concentrations of Fe, Mn,
Zn, Cu, Pb, N1, Cd and Hg 1n the muscle, liver and kidney of fifty nine
striped dolphins by atomic absorption spectrophotometry They found
that the levels of the most metals examined were hugher i the liver than
the other tissues, also, correlation of the metal concentrations to the

body length, weight and age was positive for Fe, Pb, N1, Cd and Hg
and negative for Mn, Zn and Cu

Miklovics et al (1985) studied the accumulation and effect of
heavy metals n the fishes of Lake Balaton (Hungary) They stated that
there was considerable vanations in metal levels between different

organs of the fish, and the heavy metals did not reach toxic levels i the
fish sampled

Maher (1986) measured the concentrations of heavy metals (Cd,
Cu, Pb and Zn) m the tissues of fish, molluscs, crustaceans and

macrophytes from St Vincent Guif, South Australia

Blevins and Pancorbo (1986) determined the heavy metals
residues (1€, As, Cd, Cu, Pb, Mn, Hg and Zn) n stnated muscle of
268 fish specimens harvested during a 5 years period (1980 - 1984)

from several aquatic systems m east Tennessee (US A)
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Denton and Burdon-Jones (1986 a) exammed trace metals mn fish
from the Great Barrier Reef They monitored seventeen species of fish

for Cd, Cu, Pb, Hg, N1 and Zn to establish a database for the area

Vos et al (1986) examined the metal content of Pb, Cd, Hg, Cr,
Ni, Zn, Cu, As and Se mn fishery products caught in Dutch waters

mcluding sole, plaice, cod, hermng, eel, pike-perch, mussel and
shrimps

Wahbeh and Mahasneh (1987) measured the concentrations of
ten mefals m hvers, gills, gonads and muscles of six species of fish
from Aqaba, Jordan, using atomic absorption spectrophotometry They

found a significant metal concentration differences between species,

tissues and metals

Sex years trend momtoring data of Hg, Cd, Cu, Pb and Zn m
flounder (Platichthys flesus) from the Sound and Great Belt (Damsh
coastal waters) were statistically assessed using a series of multilinear,
regressive models 1n terms of the measurements of metal levels and

vanous biological parameters (e g length) for ndividual fish (Jensen
and Cheng, 1987)

Kakulu et al (1987) determmed the trace metal contents (Cd,
Cu, Fe and Zn) m vanous fish and shellfishes from Niger delta area of
Nigena, and they stated that the levels in the shellfishes were higher
than m the fish, which could be due to their bemng bottom feeders
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Romeo (1987) analysed trace metals (Cd, Pb, Hg, Cu, Fe, Mn
and Zn) o fish roe "an umportant fish for the economy" from the

northern coast of Maunitania

Homnung and Ramelow (1987) measured the concentrations and
distnbution of metals (Cd, Cr, Cu and Zn) m muscle tissue of four
common fish species, Mullus barbatus, Upeneus moluccensis, Saurida
undosquanis and Pagellus erythrinus, eastern Mediterranean region

Also, they plotted the relationships between elements and zinc

Ismail ef al (1988) investigated the metals (Pb, Cu, Cd and Ni)
m muscle, gills and hiver of fish, crustaceans and molluscs collected

from South China Sea Sarawak waters

Marcovecchio ef al (1988) determined the total Hg, Cd and Zn
in the muscles of 19 species of marine organisms (including prawns,

shrimps and vanous fish) from the Baha Blanca Estuary, Argentina,
duning the period of 1985 - 1986)

Peterson et al (1989) analyses three species of fish (brook trout,
Salvelinus fontinalis, white sucker, Catostomus commersonn, and
yellow perch, Perca flavescens) collected from lakes m New
Brunswick and Nova Scotia (Canada) for whole body concentration of
trace metals (Pb, Cd, Hg, Cu and Zn) Also, he mvestigated the

mfluence of pH and other chemical parameters on the accumulation of
the metals

Tsoukali-Papadopoulou er a/ (1989) determmned the

concentration of copper, ron, chrommum and nickel n fish and shellfish
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harvested from Geras Gulf, Lesvos Island, Greece, during different

seasons of the year

Devi (1989) studied the levels of heavy metals (Cu, Zn, Cd, Pb
and Hg) to momnitor metal levels mn Malaysian fish and shellfish

collected from various landing station (number of fish samples were

three to five for each species)

Karbe et al (1989) studied the regional distnbution of heavy
metals (Hg, Cd, Cu, Zn, Ag, Pb, Fe and Mn) mn the abdominal parts of
hermut crab, Pagurus bernhardus, from the North and Insh Seas

Dai-Quanyu et al (1990) determined the contents of 26 metal
elements for commercial fishes from lakes m Suzhou region (China)
The magnitudes of metal contents were 1 the order benthic fishes >
nud-water fishes > upper-layer fishes, and with respect to food cham,

the order was Carmvorous fishes > omnivorous fishes > herbivorous

fishes

Hemandez et al (1990) determmned the levels of Hg, Cd, Cr and
Pb mn several marine orgamsms collected from the Mediterranean Sea
on the Castellon coast, Spamn, during 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 of Hg, Cd
and Pb 1n liver and flesh of 885 eels (dnguilia anguilla) and 338 roach
(Rutilus rutilus) collected from four sites on the Rivers Brett and

Chelmer, eastern England, over the period 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) mvestigated the bioconcentration of
the heavy metals zmnc and copper mn the mtestme, spleen, liver, kidney,
body fat, gonads, heart, muscle, bram, vertebrae and gills of the
sharptooth catfish, Clarias gariepinus, m a lake contammated by

effluents and seepage water from mnes and metal processing

mdustries

Wagemann ef al (1990) analyzed samples of hiver, kidney and
muscle tissue from beluga (Delphinapterus leucas) from 5 locations
across the Canadian Arctic and the St Lawrence Estuary for copper,
zinc, cadmium, mercury, lead and selenium They found that, mercury
was posttively associated with selemum and age m all ammals,
cadmum m kidney was positively associated with selemum and age,

and copper concentrations declined with age

Tang et al (1991) reported the concentrations of eleven heavy
metals (Ag, As, Cd, Cr, Cu, Fe, Mn, N1, Pb, Zn and Hg) and four major
cations (Na, K, Ca and Mg) m the muscle of Loligo duvaucell,
Sardmella longiceps and Lapturacanthus savala harvested from ten
near-shore and offshore coastal sites of the Arabian Sea, Pakistan
Sigmficant correlation between the concentrations of trace metals and
major cations were estunated to 1dentify the pollution status of the area

m terms of fish-specificity and site-specificity

Law and Singh (1991) studied the relationships between body
weight of fish and heavy metal (Cu, Zn, Pb and Hg) content of the
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edible tissue for three Malaysian fish species (Arius thalassinus,

Plotosus anguillaris and Dasyatis zugeri) caught n the Kelang estuary

Ashraf et al (1992) determmed the concentrations of ten metals
(As, Cd, Cr, Cu, Fe, Mn, N1, Pb, Zn and Hg) n the edible muscle of

Arus maculatus captured from eight different near-shore and offshore

sites of the south west coast of the Arabian Sea, Pakistan

Al-Mohanna (1994) analyzed five commercially important fishes
of Saud1 Araba from Jizan, Red Sea coast for certain metals (Cu, Hg,
Cd, Cr, Pb and Zn) in different organs of fish tissue, viz , liver, kidney,
gut, gills and muscle

Kucuksezgin and Balci1 (1994) mvestigated the concentrations of
heavy metals (Hg, Cd, Pb, Cr, Cu and Zn) m different manmne
orgamsms (macroalgae, mollusca, crustacea and fish) collected from

Izmr Bay, Turkey
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I1- Toxicity of metals

Toxic effects of the individual metals depend mamly on the
chemical structure of the metal, conditions of water, and on the ammal
species Generally, median lethal concentration (LC,,) 1s measured for
more species to drive the safe environmental condition for different
pollutants In the present review, the available studies which carried out

to detect LC,, for metals are cited

Ahsanullah et al (1981) determuned the acute toxicity of zinc,
cadmium and copper to the manne shnimp, Callianassa australiensis m

tests lasting up to 14 days, to compare the 4, 7, 10 and 14 days LC,,

values for each metal

Ward (1984) assessed the concentration of acute toxicity of the

metals to the species distribution pattern mn the area located at Port

Pinie, Spencer Gulf, South Australia

El-Nady (1981) and Ezzat et a/ (1985) studied the effect of Cu,
Zn and Cd on the fish, Mugil capito and the crab, Portunus pelagicus

to determune L.C,, and bioaccumulation of the metals

Denton and Burdon-Jones (1986 b) examined the acute toxicity
of Hg, Cu, Cd, Zn, N1 and Pb to adult and juvemle glass perch
(Priopidichthys marianus) and juvenile diamond-scaled mullet (Liza

vaigiensis), and the effects of water quality on the toxicity of metals

Prabhudeva and Menon (1986) studied the effect of metal

muxture (zinc and copper) on the mortahty rate of Perna viridis
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(Mollusca Pelecypoda), and they stated that, the mxture of zinc and
copper recorded enhanced toxicity of one metal in the presence of

another metal

de Nicola Gudic1 et al (1987) mvestigated the acute and

long-term toxicity of cadmmum m different stages of the life cycle of an

Idothea baliica (crustacea) population from the Bay of Naples

Krishnaja et al (1987) evaluated the toxic effects of certamn
heavy metals (Hg. Cd. Se, As and Pb) on Scyila serrata, the common
edible Indian marme crab, and determined the 24 to 96 h LC,, values

for each metals

Hilmy et al (1987) determined the acute toxicity of Cu, Zn, and
mixture of the two metals to juvemle Clarias lazera over a 96 h
exposure period, also they assessed the toxic effects of the mixture on

the physiological parameters

Mukhopadhyay et al (1987) studied the toxicity behaviour of
heavy metals on estuarine orgamisms, and the sensitivity of crustaceans
and fishes to the zinc, copper and chrommum Also, they studied the

effect of desalimzation of media to the metal toxicity

Cu-Keduo et al (1987) studied the effects of six heavy metals
(Hg, Cu, Cd, Zn, Pb and Cr) on hatching the eggs and survival of

larvae of flatfish, Paralichthys olivaceus and Cynoglossus semilaevis,

taken from Jiaozhou Bay, Qingdao, Chma
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Rami and Ramamurthn (1987) determuned the median lethal
concentration {LC,,) of Cu to crab Oziotelphusa senex senex, snail Pila
globosa and fish Tilapia mossambica They stated that the relative of

toxicity vanied among the organisms

Thorpe et al (1989) studied the effect of cadmium to survival,

growth and moulting frequency of mud crab Rhithropanopeus harrisn

and grass shnmp Palaemonetes pugio when the newly hatched larvae

of the two species were exposed for 96 h to a range of cadmium

free-1on concentrations using metal-buffered seawater

Galkwad (1989) studied the acute toxicity of three different
heavy metals salt, mercury chlonde, copper sulphate and selenium
oxide, to the fish Etroplus maculatus collected from Mansunda Lake

situated i Thane city, India

Hamilton and Buhl (1990) determmed the acute toxicity of
arsenate, arsenite, cadmium, chromium, copper, mercury, siver,
vanadium and zinc (mdividually and m two environmentally relevant

mixtures) to two hfe stages of Chinook salmon i reconstituted fresh
and brackish waters that simulated potential conditions in the San

Joaquin Valley, Califormia

Wu-Yulin et al (1990) studied the effects of heavy metals (Cu,
Zn, Cd, Pb and Cr) on early life stages of the flat fish, Paralichthys

olivaceus

Hamed (1992) determined the acute toxicity (72 h LC,;) of Cd
and Pb to juvemle Mugil sehel:
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I1I- Accumulation and depuration of metals:

Miettinen {1973) studied the mechamsms and rates of absorption
and excretion of heavy metals m orgamsms, with particular reference to

biologacal half-time and accumulation

Ward (1982) exarmned the distribution and accumulation rate of
cadmmum 1 the Sydney rock oyster, Saccostrea commercialis after
a long-term sublethal challenge with the metal (10, 25, 50 and 150
png/l)

The uptake of cadmium by sticklebacks and its distnbution
between the body tissues was compared following two methods of
exposure, 1 ¢ , natural exposure to the heavy metals i water and direct

intraperitoneal myection (Woodworth and Pascoe, 1983)

Borchardt (1983) mvestigated the kinetics of cadmium uptake
and loss via food and seawater m Mytilus edulis and its dependence on

food quantities

Ahsanullah ef al (1984) examined the accumulation of cadmium
by the shmmp Callianassa australiensis in laboratory microcosms
containing contaminated water and sediments, also they determined the
effects of sublethal cadmium concentrations on their growth, and the
relative importance of the exposure route for cadmum accumulation,

that was, water versus sediments and detritus

Thomas et al (1985) studied the accumulation rate of cadmium

n the tissues of rambow trout (Salmo gairdner:) after pre-exposed to
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erther cadmum (9 pg/l) or zinc (100 pg/) In both cases, more than
99% of the total body of cadmium was found m the hiver, kidney and

gills of the ammals

Brown ef al (1986) determimed the distribution of the cadmmum
accumulation m the major body organs of three species of freshwater
fish, Salmo gairdner:, Rutilus rutilus and Noemacheilus barbatulus,

when exposed to cadmium dissolved 1n therr aquarium water

Robinson and Ryan (1986) determined the accumulation rate and
depuration of cadmum and metal interactions within the kidney, gill

and digestive gland of the hard clam, Mercenaria mercenaria, after

exposed to cadmium

A large scale study was currently undetway to evaluate the
combmed effects of the "best” environmental conditions on the
ehmination of cadmium, zinc, copper, arsenic, selemum and tin by
adult and juvemile eastern oysters, Pacific oysters, softshell clams and

hardshell clams (Siewicki ef al , 1986)

Tkuta (1987) determined the metal concentrations in visceral and
muscular parts of abalone (Haliofis discus) by exposure to different

concentration levels of cadmmum, copper, lead and manganese for 120

days

Amuard ef al (1987) studied the patterns of accumulation of
essential (Cu, Zn) and nonessential (Cd, Pb) trace metals mn worms,
crustaceans, and fish exposed to short-term expenimental contamination

and low chronic contamination m a polluted environment
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Skul'-skut et al (1987) studied the cadmium accumulation m
tissues of mussels kept withun 20 - 60 days m water artrficially enniched
by cadmium up to 20 - 100 pg/l

Adult rambow trout, Salmoe gairdneri, were exposed to 3 6 and
64 pug Cdl for 178 d to determmne the accumulation pattern of
cadmum m the different organs, gil, liver, kidney, gut, skin and
muscle, of the fish (Giles, 1988) He stated that, the levels of Cd were
differed from organ to other according to the ability of uptake, while no

increase was recorded in white muscle

Gould et al (1988) studied the uptake of copper and cadmium
and 1ts effects in the gonad of the sea scallop Placopecten
magellanicus i early gametogenesis from the southern shelf of Hudson
Canyon, New Tersey, USA They reported that, copper had a strongly

mhibitory effect on gamete production and maturation

Liao-IChiu and Hsieh (1988) studied the acute toxicity, growth
effects, accumulation and elimnation of copper, cadmium and zinc on

Penaeus japonicus, One of the more mmportant commercial shrimp

species m Tarwan

Lakshmanan and Nambisan (1989) reported the bioaccumulation
and depuration rates of trace metals (Hg, Cu, Zn and Pb) by the mussel

Perna viridis from seawater and explored 1ts sutability as an mdicator

orgamsms for metal pollution

Accumulation and distribution of cadmmum were studied m the

organs of the manne prosobranch Littorina litorea exposed to two
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ambient concentrations and for 74 days (Mangomez and Ireland,
1989)

Norey et al (1990 a) compared the accumulation rates and tissue
distribution of cadmium 1n different species of freshwater fish (rambow
trout, Salmo gairdnert and stone loach, Noemacheilus barbatulus)

after exposed to cadmwum n therr aquanium water, and the ability of

fish to secrete the metal from ifs tissues

Norey ef al (1990 b) determmed the distnbution of cadmium
accumulated m the major body organs of pike, Esox lucius, after

exposed to cadmium dissolved m therr aquanium water at separate

concentrations of 60, 125 and 225 ng/l

Das and Kaviraj (1990) studied the accumulation patterns of
cadmium m the organs of awr-bearthing fish, Heteropneustes fossilis
after exposed to three different concentrations of cadmum (2 5, 6 4 and
555 mg/l) They found that the accumulation pattern of cadmium n
liver, gills and kidney changed with ambient concentration of cadmium

in water

Liao-IChiu et al (1990) studied the effects of Cu, Cd and Zn on
the survival and growth of juveniles of prawn, Macrobrachium
rosenbergn and determined the acute toxicity of these metals to various
larval stages of the prawn They also showed the patterns of

accumulation and elimination of the metals i young prawn

In chromc 7 days experiments, fasted catfish, Ictalurus

punctatus, were found to accumulate the toxic metal (cadmium) m their
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liver and kidney from external media with Cd concentrations as low as
10° M (about 0 1 pg/l), and the concentrations of Cd were found m the
kidney greater than the liver (Bentley, 1991)

Regoli et al (1991) investigated the ability of the seawedge shell
Donacilla cornea (bivalve) to concentrate copper, cadmium and
manganese when exposed to these metals n its aquarium, and the effect
of these heavy metals on total calcium content i gills, digestive gland

and whole soft parts

Rmngwood (1991) evaluated the short-term accumulation of
cadmium by embryos, veligers, pediveligers and adults of an Hawauan
bivalve, Isognomon californicum, over 24 h period He stated that, the
differences mn stage-specific accumulation rates suggest that there may
be mportant differences 1 metal metabolism during development that

are essential to developmental process

Holwerda (1991) determuned the Cd and Cu-accumulation
factors (AF) for the freshwater clams (Anodonta cygnea) after exposed
to cadmium chloride, copper chlonde, or to a mixture of the salts He
found that, the Cd-AF for whole amimals was reduced by 90% m the
presence of Cu, while Cu-AF was reduced by 50% 1n the presence of
Cd

Handy (1992) assessed the effects of cadmium and copper
enriched diets on the levels of these metals m the tissues of rambow
trout (Oncorhynchus mykiss) during a period of 32 days and allowed to
recover on normal food for 12 days to evaluate the elimmation rates of

the metals from the body tissues of the amimals
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Zorba et al (1992) mvestigated the heavy metals (Hg, Cu, V, Cd
and Pb) accumulation rate for 36 days and depuration rate for 60 days
in small and big clams, Circenita callipyga They stated that, the rates
of metal accumulation and depuration differed i relation to clam size

class

Dodoo et al (1992) tested the effects of cupric 10n activity on
calcium accumulation by exposure juvenie flounder (Paralichthys sp )

to five different activities of 1omic copper for 14 days

del Ramo et al (1993) studied the effect of pre-exposure to
cadmmm on the accumulation of this metal from seawater by brine
shnmp Artemia They reported that, m the first and third days of
exposure, higher levels of cadmum were found i pre-exposure
anmmals than mn the non-pre-exposure, but, after six days, there were no

differences 1 cadmium content between these groups
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Aim of the work

Red and Mediterranean Sea are frontier of the eastern and
northern sides of Egypt, urbamzation and mdustnal development
especially during the last 40 years lead to exposure of the coastal belt
of Egypt to pollution directly or indirectly from different sources
mncluding different industrial effiuents, agrnicultural and sewage drams
These sources of pollution results in a constitution of certain polluted

regions differ according to the type and amount of pollution reject

This work 1s focused on metals especially those which are sorted
out as toxic metals and cause different hazardous effects to organisms
and man Ghardaqga, Suez, Ismailia, and Port Said and Alexandna are
the areas, representing Red Sea, Gulf of Suez, Suez Canal, and
Mediterranean, and are selected to study the vanation of metals n
tissues of the commercial fish and their response to pollution at these
different sites To manage the problem of metal accumulation n fish,

depuration patterns were studied mn a long-term experimental work

The studies were carried out in two ways

I- Field research, and

11- Bioassay
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Material and Methods

I- Level of metals in fish:
1- Collection of fish samples.

19-Fish species histed i Table 1 were collected durning the peniod
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 carried out during winter season

The fish were handled according to FAO (1983) and UNEP
(1984) Damaged fish specumens were discarded, washed each
individual m 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 in deep

freezer until the time of analysis

2- Metal standards:

Metal standards (Cd, Pb, Cu, Zn, Co, Ny, Fe, Ca, Mg, Na and K)
with high punty were prepared from stock solution of metals (1 g
metal/1 litre) By using deiomized distilled water, a senes of different
concentrations of metal standards were prepared then calibration curves

were evolved
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Table (1) Number of specimens, and range of total length and total
weight of the different fish species from different sites along

the Egyptian coast
Species Location Specimens Total length | Total weight
number
Red Sea 5 205-276 503-1317
Saurida Gulf of Suez 5 210-308 568-1891
undosquamis | Port Said 9 135-287 141-2046
Alexandna 5 135-280 1246-1617
Red Sea 5 169-225 654-1714
Siganus Suez Bay 5 118-132 266-360
rivilatus Port Sa:d 5 125-147 258-448
Alexandna 5 178-192 667-874
Rhabdosargus |Gulf of Suez 5 139-160 343-540
hafara Suez Bay 8 96-118 150-275
Mugil seheli | Gulf of Suez 5 155-170 449-667
Suez Bay 5 136-156 280-503
Suez Canal 5 138-152 306-418
Mugil cephalus| Suez Canal 6 255-270 1316-2235
Mugil auratus | Port Said 5 137-158 215-268
Nemupierus Red Sea 5 178-220 676-1138
Japonicus Gulf of Suez 3 180-205 632-945
Pomadysis Gulf of Suez 5 131-149 310-422
stridens Suez Bay 5 109-113 199-223
Gulf of Suez 5 110-1238 266-415
Pagrus pagrus | Port Said 5 195-221 1205-1506
Alexandna 5 216-235 1414-1702
Upenaeus sp | Gulf of Suez 5 114-156 174-438
Port Said 5 112-136 158-282
Wulius barbatus| Alexandna 5 174-187 625-680
Sardinella Gulf of Suez 2 171-187 435-486
gibbosa Suez Bay 6 165-183 413-532
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Table (1) Cont

Species Location Specimens Total length Total wight
number
Etrumeus teres |Gulf of Suez 5 151-163 277-312
Scomber Gulf of Suez 5 176-200 530-805
Japonicus
Trachurus Gulf of Suez 5 155-175 375-571
indicus
Tilapa sp Suez Canal 5 190-227 1283-2469
Trachinotus Alexandria 5 205-223 676-888
ovatus
Caranx cryzs | Alexandnia 5 198-211 905-1058
Diplodus sargus) Alexandna 5 151-160 600-696
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3- Cleanng of the equipment*

Clean equipment should be used to avoid any contamination for

the samples The cleaning procedures are as the following

1- Soaking n tap water with detergent
2- Rmsing with in running tap water

3- Soaking the equipment for some munutes m concentrated
HNO,H,0=16

4- Then, wash with quartz distilled water befor dryness mn an
oven at temperature of 105 °C

4- Preparation of fish samples for analysis:

The concentrations of metals studied were referred to the wet
weight Fish samples were removed from deep freezer and allowed
time for them to thaw before opening the plastic bags The samples
were dissected for separating the organs, muscle, gills and hver

Composite samples for small fish and organs were taken

The method explamed in FAO Fishenes Techmical Paper No
158 (1976) for determnation of metals in the biological matenals was

adopted, which 1s summanzed as follows

- A known weight of sample (single or composite) was placed m a

Teflon crucible which was previously cleaned
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- Added an amount of concentrated HNO, (AR degree), covered the
crucible and allowed to stand for 30 munutes or longer

(predigestion) to avoid the foam

- The crucible was then transferred to a hot plate with thermostatic

control and heat 1t to about 100 °C for 60 minutes

- Let the crucible cool at room temperature
-If the solution was not clear, reheated for another 60 mmutes at 100°C

After digestion of all samples by using the previous method,
dilute the samples to a known volume m a volumetric flask More

dilution of samples was needed for measuring the major elements (Ca,
Mg, Na and K)

Metals Cd, Pb, Cu, Zn, Co, Ni, Fe, Ca, Mg, Na and K were
detenmined m acidic solution usmng AAS (Atomic Absorption
Spectrophotometer), Buck Scien , model 200A, presented 1n a dust free
lab at the NIOF, Suez and Agaba Gulfs branch, Suez The results were
expressed in ppm (ug / g) wet weight for heavy metals (Cd, Pb, Cu, Zn,
Co, N1 and Fe) and ppt (mg / g) wet weight for major elements (Ca,
Mg, Na and K)
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II- Toxicity tests (Cadmium and Copper):

1- Collection and acchmatization of fish, Mugil seheli, juvenles:

Live Mugil seheli yjuveniles were collected from the Dersa Pond
in the Suez Canal duning February and March 1994 The fish fiy were
transported to the wet lab of the NIOF, Suez and Aqaba Guifs branch,
Suez, in aerated tanks containing seawater from the same area of
collection In the laboratory conditions, the fish were kept in a holding
tank filled with seawater as stock Acclimatize to the conditions of the

experniment was restricted to 7 days

2- Preparation of the toxicants:

Stock solutions of 1000 mg Cd / 1 and 1000 mg Cu / 1 were
prepared freshly using Cd SO, and Cu SO, 5H,0 of pure grade pH of
the stock solutions was adjusted to about 7 to prevent adsorption of the

metals on the wall of the container

3- Experimental procedures:

Several experimental glass tanks 40 x 20 x 30 cm (length x width
x height) m dimension (including one as control) were prepared
(cleaned mn tap water with detergent, washed 1o runming tap water and
then in sea water as used m the experiments, and filled with a known

volume of sea water) before adding the test solutions A senious of
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concentrations for each metal were used Thuty minutes after adding
the toxicants, ten randomly picked fish from the stock tank were
mtroduced to each of the expenmental tanks, and experimental timing
started Observations for mortality were made four times daily at
regular mtervals Dead fish were removed at each observation The
number of dead fish were then recorded The test was termminated after

96 h Duplication of the expenments were taken mto consideration to
confirm the results

4- Data analysis:

The percentage mortality m each concentration were corrected
for control mortality using Abbott's formula (Finney, 1971), however,

mortalities in controls were never greater than 10 % Abbott's formula

was as follow

Where,

C 1s the corrected mortality
O 1s the percentage of observed mortality

X 1s the percentage of the control amimals which have died
at the relevant observation time
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96 h LC,, for each metal was estimated by probit methods
(Fmney, 1971) using graphical analysis To construct the graph, plot
percentage mortality as the ordinate agamst log concentration as the
abscissa Read the concentration causing 50 % mortality from the fitted

line, this 1s the estimated LC,, for the exposure time

11I- Accumulation and depuration of Cd and Cu:

Live adult fish of Mugil sehelr were collected m October 1994
from fish farm feeding with seawater from Suez Canal The fish were
transported to the wet lab of the National Institute of Oceanography
and Fishenes, Suez and Aqaba Gulfs branch, Suez, in aerated tanks
contaming seawater from the same area of collection In the laboratory
conditions, the fish were acchmatized 1 the laboratory for about two

weeks n tanks, similar to the experimental tanks, filled with seawater

Metals, Cd (Cd SO4) and Cu (Cu SO, 5H,0), were prepared
freshly as stock solutions of 1000 mg metals / 1 pH of the stock

solutions was adjusted to about 7 to prevent precipitation of the metals

In four expenimental tanks (2500 htres), 100 fish for each tank
were exposed to 05 and 20 mg Cd /L, and 02 and 05 mg Cu /1, a
fifth group was kept with no metals added to the water (control) About

100 litres of the seawater were statically renewed each two days
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After 12 weeks of accumulation peniod, fish were transferred to

tanks filling with clean seawater for another 12 weeks

For each treatment, 4 - 7 mdividuals were sampled at different
times mtervals for metal analysis The samples were prepared
according to FAO (1976) to measure the metals by AAS Metals were
analyzed m fish organs, blood, liver, gills and muscle, and the results

were expressed m ppm (pg / g) wet weight
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Conditions of metal measurement (technical):

The metals were determuned mn the extracts by using cathode

lamps at specific sht and wave lengths as shown i Table 2

Table (2) Wave length, cathode lamp cuwmrent and shit width for

determination of heavy metals

B Element Wave length Current Sht width
(nm) {(mA) {nm)
Cadmium (Cd) 228 8 75 07
Lead (Pb) 2170 75 07
Copper (Cu) 324 7 100 07
Zinc (Zn) 2139 100 07
Cobalt (Co) 2407 150 02
1 Nickel (N1) 2320 150 02
! Iron (Fe) 248 3 150 02
1 Caleum (Ca) 4227 75 07
Magnesium (Mg) 2852 75 07
Sodium (Na) 5890 75 02
Potassium (K) 766 5 75 02
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The precision of analytical method was checked by replicate

measurements for cadmmum and copper m fish muscles, results are
shown n Table (3)

Table (3) Reproducibility of cadmium and copper m fish muscle

samples

concentrations (ng/g) wet wt

Samples Cd Cu
1 0115 0310

2 0118 0 300

3 0104 0307

4 0119 0 330

5 0 096 0 281

6 0114 0291

7 0120 0277
Mean 0112 0299
+S D 0 008 0017
CV% 714 % 569 %
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Chapter IV

Results and Discussion

I- Field Research
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I- Field research

(1) Level of metals in fish organs:

For effective water pollution control and management, there 1s a
need for a clear understanding of the loads and distnbution of
contammants In particular, the quantiies and qualities need to be

considered together wath the distribution and the effects on biota

In recent tumes, metals have become a problem of increasing
concern due to, a) their presence m excess of natural loads, b) their
toxic effects to aquatic orgamsms, c) therr high persistence to natural

degradation and d) therr hugh affimty of bioaccumulation mm aquatic

organisms

Metals may accumulate, unnoticed, to toxic levels Thus
problems associated with metal contammation were first highlighted
the mdustnally advanced countries (Minamata disease m Japan,
Kutsuna, 1968) Shmmazu (1972) reported that eating cadmium-
contaminated fish by man caused the "Itai-Ita1" which considered as a
cadmmum poisoning disease Other heavy metals such as chromium,
copper and zinc, when discharge mmto water, can enter food cham,

bioaccumulated 1n fish and hence become one of the threating factor for

human beings

The need to make an assessment of the level of metal

contammation in the Egyptian marine environments has led to the
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mtiation of the present pollution momtoring programme This
programme has accomphished for the compilation of an mventory of the
sources and the quantification of metals in fish on a country basis
Thus, important fish catching areas along the Egyptian coast such as,
Alexandnia and Port Said at the Mediterranean, Ismaiha at Suez Canal,
The Gulf of Suez mcluding Suez Bay and Ghardaqa at the Red Sea

proper were selected to get samples from

The present part 1s a contribution towards the formulation of
rational management policies for marme fish resources in Egypt It,

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

effective in future control strategies

1- Muscle

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

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

ppt wet wt ) in muscles of the tested fish species

The mmmma and maxima for each metal were underlined m the
table It 1s well noticed that the highest values of cadmium (0 09 ppm),
magnesium (0 465 ppt) and potassium (4 995 ppt) was n fish Pagrus
pagrus Copper (1 36 ppm) was m fish Mugil auratus Na (2 891 ppt)
was m fish Upenaeus sp All these fish samples were collected from

the Mediterranean mn front of Port Said Gulf of Suez, on the other
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Table (4) Mean and standard deviation of metals level 1n the muscle of the fish collected from different sites
along the Egyptian coast (mmimum and maximum values are underlined)

Trace metals (ng/g wet wt) Major elements (mg/g wet wt )
Species Area
Cd Pb Cu Zn Co N1 Fe Ca Mg Na K
Saurida Red Sea 0023 0172 03566 443 0053 0952 107264 008 0075 107 0895
undosquamis £0002 +0017 %0093 0519 0007 +0 966 £11 368[+0 005 0015 +0176 0045
Suez Gulf 0013 0133 0129 2582 0127 0317 3008 j0O19% 0271 105 1 867
4001 010 x003 +041 003 017 034 {0037 +0056 +0153 +0229
Mediterranean| 0052 0182 1019 299 0067 0557 9529 0084 0254 1112 0922
"Port Said" | 1003 0031 039 +041 +0007 *044 +624 {0013 +0097 +0423 =+0087
"Alexandna" { 0027 050 0614 4412 0058 0671 3762 | 0069 0195 0767 2132
+0 004 +0157 +0244 +1 364 0005 +0234 =1 078 {0024 0037 +005 0317
Siganus Red Sea 0039 0226 0245 2653 0108 0312 3353 0063 019 0743 1629
rivulatus +0 006 +0081 #0029 +0288 0018 +0149 £87 {[+0011 *0028 +023 0427
SuezBay | 0026 0255 0333 4383 0074 025 297 | 009 0146 0851 1222
+0 002 0081 0082 +0574 0009 +0 053 £0373 [+0021 +£0034 0171 +0321
Port Said 002 006 069 349 014 050 5557 | 005 0364 1625 1926
"Alexandnia" | 0026 0566 0743 540 0082 0607 4888 0035 0162 0955 2416
+0002 £0112 +£182 1633 0017 +£0133 +0768 [+0016 £0015 +0095 0121
Rhabdosargus SuezGulf | 0024 0216 0342 5412 0092 1846 651 {0037 0373 1094 2712
hafara +0005 %002 004 056 0007 +105 =057 0005 +0029 0126 =+0287
Suez Bay 03 0217 0247 5463 0067 1083 3523 § 009 0159 038 2304
+0 004 +0 024 0005 +0 841 0002 =1 007 0331 [+0 005 +0024 #0035 +0186
R e s T iiaity es wiid wmi' mmEm R BB
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Table (4) Cont

Trace metals (ug/g wet wt )

Major elements (mg/g wet wt )

Species Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K

Mugil sehelt Suez Gulf 0023 0194 038 3156 0035 0331 5478 0063 0203 0669 1369
+0 003 £0021 *0067 034 0003 0179 +0827[+0013 +0037 £0111 0227

Suez Bay 0033 0268 0418 4088 0058 0224 3773 10146 014 0596 1353
+0 009 0066 +0137 £0759 001 0072 #0481 [+0034 +0021 +0217 =+0374

Suez Canal 002 018 0738 8212 0064 1966 179340065 019 0737 1977

+) 006 0008 +012 £244 0005 +051 %937 [+0004 +0015 0121 0174

Mugil cephalus| Suez Canal 003 0188 061 4745 0065 1935 6297 0052 0206 0616 2395
002 014 £113 001 *086 091 [+0028 +0008 +0054 =+0675

Mugil auratus Port Said 002 009 136 558 012 050 854 10057 0244 132 1047
Nemupterus Red Sea 0022 0336 0288 213 0093 0251 631 016 0165 0764 1621
Jjaponicus +0006 007 +0085 +0113 0023 £0109 +4 547 )+0 058 +0008 +013 =+0 361
Suez Gulf 003 0169 0228 1921 O111 0444 3629 ||0114 0235 082 1941
£002 012 005 +£022 002 +008 062 [|+0012 +001 =£0025 +£0398

Pomadysis Suez Gulf 002 0124 0568 5022 006 0492 6382 0106 0259 0686 1913
stridens +003 015 +103 002 +008 =+104 [+0006 +0019 +0063 0311
Suez Bay 0033 0304 044 349 0055 025 346 [0131 0156 0832 1312

0001 x£0024 006 =032 0006 0065 =£023 [+0015 +0026 +005 =+0483

[ Aol
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Table (4) Cont

Trace metals (pg/g wet wt.) Major elements (mg/g wet wt )
Species Area
cd Pb Cu Zn Co M Fe | Ca Mg Na K
Pagrus pagrus | SuezGulf | 0028 027 0404 3234 0082 2458 4746 [ 0045 0345 1198 2367
10007 +003 +009 016 x0004 *US0 775 [£0004 0021 +0168 0202
Port Said 009 0192 1116 2798 0076 032 7188 [ 0082 0465 1934 4995
006 2005 021 2025 =001 *002 4343 §+0033 0286 +1478 +3556
Alexandra | 0035 0191 0272 4322 0037 0306 4272 loo082 0215 0522 1567
10004 +0027 +008 +0992 0003 *0024 40269 ]+0007 +002 +009 +0046
Upenaeus sp SuezGulf | 0032 0226 0542 3084 0064 2402 609 0114 0217 0979 2006
+0004 +003 £015 +059 =001 =068 4167 [+0016 +0013 0079 0143
PortSaid | 0044 017 0906 338 0064 930 7006 | 0078 0459 2891 3259
£001 2001 012 =£032 20007 *002 4027 [+0027 +0342 3076 =286
Mullus Alexandnia | 0027 0272 0366 2708 0039 0491 4218 [0042 0229 0717 1589
barbatus £0 001 +0031 0034 +0 182 +0006 0165 10361 {40007 +0014 +0089 0048
Sardinella SuezGulf | 0023 0144 0407 628 009 0417 989 10149 0257 0438 2214
gibbosa +0005 2001 =009 +007 0008 *009 1250 |+0003 0009 +0011 0223
SuezBay | 0016 0059 0549 6344 0189 0445 6804 || 019 0286 0667 2441
+0009 003 011 £129 003 =013 4176 [+0015 +0025 0088 +0112
Etrumeus teres | SuezGulf | 0022 0156 087 13512 0078 1534 167520166 0325 0665 2077
£0007 002 017 =+153 002 =122 4473 [|+0017 0062 +0059 0105
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Table (4) Cont

Trace metals (pg/g wet wt ) Major elements (mg/g wet wt)
Species Area
Cd Pb Cu Zn Co N1 Fe Ca Mg Na K

Scomber Suez Gulf 0024 0126 0484 721 006 0378 1214210068 0275 0864 1296
japonicus 0005 002 +015 048 001 003 275 |+0008 0034 +010 =+0136
Trachurus 0028 061 0782 7754 0062 08 6974 | 006 019 1145 1458
indicus +0 008 +0 159 0189 1071 0008 0672 +0581 |0 002 +0026 +031 0416
Tilapra sp Suez Canal | 0034 0234 0618 3182 006 0342 5262 {0065 0148 0607 1355
+0008 001 009 032 0006 +010 133 0015 £0026 0098 0178

Trachinotus Alexandria | 0028 0404 0964 5346 0062 2261 8242 0027 0231 1336 1669
ovatus 0003 0036 £009 =1 446 0007 £2 065 =3 831 [|0015 0027 +0226 0146
Caranx cryzes 0028 048 0752 5932 0064 0561 112080015 0175 1051 2034
#0003 +£0063 0073 £0718 0005 *£009 £4255) 001 £0023 0117 0122

Diplodus 0031 0356 0892 4864 0064 0594 158720084 0187 0937 1619
sargus +0003 £0087 +0151 +1 222 0005 x0174 9947 |+0017 +0034 +0026 0159

N
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hand, showed highest values of N1 (2 468 ppm), Fe (47 46 ppm) mn fish
Pagrus pagrus Lead (0 61 ppm) was n fish Trachurus mdicus, Zn
(13 512 ppm) m fish Etrumeus teres, cobalt (0 189 ppm) m Sardinella
gibbosa and Ca (0 196 ppt) in Saurida undosquamis

Fish from Alexandna region showed no any maximum
However, lead, mn particular, showed high values m fish muscles, the
average of which was 0 396 ppm which 1s considerably higher than that
of the Gulf of Suez (av 0217 ppm)

2- Laver

The concentrations of heavy and major metals m liver of fish
species collected from different areas along the Egyptian coasts are

present m Table (5)

It 1s well noticed that the highest values of cadmium (1 16 pp)
was 1 fish Scomber japonicus Lead (1 851 ppm) m fish Mugi seheli
Cobalt and mickel (111 and 1976 ppm) were m fish Sardmnella
gibbosa and Pagrus pagrus, respectively The major elements, Ca, Mg,

Na and K (1 875, 0731, 9633 and 2 603 ppt) were mn fish Sardmelia

gibbosa All these fish species were catched from the Gulf of Suez
Copper showed its highest level (81 17 ppm) n fish Mugi! auratus

collected from Port Said Siganus rivulatus from Alexandria regions
and Red Sea proper at Ghardaga had an elevate amount of zinc (102 90
ppm) and 1ron (573 59 ppm)
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Table (5) Mean and standard deviation of metals level in the liver of the fish collected from different sites
along the Egyptian coast (mummum and maximum values are underlined)

Trace metals (pg/g wet wt ) Major elements (mg/g wet wt )
Species Area
Cd Pb Cu Zn Co N1 Fe Ca Mg Na K
Saurida Red Sea 0113 016 176 2110 0092 081 107540319 0157 0978 03%
undosquamis
Suez Gulf | 0041 0173 7847 4455 0316 0379 187410201 0342 1743 1767
006 011 £351 22070 007 022 +7016[+0146 +0107 +0474 0266
Port Said 041 103 12117 21977 0199 0585 144308] 0138 0351 2149 1876
026 +043 £220 X905 005 £015 =+6051 0234 +0115 +0927 +1438
Alexandria 0067 0712 4084 35916 0059 0751 4829 | 0071 0191 1038 1837
+0022 +0481 £2144 £2510 £0 021 +0309 £19 644{+0 066 +007 +0312 0568
Siganus Red Sea 0888 0622 1587 70305 0646 1753 573590207 0249 080 1179
rivulatus +0 161 0077 +£313 *B 445 0045 0298 +164 93[+0 047 +0034 +0073 +0118
Suez Bay 0018 0731 990 2528 0201 0365 147730226 0153 0877 1069
Port Said 00s 006 343 2657 025 036 1214310132 0353 1723 1137
Alexandrna 0043 095 2595 10290 032 153 2803010056 0264 1213 1555
Rhabdosargus Suez Guif 013 06l 538 4037 025 307 23225}1268 059 1907 10917
hafara
Suez Bay 008 1111 228 3136 0222 130 12975| 0168 0157 1185 1723
R N N A o ? |




47

Table (5) Cont

Trace metals (pg/g wet wt ) Major elements (mg/g wet wt )
Species Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K

Mugil sehelr Suez Gulf 0035 0347 3297 2179 0139 0764 34577§0073 0151 1199 1053
Suez Bay 010 1851 6845 1724 0222 0662 30595%0151 016 1085 1 406

+0008 0016 £2075 =081 0009 0049 x8 205 j+0 098 +0024 +0018 +001

Suez Canal 003 039 787 1321 011 1204 20594% 013 0159 1482 1393

Mugil cephalus|{ Suez Canal | 0072 031 18844 24572 010 0982 7349410169 0159 1131 1518
003 +006 +851 *+1053 003 047 +5626§+0148 0027 0314 0224

Mugil auratus Port Said 018 006 8117 2426 051 079 2160040131 0345 2486 1028
Nemupterus Red Sea 0864 1148 288 34505 0192 0984 22562[f0132 0245 1278 1712
japonicus +0645 0164 020 +£1143 0028 011 3694 0036 +0059 #0054 0184

Suez Gulf 002 008 159 1455 033 083 855600495 038 2925 163

Pomadysis Suez Gulf 004 022 251 1642 006 100 9097 0552 0154 178 1595

stridens

Suez Bay 0035 0708 172 752 0071 0236 2287 j0548 0136 1416 0898

Pagrus pagrus | Suez Guif 017 057 901 2855 018 1976 30685(0274 0425 2041 166

Mediterranean
"Port Said" 074 049 749 3928 028 121 12461(10073 0307 175 2439
"Alexandria" | 0094 0335 522 4621 0089 0381 3232040112 0268 1073 1755

R Al B
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Table (5) Cont

Trace metals (ug/g wet wt )

Major elements (mg/g wet wt )

Species Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K

Upenaeus sp Suez Gulf | 019 069 689 5593 013 1100 1220650278 0226 1704 1612

Port Said 019 054 264 3067 024 152 1839530125 0341 2667 0984
Mullus barbatus | Alexandnia| 0019 014 131 1049 0056 1178 290110026 0071 0445 0737
fardmella gibbosa| Suez Gulf | 033 040 757 5038 111 417 2323131875 0731 9633 2603

Suez Bay 007 025 329 3198 027 056 1122630064 032 1217 2004
Scomber SuezGulf [ 116 011 228 1814 020 049 2208330515 02714 1776 1384

Japonicus
Trachurus indicus 0033 0714 336 2671 020 2105 2948210196 0221 224 184
Tilapra sp Suez Canal| 006 075 2534 2892 022 080 2207430101 0154 1119 0948
Trachinotus Alexandna | 0043 060 434 2429 01356 1399 9206 0009 0245 1834 1369
ovatus

Caranx cryzes 0033 051 47 1959 Q115 0647 7162 )J0006 0175 1585 1209
Diplodus sargus 0061 115 707 3636 0136 119 163900016 0176 1637 1077

!
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3- Gills

Table (6) shows the levels of the measured 11 metals in the gills

of each of 19-fish species

The minima and maxmma for each metal were underlined m the
table It 1s well noticed that the hughest values of cadmium (0 194 ppm),
zinc (49 10 ppm) and calcum (5306 ppt) was m fish Scomber
Japowmicus Lead (124 ppm) was m fish Mugil seheli Cobalt (0 81
ppm) was m fish Sardinella gibbosa Nickel (3 13 ppm) was m fish
Pomadysis stridens Potasswum (2 411 ppt) was n fish Etrumeus teres
All these fish were collected from the Guif of Suez Mediterranean
mfront of Port Said, on the other hand, showed highest values of Cu
(3 02 ppm) and Fe (1191 30 ppm) m fish Mugil auratus Magnesium
(1 32 ppt) and sodum (2 845 ppt) were m fish Saurida undosquamis

Generally, fish from Alexandna region showed the lowest values
of metals 1 all organs except lead m muscle While other areas (Red
Sea, Gulf of Suez and Port Said) had the highest levels of tested metals

with different concentrations

High levels of copper which were observed in muscle, liver and

gills of fish collected from Port Said region reflect contribution of pamt
effect of dense traffic ships while, high values of nmickel presented in
the organs of fish from the Gulf of Suez are mamly due to pollution
mfluence of petrochemucal industries, petroleum refineries and many of

the o1l fields 1n the Gulf waters
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Table (6) Mean and standard deviation of metals level in the gills of the fish collected from different sites
along the Egyptian coast (munimum and maximum values are underlined)

Trace metals (ug/g wet wt ) Major elements (mg/g wet wt )
Spectes Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K
Saunda Red Sea 007 025 100 3510 022 092 7050 {1581 0536 0648 0448
undosquamis
SuezGulf | 0081 0501 0521 30084 0701 1404 4894 (2514 0615 1594 00922
+006 +026 £005 258 016 +043 +£2339 )+]1 244 0079 *0253 +0195
Port Said 010 0546 2274 13203 0415 106 204203531 132 2845 0819
+0012 010 £075 +435 +005 017 =£5505+2 698 =£1375 2848 0621
Alexandna | 0074 0588 068 2591 0193 0739 331952866 0511 1473 121
+0 003 0028 £0127 £1 103 £0004 £0123 +531 0075 0016 0066 0102
Siganus Red Sea 0063 0587 060 5555 0493 0479 32051184 020 1512 0607
rivulatus +0005 £0054 *004 £0125 £0053 0035 +0039 |+0162 +0018 =+0043 0009
Suez Bay 0051 081 097 793 0101 0473 359 138 0131 081 0634
Port Said 005 013 160 1176 064 191 76812110798 0394 1178 0711
Alexandria | 0055 024 065 1181 0301 0738 5768 {1944 0414 134 0661
Rhabdosargus Suez Gulf 007 046 071 2523 031 059 9314 {1708 1244 1528 1492
hafara
Suez Bay 0132 0526 076 1745 0276 0768 2853 3501 0252 0746 0985

-
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Table (6) Cont

Trace metals (pg/g wet wt ) Major elements (mg/g wet wt )
Species Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K

Mugil sehels Suez Guif 0048 0399 055 234 0152 0724 30762312333 0682 1494 0587
Suez Bay 0093 124 095 1210 0274 0379 38415§2762 0242 1475 0752
0001 0112 009 +040 £0024 +0037 =£1 095 §+0 039 +0006 0028 0003

Suez Canal 007 0595 1225 2724 026 120 10547§1154 0376 1543 1231
+0005 £034 =172 £001 +005 1409 §j+0101 0017 002 =+0011

Mugil cephalus| Suez Canal 007 0542 1237 17783 0203 1373 5533 J1268 034 0853 0563
+0008 £007 +023 #£349 002 +014 +£286 [|£0125 £0092 0117 0035

Mugil auratus Port Said 003 025 302 714 071 200 119130§ 1494 0766 1126 0702
Nemipterus Red Sea 0134 1116 0646 10698 0461 0583 22306314712 0445 082 0825
Jjaponicus +0015 0262 £013 #1166 0049 +£131 =+28509}+0 558 +0165 +008 0051
Suez Gulf 0103 067 08l6 9679 060 1672 48877§2034 0619 1524 0956
+002 +010 +012 #090 +£006 +011 779 0585 £006 0115 0131

Pomadysis Suez Gulf 007 048 113 1629 023 313 83861 326 0641 1165 138

stridens
Suez Bay 0051 0428 072 636 0182 0571 60352525 017 0875 0765
I - | ANt | ey g’ !




52

Table (6) Cont

-

Trace metals (ug/g wet wt ) Major elements (mg/g wet wt )
Species Area |
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K

Pagrus pagrus SuezGuif| 012 077 123 1272 025 063 6474 [0843 068 1943 1157
Port Saxd | 0168 0634 1964 14994 0378 0654 8830 13469 1062 2086 1048

+002 +016 +044 357 001 2006 =£1329 [+0556 +£0409 +0548 +0203

Alexandria] 007 059 0795 14885 0118 0741 224872246 0492 1184 0727

0011 0091 £0325 4235 0016 0097 +£2522 0327 +0021 £0062 0051

Upenaeus sp SuezGulf} 010 051 145 2142 027 152 117% 2504 073 1273 1302
Port Said | 006 034 079 680 029 074 140191153 0356 1126 0678

Mullus barbatus |Alexandria{ 0056 0677 118 1073 0141 066 196461097 0447 1278 0723
Sardinella SuezGulf | 010 087 129 3351 027 224 1155013182 0569 1347 1165

gibbosa

SuezBay | 0101 0762 079 3392 081 2031 81229011939 0746 2585 1657
002 +039 020 703 £013 +044 +£3274] 066 =+0054 £0222 +0257

Etrumeus teres Suez Gulf| 009 063 160 4240 037 152 12582) 324 1281 1302 2411

Scomber 0194 0436 0982 4910 038 128 215045306 0884 1267 078
Jjaponicus +004 003 2019 *645 004 =025 £6272)+0712 x0125 0189 £0135

Trachurus indicus 0062 036 080 1006 0201 0611 6939 |2625 0826 1374 070
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Teble (6) Cont

Trace metals (pg/g wet wt ) Major elements (mg/g wet wt )
Spectes Area
Cd Pb Cu Zn Co Ni Fe Ca Mg Na K
Tilapia sp Suez Canal 0054 0522 1044 14274 017 0414 610063 134 0324 0981 0646

001 =011 021 £220 004 005 £1117}+0271 0138 0356 +0286

Trachinotus Alexandria | 0046 027 033 199 0164 0726 4249 12254 0713 1473 084

ovatus
Caranx cryzes 0061 047 0435 583 0177 0518 5586532671 0742 1641 0415

0016 =012 +0095 £339 0026 +0028 £12 785§+0255 +0043 +0054 0142

Diplodus 0071 048 051 940 0195 0699 5885 2836 0535 143 0457
sargus
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In fact, 1t 15 difficult to explam specifically the differences m
metal content of fish organs in the different sites complexity arises
from many factors, some of which are belonging to the environmental
conditions, while others are being judged n relation to the selected fish

species and other biological aspects

Although metal salts have a great mfluence on the
bioaccumulation of heavy metals, the metabolism of the metal mn the
organism has an important mfluence on the concentrations ultimately
achieved, both factors are, of course, mfluenced by environmental
parameters such as salimty, temperature, pH and so on (Bryan, 1980)
Also, water ambient concentrations of metals may affect the
accumulation rate of metals i the tissues of the organisms
Accordingly, the vaniations of the metal contents in the fish caught from
the different areas m the present study may be related to the variations
m water conditions as well as the concentrations of metals m the water

which are differed according to the source of pollution (types and

amounts)

Bryan (1980) stated that, 1f an organism absorbs metals as a rate
proportional to the environmental concentration there are at least three
possible types of relation between the concentrations achieved by the

tissues and those of the environment,

(1) The orgamism excretes the metal at a rate proportional to the body
burden and therefore the concentration i the body 1s
proportional to the eanvironmental availabiity and usually

remams fairly constant or trend to fall with increasmg age
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(2) The orgamsm has lmited powers of excretion and tends to store
absorbed metals In this case the concentration m the organism
may still be directly proportional to environmental availabihity
but, unless it grows fast enough to dilute the metal, the level in

the body tends to increase with age

(3) The orgamsm 1s able to mcrease the efficiency of excretion m
response to mcreased absorption and therefore the concentration
m the body does not mcrease in proportional tc environmental

availability

Generally, the more highly evolved forms mcluding fish and decapod
crustaceans tend to be the best regulators and the essential metals such
as zmc and copper are better regulated than the nonessential such as

cadmium and specially mercury

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

species to another are mainly due to one of the points stated above
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(2) Response of fish to metals in different areas:

According to the literature, heavy metal concentrations are
extremely wvanable in vanious marmne and freshwater organisms
(Roberts, 1976, Forstner and Porsi, 1979), depending on the
geochemical background and the level of pollution in the given area
Also, the species vanations in metals content may depend on the fish
activity to uptake of metals from the environment, the feeding habit and
mechamsm and amount of lipids present in 1 each fish and 1its organs,

which 1s usually vary from one organ to another

Ayhng (1974) and Coughtrey and Martin (1977) suggested that
different mechamsms exist for the uptake of copper, chromum, zinc,
cadmmum and lead within Crassostrea gigas (oyster) and Helix aspersa
(pulmonate mollusc) These mechamsms may also vary with
physiological and environmental factors (Bryan, 1973) or even with
sexual state of the ammal (Alexander and Young, 1976) Thus the
observed vanation 1 metal levels of the fish species, in the present

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

(1) The avalability, of different metals to the amimal (fish), varies mn the

different sites

(2) Habitat of the fish species and the availability of different metals to
the fish varies with the type of the feeding habit and mechanism

(canmvorous, ommivorous or herbivorous)
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(3) The lipids content in the tissues of different fish species

(4) The ammal mvolves different uptake and retention mechamsms for

the same metal at different sites

One of our objectives, m the present study, is to discuss the
aforementioned factors Discussion 1n the next parts depends on the
previous works m addition to data coliected from the field to get

accurate explanation
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Part I: The availabihity of metals to fish in the different sites.

Allen et al (1974) stated that, the ratio of metals m the fallout at
different sites varies and also the chemical form of the metal changes

hence the availability of metals may also change

The present data reveal certan vanations 1 heavy metal
concentrations m the tissues of *he fish species harvested from the
selected areas In all tested regions, except Port Said region, the order
of metals accumulation 1n fish muscle was Fe > Zn > N1 > Cu > Pb >
Co > Cd While in Port Said region, the order was Fe > Zn > Cu > N1 >
Pb > Co > Cd The change mn the order of copper in Port Said region
may be resulted from the high contammation with copper m this area
that can affect the marnne orgamisms and lead to magnification of

copper m their tissues

Regional varnation m the bioaccumulation rate of heavy metals
by the aquatic organisms were cited by various authors (Hobden, 1967,
Preston ef al, 1972, Coughtrey and Martin, 1977, Grimams ef al
1980, Voutsinou, 1980, Hafez, 1982, Karbe et a/ , 1989, Barak and
Mason, 1990, Emara ef al , 1993 and El-Moselhy and El Samra, 1994)

The data obtamed by Karbe et al (1989) show that there are
differences among the various metals with respect to therr patterns of
regional distibution Also, concentrations are high at locations

mfluenced directly by the known riverme and other landbased sources
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Emara et al (1993) showed that, the accumulation of metals (Cr,
Mn, Fe, Co, N1, Cu, Zn, Cd and Pb) i fish was more pronounced n
Red Sea species than 1 Mediterranean species In  contrast,

El-Moselhy and El Samra (1994) stated that, fish from Mediterranean

mfront of Port Said city gave higher 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, in the first study, for
comparison which are vanes 1 its habitat and feeding mechamsms,
while m the other study, they compared the metal contents m the same

species collected from the different sites
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Part H: Feeding and habitat mechamsms.

To find the effect of feedmg and habitat mechanisms, fish
collected from the Gulf of Suez, three species of which are pelagic and
filter feeding fish, one 1s pelagic and carnivorous, while, seven species

are bottom and carnivorous fish

Metals content 1 the different organs of these different species

are shown m Figs (1 - 3)

For all metals other than cadmimum, gills showed their lugher
levels in pelagic and filter feeding fish than those recorded m
carmvorous fish This result may be due to adsorption of metals on the

outer surface of gill tissues during the filtration mechanism

In liver, copper, zinc cobalt and 1ron showed high values in the
filter feeders, while other metals (cadmum, lead and mckel) were

found 1n camivorous fish

For muscle, only cadmum and nickel were present m
carmvorous fish with ligh values, while the other metals recorded its

highest levels m filter feeding fish

Cadmium was the only metal that showed its highest level mn
carmvorous fish for all tested organs, and this may indicate that

cadmum can be magnified during the food chain and reaches its

highest level n the top of the food chain
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64

Generally, the maximum values of most studied metals were
found n pelagic and filter feeding fish This result can suggests that the
carmvorous fish species tested m the present study tend to regulate
metals although its food (fish, crustaceans and molluscs) not regulate
metals, and have high concentrations of metals Hardisty ef a/ (1974)
stated that, flounder, Platichthys flesus, from Severn Estuary having a
diet of Macoma balthica (non-regulator) contained higher levels of Zn

than those having a diet of crustaceans and small fish tend to regulate

T
£X1

Samples of Mytilus galloprovincialis, Parapenaeus longirostis,
Merluccius merluccius, and Mullus barbatus collected m the Saronikos
Gulf (Athens) and analysed for Cd, Cr, Co, Cu, Fe, Mn, N1, Pb and Zn
showed no evidence of elevated pollution levels (Bemhard, 1982)
However, 1t 1s mteresting to note that the Cu, Cr, Fe, Mn and Zn
concentration of M merlucctus, which probably preys on P
longirostis, are lower than in P longirostis 1f 1t 1s confirmed by a food
chamn analysis, 1t means that the concentration of these metals

decreased m higher levels of the food cham
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Part 111- The lipids content in the tissues of different fish species.

The lipid contents can affect the accumulation rate of metals m
the tissue Hoar and Randall (1969) reported that, most of metals are
usually stored in fatty tissues this observation is i accordance with the
observations given by various authors (Pentreath, 1973, Bryan, 1973,
Andereotis and Papadopoulou, 1980, El-Nady, 1981, Hafez, 1982 and
El-Moselhy, 1993) Liver which 1s fatty tissue showed highest
accumulation rate of most metals studied than other organs According
to the Iterature, amount of hpid mm the fish tissues affects the
distribution of metals 1n the different organs of the same mdividual,
from mndividual to other and from species to other, there are, of course,
other factors which are important m the accumulation rate of the metals
in fish Benemartya et al (1991) showed that, correlation between trace

element levels i the fish and fish lipid were not found

The distnbution of heavy metals within the tissues 1s vary from
organ to other according to the target organ of the metal In the present
study, the lughest concentration of cadmium, copper, zinc, mickel and
iron was observed m the liver which 1s fatty tissue Gills showed the

highest concentration of cobalt While the lead was fluctuated between

hver and gills tissues

Abdel-Salam (1981) and Salanki et a/ (1982) found that the
Irver had highest copper than other organs The former author observed

also high amounts of zinc and lead in gonads Bendell-Young et al
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(1986) recorded that, liver can accumulate cadmium with a level higher

than those found 1n other organs

Bradley and Morms (1986) stated that, muscle tissue was a poor
mdicator of mcreased metal availlability, while liver tissues was a good
indicator for Cu, and kidney tissue was best for N1 In this context,

Muiller er al (1992) suggested that liver and kidney are better indicators

of chromc Cu and Zn exposure than muscle

El-Nabawi ef a/ (1987) showed that the liver had concentrations
of Cd, Pb, Cu and Zn higher than in muscle tissue of mvestigated fish
collected from Abu Qir Bay, Lake Idku and Lake Marut Fujise et af
(1988) discernibled that some metals showed organ - and metal specific
accumulations, and recorded high concentration of lead and zinc

hard tissues of Dall's Porpoise as skin and bone

Hemnandez et al (1990) reported that an important accumulation
of metals was found m digestive tract, liver, and particularly in kidney,

as well as n gills for lead and chromium

El-Moselhy (1993) observed that the highest concentration of
cadmium and lead was found m bone tissues, while the highest copper

was presented 1n hiver, and zinc was recorded m gonads

Al-Mohanna (1994) stated that all the heavy metals were found
to be accumulation more mn hver and kidney, least concentrations of

different metals were found 1 muscle tissue
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Abdelmonemm et al (1994 b) showed that, m fish, the essential
heavy metals Zn and Cu were accumulated 1n soft tissues as hiver while
the non- essential Pb and Cd were more accumulated m hard tissues

(bone and gills)
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Part 1V: Uptake and retention mechamisms for the metal at

different sites

A case study

Here, discussion will be focused on the response of a same
species collected from different sites Statistical analysis was carmed
out to give accurate data Saurida sp was collected from three areas,
Alexandna, and Port Said regions (Mediterranean) and Suez region
(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 1s calculated This
correlation 1s positive and highly sigmficant for all regions (it 1s
0 97322 for Alexandna fish, 0 96431 for Port Said fish and 0 95735 for
Suez fish) Consequently, 1t 1s expected either length or weight will
give paralell relation when 1t 1s plotted agamnst the concentration of
metals In the present study, length was used to give an i1dea about the

relationships between fish growth and its metals concentration n

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 Ni) the correlation is positive But these



Table (7) Range, and mean of length and weight and their correlation coefficient
(r) of Saurida sp collected from different sites (no of samples = 32)

Region Alexandna Port Said Suez Gulf
Length range 161-260 166-286 150-287
(cm)

mean 2133 2012 21 86
Weight range 2643-13900 2930-15700 1910-15920
(2)
mean 76 28 5726 70 48
r 097322 096431 095735
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correlation (whether they are negative or positive) are msignificant
(05 <r<05) On the other hand each of the major metals Ca, Mg
and Na shows a negative correlation while K shows a positive
correlation with fish length Surpnisingly, calcium 1s the only metal that
gave a significant correlation (r=-0 766) with length for Alexandna fish

Port Said region

Cadmium, cobalt and 1ron 1n fish from Port Said gave a negative
correlation with the fish length, while other heavy metals (Pb, Cu, Zn
and Ni1) gave a positive correlation, but all these correlations like
Alexandnia region were msigmificant Each of the major elements Ca
and Na showed a negative correlation, while each of Mg and K gave a
positive correlation In this region, only potassium has sigmficant

correlation with the fish length (r = 0 589)

Suez region

In fish from the Gulf of Suez, the correlation between each of
Cd, Pb, Co, N1 and fish length 1s positive and msigmificant This
relation 1s mverse and msignificant for Cu (r = - 0 395) While, Zn and
Fe gave anegative and significant correlation with fish length (r =
- 0682 and - 0 804, respectively) For the major element, K length
relation was positive and margmally sigmficant (r = 0 494), while for

the other major metals, the correlation were negative and msigmficant
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Generally, most metals m muscle of fish, Saurida sp , recorded
non- significant correlation with fish length whether positive or
negative, except few, such as calcium m fish from Alexandna,
potassium i fish from Port Said, and zinc and iron m fish from Suez In
this context, Bevenidge ef al (1985) showed that, there was no
significant difference between large and small fish in the levels of
metals 1n the tissues examined (skimn, muscle, bone and liver) Liver and
flesh of eels, Anguilia angwilla, and roach, Rutilus rutilus, were
exammed to measure mercury, cadrmum and lead (Barak and Mason,
1990), they found that, there were fewer significant relationships with

fish length and the concentrations of cadmium and lead

Kalal et al (1990) recorded that, the heavy metal concentrations
in the muscle of rambow trout showed hittle increase with mcreasing
body weight, and they concluded that the waters under mvestigation

were safe for farming of edible fish

El-Moselhy (1993) studied four fish species from the Gulf of
Suez, the concentration of copper increased apparently with the weight
and length of all tested fish, but the correlation for other metals (Cd, Pb
and Zn) were tended to be inversely proportional with the weight and

length

Law and Smgh (1991) showed a significant correlation between
heavy metals content (Cu, Zn, Pb and Hg) 1n the edible tissues of three

Malaysian fish species and body weight of fish

McFarlane and Franzin (1980) demonstrated a consistent

positive correlation between copper 1n pike hiver and fish age
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In muscle and hiver of three species of shark from the Bahia
Blanca estuary, Argentina, metal concentrations (Hg, Cd and Zn)
showed an increasing patterns proportionally to the total length of the

sharks (Marcovecchio ef al , 1991)

Khalaf ef al (1986) reported that, the relationships of metals
(Cd, Cu, Mn, Pb and Zn) with age and fish weight were generally

msignificant However m case of small fish, the metal concentration

decrease with increasing weight and the large fish showed some

mcreasing trend

Homung and Ramelow (1987) studied the relationships between
metal concentrations (Cd, Cr, Cu and Zn) and length for Mulius
barbatus collected from eastern Mediterranean, and showed that there

was no sigmficant correlation between metals and length of fish

Haynex et al (1995) recorded that the tissue weight of the
bivalve, Donax deltoides, was negatively and msignificant correlated

with metal concentrations (Cd, Cu, Hg, Mo, N1, Se and Zn)

Boyden (1974) suggested that the relationship of metal content
to body weight of a wide range of molluscs was govemed by
physiological rather than environmental factors While Coughtrey and
Martin (1977) stated that the rate of uptake of metal with mcreasing

body weight might be useful m the comparison of polluted and non

polluted sites
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2- Copper - length relationships:

In the present study, relationship between copper and fish length
showed a particular case m the muscle of fish, Saurida sp , collected

from the three tested regions (Figs , 10 - 12)

In the small fish (length < 22 0 cm), copper showed a positive
relationships with length, and the correlation coefficient for Alexandna,
Port Said and Suez fish were 0 3802, 0 7137 and 0 8711, respectively
(insigmficant for Alexandna and sigmficant for Port Said and Suez)
While for large fish (length > 22 0 cm), the relations were mversely and
the correlation coefficient were -0 1415, -05450 and -0 5490
(insignificant for Alexandna and sigmificant for Port Said and Suez)

Copper 1s an essential element for ammal hfe Its nvolvement n
vartous physiological mechamsms (growth, haemoglobin formation,
enzymatic activities and other metabolic processes) 1s clear Therefore,
copper 1 the small fish, which are in development stage, may present
n the tissues with large amounts than that n the large one Underwood
(1956) recorded that the whole body content of copper in new-bom

anumals was greater than that in the adult

In this context, Fouda (1987) showed that the content of copper
and zinc was decreased in muscle, skin and bone compered with the
increase of fish age Tacon and De Silva, 1983 discussed that the
mineral requrement of small fish, particularly zinc and copper, 1s
ligher than that of adult fish in view of the high metabolic activity and
growth m small fish
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This mverse relationship of copper with the fish length was also
reported by many authors (Cross ef a/, 1973, Boyden, 1974, Maiks ef
al, 1980, Honda et al, 1983 and 1987, Aml and Wagh, 1988,
Wagemann ef al , 1990, Abdelmonemm and El-Deek, 1992, Emara et
al , 1993)

3- Metals interrelationships:

Tables (8 - 10) show the correlation matrix of metal versus metal
m the fish, Saurida sp , collected from Alexandria, Port Said and Gulf
of Suez, and the sigmficant relationships are illustrated m Figs (13-18)

The following remarks are obviously noticed

1- Fish from Port Said region had a poor sigmficant correlation
between metals, and this indicate that, the accumulation of
metals by the marine orgamisms from the Port Said waters 1s
affected by various and complicated factors, such as wind and
current regime (ENODC, personal communication), variation n
salimty during different months, mmpact of different pollution

sources and so on

2- Lead did not record any significant correlation with other metals in

all studied regions

3- Most of significant correlation were observed for essential and major
elements, perhaps due to therr common existence i mineral

deposits
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Table (8) Correlation matrix total length vs metal, metal vs metal 1n the muscle of Saurida sp collected from Alexandria

Cadmium
Lead
Copper
Zinc
Cobalt
Nickel
Iron
Calctum
Magnesium
Sodum
Potassium

Length

Cadmium Lead Copper Zinc  Cobalt Nickel Iron  Calcium Magnesium Sodium Potassium  Length
1 000
-0142 1000
-0392 0178 1000
0208 -0030 -0522 1000
0041 -0218 0423 0024 1 000
-0264 0039 0678 0363 0682 1000
-0318 0055 0432 -0264 0202 0587 1 000
0309 -0444 -0348 0332 -0137 -0230 0137 1 000
0457 -0455 -0417 0521 0067 -0223 -0182 0494 1000
0514 -0150 -0173 0373 0026 -0173 0035 0568 0 661 1 000
0081 0262 -0294 0623 0222 -0276 -0480 -0195 0078 0 064 1 000
-0127 0194 0361 0255 0428 0300 -0149 -0766 -0 195 -0 390 0196 1000

-05>r>0515 significant

™
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Table (9) Correlation matrix total length vs metal, metal vs metal in the muscle of Saurida sp collected from Port Said

Cadmium
Lead
Copper
Zinc
Cobalt
Nickel

Iron
Calcium
Magnesium
Sodium

Potassium

Length

Cadmmum Lead Copper Zmc  Cobalt Nickel Iron  Calcium Magnesium Sodwm Potassium  Length
1 000
-0493 1000
0242 0049 1000
0058 0271 0233 1000
0524 -0249 0300 -018% 1000
0124 0023 0369 0306 0049 1000
0201 -0348 0137 -0240 0039 -0096 1 000
-0309 0410 -0357 0024 -0279 -0361 0028 1 000
-0332 0125 -0158 018 -0203 -0052 -0301 0310 1000
0146 -0397 0148 -0326 0285 -0096 0 533 0050 0127 1 000
0008 0375 0106 009 0013 0231 -0463 -0028 000001 -0493 1000
0165 0462 0271 0194 -0008 0371 -0376 -0062 0171 -0347 0589 1 000

-05>1r>051ssignificant

. e me
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Table (10) Correlation matrix total length vs metal, metal vs metal 1in the muscle of Saurida sp  collected from the Gulf of Suez

Cadmium
Lead
Copper
Zinc
Cobalt
Nickel
Iron
Calcium
Magnesium
Sodium
Potassium

Length

Cadmwum Lead Copper Zmmc  Cobalt Nickel Iron Calcium Magnesium Sodium Potasstum  Length
1 000
0247 1000
0189 -0092 1000
0131 -0231 0632 1000
0289 0212 0537 0180 1000
0254 0336 0341 0243 0 563 1 000
-0 001 -0301 0345 0622 0056 0120 1 000
0250 -0181 0632 0460 0389 0080 0396 1000
0528 0271 0439 0416 0431 0279 0191 0529 1 000
0285 -0010 0655 0480 0288 0196 0228 0506 0562 1 000
0109 0406 -0137 -0182 0143 0157 -0498  -0317 0340 0037 1 000
0062 0429 -0395 0682 0106 0049 -0804 -0310 -0 105 -0321 0494 1000

-05>r>051s significant

4

2§~
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4- Calcium and magnesium showed the same patterns when correlated
with other metals and length of fish, and this indicates that the
fish have smmilar response to these two elements, also the

metabolic reaction of calcrum and magnesmum has the same

affimty

Holwerda (1991) reported that, cadmium and copper mhibit each
other, when Anodonta cygnea was exposed to a concentrations of
cadmum and copper m therr aquanum The Cd-accumulation factor
(AF) for whole ammal was reduced by 90 % 1n the presence of Cu and
Cu-AF was reduced by 50 % m the presence of Cd In the present
study, the relationship of cadmmum and copper in the fish from
Alexandna was comncided with the result of Holwerda, where the

correlation coefficient was negative (- 0 392)

Peterson et al (1989) observed that copper and zinc were
consistently positively correlated for all tested fish species, in this
context, one of the copper or zinc was mcreased n the presence of the
other m the muscle of Mytilus edulis (Elhott ef al , 1986) Sumilar result
was obtamed n Saurida sp from Port Said and Gulf of Suez (r = 0 233
and 0 632, respectively), while the fish from Alexandnia showed a

negative correlation between Cu and Zn (r = - 0 522)

Tanq et al (1991) estimated the correlation coefficient between

major cations and heavy metals m fish from the Arabian Sea They
reported a sigmficant correlation (r > 0468) between the
concentrations of trace metals and major cations Also, stronger

correlation (r > 0 900) were observed to exist between calcium and/or
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magnesum and Cd, Fe, Hg, Mn and Pb mn Loligo duvaucel, for Cr,
Mn, N1 and Pb m sardinella longiceps and for Cd alone m

Lapturacanthus savala

Haynex et al (1995) mvestigated the mter-element correlation n
brvalve, Donax deltoides, and recorded a sigmficant correlation of zinc
with mercury, mckel and selemum, selenium with copper and mercury,
and nickel with copper In this context, Honda ef al (1987) reported a
posittve and significant correlation for copper with zinc, mickel with
lead, cobalt with lead and mickel, cadmium with zinc and copper, and

mercury with zinc, copper and cadmium, m southem munke whales

Balaenoptera acutorostrata

Huggett et al (1973) showed that, while there was no
relationship of zinc concentration and body weight in the eastern oyster
(Crassostrea virginica) the relationship of copper and zinc
concentrations could be used to indicate unnatural mputs of these

metals into the environment
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4- Level of metals in the fish Saurida sp. and its

concentration factors:

Table (11) shows the concentrations of the seven heavy metals
(Cd, Pb, Cu, Zn, Co, N1 and Fe) and that of four major elements (Ca,
Mg, Na an K) m the fish muscle of Saurida sp collected from
Alexandna, Port said and the Gulf of Suez waters

The maximum levels of cadmum (0044 ppm), Zinc (2 296
ppm), cobalt (0 085 ppm), 1ron (2 879 ppm) and sodium (811 94 ppm)
were observed i the fish from Port Said waters While, Pb, Cu, N1 and
Ca were recorded 1ts highest level (0 408, 0 328, 0 919 and 39 826
ppm, respectively) n the fish from Alexandna waters Magnesium and
potassium were elevated mn the fish from the Gulf of Suez (438 24 and
1749 27 ppm, respectively)

To determine the concentration factors (CF) of the trace metals
(Cd, Pb, Cu, Zn, Co, N1 and Fe) m fish from all tested regions, the
levels of these metals in water at different areas were collected from
the hiterature and tabulated (Table, 12) Data for Cd, Pb, Cu and Zn

were enough presented to compare the CF 1n all regions

Table (13) shows the concentration factors of metals m fish,
Saurida sp , from Alexandna, Port Said and Gulf of Suez It can be
noticed that, the concentration factors of Cd, Pb, Cu and Zn were found
to be ligher i Port Said than those of the others (Alexandna and Gulf
of Suez), this result indicate that the fish from Port Said have the ability



Table (11) Range, mean and standard error (S E ) of metals level (ppm) in
muscle of Sauridasp collected from different sites (Egypt)

(no of samples =32)

Region Alexandna Port Said Suez Gulf
Metal ———
range | 0015-00469 0022 - 0 068 0 0205 - 0 055
Cd | mean 0 0261 0 0444 0 0369
SE 00011 0 0023 00016
range 0159-0909 0123-0924 0103 -0455
Pb | mean 0 4075 03651 0 3095
SE 0 0456 0 0343 00143
| range 0125-0810 0136 -0 606 00335-0522
~ Cu | mean 03278 0 2969 0 1865
- SE 00336 0 0222 0 0269
- range 1509 - 3 386 1316-4456 0810-2279
Zn | mean 22817 2 2962 15195
SE 0 0798 0123 0070
range 0025-0111 0 045 -0 162 0046 -0 136
Co | mean 0057 00853 00818
SE 0 0029 0 004 0 0038
range | 0089-11430 0057 -3 365 011-4083
Ni mean 09186 0493 04221
SE 0 3651 01414 0 1403
1
) range 1442 -7 440 1369 -7 991 0742-8199
i Fe | mean 2 6408 28793 22936
SE 02642 02133 02615
] range 1771-76 79 1217-3792 13 24 - 28 54
Ca | mean 39 826 23 682 19025
SE 255 1176 0679
range | 9264-13589 12429-28431 | 33477-53054
Mg mean 114 826 199 895 438 274
SE 1766 7 509 7 847
range | 26579-94737 | 2600-10015 | 45127-115171
J Na | mean 567 254 811 936 722 571
’ SE 2735 21 755 24 906
{
- range | 54510-182292 | 9949-19437 5971-28358
K | mean 1034 45 1503 939 1749 271
| SE 50 849 49 255 96 469
f

[ IV

q6
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Table (12) Concentration (ug/L) of the dissolved heavy metals in the water of each of the different sites (Egypt)

Location Cadmium Lead Copper Zinc Cobalt Nickel Iron Reference
Alexandria 017 0 60 378 21 90 74 00  |Aboul Dahab, 1985
208-214|1048-061{339-372 Shriadah and Emara,
1991
1624-1780| 005-007 | 047-055 | 24 8 - 260 |Emara and Shriadah,
1991
081-097 [ 267-347 |303-442 |2758-3757 Abdelmoneim et al,
1994 b
214 056 290 140 4 007 061 2570 |Emaraetal, 1995
Port Said 015-093 | 036-351)023-382|178-1757 Abdelmoneim and
Fattouh, 1994
Gulf of Suez 100 160-960 |162-2922 11 32-2132 1| Abdel-Salam, 1981
017-029|179-185|855-1067]909-2950 El-Moselhy, 1993




98

Table (13) Concentration factors of metals in Saurida sp collected from
different sites

s

_J

—— L

UV

Metal Alexandria Port Said Suez Gulf
Cadmium 122-1535 477-2960 1272-2171
Lead 1174-7277 1040-10142 1673-3095
Copper 742-1130 757-12909 175-1166
Zinc 163-1042 1307-12900 515-9380
Cobalt 8143 -57000 --- -—
Nickel 15059 - —
Iron 357-6619 - 11-2026
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to concentrate the trace metals i 1its tissues much more than those of

Alexandrnia and Gulf of Suez

5- One Way Anova analysis:

One Way Anova analysis for the metals in the muscle of fish,
Saurida sp , collected from the three regions m the present study
(Alexandna, Port Said and Gulf of Suez) was used to estimate the
probability and difference mn the metal content of the different areas

(Table 14)

Cadmrium, calcium, magnesium and sodium 1 the muscle of fish
recorded high significant differences between all tested regions In
contrast, lead, mickel and wron showed msignificant differences Copper
and zinc showed msignificant differences between fish from Alexandna
and Port Said only, while cobalt and potassium recorded nsignificant
differences between Port Said and Gulf of Suez fish These analysis
mdicate that there 1s a difference between the concentration of some
elements 1n the tissues of the fish from the three areas while the other
are smmlar, however, this smmulanty may observed for two areas only

such as Cu and Zn m fish from Alexandria and Port Said

The present case study explam properly the response of fish mn
different sites "the ammal mvolves 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 different
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Table (14) Propabihty of metals in the muscles of Saurida sp  at different sites using

One Way Anova analysis
Propability (P < )
Area
Cd Pb Cu Zn Co N1 Fe Ca Mg Na K
Alexandria & Port Said 0001 05 05 =>05 0001 OS5 05 0001 0001 0001 0001
Alexandna & Suez Gulf 0001 005 001 OO0l 0001 OS OS5 0001 0001 0001 0001
Port Said & Suez Gulf 001 0S5 001 0001 >05 =>05 01 001 0001 001 O0O0S5

Alexandna Port Said & Suez Guif {0001 05 001 0001 0001 OS5 OS5 0001 0001 0001 0001

P <0001 Very highly significant
P<o00l Highly significant
P<005 Significant

P<01&05 Insigmficant

- Bt r—-—*, - = [reamansion m - ~ Sy
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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 environment can be expected m the same population, therefore, the

different populations should have certam different abilihes to

accumulate metals

The second alternative has been extensively studied with the
molluscs (e g Romenl, 1971, Coombs, 1972 and 1974. Coughtrey,
1975, Frazier, 1975, Martin and Felgal, 1975, Howard, 1975,
Coughtrey and Martin, 1977, Elhott ef a/ , 1986 and Holwerda, 1991),
and 1s also suggested by the present correlation analysis of the data for
the Saurida sp Significant correlation (0 5 <r < - 0 5) exist between
most of the metals at Alexandna and Gulf of Suez, while at Port Said
some were between cadmmum cobalt and ron sodium Literature
showed that, Cd uptake was sigmficantly reduced by the presence of
zmnc (Bryan and Hummerstone, 1973, Jackim et al , 1977, Ray et al ,
1979 and 1980 b) In juvemle munnows (Phoxinus phoxinus),
Zn-mduced mcrease m Cd turnover rate m the fish (Glynn et a/ , 1992)
Effect of copper and lead on Cd bioaccumulation by herring eggs have
been studied (Westernhagen et al , 1979), at 2 exposure concentrations,

Cd contents of eggs were enhanced by lead and decreased by copper
whereas, at an mtermediate concentration, both copper and lead
mhibited Cd accumulation Cadmium and copper mhubit each other,
when Anodonita cygnea was exposed to a concentrations of cadmium
and copper 1 therr aquarium (Holwerda, 1991) In bivalve, Donactlia

cornea, large mcreases mm calcium concentrations were observed
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following exposure to Cu and Cd (Regoh et al, 1991) The toxicity of
cadmum was reduced m water with lugh calcium concentration (Gill
and Epple,1992) Wicklund and Runn (1988) showed that '°Cd uptake

mn the gills decreased with imcreasing Ca levels
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(3) Sea food safety in Egypt

The risk to man can be estimated by comparing the metal intake
from an observed consumption rate of seafood with the Provisional
Tolerable Weekly Intake (PTWI) For a few trace metals these PTWIs
have been published (Bebbington et al , 1997 and Bernhard, 1982)

The followmng PTWI values are available

Prowvisional tolerable weekly intake i mg per 70 kg man

Cd 03
Pb 28
Cu 2450

Table (15) shows the percentage of the present metal
concentrations 1n fish muscle to that of PTWI The obtamned result
demonstrate that the concentrations of trace metals (Cd, Cu and Pb) mn
the muscle of fish species from different regions along the Egyptian
coast would be much lower than the PTWI values and accordingly
there 1s no nsk from the human consumption of these fish The same
results were recorded by Emara e a/ (1993) with the exception of lead
m Mugil and Epinepheius species from the Mediterranean which
showed a 80 and 76 % to that of PTWI

For liver, the percentage of the cadmium concentrations to that

of PTWI was varied between 633 % in Mullus barbatus from
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Table (15) Mean concentrations of trace metals Cd, Pb and Cu m muscles of fish species
from different regions and their percentage to that of Provisional Tolerable

Weekly Intake (PTWI)
Mean concentration % of the present concentration to,
Species Location mg / kg that of PTWI
Cd Pb Cu Cd Pb Cu
Red Sea | 0023 0172 0566 | 767 614 023
Saurida Guif of Suez{ 0013 0133 0129 433 475 005
undosquanus | PortSaid | 0052 o182 1019 1733 6 50 04z
Alexandna | 0027 050 0614 90 17 86 025
RedSea | 0039 0226 0245 | 1233 8 07 010
Siganus SuezBay | 0026 0255 0333 867 911 014
rivulatus Port Said 002 006 069 6 67 214 028
Alexandnia | 0026 0566 0743 8 67 2021 030
Rhabdosargus |Gulf of Suez| 0024 0216 0342 80 771 014
hafara Suez Bay 003 o217 0247 100 775 010
Mugal seheli  |Gulf of Suez| 0023 0194 038 767 693 016
SuezBay | 0033 0268 0418 110 957 017
Suez Canal | 002 0186 0738 6 67 6 64 030
Mugil cephalus| Suez Canal | 003 oigg 06l 100 671 025
Mugil auratus | Port Said 002 009 136 6 67 321 056
Nemipterus Red Sea 0022 0336 0288 733 120 012
Japomicus  |Gulf of Suez| 003 0169 0228 100 604 009
Pomadysis Gulf of Suez| 002 0124 0568 6 67 443 023
siridens SuezBay | 0033 0304 044 110 1086 0138
Gulf of Suez| 0028 027 0404 933 9 64 016
Pagrus pagrus | Port Said 009 0192 1116 300 6 86 046
Alexandna | 0035 0101 0272 | 1167 682 011
Upenaeus sp  |Gulf of Suez| 0032 0226 0542 10 67 807 022
PortSaid | 0044 017 0906 14 67 6 07 037
Mullus barbatus| Alexandria | 0027 0272 0366 90 971 015
Sardinella Gulf of Suez| 0023 0144 0406 767 514 017
gibbosa Suez Bay 0016 0059 0549 533 211 022
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Mean concentration

% of the present concentration to

Species Location mg/ke that of P
Cd Pb Cu Cd Pb Cu
Etrumeus teres |Gulf of Suez| 0022 0156 087 733 557 036
Scomber Gulf of Suez|{ 0024 0126 0484 80 450 020
Jjaponicus
Trachurus Gulf of Suez| 0028 061 0782 933 2179 032
indicus
Tilapia sp Suez Canal | 0034 0234 0618 1133 836 025
Trachinotus Alexandrnia { 0028 0404 0964 933 14 43 039
ovatus
Caranx cryzs | Alexandria | 0028 048 0752 933 1714 031
Diplodus sargus| Alexandria | 0 031 0356 0892 1033 1271 036
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Alexandna and 386 67 % 1 Scomber japonicus from the Gulf of Suez
Lead showed a percentage of 2 14 - 66 11 %, while copper gave a
range of 053 - 3313 to that of PTWI hence, liver, which 1s a
detoxtfication organ, can accumulate metals much higher than the

values of Provisional tolerable weekly intake (PTWI) and consequently

cause a serious effect to human when take this organ in thewr daily diet

By companng the level of metals of the fish muscle m the

present study with the other works in the Egyptian waters (Table 16), 1t

can be noticed that

1- Cadmmum and lead n fish samples of the present survey show the

lowest concentrations than that recorded m the other studies

2- Copper, zinc and 1ron 1n the present survey are gomg within the

levels of the Egyptian fish

3- No available data for cobalt and nickel to give an ideal comparison,
the levels of cobalt and mickel recorded by Emara et al (1993)

were shghtly lower than those recorded 1n the present study

The wet-weight concentrations of the four metals (Cd, Pb, Cu
and Zn) found n the muscle of fish, Mullus barbatus, collected from
the Egyptian waters (Alexandria region) mn tlus study are compared
with results of other workers along the Mediterranean coast in Table
(17) Generally, our values are within the range seen m other regions of
the Mediterranean, and may thus provide vahd information about the

current state of the Egyptian regions (Mediterranean and Red Sea)



107

Table (16) Comparison of metals (ppm wet weight) 1n fish muscles of the present study to those found in other

Egyptian Iiterature
Location Cadmium Lead Copper Zinc Cobalt Nickel Iron Reference

Red Sea - 0612-7142{0563-2011]248-1769 - - - Abdel-Salam, 1981

Mediterranean {030-0339)283-376 0372 536-697 --- - —— Abbas et al , 1988

Gulf of Suez 039-051 1064-1141034-045[481-687 - - 19 25 - 20 14} Abdelmoneim and
El-Deek, 1992

Red Sea 013-021 {026-1241025-095|316-360|002-008 }016-018 | 162-423 |Emaraetal, 1993

Mediterranean --- 067-267]023-048 --- 003-005 - 390-782 |Emaraetal, 1993

Gulf of Suez 012-024 | 054-093 | 041-059 {704-2210 --- - - El-Moselhy, 1993

Ismaihia --- 362-460 - 1304-1347 - --- 31 48 - 37 31|El-Dekk et al , 1994 b

Port Said - 258 - 11 21 --- - 22 52 El-Deek et al, 1994 b

Gulf of Suez 026-0551336-396}1051-101(434-1022 -—- - 811-1630|Abdelmonemmetal,
19%4 ¢

Suez Bay 0012-012|ND -074|031-155|473-965 - -—- --- Abdel-Azim, 1996

Gulf of Suez ND -0077|{ND -09211039-3303|333-3787 --- - --- Yousif, 1996

Red Sea 0022-0 0390 172-0336{0245-0566| 213 -443 {0053-0 108 |0251-0952 3 353-10 726| present study

Gulf of Suez 0013-0032|0124-061|0129-087|1 921-13 512{0035-0127{0317-2468 (3 008-4746;} ,,

Suez Canal 002-0034|0186-0234|061-0738|3182-8212{006-0065|0342-1966|5262-17934] ,,

Port Said 002-009 {006-0192]069-136 12798-558|0064-014]030-0557|5557-9529 v

Alexandria 0 026-0 03510 191-0 566 |0 272-0 964 | 2 708-5 932 |0 037-0 082 | 0 306-2 261 I3 762-15 872 ,,

L B B B |
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Table (17) Comparison of metals concentrations (ng/g wet weight) n fish, Mullus barbatus,
in the present study to those found 1n other Mediterranean regions

Region Cd Pb Cu In Reference

Israel 02-07 33-64 | 149-.255 |Rothand Hornung,
1977

Turkey 003 048 45 Balkas et al , 1978

Italy <0 005-0038 - - - Bolognan et al | 1978

Greece - --- 030-051 36-69 |Grimamsetal, 1980

Greece 002-022 -— 016-148 21-77 Voutsinou-Tahadoun,
1982

Greece 0034-007 - - - Vasilikiotis et al , 1982

Egypt 0 009 - 0 013 032-065 Emara, 1982

Italy <008 033-13 24-95 |Capellietal, 1983

Yugoslavia - - 043-078 | 342-5 45 |Vukadinetal, 1984

Turkey 005-013 | 118-19 | 048-095 | 374598 |Uysal and Tuncer,
1984

Spain 0001-0023{001-054 - deLeon et al, 1984

Israel 0007-0114 — 0005-019 | 18-109 |Horuagand Ramelow
1987

Turkey 009-021 |134-221 - 236-32 |Kucuksezgin and Balci

1994
Egypt 0013-009 | 006-061 | 9129-136 11 9771 _ 13 512| Present study
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I1- Bioassay

1- Toxicity tests of metals (cadmium and copper)

The toxicity tests are necessary in water pollution evaluation

because chemical and physical tests alone are not sufficient to assess

potential effects on aquatic biota (Tarzwell, 1958 and 1971)

Many acute lethality studies have been conducted on the effects
of metals on marine and freshwater mvertebrates and fish (Sprague,
1967) Such mformation 1s generally used m two ways firstly, to
compare the sensitivities of different species and potencies of
chemicals usmng LC,, values, and secondly to dnve "safe"
environmental concentrations using LC,; values and application factors
in the absence of chronic toxicity information on the tested species
(Ahsanullah et al , 1981) Most acute studies have been conducted for
96 h as recommended by Portmann (1972), NAS/NAE (1973) and
APHA (1989) However, the lethal threshold concentration of a
toxicant may be a more appropnate quantity to characterize toxicity,
smce 1t represents a common pomt to lethal physiological response
(Wuhrmann, 1952, Sprague, 1967 and Brown, 1973) The lethal
threshold concentration, therefore, severs as a better concentration from
which relative sensitivities of different species to a toxicant can be
determine than LC,, values based on an arbitrary time (Sprague, 1967)
Some mvestigators (Eisler, 1971, Thorp and Lake, 1974) have also
suggested that for certamn toxicants, 96 h tests are too short to

determune acutely toxic effect adequately
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Determmation of the median lethal concentration (LC,,) of the
cadmmuun and copper for the juvemles of fish, Mugil seheli, at 96 h 1s
the aim of the present section It 1s an umportant step to predict the
levels of cadmium and copper to be used m the uptake experimental

study of the accumulation and depuration rates of these metals n the

tissues of adult fish

Acute toxicity tests of cadmium and copper to Mugil seheli are

shown m Fig (19)

The expenments were conducted during February and March,
1994 The conditions of the expeniments were as follow temperature
ranged from 195 to 21 5 °C, pH ranged from 8 22 to 8 31, salmty
ranged from 40 90 to 41 03 %, and dissolved oxygen varied from 4 38
to497mgO,/1

Juveniles of Mugil seheli are collected from the Dersa Pond m
the Suez Canal, sorted for size from 1 8 to 3 4 cm n total length and
from O 1 to 0 45 g mn total weight

In the present study, 96 h-LC,, values of Cd and Cu (used as
cadmium and copper sulphate) were 527 and 1 64 ppm, respectively
This mdicate that the 1omc form of Cu 1s more toxic than the 1onic form
of Cd to Mugil sehelr, and the juveniles are more sensitive to copper

toxicity than those of cadmium

This finding agrees with toxicity information reported for other
fish by Denton and Burdon-Jones (1986 b), Cwi-Keduo et al (1987)
and Wu-Yuln et a/ (1990) The same result was obtamned for
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Fig (19) Toxicity of Cadmium and copper (96 h—LC )
to the juveniles of Mugil sehels
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crustaceans by Bryan (1971), Maclnnes (1973), Ahsanuliah and Amott
(1978), Amott and Ahsanullah (1979), Ahsanullah ef a/ (1981) and de
Nicola Giudica (1989)

In contrast, Hamilton and Buhl (1990) stated that the cadmium
was more toxic to fry of Chmook salmon than of the copper, this result
may be due to the sensitivity of the orgamisms to the mndividual metal

which 1s differ from species to other

Spehar (1976) reported that the 96 h LC,, of Cd for flagfish,
Jordanella floridae, was 2 5 mg /1 Hamed (1992) found that the 72 h
LC,, of Cd for Mugil sehel! was 4 87 mg/l, while m the present, study
it was 5 27 mg/l The LC,, values of Cd and Cu for oyster, Crassostrea
virginica, were 3 80 and 0 103 ppm, respectively (Maclnnes, 1973)
The 96 h LC,, values of copper was 183 ppm for fish Etroplus
maculaus reported by Gaikwad (1989) The vamation m the LC,,
values for the same metal may be due to, species type, chemucal

structure of metal compound, and the conditions of the expeniment

Taylor (1981) reported LC,, values of about 0 3 to 50 mg Cd/l
While 96 h LC,, of Cu ranged from 02 to 3 mg/l for vanious marine

fish and crustaceans (Bryan, 1976) Ward (1984) stated that the Cu was

highly toxic to marme fishes and crustaceans, 1gnoring metal-metal and
metal-environment mteractions, and its water concentration does not

exceed 0 01 mg /1 the highly contammated areas

Shi and Yu (1986) descibed the influence of wvarious
concentrations of Cd and Cu 1ons on the fertilization and development

of the early embryo of the thick shell mussel (My#ilus coruscus) The
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results obtamned showed that when the concentration of Cd*? was below
2 ppm, no obvious mfluence occurs, but mn the case of Cu™, the
concentration of only 20 ppb had a serious mfluence on the mcubation

of fertihized eggs

Pagenkopf (1986) studied the toxicity of copper, cadmium, lead
and zinc to fishes He derived at least four general conclusions from the

analysis of literature

(1) some chemical species of metal are more toxic than other

(2) an increase m water hardness tends to reduce the metal

toxicity,

(3) some metals are more toxic than others, and

(4) naturally occurring matenials often reduce the concentrations

of toxic species

These parameters are not the only ones affecting toxicity, but they can

be utilized to rationalize many observed metal toxicity results

From the results stated above, we can conclude that, although
copper 1s essential metal for various phystological processes, it shows a
toxic effect to marine orgamsms higher than those of cadmium which 1s
known as toxic metal and not required for physiological reactions at
any concentration This result should be mmpelled us to make a focusmng

on the copper and other essential elements that can produce a
hazardous influences on the marne orgamisms, and i general on the

marine life and environment
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2- Accumulation and depuration of metals
Metals of biological concern may be divided nto three groups

(1) ight metals (sodium, potassium, calcium, etc ) normally transported

as mobile cations i aqueous solutions,

(2) transitional metals (e g iron, copper, zmc, cobalt, and manganese)

which are essential in low concentrations but may be toxic mn

hugh concentrations,

(3) heavy metals or metalloids (e g mercury, cadmium, lead, selenum,
tn, and arsenic) which are generally not requred for metabolic

activity and are toxic to the cell at quite low concentrations

Absorption of heavy metals from solution 1s dependent on active
tfransport system m some micro-orgamsms and sea urchin larvae, but
generally n plant and animals 1t 1s by passive diffusion across gradients
created by adsorption at the surface, and by binding by constituents of
the surface cells, body fluuds, etc An alternative and important
pathway for ammals 1s when metals are adsorbed onto or present in
food, and by the collection of particulate or colloidal metal by a
food-collecting mechamism such as gills m marne organisms There 1s
considerable vanation 1 the extent to which plants and ammals can
regulate the concentrations 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 cadmyum are less well

regulated
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The present expenments were designed to follow the
accumulation pattem of cadmium and copper in different organs of
Mugil seheli during 84 days (12 weeks) when exposed to two
concentrations of each metal mn therr aquanium, and to evaluate the

ability of fish to excrete the metals from 1ts body by transfernng the fish

to natural (nonpolluted) water

A- Cadmium

Cadmium was first isolated and identified by F Strohmeyer n
1817 from the zimnc ore smithsomte (Zn CQO,), 1t 1s among the rarer trace
elements and 1s seldom found n pure mmerals (GESAMP, 1985) 1t s
usually associated with zinc ores, particularly zinc blende (Zn S),
where its concentration may range from 01 to 50 % or higher
(Chizhikov, 1966) Industnal use of cadmium was minor until about 50
years ago But now 1t 1s a very important metal with many applications
The mam use 1s electroplanting or galvamzing because of its
noncorrosive properties It 1s also used as a colour pigment for paints

and plastics, and cathode matenial for nickel-cadmium batteries

Marine geochemistry of Cd has been discussed by Eaton (1976)
and Boyle ef al (1976) It 1s well established that, aithough
concentratton of Cd in surface water may be less than 10 ng / 1, 1t
mcreases to a maxmmum of about 125 ng /1 at about 1000 m depth and

then decreases shightly at lower depths (Knauer and Martin, 1973,
Bender and Gagner, 1976, Boyle et al, 1976, Martin et al , 1976,
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Bruland ef af , 1978, and Raspor, 1980) Nrnagu (1980) estimated that
atmospheric mput of Cd to the oceans 1s 24 x 10° g Cd / yr, while the
annual mput via stream runoff 1s 7 5 x 10° g, and that most of the net

gam of Cd to the oceans 1s due to human activities

Cadmmum 1s a ubiquitous nonessential (toxic) element that
possesses high toxicity and 1s easily accumulated from the environment
by aquatic orgamisms It has been demonstrated that body burdens are
mfluenced by season and sex (Wathng and Watling, 1976, Orren ef al ,
1980), age (Cossa et al, 1979), temperature and salimty (Phillips,

1976), complexing agents (George and Coombs, 1977) and starvation
(Jansen and Scholz, 1979)

Cadmium uptake from water can take place either by passive
diffusion through body surface or from water passing through the gills

and subsequently through the body (Ray, 1984 and del Ramo ef al
1993)

Cadmmum bioaccumulation by manne orgamisms has been the
subject of considerable mmterest m recent years because of serious

concern and high levels of Cd may have detrimental effects on the

marine organism and may create problems 1o relation to therr suitabihty

as food for humans
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Accumulation of cadmium

The concentration of cadmwm m the hiver, gills, blood and
muscle at each samphng time for the 0 (control), 05 and 20 mg / 1

groups are shown m Tables (18 - 21), and illustrated as a folds to the

mutial concentration n Figs (20 - 21)

The accumulation patterns of liver show that the two groups (0 5

and 2 0 mg / 1) are approximately sumilar in the rate of accumulation
dunng the first 7 days But from the day 14, the accumulation rate 1s
differ to be much higher m the group of 2 0 mg Cd /1, and show a fast
mcrease to reach 318 folds over the mtial concentration at the end of
exposure period (84 days) While the low water ambient concentration
of cadmuum (0 5 mg / 1) shows more or less constant paitern "plateau”

(41 - 62 folds over the mitial concentration) until the end of exposure

pertod

In gills, as shown mn Fig , cadmium 1s accumulated most rapidly
during the first day showed 6 and 11 folds over the mitial concentration

for 05 and 2 0 mg /1 groups, and 1ts maximum values are recorded at
the day 14 (12 and 23 folds, respectively) After that, levels of
cadmmum m gills are fluctuated and decreased shghtly until the end of

exposure pertod

For blood, the concentrations of cadmium are fluctuated near the

levels of control during all time of the experiment

No response 1s recorded n muscle for 0 5 mg /1 group durning the

expenmmental time While mn 2 0 mg / 1 group, shghtly mcrease in Cd
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reach up to 2 folds over the mitial concentration and fluctuated unt the

end of experiment

The data obtamed by the accumulation of cadmium showed that
there are different vaniations in the abihity of organs to accumulate the

metal, and the concentration of cadmum i the fish tissues can be

mfluenced by the ambient concentration 1n their water

Adult rambow trout, Salmo gairdner:, were exposed to two
ambient concentrations of Cd in therr aquarium for 178 days (Giles,
1988) Cadmium accumulated most rapidly m gill tissue which became
saturated at levels 100 fold higher than controls within 24 and 52 days
m the high and low metal exposures, respectively Liver cadmmum
mcreased 250 to 400 fold over the test period but accumulation
exhibited a plateau between 52 and 129 d followmg by a rapid nise by
178 d Kidney cadmrum increased consistently through the test period
to levels approxmmately 50 to 100 fold higher than control values
Cadmium m the gut and skin mcreased 10 and 5 fold, respectively,

while no increase was recorded 1n white muscle

Carp, Cyprinus carpio, were exposed to a serious concentrations

of cadmium for a period of 120 days (Ikeda et a/ , 1986) Cd levels m
tissues showed higher values as exposure days elapsed in higher Cd

concentrations, and the concentrations of Cd were i the order Kidney

> hepatopancreas > gills

Rainbow trout, Oncorhynchus mykiss, were fed on a commercial
food ennched with Cd for 32 days the body burden of fish fed
Cd-enriched diet mncreased from about 0 05 to 0 39 pug / g wet weight,
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reflected by elevation m the Cd content i gills, liver, blood plasma,

kidney, skin, mucus, and whole gut Muscle Cd content did not alter
(Handy, 1992)

The accumulation of cadmum from external environmental
solution was measured in channel catfish (Icialurus punctatus) with the
aild of '"Cd (Bentley, 1991) In chronic 7 days expeniments, fasted
catfish were found to accumulate the toxic metal in thewr hiver and
kidney from external media with Cd concentrations as low as 10° M
(about 0 1 ug /1) Concentrations were greater in the kidney than the
liver Detectable amounts of Cd (< 003 pg/ g net wt ) were not found

n muscle m this time at external concentration of Cd < 10° M (< 10
mg / 1)

Cadmium bioaccumulation from solution by plaice Pleuronectes
platessa and thornback 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 m oyster Ostrea sinuata decreased steadily with increase m
exposure concenfration and the concentrations of Cd mn the tissues
decrease m the order gill > heart > visceral mass > mantle > white
muscle > stniated muscle Crassostrea virginica (Shuster and Pringle,
1969 and Eisler et al , 1972) exposed to Cd rapidly accumulated high

levels of the metal in soft tissues

Crassostrea gigas and Ostrea edulis collected from a clean
environment and transplanted for a period of 5 months m polluted

water contaimng an average of 57 pg Cd / 1 accumulated 15 and 17
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times, respectively, the concentrations of Cd m control samples
(Boyden, 1975) Crassostrea virgmica (Zaroogian and Cheer, 1976
and Zaroogian, 1980) was exposed to 5, 10 and 15 pg Cd / 1 seawater
for 40 weeks at ambient temperature and salinity, had as much as 89,
176 and 292 pg Cd / g (dry wt), respectively, m the whole-body soft
tissues without reaching equiibnum The Cd concentration m the soft
tissues was linearly related to the exposure concentration and had a

curvilinear relationship with time of exposure

In Saccostrea commercialis (Ward, 1982) exposed to several
concentrations of Cd (nommally 0, 10, 25, 50 and 150 pg /1) n flowing
seawater, the gill tissues always had the highest concentration of Cd at
any sampling time, generally i the order gill > viscera ~ mantle >
muscle mn all expermments other than n the control group where the
viscera consistently had the highest Cd concentration, suggesting that
the gill was the cnitical organ for Cd uptake n this species

Greig (1979) exposed quahaugs, surf clams and oysters to 19
and 20 pg Cd/l seawater for 43 days At the end of 10 pg / 1
experiment, the Cd concentrations i quahaugs, clams, and oysters
were 2, 2, and 4 times the concentration in control ammals The

corresponding values for exposure at 20 pg Cd / 1 were 2, 4, and 8

times, respectively

George and Coombs (1977) reported an mtial lag period mn
uptake of Cd i mussel Mytilus edulis, but a subsequent hnear
relationship with time and exposure concentration Sumilar results were

obtamed by Jackim et a/ (1977) for 3 filter-feeding (Mytilus edulrs,
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Mulima lateralis, and Mya arenaria), and 1 deposit-feeding bivalve
(Nucula proxima) and by other workers (Jansen and Scholz, 1979,
Gutierrez-Galindo, 1980 and Scholz, 1980) for Mytilus edulis

The scallops Aquipecten irradians and Argopecten 1rradians
were also observed to Cd accumulate rapidly when exposed to spiked

water (Eisler ef al , 1972 and Carmichael and Fowler, 1981)

Whole-body Cd concentration i shrimp Penaeus duorarum,
Palaemonetes vulgaris, and Palaemonetes pugio, exposed to a range
of 75-1000 pg Cd / 1 were m all case directly proportional to the
concentration mn exposure solution and to time of exposure (Nimmo et

al , 1977 and Engel and Fowler, 1979) A sumlar relationship has also

been observed for Palaemon elegans (White and Rainbow, 1982)

The burrowmg manne shnimp Callianassa australiensis
collected from an uncontaminated area mm Western Port, Victona,
Australia, and then exposed to cadmium-contaminated water and
sediment for 8 weeks The concentrations ranged from 0 5 to 63 pg
Cd/1 for water and 05 to 63 pg Cd / g for sediment the shnmp
accumulated cadmum from water at a rate commensurate with
mncreases m the concentration of cadmium n water and the duration of

the expeniment (Ahsanullah et a/ , 1984)

Regoli et al (1991) exposed sandy-bottom bivalve, Donacilla
cornea, from unpolluted shore in northern Sardimia, to 200 pg Cd / |
The bivalves were found to accumulate the metal, and Cd concentration

progressively mcreased through the penod of exposure
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Marme prosobranch, Littorina litorea, were exposed to two
ambient concentrations and for various exposure tumes (Mangomez and
Ireland, 1989) Linear accumulation appeared to occur 1n the whole soft
body at the cadmium concentrations and times of exposure There was
also a general linear trend in the accumulation of cadmum m the
various organs (gills, kidney, digestive gland / gonad complex and

remainng tissues)

Depuration (excretion) of cadmium

Concentrations of cadmium 1n Iiver durning the depuration period
show unexpected patterns (Fig 20) bemng increased continuously with
the same manner of exposure and reach to 169 and 545 folds over the
mitial concentration for 0 5 and 2 0 mg / I groups, respectively, at the
end of experiment (168 days)

To explain this unexpected result, it 1s worth to know that the
accumulated cadmium 1s stored in different tissues Borchardt (1983)
discussed that, cadmium can be shifted from one organ to another
according to the different cadmium affimities At the same time a part of
the cadmium 1s released, while another 1s transferred into fixed bonds

Hence the orgamisms has to be regarded as a multi-compartment

system Therefore the measured ehimination curve represents the sum of

an unknown number of ehhmination processes

If we consider the detoxification function of liver, hence, the
blood may carry accumulated Cd from different organs (Cd mn blood

mcreased for 28 days of depuration peniod, 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

experiment) then storing of Cd start mside the hiver

In gills, the concentrations of cadmium are normally decreased to
reach the control level at the end of the experiment for 0 5 mg /1 group,
while 1n 2 0 mg /1 group, the level of cadmium 1s 3 folds over the mitial

concentration

The patterns of blood and muscle during the depuration period

are similar to that recorded for exposure pertod

There 1s very little, if any, excretion of Cd by manne orgamsms
The biological half-Iife 1s usually quit long (Ray, 1984) Excretion of
cadmium by mussels Mytilus galloprovincialis (Majon and Petranio,
1973 b) and Mytilus edulis (George and coombs, 1977) was reported to
be very slow Greig and Wenzloff (1978) and Zaroogian (1979) did not
observe any lowening 1n concentration of Cd when contaminated oyster
Crassostrea virgmica were held m unpolluted waters for 40 weeks
However, Mowdy (1981) showed that oysters exposed m the
laboratory elimmated Cd when transferred to uncontammated estuarine
environment and suggested that the elimination rate depended upon

salimty and temperature

Conflicting results have also been presented for crabs For
example, there was no decreased m Cd content m Callinectes ssapidus
(Hutcheson, 1974) but Carcinus maenas (Wnght, 1977 and Jenmngs
and Rambow, 1979) excreted than 50 % Cd m about 10 days Ueda et
al (1976) reported 30 % Cd loss from polycheate Nereis japonicus
within 7 days but no subsequent sigmficant loss In contrast, no Cd
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excretion from Nereis virens was observed (Ray ef af , 1980 a) over a

pertod of 75 days, regardless of the mitial Cd concentrations m the

worms

Ewsler (1974) reported that m mummuchogs [undulus
heterochitus there was a 50 % Cd loss within 2 - 3 days and over 90 %
by 180 days but biological half-life (T,,,) for Cd m plaic Pleuronectes
platesssa and thomback ray raja clavaia was 150 - 200 days and 76 -

147 days, respectively (Pentreath, 1977)

After 15 days n clean seawater, the loss of cadmium was not
statistically sigmificant m bivalve, Donacilla cornea (Regoli et al
1991) Zorba et al (1992) reported a significant depuration of Cd 1n
clam Circenita callipyga during a period of 60 days Norey et al (1990
a) observed that the distribution of cadmium with three major
cadmium-sequestering organs (hiver, kidney and gills) of the rambow
trout (Salmo gairdneri) and stone loach (Noemacheilus barbatulus) did

not change sigmficantly during the perniod of thewr mamtenance m

cadmium free water

When the prawn, Macrobrachium rosenbergi, were transferred
to clean freshwater after 32 days of exposure to cadmum, the
accumulated metal markedly decreased over a 20 days penod
(Liao-IChmu et al, 1990) No loss of cadmium occurred mn the hard
clam, Mercenaria mercenaria, even after 64 days depuration
(Robmson and Ryan, 1986) Most organs of rambow trout,

Oncorhynchus mykiss, remamed contammnated with Cd after 12 days
depuration (Handy, 1992)
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B- Copper

Copper 1s widely distnbuted m nature and 1s an essential
element It was first identified i biological matenals by Bucholtz
(1816) and Meissner {(1817) who found 1t m plant Its presence m
anmmals was demonstrated by Sarzeau (1830), who found ox blood to

contam 700 pg / htre

Although copper 1s highly toxic to fish, its compounds are used
m fish culture and fishenes as algicides and in the prevention and
therapy of some fish diseases The maximum admussible copper
concentration m water for the protection of fish 1s m the range of 0 001

to 0 01 mg / 1, depending on the physical and chemcal properties of
water and on the species of the fish (FAQ, 1993)

The natural mput of copper to the manne environment from
eroston of minerahized rocks 1s estimated to be 325000 t / yr Inputs
from human activities are localized and vary widely i therr nature
About 75 million t / yr of copper i1s produced for use n electrical
equipment, i alloys, as a chemical catalyst, m antifouling pamt for
shipshulls, as an algicide, and a wood preservative Several of these

uses mevitable result 1n copper bemng transferred to the environment
(Clark, 1993) Dissolved copper m the sea 1s mn the form of Cu CO3,

Cu*?, and CuOH", but copper 1s one of the metals readily removed from
solution by adsorption to particles and 1t 1s estimated that 83 percent of

copper m the sea 1s n thus form
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Copper 1s an essential element for ammals and highest
concentrations are usually found m the hiver Despite the existence of a
number of detoxifying and storage systems for copper, 1t 1s the most

toxic metal, after mercury and stlver, to a wide spectrum of marme hife

Experimental studies on the accumulation and excretion of
copper by marmme orgamsms are very few when compared with

cadmium

Accumulation of copper

The concentrations of copper mn hiver, gills, blood and muscle at
each sampling time for the 0 (control), 02 and 0 5 mg / 1 groups are

shown m Tables (18 - 21), and illustrated as a folds to the mitial
concentration in Figs (23 - 24)

Copper concentrations 1 liver duning the first 28 days of the
experiment show no significant differences between mdividuals
exposed to 02 and 05 mg /I, after thus time, the differences are
observed between the two groups and the levels of Cu reach to 6 and 9

folds over the mitial concentration, respectively

For gills, at the first 6 hours, Cu level showed 1ts highest values
and recorded about 4 and 10 folds over the mitial concentration for 0 2

and 0 5 mg / I groups, respectively, then, as for cadmium, decrease and

fluctuate until the end of exposure period which reach up to 2 folds for

the two groups
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