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ABSTRACT 

Concentrations of 4 metals (Cu, Cd, Pb and Hg) were 
detenmined in 2 freshwater fishes (Clari. l.zer. and Tlt.,l. 
nllotlce) and 2 marine water fishes (SpBI'UB .....t. and 
Tll.,i. zillll>. The freshwater fishes were collected from 
3 localities: Rakta Co., Abu·Qu;r Fertilizer Co., General 
channel. The marine water fishes were collected from 4 
localities: El-Temsah Shipping Co., Abu-Quir beach, It-Max 
beach and Anfoushy beach. Water, in which ftsh•• ltve, wa. 
analysed for these metals. 

Metal levels in the 4 fish spec!es were affected by the 
locality. Higher metal concentrations were found fn final 
waste water and fishes taken from the vicinity of 
industrial effluent dfscharge sites (Rakta Co., Abu-Qulr 
Fertilizer Co., and El-Tem8ah Shipping Co.). Water and 
fishes collected from Anfoushy beach had the lowest Metal 
levels. The type of the tissue analysed showed dtfferent 
levels of metal concentration. Elevated concentrations of 
the test metals were noted in the gills and liver,.nd 
leaser amounts were accumulated in kidneys, ileum, skeleton 
and muscles. The high levels of metal input to the 
localities in concern; were not reflected as high muscle 
concentrations in the 4 fish species. Trace accumulations 
of the test metals were found in the muscles. 

INTRODUCTION 

In the development of many industries, it is important to 
ensure that industrial effluent particularly heavy metals 
are discnarged off in away that will lead to minimal 
pollution. Hi~h concentrations of such elements may supress 
the physiolog1cal action, leading to growth of particular 
abnormalities in the organisms. The most important aspects 
of the metal contamination are the hazards to man caused by 
consuming contaminated f ~sher~ ~roducts·. Hence, the 
analyses of metal levels 1n the d1fferent tissues of the 
fishes-especially edible ones are very important in the 



~ollution studies. It is a preferable practice to 
1nvestigate the metal levels in edible fishes in areas where 
new industries were set up; thus any significant changes in 
biological metal levels due to industrial activities may be 
detected. This is of great importance in Alexandria because 
a substantial portion of the human's diet consists of 
fishes; which may concentrate noxious materials resulting 
from the disposal of industrial effluents. 

We have been concenrned with the region of Alexandria on 
which this study was carried out. The levels of Cu, Cd, Pd 
and Hg were determined in the four commercial fish species 
(Clarias lazera, Tila~ia nilotica, Sparus aurata and Tilapia 
zillii) which are w1dely distributed in Alexandria region 
and are also important as food resources. Although only 
muscles of the fishes are eaten, samples of inedible tissues 
were also analysed. The results of chemical analyses were 
used to test for the effects of locality of capture and 
types of tissue of -ehe fishes on their Cu, Cd, Pb and Hg 
contents. The sampling localities were choosen for the 
availability of each species and their proximity to known 
industrial effluent discharge points. 

MATERIAL , METHODS 

Experimental animals : 

Two fresh water species (Clarias lazera and Tilapia 
nilotica) and two marine water species (Sparus aurata and 
Tilapia ziIIii) were used in this study. 

Groups of 10 medium sized specimens of each species were 
obtained during summer seasons of 1985 and 1986. The 
weights of the collected individuals of the tested species 
were shown in table (1). 

sites of collection at water and fish samples were : 
Rakta, co., Abu-Quir Fertilizer Co., General channel, 
El-Temsah shipping Co., Abu-Quir beach, EI-Max beach and 
Anfoushy beach. water samples were placed in plastic bags. 
As soon as fishes had been sorted into appropriate locality
and species classes, they were placed in plastic bags kept 
on ice, taken to the laboratory and prepared for chemical 
analyses within 24 hr. 

Water-metal analyses : 

For estimating Cu, Cd and Pb in water of the localities 
where fishes were collected, samples of water (one l~tre) 
were obtained in glass bottles and then filtered in other 
bottles each containing 5 ml of 50 % (v/v) nitric acid. 
Stock standard solutions of Cu, Cd and Pb were prepared and 
substandard concentrations of 1,2,3,4,5,6 and 10 ppm were 
then prepared from them. The levels of Cu,Cd and Pb in 
water of the different localities were determined according 
to Bone and Hibbert (1979). 
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Table (2) 

Detection limits and the comparable wave lengths 
of the estimated metals 

Metal Wave length 
(Ao) 

Detection limit 
(ppm) 

CU 
Cd 
Ph 
Hg 

3248 
2288 
2170 
2537 

0.0010 
0.0005 
0.0006 
0.5000 

Tebl. (3) 

Levels of heavy metals In different tissues of Cieri.. iezera 
collected from three loealltle. In Alexandrle 

Tfeeue. Concentrations of heavy metal' 
Locel tty end (ug/g wet weight) 

"eter 
Mercury Copper Cech".. Le.et 

GUls 6.1 ! 0.3 4.6 ! 0.02 1.5! 0.1 4.1 ! 0.3 
Liver 4.3 ! 0.3 3-.8! 0.2 1.3! 0.2 3.2 ~ 0.3 
Ktndey 3.1 ! 0.2 3.7! 0.1 1.4 ! 0.3 1.3 ! 0.3 

Rakte Co.	 Ilellft 2.7! 0.3 2.3 ;!: 0.2 0.8 ! 0.01 2.S ! 0.3 
Skeleton 1.3 ! 0.1 0.5 ! 0.02 0.1 :t 0.03 3.4 ;!: 0.2 
MUfcle 0.2 ! 0.01 0.2 ;!: 0.02 0.1 :!: 0.01 0.9 :!: 0.05 
Water 55.5! 0.5 49 ;!: 1.2 49 ;!: 0.5 58.S! 0.6 

GUll 5.6 ! 0.04 4.7:!: 0.1 2.2!0.1 4.3 ! 0.3 
Ltver 4.3 ! 0.2 3.7! 0.2 1.5!0.1 3.0 ~ 0.1 

Abu-Qutr Ktndey 1.2 ~ 0.1 2.5 ;!: 0.2 1.5 ! 0.01 1.7 ~ 0.1 
Fertt l fler Ileun 2.7 ! 0.2 2.1 ! 0.3 0.2 ! 0.01 1.6~0.2 

Co. Skeleton 0.9 ! 0.03 0.8 ± 0.03 0.2 ! 0.01 3.4 ± 0.2 
Muscle 0.5 ! 0.02 0.2 ! 0.01 0.1 ;!: 0.01 1.0 ! 0.01 
Weter 66 ! 0.7 37 ! 0.5 48 ! 1.0 110±1.0 

Gflls 5.0 ! 0.2 4.2 ! 0.04 1.2 ! 0.06 5.8 ~ 0.1 
Ltver S.O! 0.1 6.1 ! 0.3 1.S:!: 0.1 2.3 :!: 0.2 

General Ktndey 2.4 :!: 0.3 5.3 ! 0.2 1.6:!:0.' 1.6:!: 0.3 
channel Ileun 2.0 ~ 0.1 3.6 ! 0.3 0.7! 0.04 2.7:!: 0.2 

Skeleton 1.3 :!: 0.2 1.2! 0.05 0.2 ;!: 0.3 3.4 !. 0.3 
Muscle 0.6 ! 0.01 0.4 :!: 0.01 0.1 :!: 0.04 0.9 !. 0.04 
Water 28 ! 0.6 25 :!: 0.5 29 ! 1.0 122 :!: 1.1 

Values are means! S£ of 6 individual observations. 
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Table (4) 

Levels of heavy metals in different tissues of Tilapie nilotica 
collected from three localities in Alexandria 

Tissues Concentrations of heavy metala 
locality end (ug/g wet wetght) 

water 
Mercury Copper Cedmilln Leed 

Rakte Co. 

Abu'Qulr 
fertlltzer 
Co. 

Gill' 6.3 ~ 0.5 
Liver 5.6 ! 0.3 
IClndey 2.8 ! 0.3 
lleuR 1.9 ~ 0.1 
Skeleton 0.3 ! 0.01 
Mulcle 0.7! 0.03 
Water 55.S! 0.5 

at Ut 5.8 ! O.! 
LIver 4.7 ! 0.2 
IClndey 2.7 t 0.1 
Helin 2.0 ! 0.2 
Skeleton 0.4 t 0.03 
Muscle 0.1 t 0.01 
Vete,. 66 ~ 0.7 

GUll 4.5 to.DB 
Liver 4.6 t 0.2 
Ktndey 2.9 t 0.1 
Ileun 2.7 t 0.2 
Skeleton 0.5 ! 0.02 
Hllscle 0.3 ! 0.01 
Vater 28 ! 0.6 

6.7! 0.1 
4.9 ! 0.2 
3.2 ! 0.1 
4.2 ! 0.2 
0.2 ! 0.01 
1.6 ! 0.01 
49 ! 1.2 

5.9 ! 0.06 
4.8 ! 0.3 
3.6 ! 0.3 
4.6 ! 0.3 
1.7!0.1 
0.3 ! 0.02 
37 :t 0.$ 

5.5 t 0.05 
6.2 t 0.3 
2.5 ! 0.' 
1.4 :t 0.3 
1.2 ! 0.06 
0.3 :t 0.04 

25 :t 0.5 

1.8! 0.02 
0.8 ! 0.01 
0.8 t 0.03 
0.1 t 0.01 
0.1 t 0.01 
0.2 ! 0.01 
49 ~ 0.5 

1.0 :0,02. 
0.9 t 0.0' 
0.5 t o.OJ 
0.2 t 0.04 
0.2 t 0.()2 
0.1 t O.Ot 
48 t 0.1 

1.4 :! 0.1 
1.9 :t 0.04 
0.4 t 0.03 
0.5 ! 0.01 
0.3 ! 0.01 
0.1!0.01 

29 ! 1.0 

5.3 ! 0.3 
2.9 ! 0.2 
t.6! 0.3 
t.'tO.t 
J.Z t O.S 
0.4 1 0.1 
51.'t 0•.6 

4....~ •• 0.2 
'4;' t 0.2 
0.;1 t O.Z 
'~4 t 0:09 

.:S~J t't•• 
O.~ ·~,O.OS 

110·1'0.1 

S•• ~0.2 
3.4 1 G.Z 
1.9 ! 0.05 
1.5 t 0.' 
3.Tt 0.4 
0.4 t 0.02 
122 to. 1 

ValUi. ere l!Ieen. ! SE of 6 Individual observatION. 

The fresh water sp~cies (Clarias lazera 
nilotica) were collected from three localities: 
Abu-Quir Fertilizer Co. and General channel. 

and Tilapla
Rakta Co., 

The dat~ of 
metal analyses in the selected tissues of the two fresh 
water species were shown In tables (3 and 4). It i. 
apparent from the tables t~at lltte differences were found 
between the metal contents of the two fresh water species. 

It is of great interest to note that the metal 
accumulation by the fresh water species was found to depend 
on its concentration in the different logalities. The 
accumulations ot Hg, CU and Cd in gills of Clarias !azera 
and Tilapia nilotica caught from Rakta Co. and Abu-Quir 
Fertilizer Co. w~re found higher (p< 0.05, Student's t-test)
than those in the General channel. Lead, in contrast to the 
other metals was found to be higher (p< 0.05, StUdent's 
t-test) in the gills of fishes caught from the General 
channel. Mercury reached its maximum value in the samples 
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Table (6) 

Levels of heavy metals in different tissues of Tillipf. zfll If 
collected from three localitIes In AlexandrIa 

Tissues Concentrations of heavv metals 
Locali ty and (ug/g wet weioht) 

water 
Mercury Copper Cachillft Lead 

GUls 6.1 ~.0.2 5.2 ~ 0.2 1.9 ~ 0.1 6.8 ~ 0.3 
Liver 4.8 ~ 0.3 6.1 ~ 0.2 1.8 ~ 0.1 3.5 ~ 0.1 

El·Temsah Kindey 2.1 ~ 0.1 3.8! 0.1 0.1! 0.04 1.9 ~ 0.2 
shipping Ilellft 2.1 ! 0.05 5.1 ! 0.3 0.8 ! 0.1 4.2 ! 0.4 
Co. Skeleton 0.1 ~ 0.06 2.5 ~ 0.2 0.2 ! 0.01 4.1! 0.3 

Muscle 0.4 ! 0.03 1.5 ~ 0.1 0.1~0.04 0.1 ~ 0.04 
Water 15 ! 2.2 41 ! 0.3 23 ~ 2.3 48 ! 1.4 

Gills 3.9 ~ 0.2 2.9 ! 0.3 0.5 ~ 0.01 5.1 ~ 0.5 
Liver 3.0 ~ 0.2 4.2 ~ 0.C1 0.3 ~ 0.01 2.6 ~ 0.2 

Abu·auir Kindey 1.2 ~ 0.1 2.1~0.1 0.3 ~ 0.02 1.1~0.2 

beach Il_un 1.5! 0.1 1.8 ~ 0.2 0.4 ! 0.01 4.0 ~ 0.3 
Skeleton 0.5 ~ 0.04 1.2 ~ 0.1 0.1 ~ 0.02 4.3 ~ 0.2 
Muscle 0.1 ~ 0.03 0.9~0.1 0.1 ~ 0.03 0.4 ~ 0.01 
Water 25 ~ 1.5 24 ~ 2.0 14 ~ 0.06 34 ~ 0.5 

Gills 5.0 ~ 0.2 3.4 ~ 0.2 0.6 ! 0.01 3.2 ! 0.1 
Liver 3.0 ~ 0.1 3.5 ! 0.06 0.9 ~ 0.1 3.1 ~ 0.2 

El'Max Kidney 1.6! 0.1 2.2 ! 0.1 0.1 ! 0.03 3.2 ! 0.1 
beach IlelAn 1.6 ~ 0.2 3.1 ~ 0.2 0.9 ! 0.03 3.0 ! 0.06 

Skeleton 0.6 ! 0.1 0.6 ! 0.2 0.3 ~ 0.06 3.1 ~ 0.1 
Muscle 0.1 ! 0.04 0.4 ! 0.03 0.1 ! 0.01 1.0 ! 0.04 
Water 33 ~ 1.1 26 ! 0.1 16 ! 0.6 30 ! 0.52 

Gills 4.1 ! 0.05 2.5 ! 0.1 0.6 ! 0.02 2.0 ! 0.2 
Liver 4.3 ~ 0.3 2.9 ~ 0.2 0.8 ! 0.05 3.0 ~ 0.1 

Anfoushy Kidney 2.2 ! 0.1 2.1 ! 0.1 0.6 ~ 0.05 1.0 ~ 0.01 
IlelAn 1.9!0.06 3.0 !. 0.2 0.9 ! 0.04 3.1 ~ 0.2 
Skeleton 0.1 ~ 0.1 0.6 ~ 0.04 0.3 ! 0.0'3 4.1 !. 0.2 
Musele 0.1 ! 0.03 0.4 ! 0.04 0.1 ~ 0.01 0.9 ~0.1 

Water 18 ~ 0.5 16 ! 0.1 16 i 0.4 21 ! 0.5 

Values are means ! SE of 6 individual observations. 

t' 
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of both Clarias lazera and Tilapia nilotica obtained from 
the final waste water of Rakta Co. (6.1 and 6.3 ug/g wet 
weight respectively). 

The highest values of Cu and Cd in Clarias laze!.a were 
found in gills of specimens obtained from the final waste 
water of Abu-Quir Fertilizer Co. (4.7 and 2.2 ug/g wet 
weight respectively). While in Tilapia nilotica, Cu and Cd 
were found mostly in gills of specimens obtained from the 
final waste water of Rakta Co. (6.7 and 1.8 ug/g wet weight
respectively). 

Cu (as an essential metal) in gills of Clarias lazera 
obtained from the three mentioned localities ranged from 4.2 
to 4.7 ug/g wet weight arid in Tilapia nilotica it ranged 
from 5.5 to 6.7 ug/g wet weight i.e. its range of variation 
is small. In a parallel comparison, the other three 
nonessential metals studied: H~:Cd and Pb had each a 
relatively higher range of variatIon. 

In both fresh water species, metals were consistently 
higher in gills of fishes obtained from Rakta Co. and 
Abu-Fertilizer Co. In contrast, the fresh water fishes of 
the general channel and eu and Cd contents in their livers 
higher (p< 0.05, Student's t-test) than in their gills. The 
accumulation of th~ estimated heavy metals was of lesser 
amounts in kidney, ileum and skeleton. 

Of particular interest was the muscle response to 
accumulate metals. On the basis of g wet weight samples, 
trace accumulations of the test metals were found in muscles 
of both fresh water species: The maximum accumulations of 
Hg,Cu,Cd and Pb in muscle samples reached 0.7, 1.6, 0.2 and 
1.0 ug/g respectively on a wet weight basis. 

Marine fishes (s~arus aurata and Tilapia zillii.) were 
collected from four dIfferent localities: EI-Temsah shipping 
Co: Abu-Quir beach, El-Max beach and Anfoushy beach. Levels 
of the test metals in their tissues were given in table (5 
and 6). 

Tissue concentration analyses sh~wed that the levels of 
the metals in gills of the marIne fishes caught from 
EI-Temsah Shipping Co. were higher (p< 0.05, Student's 
t-test) than those found in gills of fishes collected from 
the other three localities. Conversely, minimal values of 
the metals were observed in the gills of fishes caught from 
the Anfoushy locality: 

The results reported herein showed low levels of Hg Cu Cd 
a~d ~b in the muscles of both Sparus aurata and Tlla~id 
zI11iI collected from the 4 mentioned localities. 

DISCUSSION 

It would be of great interest if the concentrations of 
the pollutants were determined simultaneously in the water 
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which fishes live and in the fishes themselves. From the 
interrelationship between the pollutant concentrations in 
the source of contamination and that in the organism, it 
would be possible to reveal regulation of the pollutant. 

Alexandria receives in its aquatic environment various 
and different pollutants. Saleh (1984) recorded many 
pollutants in the contaminated areas of Alexandria, such as 
wastes of Rakta Co., in the form of suspended matter, 
sUlphides, volatile solids, settled solids, Mn, Fe, Cu, Cd, 
Ag, Zn and Pb. Heavy metals represent the major toxic 
pollutants associated with most industries in Alexandria. 
Murphy (1979) showed that several industries discharge a 
suit of metals in their effluents. 

The present investigation showed that the metal levels at 
each locality reflect contributions from natural as well as 
man induced sources such as industrial input. The pattern
of metal ontents of fish from the localities where fishes 
were collected varies (described in the results section). 
However, it is not difficult to rank these localities in 
order of metal contents. Higher metal concentrations were 
found in the samples of final wastp. water and fishes taken 
from the vicinity of industrial effluent discharge sites 
(Rakta Co., Abu-Quir Fertilizer Co. and EI-Temsah Shipping 
Co.). This ties in with the data of Walker (1982) who 
observed that the effect of locality on metal concentrations 
in teleosts (Platycephalus bassensis) and Platycephalus
caerule.opunctatus) was highly significant. 

In the present study metal uptake was found linearly 
related to metal concentration in water. Fishes and final 
waste water from the l~cality of EI-Temsah Shipping Co. had 
the highest level of mercury. Brown (1977) found that the 
teleost Platycephalus bassensis was a good indicator of 
mercury contamination. The evidence from determinations of 
the test metals in water and fish samples from Anfoushy
beach suggest that the area is not heavily contaminated with 
heavy metals. 

In the investigation designed here, the bioaccumulations 
of metals were greatly affected by the types of tissues 
analysed; being higher in gills and liver, and lesser in 
kidneys, ileum, skeleton and muscles. Similar results have 
been obtained by other authors (e.g. Vinogradoc, 1953; 
Brungs and Mount, 1967; Wobeser, 1975). This probably 
reflects the direct contact of gills with the contaminated 
water and possible detoxification of the liver by the 
metals. 

It is important to know to what extent the edible parts 
of fishes are contaminated. The data obtained from the 
metal distribution among the tissues in concern suggested
that muscles do not have so great an ability to accumulate 
metals as other tissues. 
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