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ABSTRACT. Samples of Sardinella gibbosa, Saurida sp. and Epinephelus sp. were collected
from the Sucz Gulf (Red Sea) and their organs were analyzed by flame atomic absorption spec-
trophotometer for some trace metals (cadmium, lead, copper and zine). The results showed
that the metals accumulate in the other organs to greater extent than in the muscle. The lowest
accumutated metal is cadmium, while the highest is zine. The elevated levels of zine in Sar-
dinella gibbosa and Epinephelus sp. were attributed to the intake of food from the polluted en-
vironment (arca ot oil fields). On the other hand. cadmium and lead recorded their highest val-
ues in Epinephelus sp. and Saurida sp. (carnivorous fishes), while zine recorded in pelagic tish
Sardinella gibbosa (herbivorous fish). The essential elements such as zine and copper are ac-
cumulated in soft tissues as liver and gonads while the non-essential elements such as lead and

cadmium are accumulated in hard tissues (bone and gills).

Introduction

The concentration of trace metals in marine fishes has
received much attention, mainly concerned with the
commercial ones. Since high levels of these metals in
these species represent a potential human health
hazard. The contamination level in fish reflected the
water characteristics near industrialized locations
compared to more distant water. Many countrics have
cstablished guidelines regulation and procedure for
application of trace metals.

Heavy metals such as cadmium (Cd), copper (Cu),
lcad (Pb) and zinc (Zn) introduced into the marine en-
vironment from effluents and river runoff, may con-
centrate in marine organisms by a factor ranging from
1000 to 10000 time (Virogradov. 1953). This means
that marine organisms can store pollutants and then
transfer them ultimately to human beings (EI-Sok-
kary, 1980 and Uysal, 1980). As fishes are considered
one of the most important groups on the top of aquatic
food chain, they also clearly reflect the water quality
(Roth and Hornung, 1977 and Abdelmoncim, 1994).

Within the Egyptian sector of Red Sea, thc Sucz
Gulf is the most productive sector. Because the bot-
tom of this area is suitable for trawling, thus fishing is

concentrated in this gulf” The variety and abundance
of different fish and crustaceans in the gulf may be at-
tributed to its high primary productivity (Nassar,
1994).

Pollution in the Sucz Gulf has increased in the re-
cent years, through the ship’s oil and refuse, several
industrial drains and domestics drainage in the north-
crn part and many oil fields in the southern part of the
gulf (Fig. 1). Description of Suez Gulf and its
neighbourhood arca has been previously mentioned
clsewhere (Awad et al., 1983 and El-Sabh & Beltagy,
1983).

In the present investigation, concentration and
bioaccumulation of Cd, Pb. Cu and Zn have been esti-
mated in organs of three fish species namely, Sar-
dinella gibbosa, Saurida sp. and Epinephelus sp. rep-
resenting all fishing techniques (trawling, purse-seine
and artisinal) in Suez Canal (Yousif, 1990).

Materials and Methods

Fish specimens (Sardinella gibbosa, Saurida sp. and
Lpinephelus sp.) were collected seasonally (spring
1991 — winter 1992) from the Suez Gulf by local fisher-
man.
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Weight and length of fish were estimated, then the
organs (muscle, gills, liver, gonads, skin, bone and
brain) were separated and stored in deep freezer (-
20°C) according to FAO (1983) and UNEP/FAO/
IAEA/IOC (1984) until time of analysis.

The soft tissues were digested in concentrated
HNO, acid only, while the hard tissues were digested
in concentrated HNO, and HCIO, acids (FAO, 1976).
Wet digested samples were diluted with deionized dis-
tilled water and analyzed using flame atomic absorp-
tion spectrophotometer (AAS) Buck Scientific,
Model 200 A. The results were expressed in ug/g
(ppm) wet weight.

Results and Discussion

Tables (1, 2 & 3) show the seasonal variation in the
metals, Cd, Pb, Cu and Zn, in organs of fish species,
Sardinella gibbosa, Saurida sp. and Epinephelus sp.
Cadmium had its low value in muscle of Sardinella gib-
bosa (0.09 ppm) and high value in liver of Saurida sp.
(2.15 ppm). Minimum and maximum values of lead

TaBLE 1. Average and standard error of Cd, Pb, Cu and Zn in the
organs of Sardinella gibbosa collected from Suez Gulf
during 1991-1992 (ppm).

TABLE 2. Average and standard error of Cd, Pb, Cu and Zn in the
organs of Saurida sp. collected from Suez Gulf during
1991-1992 (ppm).

Season . )
Metal Spring Summer Autumn Winter

Organ

Muscle | 0142004 | 018 005 [ 0.16= 0.03 | 0.11 =0.04
Gills 0.69+008 | 076« 005 | 062« 006 | 0.60«0.06
Liver 042006 { 215= 024 | 0.19= 0.05 | 0.24 =003
Cd |Gonads | 023 =003 | 059+« 0.09 | 0.14= 005 | 0.26 = 0.04
Skin 036005 | 043+ 006 ] 0392 0.05 | 048 =007
Bone 0.82 0.0 134+ 003 f 1.03+ 0.06 | 0.87 0,07
Brain 0402003 | 064= 0.14 ] 034+ 010 | 027 0.4

Metal Season Spring Summer Autumn Winter
Organ
Muscle | 0.14 = 0.4 013+ 004] 009003 | 013004
Gills 0.57 = 0.07 072+ 0.06] 0482008 | 036 =003
Liver 0.67 = 0.06 062 0421 037003 1 034003
Cd | Gonads | 0.18 = 0.05 0.3+ 0090 02002 020+0.02
Skin 0.38 = 0.07 0.68+ 0.08) 038=002 1 040006
Bone 0.83 005 091 = 0087 085 =006 1 0.79 007
Brain 0.39 = 0.04 019+ 0041 053042 015 +0.02
Muscle | 0.78 £ 0.29 094+ 0211 069021 0.39 = 0.10
Gills 3.96 = 0.65 3360+ 042 302103 217037
Liver 3.67 = 0.60 381 140 242022 1.6l +0.37
Pb | Gonads { 0.82 = 0.27 489 = 0.4 1422030 | 094 £0.15
Skin 444 £ 0.68 488+ 0471 S22 =113 330+ 040
Bone 349022 529+ 0391 368 =038 | 340049
Brain 303 =002 L75 = 003 396 =0.64 | 0422002
Muscle 1.30 = 0.37 0.20= 0060 020339 | 039010
Gills 1.48 = (L34 050« 010) 0452009 | 0.95+0.14
Liver 427 =077 255« 0891 232043 479« 016
Cu |Gonads | 1.45 = 0.49 197+ 058 0732009 | 140019
Skin 237048 L3 = 03] 125204 ] 220019
Bone 1.43 = 050 099 = 0201 033 £0.03 143 = 008
Brain 127 =035 076 007 142020 038 =001
Muscle | 7.29 £33 440 251 2090234 | XAL19 + 34
Gills 49.60 £ 74 6392+ 32 | 8070 £ 68 | 6602 =40
Liver 25,23 = 41 136+ 122 [ 502217 | 5507+ 12
Zn | Gonads [29.97 = 8.4 12398 = 9.2 [140.77 £4.0 [14708 £ 0.1
Skin 9384 £ 52 L3 = 30 | 12LT0 =26 [15619 = 16
Bone 3049 £33 MW 291 7682276 | 69.69 =3
Brain 076 2635 ST68+ 0.8 | 419619 | 433+ 17

Muscle | 0.69 =015 [ 025+ 0.05 | 178+ 0.74 | 035 = 0.05

Gills xR 1952 045 [ 279+ 035 | 217+ 0.18
Liver L702027 1 076= 0151179 016 ) 1L70+019
Pb | Gonads | 1.14+0.32 | 059« 025 223= 097 | 0.28=0.02
Skin 183 +0.21 0.80 = 023 | 339 = 041 | 2132037
Bone 392035 1490+ 045 1 509+ 03 | 388205

Brain 3542033 [ 061+ 020 f 314+ LSO | 0.63 010

Muscle | 0412008 | 072+ 029 | 027 = 003 | 0.61 £0.15
Gills 203 £ 0.67 12605 021 [ 124+ 056 | 1.32£0.20
Liver 8.78 = 0.81 6.80 = 031§ 913+ 160 1182+ L1

Cu | Gonads | 0.60 = 0.16 132+ 027 | 3312 255 | L36=0.08
Skin 1.10 = 0.31 3260 206 [ 185 055 | 244+029
Bone 104 +0.16 142+ 027 | 167 110 | L4 =016
Brain 392045 | 2272 060 | 027+ 0.4 | 1062017
Muscle | 6.64 £ 3.1 892+ 12 | 808= 11 48215
Gills 283 4490 = 23 |5253+ 28 839241
Liver M40 15422 34 166712 53 )63 =5

Zn | Gonads }2254 %39 [30.792 57 (6405149 |67.74 =33
Skin 130735 2657+ 22 [60.05+ 44 [4277 27
Bone BOO£T0 FS0AS = 26 [SS44= 31 15050 =39
Brain 437200 J2183 = 56 (1960 49 1261 =37

TaBLE 3. Average and standard error of Cd, Pb, Cu and Zn in the
organs of Epinephelus sp. collected from Suez Gulf dur-
ing 1991-1992 (ppm).

Season

Metal Spring Summer Autumn Winter
Organ
Muscle 0.17 = 0.03 028+ 0.091 0.17% 005 032+ 0.4
Gills 0.79 = 0.06 LOS = 0070 091 = 0.06( 101 = 0.15
Liver 0.50 = 0.1} 117+ 020 0.3+ 0.4) 038« 0.10

Cd | Gonads | 0.30 = 0.4 080 = 0191 027 = 004) 057+ 0.6
Skin 0.65 = 0.04 0.4 = 011 069 = 004 1.05= 0.09
Bone .92 £ 0.04 153+ 009F 113+ 005 LI13= 0.4

Brain 0.19 = 0.03 070 = 041 011 = 003 038 0.12

Muscle § 0.63 £0.20 179« 0.63] 101+ 021] 028= 005
Gills 283052 S19+ L0 342+ 027] 387> 043
Liver 0.70 (.18 225+ 047 LIT= 0200 071 019
Pb | Gonads | 1.44 = 10.26 T3+ 285 093 = 016) 035+ 0.4
Skin 227 =0.33 155 0681 623+ 17| 2T+ 087
Bone 39T =039 689+ 0.73] 4353+ 0.23] 500+ 049
Brain 125 £ 041 387 = 162] 230 0.22] 0260+ 0.03
Cu Muscle | 0.49 = (.16 070« 0211 020+ 0031 026+ 0.4
Gills 1.9 +0.29 1200 0271 0d6= 006] 160+ 048
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Tawe 3 Contd.

Seasol .
Metal o Spring Summer Autumn Winter

Organ

Liver MY =38 957+ 2680 737= L] 1278 = L6

Cu | Gomads | 2.22 = 0.36 363 059 127+ 019 413 191
Skin 35 =208 120 = 043 048 = 0099 128 0.26
Bone 147 2 0.32 22 041 0602 009] 128+ 0K

Brain 4.96 = LIA 237« J06] L0 = 006 085S+ 019

Muscle | 358 A8 19| B9+ 157 | H6eT= 17
Gills 109 = 2.2 7= 27 14700« 35 ST 4= 37
Liver 7362 =23 7620 36 (164 = R4 | R1LY9 =101
Zn | Gonads |#.22 = 84 129 =337 13326+ 49 [1152 = |44
Skin 125665 = 331 30014 33163 2104 230y
Bone 1137236 H2A 2 2314 43 6046 36
Brain 30 +03 217409 T= 04 ] 1959+ 2%

Tl
(SR
o

+ o0+ 1t

were (.25 and 7.34 ppm in muscle of Saurida sp. and
gonads of Epinephelus sp., respectively. Also, copper
showed its lowest value (0.20 ppm) in muscle of Sar-
dinella gibbosa and Epinephelus sp., while the
maximum value of copper (34.79 ppm) was recorded
in liver of Epinephelus sp. Zinc showed a broad range
varying from 2.17 ppm in brain of Epinephelus sp. to
156.19 ppm in skin of Sardinella gibbosa.

Annual mean concentration of metals in fish organs
are shown in Table (4). Cadmium ranged from 0.12
ppm in muscle of Sardinella gibbosa to 1.18 ppm in
bonc of Epinephelus sp. Also, the lowest value of lead
was rccorded in muscle of Sardinella gibbosa (0.70
ppm) and highest value in bone of Epinephelus sp.
(5.10 ppm). The minimum and maximum levels of
copper were found in muscle and liver of Epinephelus
sp. (0.41 and 16.13 ppm. respectively). In contrast,
zinc concentration was high in skin of Sardinella gib-
bosa (115.74 ppm) and low in muscle of Saurida sp.
(7.04 ppm).

Gencrally, cadmium, lcad and copper recorded
their highest values in Epinephelus sp. and Saurida sp.
(carnivorous fishes) which present in the top of food
chain. While zinc was rccorded in pelagic fish, Sar-
dinella gibbosa (herbivorous fish).

The metal concentration ratio in organs per muscle
(organs/muscle) are shown in Table (5). It can be
noticed that, hard tissues. as bone, showed the highest
level of Cd and Pb (4.9-7.0) times and (5.5-5.7) timc,
respectively. On the other hand, the highest level of
copper was presented in liver (6.1-39.3) time and zinc
in gonads (4.7-6.6) time. Our results indicated that the
essential elements. Cu and Zn, which play an impor-
tant role in the physiological function of the or-
ganisms, were found with high level in soft tissues such
as liver and gonads.

Tasii 4. The annual mean concentrations of cadnium. lead. cop-
per and zine in the organs of fish.

Fishspecies Sardinella Saurida Lpinephelus
Metal Organ gibbosa sp. sp.

Muscle 0.12 (-) 0.15 0.24
Giils 0.53 0.76 0.94
Liver (+.50 (.75 .05

Cd Gonads (.25 0.31 0.48
Skin 0.40 0,41 0.71
Bone 0).84 1.01 IR ()
Brain 0.31 0.41 0.34
Muscle 0.70 ( =) 0.76 0.93
Gills 313 2.52 383
Liver 2.78 1.49 1.19

Ph Gonads 2.02 1.06 2.51
Skin 4,54 204 3.45
Bone 3.96 J4.36 500 (+)
Brain 2.29 1.98 218
Muscle 0.57 0.50 041 (=)
Gills .85 .46 b4
Liver 3.48 9.13 16.13 ( +)

Cu Gonads 1.39 1.64 2.81
Skin 1.79 206 1.63
Bone 1.04 1.40 1.39
Brain (.95 1.85 2.29
Muscle 17.45 7.04 (-) 22.10
Gills 65.07 47.16 I8.68
Liver 51.97 57.70 84.11

Zn Gonads | 110,45 46.28 [03.88
Skin 115,74 ( + )] 35.64 36.90
Bone 60,47 47.20 42,61
Brain 36.18 14.60) 7.96

(—-) : minimum {( ~ ) : maximum

TasLE 5. The ratio of organs/muscle for metals concentrations in

fish samples.

Motal Ratio Sulr(lincll(l Sawrida | Epinephelus]
gibbosa sp. sp.

gills/ muscle 4.4 51 39
liver/ muscle 4.2 5.0 2.7
gonads/ muscle 2.1 21 2.0 (-)

cd skin/ muscle 38 2.7 3.0
bone/muscle 7.0 6.7 49 (+)
brain/muscle 2.6 2.7 1.4
gills/ muscle 4.5 33 4.1
liver/ muscle 4.0 2.0 1.3
gonads/ muscle 2.9 1.4 2.7 (-)
skin/muscle 6.5 2.7 37

Ph - - < <
bone/muscle 5.7 A 5.5 (+)
brain/ muscle 33 2.6 2.3
¢ills/ muscle 1.5 29 2.9 (-)
liver / muscle 6.1 18.3 39.3 (+
gonads/ muscle 2.4 33 6.9
skin/muscle 31 4.3 4.0

Cu
bone /muscle 1.8 2.8 34
brain/muscle 1.7 37 5.6
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Tapre 5. Contd.

Metal Ratio Sardinella | Saurida | Epinephelus
gibbosa sp. sp.
gitls/ muscle 3.7 6.7 1.8
liver/muscle 3.0 8.2 3.8
gonads/ muscle 6.3 6.6 4.7 ()
7n skin/muscle 6.6 S 1.7
bone/ muscle RIN 6.7 1.9
brain/muscle 2.1 2.1 0.4 (-)
(- ) : minimum { + ) : maximum

Table (6) shows metal relationships with other met-
als in muscle of fish by using T-test and probability of
significant differences. Most of metals gave a highly
significant differences (P < 0.01) for the tested fish,
while cadmium with copper in Epinephelus sp. gave a
less significant differences (P < 0.05) and lead with
copper in both Sardinella gibbosa and Saurida sp. gave
a non-significant ditterences (P < 0.5).

TaABLE 6. Probability of the significant difference between metal
levels in muscles of fish samiples.

Fish Metal Cd Pb Cu 7n

Sardinella gibbosa Pb 0.001
Cu 0.001 | 0.5
Zn 0.001 | 6.001 1 0.601

Pb 0.01

Saurida sp. Cu 0.001 | 0.5
Zn 0.001 1 0.001 | 0.001
Pb 0.001

Epinephelus sp. Cu 0.05 ] 0.01

Zn 0.001 1 0.001 | 0.001

TasLe 7. The annual range and average of weight and length for
the fish collected from Suez Gulf during 1991-1992.

Parameter Total Fork. Stand. Total
weight length length length
Fishsp. No. g cm cm «m
Sardinella 7= 39T =150 1102 - 138 {126 -17.1
wibbosa 29.8 134 2.3 152
Sauridasp. 123520800 149-29.0 [ 13.6-26.5 [ 16.1-31.6
100.3 23 20.7 4.6
Epinephelus sp. 40 [98.2-8098 231 =379 1 165 - 335 1202 -40.7
46.1 289 RN 0.6

" P < 0.01 Highly significant
TP <005 Significant
"P < 0.5 Nonsignificant

Table (7) shows the range and average of weight and
length of the studied fish species. In each season, ten
randomly selected fishes were weighed and lengthed.
It is clear that, carnivorous fishes especially
Epinephelus sp. were heavier than those of the her-
bivorous ones. Metals distribution in fish muscles re-
lated to weight and length of fish are shown in Fig, (2.
3 & 4). The concentration of copper apparently in-
creases with weight and length for all fish studied.
McFarlane and Franzin (1980) demonstrated a consis-
tent positive correlation between copper accumula-
tion in pike liver and fish age. The correlations for
other metals tend to be inversely proportional with the
weight and length. Hornung and Ramelow (1987)
showed that there is no significant difference between
accumulation of metals and length of fish species,
Mullus barbatus.

Comparing our data (Table 4) with the recent litera-
ture in Table (8), it can be noticed that the concentra-
tions of cadmium and copper in muscles of fish sam-
ples show a good agreement with the other data.

For lead. our data show a parallel pattern and at
least, agrecd with the recent data recorded by Emara
etal. (1993).

Zinc shows a parallel pattern with respect to its
minimum concentration (7.04 ppm) in relation to the
data givenin Table (8), whereas its maximum concent-
ration (22.10 ppm) is higher than those of the other
data. This may be attributed to the raise of oil ac-
tivities in the Red Sca especially in the Suez gulf.
Tante & Mean coneentrations of cadmium, lead, copper and zine

m muscles of Red Sca fishes.

Cadmium | Lead [Copper| Zine

Fish ) ) References
{ppm)  |(ppm)} (ppm) |(ppm)
Lethrinus mahsenodes .31 L4 034 | 481 ] Abdelmoneim &
Lethrinus nebulosus 039 fa6d 1045 16871 El-Deck, 1992
Siganusspp. N 062 ) 0.3 [NM.
Cephalopholus spp. NM. R 071 INM
Liza ramada NMJ026 ] 068 INM | Emaraeral.. 1993
Mugil cephalus NM. 075 ] 064 INM.
Epiephelus spp. 047 1083 ] 066 | 337
Mugilsehelr 003 105 ] 039 1528 | Ahdelmoneim

eral., 1994a

Acarthopaguris areolaes | 026 | 336 | 051 ] 434 | Abdelmoncim

Hemiramphus spp. 055 3501 OS50 (10224 eral., 19940
Shvraena obwisata 027 (396 Lo | 646

Epinephelusspp. NM [ 434 068 | 436 El-Deekeral., 1994
Sardinella gibhosa 012 (070 057 [ 1745

Sawridasp 005 1076 ] 050 | 704 Presentstudy
Epinephelusspp 0.24 1093 ] 041 12210

N.M. o Notmeasared.

Conclusion

Our results indicated that, although the sampling
site (Suez Bay) is known to be influenced by industrial
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oil and domestic wastes, but no significant effects were
recorded especially in muscles (edible parts) of the in-
vestigated fish collected in that time.

Internationally, the maximum limits of trace metals
in the edible parts (muscles) of fish should not exceed
concentrations of 2, 2, 30 and 1000 ppm wet weight for
Cd, Pb, Cu and Zn. respectively (WHO, 1973; Beb-
bington et al., 1977, Kakulu er al., 1987 and FAO,
1992).

The obtained results in this study indicated that the
concentrations of the trace metals in muscles of the
studied fishes were under the acceptable limits. Thus,
these species of fishes can be considered safe for
human consumption.

Regarding the other fish organs. the concentrations
of trace elements were under the acceptable limits ex-
cept fead.

In conclusion. muscles of the studied fish species is
considered safe from the public health point of view,
Internal organs should not be used as fish meals and
other nutrition purposes.

References

Abdelmoneim, M.A. (1994) Trace metals distribution in waters and
sediments of Sucz Gult (Red Sea, Egvpt). Bull. High Insi.
Public Health, 24: 973-992.

Abdelmoneim, M.A. and El-Deek, M.S. (1992) Ledirinus tamily: A
model of edible Red Sea fishes with fow metals accumula-
tion. In: Proc. 2nd Alex. Conf. Food Science and Technol-
ogy, Fac. Agric., Alex. Univ., Alexandria, Egvpt. March 2-
4. 1992, pp. 439-488.

Abdelmoneim, M. A.: Aly, A.E. und El-Moselhy, Kh.M. (19944)
Level of Cd. Pb. Cu and Zn in Mugil seheli from Sacz Bay
“Northern part of Sucz Gult™. Bull. Nai. Inst. Oceanogr. &
Fish., ARE, 20:69-82.

Abdelmoneim, M.A.; El-Deek, M.S.; Beltagy, A.L: Naguib, M.M.
and Naguib, Kh.M. (1994b) Distribution of heavy metals in
some species of edible fish from the Red Sca. Bull. High
Inst. Public Health, 24: Y57-972.

Awad, H.; Michel, P. and El-Shazly, A. (1983) Actual situation of
oil pollution m the ecosystem along the Egyptiun Red Sea
coast. Bull. Inst. Oceanogr. & Fish., AR, 9: 102-108.

Bebbington, G.N.: MacKay, N.J.; Chvolka, R.; Williams, R.J. and
Punn, A. (1977) Heavy metals, selenivm and arsenic in nine
of Australian commercial fish, Ause. J. Mar. Freshovar. Res.,
28: 277-280.

El-Deek, M.S.; Abbas, M.M.: Naguib, M.M. und Naguib, Kh.M.
(1994) Cu, Zn and Pbin Epinephielus sp. inthe Red Sca. In:

Proc. 4th (Environmental Protection is a Must), National In-
stitute of Oceanography and Fisheries, Alexandria. Egypt,
10-12 May 1994, pp. 229-236.

El-Sabh, M.I. and Beltagy, A.l1. (1983) Hydrography and chemistry
of the Gulf of Sucz during September 1996. Bull. Inst.
Oceanogr. & Fish., ARE, 9: 78-82.

El-Sokkary, LLH. (1980) Mercury accumulation in tish from the
Mediterranean coastal arca of Alexandria, Egypt. J. Frud.
Pollut., Cagliari, C.1LEL.S. M., §: 493-490,

Emara, H.1.; El-Deck, M.S. and Ahmed, N.S. (1993) Comparative
study on the levels of trace metals in some Mediterrancan
and Red Sea fishes. Chem. & FEeol., 8:119-127.

FAO (1976) Manual of methods in aquatic environmental research.
Part 3. Sampling and analyses of biological material. FAQ
Fish. Tech. Pap. No. 158: 124 p.

FAO (1983) Manual of methods in aquatic environment research.,
Part 9. Analysis of metals and organochlorines. FAO Fish.
Tech, Pap. No. 212.

FAO (1992) Committee for inland fisheries of Africa. Report of the
Third Session of the Working Party on Pollution and
Fisheries. Accra, Ghana, 25-29 Nov. 1991, FAQ Fish. Rep.
No. 471, 43 p.

Hornung, H. and Ramelo, G.J. (1987) Distribution of Cd, Cr. Cu
and Zn in Eastern Mediterrancan fishes. Mar, Pollut. Bull.,
18: 45-49.

Kakulu, S.E.; Osibanjo, O. and Ajayi, 8.0, (1987) Trace metul con-
tent of fish and shellfish of the Niger delta area of Nigeria.
linviron. Int., 13: 247-251.

McFarlane, G.A. and Franzin, W.G. (1980) An cxamination ot Cd.
Cu and Hg concentrations in liver of northern pike. Evox
lucins and white sucker Catostomus commersoni, from five
lakes near a base metal smelter at thin flon, Manitoba. Can.
J. Fish. Aquat. Sci., 37: 1573-1578.

Nassar, M.Z. (1994) Lffect of oil pollution on the quantity and qual-
ity of the phytoplankon in Suez Bay of the Red Sea. M.Sc.
Thesis. Fac. Sci.. Tanta Univ., Tanta, Egypt. 93 p.

Roth, 1. and Hornung, H. (1977) Heavy metals concentrations in
water, sediments and tish from Mediterranean coastal arcas
of Isracl. Environ. Sci. Technol., 11: 265-269,

UNEP/FAO/TAEA/IOC (1984) Sampling of selected marine or-
ganisms and sample preparation for trace metal analysis. Re-
terence Method for Marine Pollution Studies. No. 7, Rev. 2:
197,

Uysal, H. (1980) Levels of trace elements in some food chain or-
gamsms from the Acgean coast. J. Ewid. Pollut., Cagliari,
C AL LS. M., 5:503-512.

Virogradov, AP, (1933) The elementary chemical composition of
marine organisms. Scars Fed. Mar. Res,. New Haven,
Conn.. U.S A,

WHO (1973) Health Hazards of the THhonan Envivormment. World
Health Organization. Geneva, Switzerland.

Yousif, A. (1990) Biological and fisheries studies on Pomadasys stri-
dens inthe Gulf of Suez. M.Sc. Thesis. Fac. Sci., Suez Canal
Univ. Ismatlia. Egypt.



24 M.A. Abdelmoneim ¢t al.

AT BN B, AL olall e (g gl Al s
ran Gam V1 pedl) G sl st Jlod e 53Lall Sl Y

“O..’mb-ccbs ’M‘M.ﬂb’- . "‘..A’.U.A,B.Lw-‘a_,w
Iy pdl pan ) g — lally Hlocdl o glad o5l agall®
QH‘W@)M‘SJ}JLUZAAL?‘C#‘Z:K”

o e oAy By Sy pa el Sledl e Sils o Dl plloda co 2 1 aliadd
upLJ)‘J(xAQKJ‘J..oLLPQLE{Q\)‘:S)IuﬂL_j‘EgL:} s(,«»Ylﬂ.ﬁl)w).ch_Js-ol,‘
Pl A3y il Lplacl i La, VTl ehae oyt by el
Ll adall olaze ¥t Sl

b il s syl 5

i oy GINEL e Bl ot sda e il 55 5 e eV o ae & i)
B aa S A QO Ly ¢ 58 5 Bl g yenslSl e o 06y (ISl elael]
oyt e plaely SLeuY ohae

elaeVl 3 ol 38 3 el (Lol Jly pyomslSD) GealaV1 b oy il G OLS
(& 1y Aondl) bV o pirtadt Wy s Loty ¢ Ly pUanlls LLall 2
gty ASTE e 5 At slas Yt g il 5SS el

r,,;tﬂtd,,agLa,_Q\)-,_S;cw,p(z,)ﬂl,,:ﬁl)r,,.mwwwvw-,;
V=S5 eV el g S OLS G Lplasly LgDNas n IS ole My
A USTELSe 3 ay ¢ o0 ot





