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Abstract: The accumulation of copper, zinc, cadmium and lead in flesh, gills, liver and gonads of Tilapia zillii were determined. Fish
sizes, sexes and metal accumulation by the fish organs were studied. The levels of those heavy metals are occasionally higher in
females than in males, this could be attributed to the fact that females have a higher tendency to accumulate heavy metals in fish 8-
11 cm in length were obtained, while medium sizes of fish (11-13 cm) showed more remarkable concentrations than the other sizes
through both seasons and sites. The flesh accumulated low concentrations of heavy metals in comparison with the other organs. The
values were in close agreement with other reported values in the area and the Mediterranean Region.
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Misir Manzalah Géliindeki Tillapia zilli Organlarinda Bazi1 Agir Metallerin Cevresel
Degerlendirilmesi

Ozet: Misir'in Menzalah Goliindeki Tillapia zilli baliklarinin kas dokularinda, solungaclarinda, karacigerlerinde ve gonadlarinda; bakir,
cinko, kadmiyum, kursun gibi agir metallerin konsantrasyonlari saptanmistir. Balik organlarindaki agir metal yiizdeleri ile balik boyu
ve cinsiyeti arasinda bir iliski belirlenmistir. Disilerdeki agir metal degerleri erkeklerinkinden yiksektir. Agir metal konsantrasyonlari
her iki mevsim ve istasyonda da diger boy gruplarina kiyasla; kicik boy grubundaki (8-11 cm) baliklarda daha az; fakat orta boy
grubundaki (11-13 cm) baliklarda daha fazla bulunmustur. Kas dokusundaki agir metal konsantrasyonlar! diger organlarinkinden
daha dstiktdr. Disiler ireme organlarinda erkeklerden daha ¢ok agir metal biriktirme egilimindedirler. Elde edilen degerler calisma

yoresi ve Akdeniz Bolgesi'nde rapor edilen diger degerlerle uyum gdstermektir.

Anahtar SozciKler: Tillapia zilli, bakir, ¢inko, kadmiyum, kursun, Menzalah Golu.

Introduction

Lake Manzalah is considered an important source of
fish in Egypt for many reasons. First, it has the largest
overall area of the natural lakes in Egypt. Second, it is
connected to the Mediterranean Sea from the north-
norteastern coast and also to the Nile Damietta Branch
at Damietta. Third, it is surrounded by five governorates
which share the food resources among their
populations (1).

The lake was a brackish environment, but recently it
changed to nearly eutrophic fresh water. This change is a
result of many causes: large amounts of drainage water
from industrial and urban sewage that contribute about
98% of the total annual inflow water to the lake (2);
large quantity of the agricultural drainage water affects
the environment of Lake Manzalah especially after both
the flow from the River Nile ceased in 1965 after the
Aswan High Dam Construction (3); and the El-Salam
Canal project which affected the aquatic environment of
the lake. All these sources of pollution affect the physico-

chemical characteristics of the water, sediment and
biological components, and then badly affect the quality
and quantity of fishes.

Cichlidae species are the most popular and highly
economic fishes in most lakes in Egypt and they play the
essential role in the Lake Manzalah fisheries (4). This
family has many species in Lake Manzalah such as
Oreochromis aureus, Oreochromis niloticus, Tilapia zillii
and Oreochromis gallili. Tilapia zillii is distinguished by its
adaptation to living in fresh, brackish and nearly saline
water, and can survive in partially polluted water (5).

The purpose of this research was to quantify the
accumulation of heavy metals (copper, zinc, cadmium and
lead) within some organs of Tilapia zillii (flesh, gills, liver
and gonads) where this fish is considered one of the
commercial fish for both the fisheries and the local
inhabitants for which it is a potential source of food.
Studying the relation between the biological parameters
of fish and the tendency of metal accumulation shows the
environmental state. This will be useful as an alarm signal
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to minimize he rate of pollution of heavy metals in the
lake and for the management programs of the lakes.

Material and Methods

Tilapia zillii (Family:Cichlidae) was selected for the
present study and collected from fives sites in Lake
Manzalah during the four seasons from January to
December 1996, where this species has a wide range of
distribution in the aquatic habitat in Egypt. The study
sites were selected to represent the regions of the lake,
site I: Damietta in the north-west, site II: Matariya in the
south, site IlI: Ibn-Salam near to the middle, site VI: Port-
Said in the east and site V: Diba in the north, as illustrated
in Figure 1.

Fresh fish were collected, and transported
immediately to the laboratory in an ice-box. Three size
groups were separated as follows: 8-11, 11-13 and 13-
15 ¢m where 6-8 individuals were used for each size
group from each site, both total weight and length were
measured for the condition factor fish (K) and other
parameters. The fish were dissected to separate some
organs (flesh, gills, liver and gonads) according to FAO
methods (6). Gonado-somatic index (GSI) and hepato-
index (HI) were calculated from both weight of gonads
and liver (4). The separate organs were digested using
concentric nitric acid and hydrogen peroxide (1:1) v/v
according to FAO methods (7). Atomic absorption
spectrometry (AAS, Perkin Elmer 2380) was used for
determination of copper, zinc, cadmium and lead. The
results were calculated in microgram per gram wet
weight (ug/g wet wt.).

Result and Discussion

Tables 1 to 4 show the mean values of the tested
heavy metals (copper, zinc, cadmium and lead) in Tilapia
zillii - organs (flesh, gills, liver and gonads) in different
sizes of fish (8-11, 11-13 and 13-15 ¢m), in the different
selected sites of the lake during the four seasons of
1996. The lower concentrations of copper, zinc, cadmium
and lead were usually recorded in flesh rather than the
other organs while the higher values were recorded in the
liver at both sites and seasons. From other research it is
clear that the liver has a tendency to accumulate copper
in high values as shown in many species of fish in
different areas: in Sparus auratus, sparus sargus, Mugil
sp. and Siganus rivulatus in the Mediterranean Sea (8); in
Clarias lazera and Oreochromis aureus from Lake
Manzalah (1); in some marine fishes from the Suez Canal
and the Mediterranean Sea (9) and in some fish species of
both cages and ponds of the aguaculture system in the
River Nile and Lake Manzalah (10, 11).
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Generally, higher concentrations of copper, zinc,
cadmium and lead were observed in the medium sized
fish (11-13), but lower concentrations of zinc were noted
in the small sized fish (8-11 ¢ m length), while the biggest
size of organisms accumulated heavy metals more than
the small size. The organs tended to accumulate high
concentrations of heavy metal with the increase in size of
fish at most sites, as shown in Table 2. In other research,
it was found that the concentrations of Cd and Zn in
muscles and visceral mass of pearl oyster Pinctada radiata
from Red Sea increased with the increase in length (12).

In winter, as shown in Table 1, the small sized fish (8-
11 cm) showed lower concentrations of copper in flesh
than in the other organs, where the values of copper
ranged between 0.65 pg/g wet weight in flesh at site V
and 5.6 pg/g wet weight in liver in liver at site 1. Zinc
concentrations fluctuated between 7.15 and 44.5 ug/g
wet weight. The lower value was in flesh at site VI but the
higher value was in liver at site V. Cadmium
concentrations were between 0.05 and 0.49 pg/g wet
weight, the higher concentrations were recorded in gills
and gonads at site Il. Higher concentrations of lead were
recorded in gills than in other organs.

In spring, as shown in Table 2, copper concentrations
in Tilapia zilli organs at all sites were between 0.6 and
5.6 pg/g wet weight in both flesh at site V and liver at site
I, respectively. Zinc concentrations were between 19.23
and 62.1 pg/g wet weight in both flesh and gonads at site
I, respectively. The concentrations of zinc showed higher
values (49.6 ug/g wet weight) in flesh at site I than the
usual values. The higher concentrations were recorded in
gonads at site | also. Cadmium concentrations were
between 0.06 and 0.75 pg/g wet weight in flesh at site V
and liver at site V and liver at site VI, respectively. Flesh
showed high concentrations of cadmium at all sites except
site V at which it had lower concentrations of cadmium at
all sizes. There was no regular pattern of cadmium
bioaccumulation through either different sizes of fish or
different sites, but the bioaccumulation of zinc and
cadmium in liver increased with the increase in size of fish
as shown in Table 2. Lead concentrations were between
0.05 and 0.77 ug/g wet weight at both site IV in flesh
and site VI in gonads, respectively. Gonads and liver
showed higher values of lead especially at site III than at
other sites.

In summer, as shown in Table 3, copper
concentrations in Tilapia zillii organs were between 0.35
and 8.37 pg/g wet weight in both flesh at site I and liver
at site V, respectively. Zinc cncentrations were between
5.4 and 39.3 ug/g wet weight in flesh at site V and in
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Table 1. Heavy metal concentrations (ug/g wet wt.) in different organs of Tilapia zillii collected from five sites of Lake Manzalah during winter
1996.
Parameter Size Total SE Sex (GSI) (HI) (K) Flesh Gills
range weight of fish
Site (cm) () weight Cu Zn Cd Pb Cu Zn Cd Pb
8.1 21.6 +1.3 male 1.14 2.85 21 0231 9.05 0.05 0.33 1.32 25.09 008 051
11-13 33.5 +1.8 female 1.01 2.66 1.74 038 13.35 0.07 0.41 1.48 33.51 0.12 0.6
I 13-15 80.2 +2.6 male 0.80 1.69 2.8 0.31 12.41 0.07 0.38 1.42 29.34 009 059
Mean SE +0.17 +2.36 +0.01 +0.15 +0.21 +2.52 +0.03 +0.15
8-11 18.1 +1.8 male 0.26 25 179 038 10.26 0.08 0.26 1.56 34.15 036 059
11-13 35 +2.3 female 0.88 1.86 1.8 0.49 15.01 0.13 0.29 1.79 40.72 044 068
1l 13-15 53.6 +3.9 female 0.39 1.93 1.84 044 12.9 0.1 0.31 1.68 38.61 049 064
Mean SE £0.14 #1222 £0.02 £0.07 +0.26 +4.15 £0.11 2021
8-11 16.8 +0.9 male 0.64 2.53 176  0.28 8.35 0.06 0.21 2.01 24.33 0.17 061
11-13 31.8 +2.1 fernale 1.05 2.45 165 042 12.94 0.08 0.28 2.18 30.15 0.21 0.67
il 13-15 59.4 +3.2 female 5.2 2.1 2.1 0.36 13.11 0.05 0.27 1.99 28.11 0.16 065
Mean SE 023  +2.74 £0.04 £0.10 +0.38 +6.55 +0.05 20.15
8-11 15.1 +1.8 male 0.2 2.9 156  0.46 7.15 0.08 0.18 1.33 26.21 011 076
Vi 11-13 32 +2.3 fernale 3.2 2.8 163 0.6 11.33 0.12 0.23 1.46 35.1 013 081
13-15 52.6 +4.2 male 0.46 1.9 1.86 057 10.27 0.10 0.25 1.41 37.18 013 068
Mean SE £0.11 %158 +0.02 +0.09 +0.29 +4.24 +0.05 +0.19
8-11 17.4 +1.2 male 0.66 2.33 177 039 8.11 0.06 0.23 1.96 30.71 008 041
v 11-13 28.1 +2.1 female 2.91 25 1.4 0.49 12.09 0.08 0.29 2.12 41.16 0.11 0.55
13-15 63.9 +3.6 female 0.53 1.78 23 0.54 13.61 0.07 0.27 1.99 38.82 009 052
Mean SE £0.18  +2.17 £0.01 £0.07 £0.13 £2.10 £0.04 20.14
Continued
Liver Gonads
Cu Zn Cd Pb Cu Zn Cd Pb
10.87  25.63 0.06 0.28 1.98 25.15 0.06 0.28
12.48  38.15 0.09 0.26 2.63 38.03 0.11 0.34
11.65  41.06 0.09 0.34 2.38 34.71 0.10 0.32
+1.86 +4.67 +0.02 +0.09 +0.43 +4.86 +0.05 +0.11
1825  26.13 0.24 0.18 1.21 19.21 0.38 0.16
20.37 37.93 0.32 0.24 1.96 26.41 0.44 0.24
17.48 3351 0.29 0.22 1.87 29.33 0.33 0.25
241 £321 +0.08 +0.09 +0.51 +2.68 +0.15  20.13
14.05  22.11 0.13 0.27 1.75 14.25 0.13 0.33
1633  36.42 0.21 0.31 1.84 22.15 0.19 0.28
1542 332 0.17 0.28 1.91 20.36 0.17 0.26
£1.10  +3.47 £0.04 £0.11 036 =213 +0.06  +0.09
478 2815 0.11 0.29 1.21 29.24 0.15 0.32
5.61 37.52 0.14 0.38 1.38 38.6 0.24 0.36
553 3219 0.12 0.36 1.35 35.82 0.19 0.33
+0.62  +5.20 +0.05 +0.14 037 472 +0.11  +0.13
20.09 32.92 0.19 0.21 1.63 25.12 0.11 0.23
2322 4450 0.24 0.26 1.98 43.72 0.15 0.21
22.81 4042 0.22 0.24 1.74 38.7 0.14 0.19
256  +4.25 +0.09 +0.12 +0.41 +5.24 +0.03  +0.10

SE: Standard error of metal concentrations
GSl: Gonado-somatic index of fish

HI: Hepatic index of fish

K: Condition factor of fish

gonads at site I, respectively. Gonads and liver,
respectively showed higher values of zinc than the other
organs especially at site I and 1. Cadmium concentrations
were between 0.05 and 0.36 pg/g wet weight in both

flesh and qills, respectively at site V. The high
concentrations of cadmium fluctuated between the
organs, where it increased at site Il. Lead concentrations
were between 0.08 and 0.69 pg/g wet weight in both
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Table 2. Heavy metal concentrations (ug/g wet wt.) in different organs of Tilapia zillii collected from five sites of Lake Manzalah during spring 1996.
Parameter Size Total SE Sex (GI) (HI) (K) Flesh Gills
range weight of fish
Site (cm) (9) weight Cu Zn Cd Pb Cu Zn Cd Pb
8.11 18.1 +2.1 female 24 1.80 1.49 1.26 36.60 0.32 0.16 1.92 39.50 0.46 0.23
11-13 25.7 +1.9 female 1.1 1.30 1.25 1.50 49.60 0.30 0.06 1.80 43.40 0.44 0.21
I 13-15 86.95 +1.4 male 0.2 1.40 2.3 2.10 42.10 0.24 0.21 1.77 51.50 0.33 0.32
Mean SE +0.27 +3.89 +0.07 +0.03 +0.54 +3.87 +0.12  +0.08
8-11 22.3 +1.4 female 1.3 2.10 1.7 0.90 39.20 0.53 0.14 1.50 40.10 0.42 0.27
11-13 276 +2.8 female 25 1.90 1.5 1.10 47.62 0.64 0.11 1.80 31.20 0.36 0.29
11 13-15 745 +3.5 male 0.8 2.00 1.56 0.80 19.23 0.39 0.13 0.90 34.40 0.51 0.30
Mean SE +0.19 +4.25 +0.15 +0.07 +0.17 +3.21 +0.12 x0.14
8-11 215 +1.7 male 14 1.9 1.6 0.75 46.25 0.43 0.52 0.95 42.40 0.46 0.22
11-13 259 +1.9 male 15 1.8 1.2 0.90 26.10 0.46 0.11 1.30 34.50 0.31 0.24
1 13-15 68.3 +2.3 male 1.2 1.8 2.2 0.70 33.25 0.29 0.12 0.90 35.90 0.41 0.25
Mean SE +0.17 +3.34 +0.18 +0.15 +0.27 +2.98 +0.12  +0.14
8-11 21.9 +0.9 male 0.9 1.89 2.1 0.75 40.20 0.33 0.06 0.85 40.90 0.48 0.10
Vi 11-13 46.7 +2.5 female 4.7 2.4 2.3 0.80 38.40 0.36 0.09 1.00 32.30 0.40 0.19
13-15 60.5 +2.7 male 1.9 2.2 1.9 0.70 31.90 0.41 0.08 0.70 34.10 0.44 0.21
Mean SE +0.24 +2.57 +0.14 +0.01 +0.21 +4.12 +0.17 +0.04
8-11 18.5 +0.8 male 0.5 24 1.8 0.60 40.20 0.07 0.23 0.8 30.71 0.08 0.41
\ 11-13 34.9 +0.9 male 1.2 2.2 1.8 0.90 36.50 0.08 0.29 0.90 41.16 0.11 0.55
13-15 53.2 +2.5 male 1.1 2.3 1.6 0.90 46.40 0.06 0.27 1.10 44.10 0.09 0.52
Mean SE +0.29 +3.88 +0.05 +0.07 +0.12 +3.11 +0.12  £0.02
Continued
Liver Gonads
Cu Zn Cd Pb Cu Zn Cd Pb
4.20 36.50 0.49 0.19 1.41 46.10 0.42 0.15
4.900  40.10 0.45 0.22 1.60 48.30 0.36 0.11
5600  46.50 0.50 0.21 0.90 62.10 0.40 0.16
+0.49 +4.25 +0.14 +0.11 +0.32 +6.78 +0.12  £0.09
1.90 22.30 0.46 0.26 1.40 35.60 0.39 0.23
2.10 10.80 0.39 0.29 1.30 31.90 0.24 0.22
2.60 34.50 0.30 0.35 0.90 56.55 0.65 0.18
+0.24 +3.27 +0.09 +0.13 +0.25 +5.28 +0.08  +0.06
1.40 42.30 0.29 0.21 1.10 47.10 0.31 0.16
1.60 46.25 0.41 0.25 1.20 48.10 0.25 0.19
1.90 48.10 0.57 0.27 0.08 40.30 0.29 0.15
+0.25  +3.21 +0.12 +0.09 +0.11 +6.14 +0.13  +0.09
1.20 39.10 0.75 0.28 0.80 45.10 0.24 0.63
1.90 43.20 0.39 0.42 0.90 47.35 0.45 0.77
2.70 46.40 0.51 0.40 0.65 38.20 0.32 0.67
+0.51 +5.80 +0.21 +0.11 +0.28 +4.21 +0.09 +0.24
3.50 32.92 0.19 0.21 1.63 25.12 0.11 0.23
4.25 44.50 0.24 0.26 1.98 43.72 0.15 0.21
3.60 40.42 0.22 0.24 1.74 38.7 0.14 0.19
+045  +4.85 +0.15 +0.03 +0.34 +7.12 +0.11  +0.07

SE: Standard error of metal concentrations
GSI: Gonado-somatic index of fish

HI: Hepatic index of fish

K: Condition factor of fish

flesh at site | and gills at site V, respectively. Gonads and In autumn, as shown in Table 4, copper
liver showed remarkable concentrations of lead at most concentrations in Tilapia zillii organs were between 0.4
sites. and 11.65 pg/g wet weight in gonads at site IV and in
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Table 3. Heavy metal concentrabitons (ug/g wet wt.) in different organs of Tilapia zillii - collected from five sites of Lake Manzalah during summer
1996.
Parameter Size Total SE Sex (Gl (HI) (K) Flesh Gills
range weight of fish
Site (cm) () weight Cu Zn Cd Pb Cu Zn Cd Pb
8.11 18.1 £2.1 female 2.4 1.80 149  1.26 36.60 0.32 0.16 1.92 39.50 046 023
11-13 25.7 +1.9 female 1.1 1.30 125 150 49.60 0.30 0.06 1.80 43.40 044 021
| 13-15 86.95 +1.4 male 0.2 1.40 2.3 2.10 42.10 0.24 0.21 1.77 51.50 033 032
Mean SE 027  +3.89 £0.07 +0.03 +0.54 +3.87 +0.12  +0.08
8-11 22.3 +1.4 fernale 1.3 2.10 1.7 0.90 39.20 0.53 0.14 1.50 40.10 042 027
11-13 27.6 +2.8 female 2.5 1.90 1.5 1.10 47.62 0.64 0.1 1.80 31.20 036 029
1l 13-15 74.5 +3.5 male 0.8 2.00 156  0.80 19.23 0.39 0.13 0.90 34.40 051 030
Mean SE +0.19 +4.25 +0.15 +0.07 +0.17 +3.21 +0.12  +0.14
8-11 21.5 +1.7 male 1.4 1.9 1.6 0.75 46.25 0.43 0.52 0.95 42.40 046 022
11-13 25.9 +1.9 male 1.5 1.8 1.2 0.90 26.10 0.46 0.1 1.30 34.50 0.31 0.24
il 13-15 68.3 +2.3 male 1.2 1.8 2.2 0.70 33.25 0.29 0.12 0.90 35.90 0.41 0.25
Mean SE +0.17 +3.34 +0.18 +0.15 +0.27 +2.98 +0.12 0.14
8-11 21.9 +0.9 male 0.9 1.89 2.1 0.75 40.20 0.33 0.06 0.85 40.90 048  0.10
VI 11-13 46.7 +2.5 female 47 2.4 23 0.80 38.40 0.36 0.09 1.00 32.30 040  0.19
13-15 60.5 2.7 male 1.9 22 1.9 0.70 31.90 0.41 0.08 0.70 34.10 044 021
Mean SE 024 257 £0.14 £0.01 +0.21 +4.12 +0.17  +0.04
8-11 18.5 +0.8 male 0.5 2.4 1.8 0.60 40.20 0.07 0.23 0.8 30.71 008 041
v 11-13 34.9 +0.9 male 1.2 2.2 1.8 0.90 36.50 0.08 0.29 0.90 41.16 011 055
13-15 53.2 +2.5 male 1.1 23 1.6 0.90 46.40 0.06 0.27 1.10 4410 009 052
Mean SE 029  +3.88 £0.05 £0.07 £0.12 £3.11 +0.12  +0.02
Continued
Liver Gonads
Cu Zn Cd Pb Cu Zn Cd Pb
420  36.50 0.49 0.19 1.41 46.10 0.42 0.15
4900  40.10 0.45 0.22 1.60 48.30 0.36 0.11
5600  46.50 0.50 0.21 0.90 62.10 0.40 0.16
£0.49 +4.25 +0.14 £0.11 032 678 £0.12  £0.09
1.90 2230 0.46 0.26 1.40 35.60 0.39 0.23
210  10.80 0.39 0.29 1.30 31.90 0.24 0.22
260 3450 0.30 0.35 0.90 56.55 0.65 0.18
024 327 +0.09 £0.13 025  +5.28 +0.08  +0.06
140 4230 0.29 0.21 1.10 47.10 0.31 0.16
1.60  46.25 0.41 0.25 1.20 48.10 0.25 0.19
1.90  48.10 0.57 0.27 0.08 40.30 0.29 0.15
025  +3.21 +0.12 +0.09 +0.11 +6.14 +0.13  +0.09
120  39.10 0.75 0.28 0.80 45.10 0.24 0.63
1.90  43.20 0.39 0.42 0.90 47.35 0.45 0.77
270  46.40 0.51 0.40 0.65 38.20 0.32 0.67
051  +5.80 +0.21 £0.11 028 421 +0.09 +0.24
350  32.92 0.19 0.21 1.63 25.12 0.11 0.23
425 4450 0.24 0.26 1.98 43.72 0.15 0.21
360 4042 0.22 0.24 1.74 38.7 0.14 0.19
+0.45  +4.85 +0.15 +0.03 034 2712 +0.11  +0.07

SE: Standard error of metal concentrations
GSI: Gonado-somatic index of fish

HI: Hepatic index of fish

K: Condition factor of fish

liver at site I, respectively. Zinc concentrations were
between 5.39 and 35.5 pg/g wet weight in both flesh and
gills at site V, respectively. Cadmium concentrations were
between 0.03 and 0.51 pg/g wet weight in both flesh at
site V and gonads at site Il, respectively. The higher

concentrations of cadmium appeared in liver and gonads.
Lead concentrations were between 0.19 and 0.78 pg/g
wet weight in both gonads at site IV and liver at site II,

respectively.
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Table 4. Heavy metal concentrations (ug/g wet wt.) in different organs of Tilapia zillii collected from five sites of Lake Manzalah during autumn
1996.
Parameter Size Total tandar Sex Gonad Hepatic  ondition Flesh Gills
range weight eror index index factor
Site (cm) (gm) SE (Gl) (HI) (K) Cu Zn Cd Pb Cu Zn Cd Pb
8.11 25.1 +1.6 male 0.46 3.11 2.10 0.58 9.81 0.06 0.26 1.34 15.39 0.14 0.41
11-13 40.2 +2.8 male 0.25 2.38 2.00 0.67 13.42 0.12 0.36 1.75 28.62 0.21 0.53
1 13-15 26.7 +5.1 male 0.16 2.42 1.80 0.73 11.65 0.09 0.22 1.57 23.30 0.17 0.51
Mean SE +0.22 +2.13 +0.05 +0.12 +0.34 +2.35 +0.09 +0.17
8-11 274 +1.3 male 0.4 2.02 2.70 0.76 13.61 0.09 0.28 3.79 26.30 0.16 0.59
11-13 42.7 +2.8 fernale 0.4 1.88 2.20 0.96 18.55 0.15 0.40 481 30.21 0.24 0.75
I 13-15 58.1 +3.5 male 0.5 1.76 2.00 0.85 18.11 0.14 0.38 4.35 28.71 0.19 0.69
Mean SE +0.28 +2.35 +0.02 +0.09 +0.85 +3.57 +0.12  x0.17
8-11 25.5 +0.9 male 0.43 2.58 2.60 0.61 7.30 0.06 0.23 1.86 13.84 0.15 0.35
11-13 41.1 +2.1 female 0.26 2.13 2.00 0.74 10.10 0.12 0.33 2.31 20.51 0.19 0.29
111 13-15 56.4 +2.9 male 0.25 1.75 1.90 0.63 9.15 0.11 0.29 1.97 17.40 0.18 0.41
Mean SE +0.18 +1.25 +0.05 +0.11 +0.24 +2.55 +0.05 x0.12
8-11 19.3 +0.8 male 0.30 2.90 1.90 0.68 11.33 0.34 1.23 28.22 0.15 0.45 0.10
\ 11-13 39.6 +1.9 male 0.29 2.80 1.90 0.80 16.81 0.41 1.56 35.40 0.18 0.54 0.19
13-15 70.7 +3.2 female 0.30 2.60 2.20 0.65 14.71 0.42 1.47 34.82 0.17 0.49 0.21
Mean SE +0.21 +2.56 +0.11 +0.19 +5.21 +0.09 +0.20 +0.04
8-11 15.9 +1.2 male 0.60 2.70 2.70 1.60 0.41 0.07 0.23 0.8 30.71 0.08 0.41
\% 11-13 44.6 +2.2 male 0.15 2.0 2.0 2.30 0.56 0.08 0.29 0.90 41.16 0.1 0.55
13-15 61.2 +3.8 male 0.55 2.10 2.10 1.90 0.47 0.06 0.27 1.10 44.10 0.09 0.52
Mean SE +0.29 +30.18 +0.75 +0.07 +0.12 +3.11 +0.12  +0.02
Continued
Liver Gonads
Cu Zn Cd Pb Cu Zn Cd Pb
4.20 36.50 0.49 0.19 1.41 46.10 0.42 0.15
4.900 40.10 0.45 0.22 1.60 48.30 0.36 0.11
5.600 46.50 0.50 0.21 0.90 62.10 0.40 0.16
+0.49 +4.25 +0.14 +0.11 +0.32 +6.78 +0.12 +0.09
1.90 22.30 0.46 0.26 1.40 35.60 0.39 0.23
2.10 10.80 0.39 0.29 1.30 31.90 0.24 0.22
2.60 34.50 0.30 0.35 0.90 56.55 0.65 0.18
+0.24 +3.27 +0.09 +0.13 +0.25 +5.28 +0.08  +0.06
1.40 42.30 0.29 0.21 1.10 47.10 0.31 0.16
1.60 46.25 0.41 0.25 1.20 48.10 0.25 0.19
1.90 48.10 0.57 0.27 0.08 40.30 0.29 0.15
+0.25 +3.21 +0.12 +0.09 +0.11 +6.14 +0.13  +0.09
1.20 39.10 0.75 0.28 0.80 45.10 0.24 0.63
1.90 43.20 0.39 0.42 0.90 47.35 0.45 0.77
2.70 46.40 0.51 0.40 0.65 38.20 0.32 0.67
+0.51 +5.80 +0.21 +0.11 +0.28 +4.21 +0.09 +0.24
3.50 32.92 0.19 0.21 1.63 25.12 0.11 0.23
4.25 44.50 0.24 0.26 1.98 43.72 0.15 0.21
3.60 40.42 0.22 0.24 1.74 38.7 0.14 0.19
+0.45 +4.85 +0.15 +0.03 +0.34 +7.12 +0.11 +0.07

SE: Standard error of metal concentrations
GSI: Gonado-somatic index of fish

HI: Hepatic index of fish

K: Condition factor of fish

Sites I, 1l and V, showed higher concentrations of sources (Bahr el-Bakar, Bahr Hadous and Bahr Ramsis).
copper, zinc, cadmium and lead than sites Il and IV, Port-Said city discharges its waste water into site IV,
where these sites receive huge amounts of mixed waste while site V is considered the connecting point between
water (partially treated) discharged into site Il from many Damietta drains discharging into Lake Manzalah and the
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Nile Estuary (1, 15). In winter and spring higher values
of copper, zinc, cadmium and lead were recorded than in
the other seasons especially at sites V and II, this
remarkable increase in winter and spring was due to the
decrease in waste water from agricultural activities
during this time. There was a positive significance
(<0.05) between the concentrations of heavy metal
concentrations within organs of fish and sites, while there
was no clear significant between the comparable factors
(site, season and organ).

Sometimes, females showed higher concentrations of
heavy metals than males, the concentration increased
with the increase in the gonado-somatic index, whereas
the higher values of the gonado-somatic index (GSI)
showed higher concentrations of heavy metals, especially
in small sizes of fish in both winter and summer. This
increase may be attributed to the higher tendency of
accumulation by ovaries than testes. Other research in
many aquatic organisms such as crustacean Nephrops
norvegicus showed that the sex is an important factor
for heavy metal levels, and females accumulated higher

values than males (14). The higher concentrations of
cadmium and lead in Tilapia zillii organs fluctuated in
value between gills, gonads and liver, respectively. These
results are consistent with other data on some fishes
from Calcasieu Lake and Calcasieu River in USA (13).

A comparison of the results with other reported
values in the flesh and liver of Mullus barbatus from the
Mediterranean area gives Cu values (2.5 and 1.8); Zn
values (26.3 and 13.7) and Cd values (0.23 and 0.26)
ppm wet weight, respectively from Adriatic Sea in
Yugoslavia (14). In the Mersin area in Turkey, the
concentrations of Cu, Pb and Cd in the flesh of Mullus
barbatus were 0.69, 0.12 and 0.04 ppm wet weight,
respectively (14). In Italy, Cu, Zn, Cd and Pb in the flesh
of Mullus barbatus were 10.75, 26.15, 0.02 and 0.2
ppm wet weight, respectively (14). In lebanon, Cu, Cd
and Pb in the flesh of Mullus barbatus were 0.51, 0.19
and 1.2 ppm wet weight, respectively (14). In Israel, Cu,
Zn, Cd and Pb in the flesh of fish were 1.15, 0.53, 0.51
and 6.73 ppm wet weight, respectively (14), and in some
fishes from Lake Manzalah, Egypt (1). In addition studies
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on Oreochromis niloticus and Bagrus bayad from River
Nile, Egypt (11) showed that gills have a tendency to
accumulate cadmium and lead in high concentrations.

These pollutants affect water, sediment and the food
chain, the this change in the aquatic environment affects
fish food, feeding and bioaccumulation (16, 17). Finally
this bioaccumulation of heavy metals by fish organs
accumulate in human blood and affects the public health
(18). With respect to the world levels of heavy metals in
aquatic organisms. the values should be less than this
range: 0.03-30 Cu, 3.6-100 Zn, 0.03-2 Cd and 0.05-2
Pb pg/g wet weight according to Australian
recommendations of NHMRC (19). It is clear that the
concentrations of heavy metals were within the range of

References

1. Zyadah, M.: Environmental impact assessment of pollution in
Lake Manzalah and its effect on fishes. Ph. D. Thesis, Faculty of
Science, Mansoura University, Egypt, 127p., 1995.

2. Knalil, M. and Salip, E.: Effects of some water quality parameters
on fish composition and productivity in Lake Manzalah. Egypt.
Proc. Zool. Soc. ARE, 12: 101-109, 1986.

3. El-Wakeel, K and Wahby, S.: Hydrography and chemistry of Lake
Manzalah. Arch. Hydrobiol., 67: 173-200, 1970.

4. El-Ghobashi, A.: Biological studies on the western region of Lake
Manzalah. Ph. D. Thesis, Fac. of Sci., Mansoura Univ., 279 p.
1990.

5. Zyadah, M.: A study on levels of some heavy metals in River Nile
Estuary-Damietta Branch, Egypt. J. Egypt. Ger. Soc. Zool., 23(a):
149-160, 1997.

6. Dybern, B.: Field sampling and preparation of subsamples of
aquatic organisms for analysis of metals and organochlorines.
FAO. Fisher. Tech., 212: 1-13, 1983.

7. Daziel, J. and Baker, C.: Analytical methods for measuring metals
by atomic absorption spectrometry. FAQ. Fish. Tech., 212: 14-21,
1983.

8. Abdel-Moniem, M.; Khaled, A. and Iskander, M.: A study on levels
of some heavy metals in EI-Mex wes Alexandria, Egypt. 4" Conf.
Envir. Prot. Must, Alexandria, Egypt: 155-174, 1994,

9.  El-Deek, K.; Abdel-Moniem, M.; Beltagy, A.; Naguib, Kh. and
Naguib, M.: Distribution of Cu, Cd, Fe, Pb and Zn in some fish
families from the Suez Canal and Mediterranean Sea, Eqypt. 4"
Conf. Envir. Prot. Must, Alexandria, Egypt: 195-203, 1994.

10.  Zyadah, M.: Occurrence of heavy metals in some fish, sediment
and water samples from River Nile within Damietta Governorate.
Egypt. Proc. 6th. Intern. Conf. Envir. Prot. Must. Alexandria,
Egypt: 929-945, 1996.

372

the world levels. The medium size of fish (11-13 cm)
showed higher concentrations than other sizes, therefore
small size of fish (8-11 ¢m) is recommended for eating.

Acknowledgements

| am very grateful to assisstant lecturers Mirfat Abd-
El-Magid and Maha El-Hagrasi in the faculty of science at
Damietta, Mansoura University, Egypt for their help in
atomic absorption spectrometry. Also, | am indebted to
Prof. Dr. Chouikhi Abdel-Ouai prime director of the
Institute of Marine Science and Coastal Management in
Algiers and to Prof. Dr. Hussien Avni Benli assistant
director of Marine Science and Technology in Turkey for
reviewing the manuscript and their scientific advice.

11.  Zyadah, M.: Occurrence of some heavy metals in two aquaculture
systems at Damietta Province. Egypt. J. Union Arab Biol., Cairo,
6(A): 219-232, 1996.

12.  Abdel-Razek, E; lbrahim, A.; EI-Samra, M. Yassien, M. and Gabal,
M. (1998): Conccentrations of heavy metals in the pearl oyster
Pinctada radiata from the Red Sea. Egypt. Soc. Develop. Fish.
Resor. Human Health: 19-28.

13.  Ramelow, G.; Webre, C.; Muller, C.; Beck, J. and Langley, M.:
Variations of heavy metals and arsenic in fish and other organisms
from the Calcasieu River and Lake Louisiana. Arch. Environ.
Contam. Toxicol., 18: 804-818, 1989.

14.  UNEP/FAO: Baseline studies on monitoring of metals, particularly
mercury and cadmium in marine organisms (Med Pol II). Map
Technical reports series no. 2, UNEP, Athens, 1986.

15, Zyadah, M.: Pollution of Lake Manzalah at Damietta Region.
Report Submitted To Damietta Governorate, Egypt: 1-13, 1997.

16. V. Balogh, K.; Salanki, J. and Varanka, |.: Heavy metals in fresh
water organisms in the catchment area of Lake Balaton. Symp.
Biol. Hung., 38: 281-289, 1989.

17. Sumino, K.; Hayakawa; Shibata, T. and Kitamoura, S.: Heavy
metals in normal Japanese tissues. Arch. Environ. Health, 30:
487-494, 1975.

18.  Hartung, R.: The role of food chains in environmetal mercury
contamination. Hartung, R. and Dinman, B. (eds.). Ann. Arbor.
Science Publ. Inc.0 172-174, 1972.

19.  Mance, G.: Pollution threat of heavy metals in aquatic
environments. Elsvier Applied Science Publishers Ltd. London and
New York, 372p., 1987.



