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SUMMARY

As a result of industrial activities, the aquatic ecosystem has been
increasingly contaminated by heavy metals. This posses great stresses to
aquatic organisms in particular and to the whole ecosystem in general.
Investigation of heavy metal concentrations in fish and water compartment of
the environment are an important aspect of the control of environmental
pollution to counteract the human activities which progressively increase
heavy metal concentration in the aquatic system. 100 fish samples, were
collected from five regions at Assiut Governorate (Abu-Tig, Assiut,
Mangabad, Bany-Qurra and Dairut), five samples from Oreochromis
niloticus and Clarias lazera, from each examined region in winter and in
summer. Fish samples were digested and subjected to chemical analysis for
determination of lead (Pb), copper (Cu), mercury (Hg) and cadmium (Cd) by
using specific ion electrodes. The highest average concentration of lead in
fish was 1.780 ppm in muscles. The examined muscle samples for lead
showed values less than the permissible limit which is 2.62 ppm. The highest
average concentration of copper in fish muscles was 15.93 ppm. Muscle
samples collected from Assiut, Manqabad and Bany-Qurra exceed the
permissible limit of WHO which is 10 ppm. The highest average
concentration of mercury in fish muscles was 24.00 ppb. The examined
muscle samples for mercury showed values less than the permissible limit
which is 0.5 ppm. Cadmium showed its highest concentration in muscles as
0.658 ppm. All muscle samples showed cadmium values less than the
permissible limit of WHO which is 0.5 ppm. Besides, it was found that the
fish samples collected from Assiut, Manquabad and Bany-Qurra during
summer and winter 1992/1993 were highly polluted with copper.

Keywords: Heavy metals in fish caught from River Nile at Assiut

69



HEAVY METALS IN FISH FROM RIVER NILE AT ASSIUT

INTRODUCTION

It is well known that heavy metals have a great ecological significance due
to their toxicity and accumulative behaviour playing a prominent role in
marine environment with a tendency to accumulate in organism from
different trophic levels of the marine webs (AMIARD et al, 1987 and
Stoeppler, 1992). EL-NABAWI et al. (1987) studied the concentration of
lead in fish from Alexandria region, Egypt. They found that level of lead in
muscle tissue of Tilapia nilotica fish caught from lake Maryut was 0.42 ppm.
The levels of copper on fish muscles taken from Abu-Qir Bay were 6.9-10.2
mg/kg dry weight. The residue level of copper in Tilapia nilotica flesh was
15.4 ppm in fish caught from Idku and Maryut lakes. The average levels of
mercury residues were generally low in muscle tissues of Tilapia nilotica
from Idku and Maryut Lakes (0.05 mg/kg). The concentration of cadmium in
muscle tissues ranged from 0.018-0.023 ppm in fish from both Abu-Qir Bay
and Idku and Maryut Lakes.

AMAL (1993) studied the concentration of some heavy metals in some
freshwater fishes caught from different localities at Assiut Governorate, she
found that lead concentration was 7.31, 7.36, 6.94, 5.94 and 8.04 ppm in El-
Mateha, Assiut, El-Walidea, Salaam and Manqabad in winter and 4.98, 7.20,
5.98, 6.92 and 5.88 ppm in summer respectively. It was found that the level
of copper in freshwater fish was 19.52, 12.86, 7.78, 6.57 and 8.58 ppm in
winter and 15.30, 11.13, 11.88, 9.97 and 11.13 ppm in summer at El-
Mateha, Assiut, El-Walidea, Salaam and Manqabad respectively. The level of
cadmium in freshwater fish was 0.389, 0.326, 0.340, 0.293, and 0.323 ppm
in winter and 0.299, 0.325, 0.381, 0.359 and 0.354 ppm in summer at El-
Moteha, Assiut, EI-Walidea, Salaam and Manqabad respectively.

Since man will probably depend more and more upon protein from marine
sources in the future as fish accounts for 25% of the total meat consumed by
man in the world, the aim of this paper was to assess the levels of some
heavy metals in fish samples caught from different localities in Assiut
Governorate during winter and summer 1992/1993. Comparison between
these levels and the limits recommended by the international organizations
dealing with the public health was also our goal. Finally, we tried to find out
if there is a correlation between metal concentration and each of the species
and the season.
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MATERIALS and METHODS
A) Fish:

A total number of one hundred fish samples investigated in this study
collected from Abu-Tig, El-Walidya (Assiut), Manquabad, Bany-Qurra
and Dairut during winter and summer 1992/1993 as shwon in Fig. 1. Half
of these samples were from Nile tilapia, Oreochromis niloticus and the
rest from catfish, Clarias lazera species (five fish from each species,
region and season). The body weight of Oreochromis niloticus fish was
ranged from 250-400 g and that of Clarias lazera was 400-500 g. All fish
samples were subjected to clinical and postmortem examination to detect
any apparent toxic manifestations or postmortem lesions.

B) Preparation of Samples:

Samples of muscles were collected from all examined fish and deeply
frozen at = 20°C till time of analysis. They were digested according to the
method of Koirtyohann et al. (1982) as follow: Two grams of muscle
were placed in clean, dry 100 ml kjeldahl flask and 10 ml purified nitric
acid was added. Samples were heated gently until the appearance of
brownish fumes, heating was continued till the volume reached 2-3 ml in
90-120 minute. Complete digestion was indicated by the disappearance of
the liquid colour. The digest was diluted with bidistilled water and

adjusted to 50 ml in volumetric flask.

C) Estimation of heavy metals:
Estimation of lead was adopted according to the method of CAMPIGLIO

(1979); copper (SMITH AND MANAHAN, 1973), mercury (OVERMAN,
1971) and cadmium (GARDINER and MANCE, 1984).

D) Statistical analysis:
Data were statistically analyzed according to KALTON (1967). Multiple
correlation was obtained by programming system according to PC state,

the University of Georgia, Athens, Georgia, in the Computer Center of
Assiut University.

RESULTS

Lead levels in Oreochromis niloticus fish muscles showed that the highest
average levels were recorded at the areas of Abu-Tig and Assiut (1.740 and
0.920 ppm) in winter, while in summer the highest average levels of (0.580,
0.400 ppm) were observed at Dairut and Bany-Qurra as shown in Table 1.
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Meanwhile, lead contents in muscles of Clarias lazera fish recorded its
highest average levels at areas of Assiut and Manqabad (1.780 and 0.740
ppm) in winter, while in summer the highest average levels recorded at Abu-
Tig and Dairut were 0.630 and 0.520 ppm, Table 2.

Analysis of copper level in muscle of O. niloticus fish reached its
highest average levels at areas of Assiut and Manqabad (11.818 and 9.334
ppm) in winter, while in summer the levels of copper elevated at Manqabad
and Bany-Qurra (15.930 and 11.982 ppm respectively).

In muscles of C. lazera fish the highest average levels of copper were
recorded at areas of Manqabad and Dairut either in winter (8.835 and 7.179
ppm) or in summer (10.179 and 9.909 ppm).

In muscles of O. niloticus fish, the highest average levels of mercury in
winter were recorded at areas of Manqabad, Abu-Tig and Bany-Qurra
(2.170, 2.010 and 1.010 ppb respectively), while in summer the levels of
mercury elevated at Bany-Qurra, Manqgabad and Dairut (24.000, 6.580 and
6.500 ppb respectively).

In muscles of C. lazera fish the highest average levels of mercury were
recorded at areas of Abu-Tig and Bany-Qurra (22.300 and 11.300 ppb) in
winter, while in summer mercury was elevated at Dairut, Bany-Qurra and
Mangabad (10.300, 8.600 and 8.300 ppb respectively).

Analysis of muscles of O. niloticus fish for cadmium revealed its
highest average levels at Abu-Tig and Bany-Qurra (0.070 and 0.045 ppm
respectively) in winter, while in summer the highest values were recorded at
Bany-Qurra and Mangabad (0.150 and 0.049 ppm respectively).

In muscles of C. lazera fish the highest average levels of cadmium
were recoat areas of Assiut and Abu-Tig (0.560 and 0.290 ppm) in winter.
While in summer the highest average values of cadmium were shown at
Mangabad and Bany-Qurra fish (0.189 and 0.127 ppm).

Correlation between fish species and element concentrations was
summarized in Table 3. In Clarias lazera, the correlation between elements
revealed a negative correlation between lead and both copper and mercury,
and highly negative correlation between lead and cadmium. A highly positive
correlation between copper and mercury and positive correlation between
copper and cadmium were observed. In Oreochromis niloticus, a highly
negative correlation between lead and copper, on the other hand a highly
positive correlation between copper and cadmium was observed. A highly
positive correlation between lead element in the two studied species of fish,
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and a highly negative correlation between lead and both copper and
cadmium. There was a highly positive correlation of copper in the two
species of fish, meanwhile, highly positive correlation between copper and
both mercury and cadmium. On the other hand, a highly negative correlation
between copper and lead. Such results revealed a high positive correlation
between mercury in the two fish species and between it in one hand and
copper and cadmium on the other hand.

Correlation between the effects of season variation on the elemental status
revealed that, in winter the correlation between elements showed a highly
negative correlation between lead and copper. On the other hand, a highly
positive correlation between lead and both mercury and cadmium was found.
A highly negative correlation between copper and both mercury and
cadmium was also observed. There was a highly positive correlation between
mercury and cadmium. In summer season, lead was negatively correlated
with copper, mercury and cadmium, while a highly positive correlation
between copper and both cadmium and mercury as well as between mercury
and cadmium. Elemental status clarified a highly positive correlation between
lead element in the two seasons and a highly negative correlation between
lead and copper, mercury and cadmium. On the other hand, copper content
was highly negative correlated with lead, while copper was significantly
positive correlated with either mercury or cadmium. A highly positive
correlation between copper element in the two seasons was observed.
Mercury was highly positive correlated with lead, while mercury was highly
negative correlated with either copper or cadmium, also mercury content was
highly negative correlated in the two seasons. There was positive correlation
between cadmium and lead, while negative correlation between cadmium and
both copper and mercury was detected (Table, 4).

DISCUSSION

Chemicals discharged into an aquatic system are distributed within the
soluble phase, the suspended or bottom sediments, and in biota (CONNELL,
1987). This complex process is governed not only by the physico-chemical
properties of the chemicals, but also by hydrological, weathering and
geological factors (GESAMP, 1987), With trace metals, only a small
proportion remains in the soluble fraction, while the major fraction is
removed and becomes associated with the suspended or bottom sediments
(LUOMA, 1988). According to DE GREGORI et al. (1994), it is well known
that heavy metals have a great ecological significance due to their toxicity
and accumulative behavior playing a prominent role in aquatic ecosystems.
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They occur in all compartments in aquatic environment with tendency to
accumulate in organism from different trophic levels of aquatic webs. Along
this pathway, toxic heavy metal becomes a potential hazard for man, aquatic
birds and mammals. The study of macroenvironmental components, water
and aquatic weeds is the most important step in evaluation of pollution and
its hazardous effects to man and animal. According to AHMED et al. (1993),
fishery products are contaminated with appreciable amounts of potentially
hazardous contaminants. Inorganic contaminants with the greatest potential
for toxicity are lead, cadmium, mercury and copper. These contaminants
pose potential risk for consumers.

The ranges and mean concentrations of lead, copper, mercury and
cadmium in muscles of Oreochromis niloticus are reported in Table 1. The
highest average of lead level in muscles reported at Abu-Tig and Assiut
(1.740 and 0.920 ppm) in winter, Dairut and Bany-Qurra (0.580 and 0.400
ppm) in summer. Heavy metal concentrations in muscles of Clarias lazera
are reported in table 2. The highest amount of lead in muscle samples were
recorded at Assiut and Mangabad (1.780 and 0.740 ppm) in winter, and
Abu-Tig and Dairut (0.630 and 0.520 ppm) in summer. EL-NABAWI et al.
(1987) stated that lead residues in muscle tissue usually lower than these in
organs. BARAK and MASON (1990 ) recorded that lead levels were several
times higher in liver than flesh. Investigated muscle samples were lower than
the permissible limit (2.62 ppm) reported by DREISBACH and ROBERTSON
(1987). The present study revealed that lead concentration in fish samples
were higher than that recorded by EL-NABAWI etal. (1987) during their
study of lead concentration in muscle tissues of 7ilapia nilotica fish in Idku
and Maryut lakes in Egypt. The present findings are considered higher than
results obtained by BARAK and MASON (1990 ) in their study of the level
of lead residues in both liver and muscle tissue of freshwater fish in Eastern
England which reached 0.11 and 0.09 ppm respectively and our results
considered lower than the results obtained by AMAL (1993) in her study for
detecting lead residues in fish caught from River Nile at Assiut region, which
ranged between 4.98 - 8.04 ppm in muscles. It is not easy to compare the
present results with data reported in the literature because of the particular
characteristics of each aquatic system, as well as the methodologies
employed during the collection, preservation and analysis of samples.

The levels of lead concentration in muscle tissue of fish caught from
River Nile in Assiut governorate were lower than the permissible limit during
the time of sample collection in both winter and summer. The highest
average amount of copper in muscle recorded at Assiut and Mangabad
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(11.818 and 9.334 ppm) in winter and Mangabad and Bany-Qurra (15.930
and 11.982 ppm) in summer. The highest average amount of copper in
muscles showed at Manqgabad and Dairut either in winter (8.835 and 7.179
ppm) or in summer (10.179 and 9.909 ppm). Mangabad and El-Walidia at
Assiut city are more valnerable to anthropogenic pollution with toxic metals
and it must be kept in mind that these areas have high seafood production
and fishing activities. Comparing the results found in muscles with the
permissible limit (10 ppm) reported by REICHENBACH-KLINKE (1974) it
was higher than such limit in Oreochromis niloticus at Assiut in winter and at
Manqabad and Bany-Qurra in summer season, while in Clarias lazera it
exceed the permissible limit only in summer at Manqabad area.

Regarding copper concentrations it was revealed an elevation of
copper level in Oreochromis niloticus muscles in comparison to Clarias
lazera. These findings contradict that of Hassan and Youssef (1985) who
reported that copper concentration in muscles of Clarias lazera (12.0 ppm)
was higher than that of Tilapia (6.00 ppm). Our results were in agreement
with that obtained by EL-NABAWI et al. (1987) of Tilapia nilotica caught
from Idku and Maryut Lakes (15.4 ppm) and were in harmony with the
results obtained by AMAL (1993) who detected the level of copper residues
in muscle tissue of fish caught from River Nile at Assiut region during 1989.
The presence of high levels of copper in fish muscles could be attributed to
the explanation of McCONCHIE and LAWRANCE (1991) who stated that
taking into account the high acidity of the digestive systems in most aquatic
organisms, the effective load of trace metals absorbed by biota would exceed
the levels present in solution.

The highest average amount of mercury in muscle of Oreochromis
niloticus recorded at Manqabad and Abu-Tig (2.170 and 2.010 ppb) in
winter sewhile Bany-Qurra and Manqgabad (24.0 and 6.580 ppb) in summer.
The highest average amount of mercury in muscles of Clarias lazera
recorded at Abu-Tig and Bany-Qurra (22.300 and 11.300 ppb) in winter and
Dairut and Bany-Qurra (10.300 and 8.600 ppb) in summer. Fish accumulate
mercury directly from food and the surrounding water (BRYAN, 1976 AND
RAINBOW, 1985) and mercury bioaccumulates by predation (Staveland et
al, 1993). Further mercury is transformed to a very toxic, organic form,
methyl mercury in aquatic sediments. Organic mercury is taken up 15 times
more readily than inorganic mercury (RIISGARD and HANSEN, 1990). In
many studies mercury was monitored as a hazardous toxic substances to fish,
however, in these studies little attention was paid to the possible effects of
season and/or species on the pollutant levels. The present study revealed that
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the level of mercury residues was higher in summer than in winter and in
Oreochromis niloticus than in Clarias lazera. Furthermore, mercury level
was less than the permissible limit (0.5 ppm) of the National Academy of
SCIENCE (1972), and the results obtained by El-Nabawi et al. (1987) in his
investigation of Idku and Maryut Lakes in Egypt as well as that obtained by
BARAK and MASON (1990) in freshwater fish of Brett River in England.

The highest concentration of cadmium in muscles of Oreochromis
niloticus were registered in samples collected from Abu-Tig and Bany-Qurra
(0.070 and 0.045 ppm) in winter and Bany-Qurra and Mangqabad (0.150 and
0.049 ppm) in summer. The highest average of cadmium concentration in
muscles of Clarias lazera reported in Assiut and Abu-Tig (0.560 and 0.290
ppm) in winter and Mangabad and Bany-Qurra (0.189 and 0.127 ppm) in
summer. Cadmium levels in the muscles of investigated fish in the selected
areas were lower than the permissible limit (0.5 ppm) of National Academy
of Sciences (1972), only the samples of winter from Clarias lazera at Assiut
slightly exceeds that of National Academy of Science which is 0.560 ppm.
Previous literatures reported a higher cadmium levels in fish muscles of
Assiut province as HASSAN and YOUSSEF (1985) who obtained levels of
0.39 and 1.48 ppm of cadmium in Tilapia nilotica and Clarias lazera
respectively. The present results were higher than that obtained by EL-
NABAWI et al. (1987) who found that cadmium levels in flesh of 7; ilapia
nilotica was 0.018 ppm as well as BARAK and MASON (1990) who stated
that cadmium levels in freshwater fish were 0.05 and 0.4 ppm in muscle and
liver respectively. The present findings were in harmony with that obtained
by AMAL (1993), who determined cadmium level in fish flesh caught from
River Nile in Assiut which ranged from 0.293 and 0.389 ppm.

In spite of a lot of work has been done in the estimation of heavy metals in
fish, few attention was given to the species difference, Table 3, of proved the
species difference between Oreochromis niloticus and Clarias lazera in case
of cadmium concentration. Some fish species tend to accumulate or
concentrate heavy metals such as cadmium. HASSAN and YOUSSEF (1985)
demonstrated a species differences between Tilapia nilotica and Clarias
lazera in case of copper and cadmium concentrations. STAVELAND etal
(1993) reported a species differences between flounder and cod in mercury
and arsenic accumulation and they attributed these differences to feeding and
behavior habit between these species.

In the present study seasonal variations are proved as a factor of heavy
metal concentrations. Table 4 summarized the correlation between season
and the heavy metal concentrations. In Oreochromis niloticus a variable
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amount of copper, mercury and cadmium was registered from winter to
summer. These variations may be attributed to seasonal habit and feeds
which differ from winter to summer. In Clarias lazera there was a negative
correlation of mercury and cadmium contents between winter and summer
seasons. The effect of season on elemental contents in both Oreochromis
niloticus and Clarias lazera revealed a negative correlation in mercuric and
cadmium content in the two species, these results clarified the effect of the
season as an important factor in the concentration of some heavy metals in
fish. BARAK and MASON (1990) found that there is a seasonal variation in
mercury and cadmium and lead concentrations in Eels flesh and liver caught
from Eastern England rivers. They attributed this variation to the feeding
habit as eels in winter cease feeding and stay buried in the mud, sediment
contain more metallic concentration. STAVELAND et al. (1993) studied the
effect of seasonal variation on flounder and cod fish caught from Norway
bitches and found that arsenic and mercury concentrations differ from season
to another and they attributed these variations to the migration habit and
season of maturation.

Finally, it could be concluded that River Nile which is the main source of
life in Egypt is polluted with lead and mercury in some areas along its course
in Assiut Governorate such as El-Walidya, Manqubad, Abu-Tig, Bany-
Quirra, and Dairut. This contamination could be attributed to several factories
and large number of garbage dump which situated along its course in the
tested areas. Cadmium is the second source of contamination of Nile water in
Manqabad and Dairut. Ranges and mean concentration of copper in Nile
water during the time of sampling were within the limits reported by the
public health organizations. A programme should be developed for current
monitoring of heavy metals in aquatic environment of the River Nile.

REFERENCES

Ahmed, F.E.; Hattis, D.; Wolke, R.E. and Steinman, D. (1993): Risk
assessment and management of chemical contaminants in fishery
products consumed in the USA. J. Appl. Toxicol., 13 (6): 395-410.

Amal, AM. (1993): Some trace elements in tissues of some freshwater fish.
Ph.D. Thesis presented to Faculty of Veterinary Medicine, Assiut
University.

77



HEAVY METALS IN FISH FROM RIVER NILE AT ASSIUT

Amiard, J.C.; Amiard - Triquet, C.; Berthet, B. and Metayer, C. (1987):
Comparative study of the patterns of bioaccumulation of essential (Cu,
Zn) and non-essential (Cd, Pb) trace metals in various estuarine and
coastal organisms. J Exp Mar Biol Ecol 106: 73-89.

Barak, N.A.E. and Mason, C.F. (1990): Mercury, cadmium and lead
concentrations in five species of freshwater fish from Eastern England.
The Science of the total Environment, 92: 257-263.

Bryan, G.W. (1976): Heavy metal contamination in the sea. In: Johnston R.
(ed), Marine Pollution. Academic Press. London. PP. 729.

Campiglio, A. (1979): Potentiometric microdetermination of lead electrode
and its application of organic lead compound. Mikrochim. Acta, 1:
267.

Connell, D.W. (1987): Ecotoxicology: A framework for investigations of
hazardous chemicals in the environment. Am Biol., 16: 47-50.

De Gregori, I.; Pinochet, H.; Delgado, D.; Gras, N. and Munoz, I. (1994):
Heavy metals in Bivalve Mussels and their habitats from different sites
along the children coast. Bull. Environ. Contam. Toxicol, 52: 261-
268.

Dreisbach, RH. and Robertson, W.O. (1987): Hand book of Food
Poisoning Prevention, Diagnosis and Treatment. 2nd edition, Appletion
and Lange.

El-Nabawi, A.; Heinzow, B. and Kruse, H. (1987): As, Cd, Cu, Pb, Hg, and
Zn in fish from Alexandria region, Egypt. Bull. Environ. Contam.
Toxicol. 39: 889-897.

Gardiner, J. and Mance, G. (1984): Water quality standards arising from
European community directives. Water Research Center Tech. Res.
204.

Gesamp, H. (1987): Land / Sea boundary flux of contaminants contributions
from rivers. UNESCO Rep. Stud No. 32, pp: 171.

Hassan, HA. and Youssef, H. (1985): Determination of cadmium, copper
and  zinc in muscles of some freshwater fishes. Assiut Medical Journal,
9:21-28.

Kalton, G. (1967): An introduction to statistical ideas from social scientists.
2nd ed. Acad. Press, London.

Koirtyohann, S.R.; Koiser, M.L. and Hinderberger, E.J. (1982): Food
analysis for lead using furnace atomic absorption and alvev platform. J.
0.A.C,, 65: 999-1004.

Luoma, S.N. (1988): Bioavailability of sediment bound metals. US
Geological survey, Circular, 969: 32-56.

78




Assiut Vet. Med. J. Vol. 34 No. 68, January 1996

McConchie, D.M. and Lawrance, L.M. (1991): The origin of high cadmium
levels in some bivalve molluscs from shark bay, Western Australia: A
new mechanism for cadmium uptake by filter feeding organisms. Arch.
Environ. Contam. Toxicol., 21: 303-310.

National Academy of Science (1972): Section III- Freshwater aquatic life
and wildlife, and section IV- Marine aquatic life and wildlife. Pages
106-296 in water quality criteria. Ecological Research series EPA-R3-
37-033 March 1973 NAS Washington DC.

Overman, R.F. (1971): Potentiometric Titration of mercury using the iodide
selective electrode as indicator. Anal. Chem. 43 (4): 616.

Rainbow, P.S. (1985): The biology of heavy metals in the sea. Int. J.
Environ. study, 25: 195-211.

Reichenbach-Klinke, E. (1974): Der susswasser fish als Nahrstoffquello und
umweltindikator Gustar fischet verlag. 54-68.

Riisgard, H.U. and Hansen, M. (1990): Biomagnification of mercury in
marine grazing food. Chain: at gal cells phaeodactylum tricornutum.
mussels mytulis edulis and flounders platichthys flesus studied by
means of stepwise reduction CVAA method. Mar. Ecol. Prog. Ser. 62:
259-270.

Smith, M.J. and Manahan, S.E. (1973): Copper determination in water by
standard addition potentiometry. Anal. Chem., 45 (6): 836.

Staveland, G.; Marthinsen, I.; Norheim, G. and Julshamn, K. (1993): Levels
of environmental pollutants in flounder (Platichthys flesus L.) and cod
(Gadus morhua L.) caught inthe waterway of Glomma, Norway. II-
Mercury and arsenic. Arch. Environ. Contam. Toxicol. 24: 187-193.

Stoeppler, M. (1992): Hazardous metals in the environmental, techniques
and instrumentation. Elsevier Science Publishers B.V., Amsterdam,
Netherlands.

79



HEAVY METALS IN FISH FROM RIVER NILE AT ASSIUT

Jouyg prepuel§  H'S »
STO0rEI00 06T°L-0LIS 00T'9S1'T 0L90r0LF 0 1£0°0-¥10°0 085006270 0S6'S-SLB'O 081'0-001°0 afuel Jreq
1000FL10°0 | 08T'0F005'9 099  FS8'v | 0F0 F0BS'0 | TOO'OFRIOO | ISOOFO6Y'0 | 6VLF6V6'E | 010070FI0 | "J'S F Uaw )
95T°0-L60°0 | 00L'EE-001°TL | SOL'EI-69°TI 0rs'0-07T0 S0°0vE0'0 091°T-0L8°0 08E'9-TET 09700510 98uel sLmQy-fueg
LTOOFOST'O | OOI'EFO00PT | SI9 FT86°11 | 0SO0FO0F0 [ TOO'0FSHO'0 [0 0FO10'L 019 ¥ZOO'v | OI0°0F00T'0 | "H'S ¥ uealr
1S0°0-L¥0°00 001'8-0v6'S | 0SS LI-S8¥I ovZ'oorl0 920°0rL10'0 0£9°T-088°'1 0I8°S1-68°C 01507070 afues peqebuegy
900007600 | OPE0F08S'9 oSy’ Fe6'S1 |  OI0OFOITO 100°0FTZ00 | OSTOFOLI'T | 199'IFPEE6 0£0" F0SE'0 | "H'S F UeawW
6¥0°0-+10°0 09$°T-06E°L 08¥'9-6¥6 0 OLE'0-OLL'O LSO'0-810'0 OLL'O-OIE0 | 0SSTI-STY'S 00T'1-089°0 3ues Jnissy
$00°0F8T0°0 | 08L°0FOTOT 186" FTTL'T | 0£00F06T°0 [ SOO'OFBEO0 | O080°0F085°0 | LSS'IFBIRIL | 060070760 | 'H'S F Ueawr )
€E0'0-T100 018°0-0LT0 SPE'F0TI'1 06+°0-091°0 0£8'0-901°0 08+'T-00L'1 OLL'T-79'0 0SET-0TF'1 afues S -nqy
FOO'OFITO0 | OLO'OFOPS'O 80L FPOT'E | O0FO'0F06T'0 [ OLL'0F0LO0 | OEL'0FOI0T 887 F0S0'T | 08T0F0PL'L | & SFUBIW
(wdd) Qdd) | (wdd) (wdd) (wdd) {qdd) (wdd) (wdd)
wniupe) [ Ay Jaddoep pea] wnimpe) | AndpN addo) pe¥] Bundues jo
nuung FEILITY sealy

sa[asnWI Ys1j SMONO[IU STWOAS05I() JO Sa|asnull UT SUOIBIUAIU0D [Blaw AARaH :(]) I[qEL

80




ssiut Vet. Med. J. Vol. 34 No. 68_January 1996

Joud prpuely UH'S .

SEI'0-ZE00 | 00TTI-OLE'S | SPLIT-S889 016'0-0Z£°0 EYO'0-ET0°0 091'[-0€4°0 0LS'6°5¥6'S 0ET00LT0 afues nareq
LI0'OFZRBO0 | OLL'OFOOEOL 66L° ¥606'6 | 060°0FOTS 0 £00°0F1E00 | OIL'OFOILO TS F6LI'L | 0600 FOOT0 | 'H'S F ueawr

T91°0-801°0 | OLO'LI-0¥E'9 99°01-ss1'L 091°0-001°0 SSO'0-$100 | OPL'EI-0LBO 0¥ OvL'1 0EE°0-0IT0 28uex sund)-Aueg
OT0'0FLIL'O | 09L'0F009'8 879 FSP0'6 | 600°0F0TI0 | 900°0FLEOOD | OPT'IFOOETL | SLYOFLEQE 010" ¥09Z0 | 'H'S ¥ ueaw

1Z20-9500 | 00V’ 11-08¥'9 | ST8TI-06L'9| OEE00810| 9Z00-SI00| OP6'T-06T | SIL6-SL6'9 | OTB0-0590 afuer ———
0I00F681°0 | 0T8'0F00L'8 | BEO'TFELIOL 0TO0FOST'O 100°0F€70°0 | OTTOFOLL'T Ovt’ ¥5€8'8 | 0TO0FOPL'O | 'H'S F ueal

790°0-5+0'0 SP6'0-0¥S 0 $85°6-06T°L 0TT0-0ET 0 079'0-08£°0 079°0-01t°0 9U'I-LTS0 o10°z-08¥'1 ofues sy
T00'0F¥S0°0 990" F0L90 LEV FOLES | OIOOFOSL'0 | 6E0'0F09S0 | EPO'OFO9Y'0 | BELO" FLSO'T 060'0F08L'L | "H'S ¥ uBswW

001°0-¥50°0 0¥S'0-0LT0 09¢'L-0L6'T 0L8°0-0LY0 06+'0-007°0 | 00£92-009'81 169 -0L1°0 ovs'0-01€°0 a8ues $iL-nqy
800°0¥¥90°0 | 8¥0°0FOSKO €pL FIVEY | 080°0F0E9°0 | 6¥0°0F06T0 | OLT'IF00ETT 060" 600 0£0" F09¥'0 | "« SFuUBIW )

(wdd) (qdd) (wdd) (wdd) {wdd) (qdd) {wdd) {(wudd)
wnpupe) | Amdp sddop pea] wniupe) | AN sddo) pery

Jmwng ANUIM seay

ysyy EI5Z8] STUE[ JO SI[ISNUI Ul SUONBNUIIUCD [ejow AAeaH :(T) AqEL

81



HEAVY METALS IN FISH FROM RIVER NILE AT ASSIUT

10°0>d 1B Wweogudi§ | 44
§0°0>d 18 JueognBig
reogruds 10N : SN

00001 | SN I1LEZO| 460590 | SNBSSE - | SNE68TO| #sZSIL0O| #x891S0 | #486ES " (pD) wnjmpe)
00001 | SN6YEEO| SNOESE - | SNIPIO - | 4sZIIL0O| #40S9L0 | SN 69O~ (Bg) Amdspy | TSN
00001 | 449858 = | 4509690 | +401LS0| as€LLLO| 48869 - | (nD)a3ddoD | FmaIEID
00001 | #4997S = | +£96€ - | #86IL - | #+80650 (qd) pea
00001 | SNPLZZO| «¥BEPO| walbv8 - | (PD) mmWpE)
00001 | #+€T180| sTsbb - | (BH) MmN | wiE
00001 | 4108y -| (nD)aseddo) | swLEY)
0000'1 (qd) pea1
) Bm | (D) @) B | GD (W) G -
wnuupe) | AndRp 1addo?) pea] wnimpe) | masapy | seddo) pea] [e3aur AABIH
SHONOTIU STWOIYI03T0 VI3Z8] SEIE)) ustg

ysyy Jo sa19ads pue [21au AARIY PATBLINISS UIIMIIQ UOHE[ILIO] HEILLAN

82




996

Janua

Assiut Vet Med. J_Vol. 34 No.

10°0>d 18 weogndig : ,,
S0°'0>d 1@ ueogusig :
ueogrudis JoN © SN

000071 | #a8SPS'O| #aSTELO | walIBL - | SNZLVE = | +aSPLS - | #oPTI90 | 445959 - | (PD) wmimpu)
00001 | #alb99°0| #6SPP = | «olbb8 - | 4ulb8S - | «41€08°0| +45129 -| (3H) lmanp
00001 | #a698L = | «LE6F = | 44Z0ZS ~| #s90vS0| 4s0pZ8 -| (nD)a3ddo) | sourmng
00001 #IPTV0 | «w€LS9°0 | «x08ES - | 44598870 (ad) pea1
00000 | w#6ZLIO | #xI9WL - | xxL209°0 | (PD) wntmpE)
0000'T | +«Z908 - | 4€07L0| (3H) Amdsapy
00001 | ««1Z59-| (nD)aaddo) | syum
0000’1 (94) pea1
®D) ") (CR)) (CF) (%)) GH) (%)) @D
wnjwpe) [ Amdsapy saddo) peay wnipe) | LIy Jaddo) peay [e1ow Lavag
Jlwwng 1WA uosEag

UOSE3s 3Y] PUB UOHEIIUIIUOD [B13W AABIY U2aMIDQ UONIE[RLIOD) i(p) JIqEL

83



HEAVY METALS IN FISH FROM RIVER NILE AT ASSIUT

31 /00 30/ 30°

Assiut

Abu - Tig

- e am e [ am am em - -

i
et b Foaal S i

30 /30 31 /00

Fig. 1. location map of studied areas
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