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ABSTRACT

Pollution of water has increased due to the industrial effluents, municipal waste and
agricultural drainage. To evaluate the pathological, biochemical effect of heavy metal as well
as concentration of heavy metals residues in the muscles of fish(Clarias gariepinus) reared in
Bahar EI Baker sea and mouas sea) and concentration of heavy metals in water of Bahar El
Baker sea in which Bahar EI Baker drainer sea is consider the main place for agriculture
drain, sewage discharge,waste water and industrial effluents in Sharkia Governorate but the
water in mouas sea from Nile River in Sharkia Governorate.A total of 100 random
samples of fish(Clarias gariepinus) with different sizes were collected (50 from Baher El-
Baker drain as well as 50 from mouas sea) and 10 water samples were collected (5 from
Bahar EI Baker as well as 5 from mouas sea, Sharkia Governorate) for the determination of
some heavy metals (lead, mercury,cadmium, copper and zinc) in water and fish muscles by
using Atomic Absorption spectrophotom-eter.Blood samples from 5 fish was taken from

caudal vein of fish in centrifuge tube for obtain clear serum for biochemical analysis

. The obtained results in our study revealed that heavy metals induced change in
concentrations of liver enzymes and kidney function in our gained results were evident to
show significant increased in AST, ALP, urea and creatinine levels and significant decrease
in total protein, aloumin and globulin levels
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The mean values of heavy metals (lead, mercury, cadmium copper and zinc) residues in the
examined fish muscle ,gill, liver and kidney samples were significantly increased in fish
reared in Bahar El Baker sea when compared with same organs from fish reared in mouas
sea Also,14 %,4 %, 28 % and 6 %of in Bahar El Baker sea fish samples exceeded the MXL
for lead, mercury, cadmium and zinc respectively. The copper levels were within the
permissible limits in examined fish samples set by FAO,WHO(1992). experimental lead

pollution in fish was done and tacke samples.

The gross picture included congestion of the all internal organs and dark of the skin.
Histopathological examination showed degenerative changes and necrosis in liver and
kidney, Gills revealed desquamation and necrosis of epithelial cells lamellae, Heart showed
hyalinization and edema in cardiac muscle fiber, spleen showed hyperplasia of lymphoid
tissue and melanomacrophages proliferation, skin showed desquamation and necrosis of
superficial cells. Ovary revealed hyalinization and necrosis in ovarian follicles and brain
showed neuronal degeneration and encephalomalacia.

It could be concluded that, water in Bahar El Baker sea and fish reared in Bahar EIl Baker
contain high concentrations of heavy metals and induce adverse effect in biochemical
Parameters and induce sever pathological change in internal organ of fish.

INTRODUCTION

The production of fish from natural water resources or from fish farms as a source of
protein of high biological nutritive value is the goal of many countries allover the world
(Marzouk,et.al.2001).Fresh water fish have been used as a food in most countries over the
world Campton,(1981). The muscle is often the main part of fish used for human
consumption due to its contribution of high quality animals protein, calcium, phosphorus and

its generous supply vitamins. (Ackman (1990).

Environmental pollution is deleterious to the biological life. Pollution due to chemical
substances such as pesticides, heavy metals, organic compounds, toxic gases and fumes
widely spread and threatens the biological balance Saleh and Hussein (2003).Heavy metals
are recognized to be among the most dangerous contaminants of environment and they are
now of great concern all over the world. Industrial and agricultural processes have resulted in

an increased concentration of heavy metals in air, water and soil subsequently, these metals
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are taken by plants and animals and take their way into the food chain. Man are exposed to
uptake of heavy metals from air, food and water (Sohair,et.al.1992).Heavy metals are
recognized as cumulative toxic substances due to its low elimination rates from the body.
More- over, the heavy metals could not be metabolized, thus they persist in the body and
exert their toxic effects which result in serious health hazards to human, depending on their
level of contamination Lucky and Antonious, et. al.(1989).There is a very narrow range at
which the heavy metal is considered essential or toxic Highom and Tomkins(1993).Among
these metals, Lead, cadmium and mercury have a great concern due to a variety of their uses
that increases their level in environment. They cause several clinical problems due to their
competition with the essential elements for binding sites and their interference with the
sulphahydryl groups and structural protein Ally, et.al(2003).Zinc and copper are essential
metals and import-ant in the maintenance of normal physiological function of the body, but
in large concentrations ,it may cause toxic effects that tend to be more complicated than that
of the non essential metals Sorensem, (1991)..Moreover, Histopathological changes have
been reported in gills, liver and kidney in response to different irritants including heavy
metals (Mazhar,1986).

The present study was carried out to investigate the toxic(pathological)effect of
accumulated heavy metals on the different organs and tissues, biochemical effect as well as
its residues in muscles of fish (Clarias gariepinus) reared in Bahar EI Baker sea and mouas
sea) and levels of this elements in water of Bahar ElI Baker sea and mouas sea in Sharkia
Province

MATERIAL AND METHODS
1)Fish (Clarias gariepinus)

The present study was carried out on the cat fish (Clarias gariepinus) with weight 300-320
gm were collected from (50 from Baher El-Baker drain in Sharkia governorate as well as 50
from mouas sea at Zagazig city) The samples were collected during the summer season from
May to Octobar 2008.

2)Water analysis

Water samples were collected in duplicate from Baher El-Baker drain, as well as water
sample from sea water (mouas sea at Zagazig city).The techniques of sampling and analysis
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were carried out A.p.H.A.(1985).The water samples were filtered thro- ugh a 0.45u
membrane filter. The required volume (100ml) of filtrate was collected and preserved by 0.3
ml of 1:1 HNO3.Metals in filtered water samples were identified and quantified by using
perking Elmer 2380 Atomic Absorption spectrophotometer A.P.H. A.(1985).The analytical
detection limit for instrumentation used were cadmium, 0.003 ugil, copper 0.02 ugil lead,
0.05 ugil, mercury 0.001 ugil and zinc 0.01 ugil and data were recorded as mgil.

3)Fish analysis:

Samples of fish (Clarias—gariepinus) with weight 300-320 gm were collected from Baher
El-Baker drain in Sharkia governorate as well as from mouas sea at Zagazig city), The fish
specimens were individually placed in clean polyethylene bags and immedia-tely taken to the
laboratory where they wee kept frozen until preparing for digestion and analysis.

Digestion of samples.

The frozen fish were defrosted then digested according to the recommended method Al-
Ghais(1995) in which 2 grams of muscle from each fish sample were digested with 10 ml of
analytical grade nitric/ perchloric acid mixture (4:1) in a clean acid washed was digestion
flask. Initial digestion was performed at room temperature for 3-4h.,followed by careful
heating in water bath at 40-45°c for one hour to prevent frothing. The tempe-rature way then
raised to 70-80°c with gentle shaking until the digestion was completed within 3h .The
resulting digestion were allowed to cool to room temperature and diluted up to 20 times with
deionized water, then filtered through what man paper No.l. Blank and standard solutions
were also prepared and analyzed for quality control purpose.

Heavy metal analysis:

Residual heavy metals (lead, mercury,cadmium, copper and zinc) were evaluated in gills,
liver, kidney, of fish according to the American Public Health Association (APHA, 1985)

then measured using the atomic absorption spectrophotometry (Perkin Elmer, 2280)
Blood samples

blood was collected from the caudal vein of fish in centrifuge tube and centrifuged at 3000
r.p.m. for 15 min to separate clear serum, for determination of total protein calorimetrically
according to Doumas,et.al.(1981) albumin Drupt (1974) globulin was calculated as
difference between total protein and albumin, transaminases (AST-ALT) Reitman and
Frankel(1957), urea(Patton and Crouch,1977) ,creatinine (Henry,1974)
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Experimental desgin

Fish :Forty healthy fish of both sexes and 150 + 5 gm body weight were obtained alive from
El-Abbassa Research center and Transport immediately to the laboratory .This fish must be
free from lead and other heavy metals in their tissue after examination. They were kept in
a.glass aquaria (100 X 30 X 50 cm) that provided daily with a tap water and continuously
with filered air .The water temperature. was adjusted at 18 - 22°c along the period of
experiment using thermostatic heater. The fish were feed in a balanced ration daily using the
formula suggested by Ahmed and Matty(1989).Fish kept under observation for 2
weeks.The acut leathal concentration dose of fish (LC50 -72 hr)was 150 mg/liter lead acetate
were recorded according to Aly,et.al.(2003).Fish were divided two groups,(20 of each.)The
first group received tape water and kept as control.The second group was expose to 1/10 of
LC50 /72hr2(1.5 mg/liter)of lead acetate for two weeks.Fish in both groups were sacrificed.
and speciment from gill, liver, kidneys, heart, ovaries were collected histopathological

examination at the end experment.
Histopathological examination:

Clinical and postmortem examination were performed by using the method described by
(Plumb and Bowsers1983).Tissue. specimens from Liver, Kidney,. Spleen, Heart, Brain,
Gill, Ovary and Skin from natural and experimental pollution of cat fish were fixed in 10%
neutral buffered formalin paraffin section of 5 Microns were prepared and stained with
hematoxylin and Eosin (HXE) according to Bancroft ,et. al.(1991) and Robertes (1989)
and. examined microscopically.

Statistical analysis:

The statistical analysis of data was conducted by ( Petric and Watson, 1999).

RESULTS

The obtained results in our study revealed that heavy metals induced change in
concentrations of liver enzymes and kidney function in our gained results were evident to
show significant increased in AST, ALP, urea and creatinine levels and significant decrease

in total protein, aloumin and globulin levels
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The mean values of heavy metals (lead, mercury, cadmium copper and zinc) residues in the
examined fish muscle ,gill, liver and kidney samples were significantly increased in fish
reared in Bahar EI Baker sea when comared with same organs from fish reared in mouas sea
Also,14 %,4 %, 28 % and 6 %of in Bahar EIl Baker sea fish samples exceeded the MXL for
lead, mercury, cadmium and zinc respectively. The copper levels were within the permissible
limits in examined fish samples set by FAO/WHO (1992). experimental lead pollution in

fish was done and tacke samples

Histopathological studies. The postmortem lesions were congestion in all internal organs
and dark of the skin .Microscopically the liver revealed congestion and diffuse vacuolar of
melanomacrophages and necrosis in some hepatocytes were seen in one week till the end of
experimental. Fig. (I). The kidney showed tubular nephrosis by 3rd days of exposure,
thickening and hyalinization of renal blood vessels, necrosis of some renal tubules and
proliferation in melanomacrophages were evident one week of exposur till the end of
experiment. Fig (2). The Gill exhibited desquamation and necrosis of the epithelial cell lining
of the lamellae with lymphocytic cell infiltration. These results were recorded one week of
exposure till the end of experiment. Fig.(3).The heart revealed hyaline degeneration with
edema in the cardiac muscle fibers and leukocytic cells infiltration were evident one week of
exposure till the end of experiment Fog.(4).The spleen sgowed focal lymphoid hyperplasia
and proliferation of melanomacrophages along the period of experiment. Fig.(5). The skin
revealed destruction of the superficial epithelial cells with edema and proliferation of
melanomacrophages in the dermis by one week of exposure till the end of experiment
Fig.(6).The ovary showed atretic follicles, edema, hyyalinization and necrosed of the
follicles at 2 weeks of exposure. Fig.(7).The brain showed neuronal degeneration,perineural
edema and encephalomalacia at 2 weeks of exposure. Fig.(8).The above mentioned

pathological alteration were similar in natural and experimental pollution.

Table(1): Heavy metal concentration in the examined water sample (ppm).

Heavy metal Type Zinc Cadmium | Copper | Mercury | Lead

Mouas Sea water (control) 0.0492 0.0138 0.0345 0.0032 | 0.1092

Baher El-Baker water (tested) | 0.3192 0.019 0.152 0.791 0.912

M.X. allowable level 5.000 0.005 1.000 0.001 0.05
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Table (2) :Some blood components in fish (N=5)
Protein profile Liver enzymes Kidney function
(gm/dl) Iu/L) (gm/dl)
T.protein Albumin | Globulin ALT AST Urea Creatinine
Mouas Sea fish 4,34+ 2.56+ 2.37+ 98.31+ 25.18+ 20.17+ 1.69+
(control) 0.73 0.62 0.89 1.34 1.18 1.32 0.14
Baher El-Baker 2.98+ 1.68+ 1.30+ 109.7+ 37.08+ 26.18+ 1.70+
fish(tested) 0.21%* 0.10* 0.13* 2.05%% 0.97** 0.89%* 0.12%*

*Significant at P < 0.05

** Significant at P < 0.01

Table 3: Heavy metal concentrations (ppm) in fish muscles, gills ,liver and kidney (n = 50).

Heavy Mouas Sea water (control) Baher El-Baker water (tested)
metal Type muscle | Gills | Liver | Kidney | muscle | Gills Liver | Kidney
0.451+ 0.89+ 0.91+ 0.69+ 1.199+ 1.83x 1.98+ 3.19+
Lead
0.021 0.09 0.08 0.05 0.16** 0.38* 0.19* | 0.51**
0132+ | 0.151% | ggo+p | O0.71% | 0933+ | 1.09+ | 145+ | 1.32+
Mercury
0.033 0.18 10 0.20 0.22** 0.24** 0.21** | 0.17**
038+ | 047+ |qo4+0| 112+ | 1.09+ | 202+ | 391+ | 4.38%
Copper
0.020 0.07 21 0.27 0.20%* | 0.32** | 0.89** | 0.93**
0.090+ | 0.008+ | 0.12+0 0.14+ 0.98+ 0.22+ 0.61+ 0.97+
Cadmium
0031 | 0.002 | .01 001 | 0.22%* | 0.03*** | 0.13** | 0.18**
119+ | 172+ | 94140 | 224+ | 4465+ | 6.38+ | 7.22+ | 8.46+
Zinc
0.48 0.96 69 0.87 0.97* | 143* | 056* | 1.92*

*Significant at P < 0.05

** Significant at P < 0.01

*** Significant at P < 0.001
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Table(4) : Frequency distribution of heavy metals in Baher El-Baker fish compared with
maximal permissible limits(a)

Heavy metals
Within the permissible limits | Over the permissible limits
Permissible limits
No % No %
Lead 0.1 43 86 7 14
Mercury 0.5 48 96 2 4
Copper 1.2 50 100 0.0 0.0
Cadmium 0.1 36 72 14 28
Zinc 5 47 94 3 6

(a)Permissible limits according to E.O.S.q.c.(1993).
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Fig(1):Liver of fish 2 weeks post exposure showing diffuse vacuolar degeneration and
periportal aggregation of melanomacrophages as well as necrosis of hepatocytes.
H&E X 300

Fig(2):Kidney of fish 2 weeks post exposure showing necrosis in some renal tubules,
hyalinization in the wall of renal blood vessels with proliferation of
melanomacrophages . H&E X 300.

Fig(3):Gill of fish 1 week post exposure showing desquamation and necrosis of the epithelial
cell lining of the Gill lamella with lymphocytic cells infiltration H&E X300

Fig(4):Cardiac muscle of fish 1 week post exposure showing hyaline degeneration with
edema and leukocytes cells infiltration. H&E X 300.
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Fig(5):Spleen of fish 2weeks post exposure showing focal lymphoid hyperplasia and
proliferation of melanomacrophages. H&E X 300

Fig(6):Skin of fish 1 week post exposure showing destruction of the superficial epithelial

cells with edema and proliferation of melanomacrophages in the dermis.H&E X 300

Fig(7):Ovary of fish 2 weeks post exposure showing atretic follicles, edema, necrosed and
hyalinization of the follicles. H&E X 300.

Fig(8):Brain of fish 2 weeks post exposure showing neuronal degeneration perineural edema
and encephalomalacia. H&E X 300.
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DISCUSSION

The increased concentration of lead in surface water during the post few years is
correlated to high industrial wastes. In examined water of Bahr El-Baker drain, the value of
lead was 0.912 ppm (Table,1).Similar findings were detected by Mahdy, et.al.(1993). For
mercury it as 0.7gl ppm which agrees with Mahdy,et.al.(1993) while khalef Allah (1998)
recorded higher levels in Nile River near Helwan as 1.082 ppm. The recorded levels of
mercury were higher than the permissible limits recommended by WHO (1984).Copper
value was 0.152 ppm which is in agreement with Mahdy,et.al. (1993). Cadmium was 0.019
ppm similar to that determined by Dawood,et.al.(1999).Cadmium pollution of the
environment is increased due to its use in the manufacture of plastic, nickel cadmium
batteries, photocells, rubber tires and other items (Booth and Mc Donald,1982).The mean
value of zinc was 0.3192 ppm which is below the maximum permissible limits according to
WHO(1984). Meanwhile, it is higher than those recorded by Dawood et al.(1999). These
results when compared with that obtained from control sea water, showed significant increase
in most elements.

Concentrations of liver enzymes and kidney function in the fish live in water contain
high level of heavy metals in our gained results were evident to show signif-icant increased in
AST and ALP activity levels,urea and Creatinine(Forstner and Wittmann, 1983) attributed
the increase in liver enzymes to toxic effects of lead on the liver tissue. cadmium accumulates
mainly in the liver and kidneys and (Goyer, 1989) mentioned that the chronic cadmium
toxicosis included kidney damage with increase in urea and Creatinine (Donaldson,1980).
These results coincided with those obtained by Saygy,et. al. (1991) recorded that cadmium
induced damage in the liver as fibrosis in portal area. Our results came in agreement with
Novelli, et.al. (1998) in rats supplemented with cadmium.Also mercury causes severe

kidney damage with increase in urea and Creatinine (Manahan, 1989)..

In the present total protein, albumin and globulin levels were significantly decreased in
the serum of fish live in water contain high level of heavy metals. These results agree with
that of Sallam,et.al.(2000) who reported that, Chronic exposure to copper causes liver
cirrhosis that led to degenerative changes in the liver which may led to reduction in protein
profile.This hypoproteinemia, hypoglobulinemia and hypoglobul-inemia observed in the

serum of cow suffering from cystic ovary with endometritis may be due to lead toxicity in
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which induce liver dysfunction and have toxic effects on sulfh-ydrylcarboxy and imidazole
contaning protein, membrane protein and globulin (Khan, et.al.1993 ).Coles(1986)
mentioned that the liver is a primary organ which is responsible for biosynthesis of albumen.
Hypoproteinemia and hypoalbuminemia due to chronic toxicity by heavy metals are also
reported (Gossel and Bricker,1990).

Lead concentration in tables (3) were 1.199,1.83,1.98 and 3.19 ppm in muscles gills,
liver and kidney respectively in the fish (Clarins gariepinus)collected from Bahar EI Baker
sea when compared with fish collected from mouas sea.Similar results were recorded by El-
Dosky (2005);Moreover, higher lead concentration, than our findings were recorded by
Eromasels,et.al.(1995).Lead has a large affinity for the thios and phosphate containing
ligands, inhibiting the biosynthesis of heme and thereby affects the membrane permeability
of the Kidneys, Liver an Brain cells which reduces the function or completely breakdown
these tissues (Forstner and Wittmann (1983). Therefore, the CNS, kidney, Liver and
hematopojetic system are important targets of lead toxicosis.

The concentrations of the mercury residues in muscles, gills, liver and kidney of the fish
(Clarins gariepinus)collected from Bahar El Baker sea in our study were 0.933,1.09 ,1.45
and1.32ppm as shown in tables (3).Nearly similar finding of mercury residues were reported
by Galhoom et al. (2000) who mentioned that mercury residues is very high in internal
organs of Mugil fish (Mugil) cephalcus reared in Bahr EI-Bakar drain. Mercury is a particular
cumulative poison and act as inhibitr for numerous enzymes. While, it is less than those
stated by Mahdy,et.al. (1993) and higher than those obtained by Khalaf—Allah(1998). More-
over, it causes sever Kidney damage in both man and animals (Manahan, 1989).

The mean value of copper in cat fish muscle ,gill, liver and kidney in our study were
1.09,2.02, 3.91 and 4.38 ppm respectively as showed in Table(3).Similar results were
obtained by El-Dsoky (2005),While lower results was recorded by Oehlensch laeger
(1990).Mean while higher level was detected by Norris and Lake (1984). Copper is an
essential element for several enzymes. The gastrointestinal absorption of Copper is normally
regulated by body store and most of the Copper is stored in the liver and bone marrow where
it is bound to metallothioneine Sarkar,et. al. (1983).

The achieved results in Table 3 declared that the mean values of cadmium in cat fish
muscle,gill,liver and kidneys was 0.98, 0.22, 0.61 and 0.97 ppm respectively .Nearly similar
results were recorded by El-Dosky (2005), While lower levels were reported by Galhoom
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(2002),Cadmium accumulates mainly in the liver and kidneys. The chronic cadmium
toxicosis included kidney damage with proteinuria, impaired regulation of calcium and
phosphates,manifesting bone demineralization, osteomalacia and patholog-ical fractures.
Moreover cadmium is a possible cause of hypertens-ion, inosomia and testicular atrophy.
(Friberg and Elinder,1985)

The results obtained in table 3 revealed that the concentration of zinc in cat fish muscle, gill,
liver and kidney was 4.465,6..38,7.22 and 8.46 ppm. Same results were recorded by El-
Dosky (2005),0n the other aspect, lower zinc levels than those obtained in the current study
were reported by Galhoom (2000)Zinc is an essential constituent or cofactor for more then
zoo mettalloenzyme and hormone receptor, protein, neuropepti-des and polynucleotides. zinc
does not accumulate with continued exposure but the body content is modulated by

homeostatic mechanisms Lee. (1998).

Histopathological observation in the liver and kidney of fish were degenerative change
proliferation of melanomacrophages and necrosis. These results were observed by several
authors Bashman,et.al(2001) associated with cadmium,copper,mercury and zinc exposure in
carp., Ally,et.al.(2003) associated with lead toxicity in fish, Lilia (2003) associated with
cadmium and lead toxicity in oreochromis niloticus and Hanan and Fadel (2005)associated

with heavy metal pollution in Tilapia .

The Gill in this study showed desquamation nd necrosis of the epithelial cells of Lamellae.
these results were observed by metelev,et.al.(1994) associated with heavy metal toxicity in
fish,Ashman,et.al.(2001) associated with cadmium,copper, mercury and zinc exposure in
carp beside Hanan and Fadel (2005) associated it heavy metal pollution in Tilapia.

The heart in this work showed hyaline degeneration with edema in cardiac muscle fibers.
these results were observed byGaafer(2006) associated with pesticide toxicity in fish.The
spleen in this study revealed lymphoid hyperplasia and melanomacroph-ages proliferation.
these results were observed by Ally,et.al.(2003) associated with lead and pesticide toxicity in
fish respectivilly. The skin showed destruction of the epithelial cells and proliferation of
melanomacrophages in the dermis These were observed by Gaafer (2006) associated by

pesticide toxicity in fish.

The ovary showed atretic follicles, hyalinization and necrosis of the follicles . these results
were observed by Hnan and Fadel (2005) associated with heavy metal pollution and
pesticide toxicity in Tilapia and fish respectively. The above mentioned pathological
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alteration in many organs may be attributed to cumulative and necrotizing effect of heavy

metal residues in Tissue fish.

Generally, it could be concluded that these pollutions could be probably attributed to the
industrial effluents, the previous using of leaded gasoline, phosphate fertilizers, sewage

sludge and some herbicides.

The using of fish from uncontaminated water controlling the industrial and agriculture
effluents into lakes and surface water are the preventive measures to produce a hygienic fish

for human consumers.
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