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Abstract: Lake Qarun is an inland closed basin, located about 80 Km south west of Cairo. It suffers from a
serious water pollution problem which is due to uncontrolled solid and liquid domestic, in addition to
agrochemical contamination and lack of sustainable wastewater management. The present study tended to
evaluate the impact of environmental pollution of Lake Qarun on the health of Tilapia spp. Water and fish
samples were collected from Lake Qarun during winter 2014 to estimate heavy metals, pesticides and indicators
of microbial pollution. Moreover, the effect of pollutants and degraded water quality on the physiological and
biochemical parameters, the histological structures of the organs (muscle, liver and kidney), in addition to the
impact on the fish quality were studied. The results showed that Cd recorded the lowest concentrations, while
Fe recorded the highest concentrations in Lake Qarun water. However, in El-Batts and El-Wadi Drains, Cu
showed the lowest concentrations and Fe showed the highest concentrations. Metal concentrations in the
muscles of Tilapia spp. from the east of the lake followed an abundance of: Cd<Pb<Ni<Cu< Mn< Fe<Zn.
However, metal concentrations in the muscles of fish from the middle and west of the lake followed an
abundance of: Cd<Mn<Ni<Pb<Cu<Zn<Fe. The obtained results showed that organophosphorus pesticides
(Atrazine, Simazine, Propazine, Simetryne, Ametryne, Prometryne, Terbutryne and Dimethoate) and
organochlorine pesticide (Gamma-BHC) were detected in the water of El- Batts and El-Wadi Drains in addition
to  stations  1  (discharge  point  of  El-  Batts  Drain) and 6 (discharge point of El-Wadi Drain) in Lake Qarun.
The fish samples from east and middle of the lake showed the presence of a wide variety of organophosphorus
and organochlorine pesticides, however, the fish samples from the western part of the lake showed the presence
of Malathion and Parathion methyl only. The data of the present study showed that the indicator bacteria in
the Lake Qarun water exceeded the acceptable values at stations 1, 3, 6 & 7. Also, El-Batts and El-Wadi Drains
exceeded the acceptable values for drainage water discharged into the lakes. The bacterial load values of
Tilapia spp. were 1.82x10 cfu/g, 1.46 x10  cfu/g and 1.52x10  cfu/g in the eastern, middle and western parts of5 5 5

the lake, respectively. The concentrations of plasma glucose, total proteins, albumin, total lipids, triglycerides,
urea and uric acid showed a general trend of increase in Tilapia spp. from Lake Qarun. Similarly, GOT, GPT, ALP
and LDH activities exhibited high increase in the fish from the lake. The plasma cholesterol concentrations
showed an increase in the fish from the middle part of the lake, while, the plasma creatinine concentrations
exhibited an increase in Tilapia spp. from the western part of the lake. The levels of protein decreased in the
muscles of Tilapia spp. from the lake, reaching its minimum value in the muscle of Tilapia spp. from the eastern
part of the lake. On the contrary, there was a marked increase in the total lipids and glycogen levels in the
muscle. Moisture content of the muscle showed no obvious change, except in Tilapia spp. from the eastern
part of the lake which showed a reduction in the muscle moisture content. Several histological alterations were
observed in the muscles of fish, including degeneration in the muscle bundles with focal areas of necrosis,
edema between the muscle bundles, atrophy of muscle bundles, vacuolar degeneration in muscle bundles and
splitting of the muscle fibers. The liver showed vacuolar degeneration of the hepatocytes with focal areas of
necrosis, hemorrhage, aggregations of inflammatory cells as well as haemosiderin between the hepatocytes,
dilation with intravascular haemolysis in hepatic and hepatoportal blood vessels, coagulative necrosis, nuclear
pycnosis and focal areas of fibrosis. In the kidneys, the pathological alterations included severe vacuolar
degeneration with hypertrophy of the epithelial cells of renal tubules, focal areas of necrosis, haemorrhage,
haemosiderin and aggregations of inflammatory cells between the renal tubules, depletion in the haemopoietic
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areas, edema in Bowman’s capsules with atrophy in the glomeruli as well as dilation and congestion in renal
blood vessels. It was concluded that the environmental pollution of Lake Qarun induced physiological,
biochemical and histopathological alterations in Tilapia spp.
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INTRODUCTION Lake Qarun is under severe environmental pressure

The aquatic ecosystem has been contaminated with such closed ecosystem, the accumulation of chemical
different types of pollutants and the major reasons of this pollutants (heavy metals, pesticides and other pollutants)
situation are industrial, agricultural and domestic effluents is  expected  to increase annually in all its components
produced by human activities [1]. The problems of (e.g. water, sediment and fish) and to change their quality
environmental pollution and its deleterious effects on and affect their aquatic life [7]. Previous studies reported
aquatic biota, including fish received focused interest that Lake Qarun components are polluted with heavy
during the last decades. Lake Qarun is a closed elongated metals [8-11] and with a wide variety of pesticides [8, 12].
salty basin lying in the Western Egyptian desert. It has an Also, it was reported that the drainage waters discharged
irregular shape of about 40km length and about 6km mean into the lake are high in solids, nutrients, pesticides,
width. The average area is about 240km . The lake is heavy metals and organics [13]. Moreover, a remarkable2

shallow, with mean depth of 4.2m and about 20% of the increase in the bacterial indicators of sewage pollution
lake’s  area  has a depth ranging between 5 to 8 meters. (total coliforms, faecal coliforms and faecal streptococci)
The water level of the lake fluctuated between 43 to 45m in the lake was recorded [12, 14].
below mean sea level [2]. It acts as a reservoir for Fish are in very intimate contact with their
agricultural and sewage drainage water of El-Faiyoum environment, only a thin epithelial membrane separates
province. It receives continuously agricultural drainage the blood of the fish from the water in which it swims and
waters, controlling its area and volume. The lake receives are therefore very susceptible to physical and chemical
the agricultural and sewage drainage water through a changes  which  reflected in their blood components.
system of twelve drains. Most of the drainage water Blood is known to exhibit pathological changes before the
reaches the lake by two main drains, El-Batts and El-Wadi, onset of external symptoms of toxicity. Blood parameters
whereas there are minor drains poured its drainage water are considered pathophysiological indicators of the whole
into the lake by means of hydraulic pumps but in small body and therefore are important in diagnosing the
amounts [3]. As, the lake's main sources of water are from structural and functional status of fish exposed to
agriculture drainage and domestic wastewater. Therefore, toxicants [15]. Biochemical characteristics of blood and
its salinity increase progressively which affects greatly tissues are among the important indices of the status of
the lake biota, in addition, the exacerbation of internal environment of the fish organism [16]. The use of
eutrophication of the lake's water that caused by the a biochemical approach has been advocated to provide an
nutrient  load  from the agricultural drainage water [2]. early warning of potentially damaging changes in stressed
Lake Qarun received annually about 450 million cubic fish [17]. Common environmental contaminants such as
meters of agricultural drainage water, which approximately heavy metals and pesticides pose serious risks to
balances the amount of lake water lost annually by biochemical parameters and enzyme activities of fish.
evaporation, leading to progressive increase of salinity Studies have investigated the effects of exposure to
and detrimental effects to the lake environment, e.g. its pollutants on fish physiology, fish subjected to metals,
fauna and flora [4, 5]. It received about 226.3 and 100.84 pesticides and other contaminants have significant
million  cubic  meter  of  wastewater  from   El-Wadi  and alterations in the plasma glucose, total proteins, albumin,
El-Batts drains, respectively [6]. The Egyptian Company globulin, total lipids, triglycerides, cholesterol, urea,
for Salts and Mineral (EMISAL) located on the southern creatinine and uric acid, as well as, GOT, GPT, ALP and
coast of the lake, where a part was cut off from the lake LDH activities [18-28]. Previous studies have shown that
and divided into number of concentrating ponds, to exposure of fish to environmental pollutants induced
concentrate the lake water as much as 10 times of its alterations in the levels of proteins, lipids and glycogen in
original salinity. the muscles [29-36].

and as a result of extensive evaporation of water from
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Disturbance of living organisms at the molecular and
subcellular levels of biological organization by xenobiotic,
can lead to cell injury, resulting in degenerative and
neoplastic diseases in target organs [37].
Histopathological alterations can be used as indicators for
the effects of various anthropogenic pollutants on fish
and are a refraction of the overall health often entire
population in the ecosystem. These histopathological
biomarkers are closely related to other biomarkers of
stress since many pollutants have to undergo metabolic
activation in order to be able to provoke cellular change
in the affected organism. For example, the mechanism of
action of several xenobiotics could initiate the formation
of a specific enzyme that causes changes in the
metabolism, further leading to cellular intoxication and
death, at a cellular level, this manifests as necrosis, i.e.
histopathological biomarkers on a tissue level [38].
Histopathological alterations have been reported in
different tissues of fish as a result of exposure to different
pollutants [39-45]. The aim of the present study was to
investigate the distribution of selected metals (Cd, Pb, Ni, west of Lake Qarun. For determination of microbial load of
Cu, Zn, Mn and Fe) and to evaluate the residue levels of
several pesticides in water and Tilapia spp. from Lake
Qarun, as well as, to estimate indicators of microbial
pollution. In addition, the study tended to investigate the
influence of the environmental pollution of the lake on the
physiological and biochemical parameters and on the fish
quality as well as on the histological structures of the
muscle, liver and kidney of the studied fish.

MATERIALS AND METHODS

Study Area: Lake Qarun is a closed elongated saline basin
located between longitudes 30°24´ & 30°49´ E and
latitudes  of  29°24´  &  29°33´  N  in  the  lowest   part  of
El-Faiyoum depression, about 80km Southwest of Cairo
(Fig. 1). It has an irregular shape of about 40km length and
about  6 km  mean  width, with an average area of about
240 km . The lake is shallow, with mean depth of 4.2 m and2

about 20% of the lakes area has a depth ranging between'

5 to 8 meters. The water level of the lake fluctuated
between 43 to 45m below mean sea level [2].

Sampling: During winter 2014, water samples were
collected from Lake Qarun for chemical and bacteriological
analyses. The samples were collected from nine stations,
in addition to two sites in El- Batts and El-Wadi Drains
(Table 1, Fig. 2). For heavy metals analyses, water samples

Table 1: The latitude and longitude of sampling stations at Lake Qarun
(GPS)

Station No. Latitudes Longitudes
1 29° 30  55 30° 48  21 \  \\  \  \\

2 29° 29  35 30° 46  45 \  \\  \  \\

3 29° 30  05 30° 43  05 \  \\  \  \\

4 29° 28  55 30° 41  17 \  \\  \  \\

5 29° 28  15 30° 39  038 \  \\  \  \\

6 29° 26  06 30° 37  32 \ \\  \  \\

7 29° 27  21 30° 33  34 \  \\  \  \\

8 29° 25  42 30° 31  20 \  \\  \  \\

9 29° 25  31 30° 28  49 \ \\  \  \\

were taken from the subsurface (about 30 cm) for each
station. A Ruttner Water Sampler bottle with capacity of
2L was used to collect the samples that kept in well
cleaned plastic bottles. For pesticide estimation, 2L were
collected  from  the  selected  stations  in  a  dark bottle.
For bacteriological analyses, water sample was collected
in 500 ml sterilized glass bottles and then transported to
the laboratory to be analyzed. At the same time, samples
of Tilapia spp. were collected from the east, middle and

fish muscle, the fish body surface was wiped with 70%
ethanol; dorsal muscles were taken from each fish and
were put in small sterilized Erlenmeyer flask. The samples
were homogenized in a mortar aseptically. Approximately
1g of wet homogenate was put in10 ml of sterile
physiological saline for further processing. For
biochemical analyses, blood samples were collected while
the fish still alive into small sterilized heparinized vials,
then the blood centrifuged at 1500 rpm for 10min. Plasma
was then removed and was used for the estimation of
plasma glucose, total proteins, albumin, globulin, total
lipids, triglycerides, cholesterol, uric acid, urea, creatinine
and the activities of GOT, GPT, ALP and LDH. After
dissection of fish samples, the tissues of muscle were
quickly and carefully removed and then stored in freezer
(at –20°C) for further analyses. Muscle samples were used
to estimate heavy metals, pesticides, total proteins, total
lipids, glycogen and water content. Immediately after
isolation from the fish, the muscle, liver and kidney were
fixed in 10% neutral-buffered formalin for 24-48hrs for
further histological processing.

Determination of Heavy Metals: Water samples were
digested using the method described by APHA [46] and
fish samples were digested after drying according to the
method described by Ghazaly [47]. The levels of Cd, Pb,
Ni, Cu, Zn, Mn and Fe in digests were measured by GBC
Atomic Absorption Spectrophotometer Savanta AA.
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Fig. 1: Lake Qarun

Fig. 2: The sampling stations at Lake Qarun

Determination of Pesticides: Multiresidue analysis of faecal streptococci) were determined using MPN method.
water and fish samples were measured by Gas The number of E. coli cells was estimated from the
Chromatograph (GC) HP 6890 equipped with HP5 column number of colony-forming units on TSA and then the
(25 m x 0.25 mm x 320 µm), which was used for colonies were confirmed by plating on EMB medium at
identification and determination of pesticides and electron 37°C overnight. 
capture detector (ECD) for identification of pesticides.

Bacteriological Analyses of Water: The total viable of the muscle homogenate was serially diluted. Pour plate
bacterial counts (TVBCs) at 22°C and 37°C were method was employed for the determination of microbial
determined using spread–plate method. On the other load of samples using solid media. All samples were
hand, indicator bacteria (total coliform, faecal coliform and incubated at 37°C for 24-48 h.

Determination of Microbial Load of Fish Muscle: One ml



Global Veterinaria, 14 (3): 304-328, 2015

308

Biochemical Measurements: Plasma glucose was Ni(2.35 µg/g dry weight) <Cu(3.7 µg/g dry weight)<Mn
determined using the method of Tietz [48], (Spectrum kit). (8.45 µg/g dry weight) <Fe(46.15 µg/g dry weight)
Plasma and muscles total protein was estimated using the <Zn(68.97µg/g dry weight). However, metal
method of Henry [49], (Spectrum kit). Plasma albumin was concentrations in Tilapia spp. from the middle and west
measured according to the procedure of Doumas et al. of the lake followed an abundance of: Cd (ND) < Mn (0.43
[50], (Spectrum kit). Plasma globulin was measured as the & 0.78 µg/g dry weight) < Ni (1.68 & 1.7µg/g dry weight)
difference between plasma total protein and albumin. <Pb (2.0&3.35µg/g dry weight) < Cu (4.07&3.85µg/g dry
Plasma and muscles total lipid was determined according weight) < Zn (27.48 & 30.91µg/g dry weight) < Fe (27.52 &
to the method described by Frings and Dunn [51], 41.2µg/g dry weight), respectively. The trend of
(Biodiagnostic kit). Plasma total cholesterol and accumulation of Pb in Tilapia spp. from Lake Qarun was
triglycerides were determined colorimetrically following as follows: western part > middle part > eastern part.
the method of Tietz [48], (Spectrum kit). Plasma uric acid However, the accumulation pattern of Ni, Zn, Mn and Fe
and urea was determined according to the method in Tilapia spp. from Lake Qarun followed the order:
described by Tietz [52], (Spectrum kit). Plasma creatinine eastern part > western part > middle part. Cu accumulation
was estimated by the method of Tietz [53], (Spectrum kit). in Tilapia spp. from Lake Qarun was in the following
The activities of plasma GOT and GPT were estimated order: middle part > western part > eastern part (Table 3).
according to the method of Reitman and Frankel [54],
(Spectrum kit). ALP activity was determined using the Pesticides Concentrations in Water: The results showed
method of Tietz et al. [55], (Spectrum kit). The activity of that organophosphorus pesticides (Atrazine, Simazine,
plasma LDH was estimated according to the method of Propazine, Simetryne, Ametryne, Prometryne, Terbutryne
Zimmerman and Henry [56], (Spectrum kit). Glycogen and Dimethoate) were detected in the water of El- Batts
content of the muscles was determined by the anthrone and El-Wadi Drains, in addition to stations 1 (discharge
reagent method [57]. Moisture content of the muscles was point of El- Batts Drain) and 6 (discharge point of El-Wadi
determined by the method described by AOAC [58]. Drain) in Lake Qarun, during winter season (Table 4).

Histological Investigations: The fixed samples (muscle, detected in the water of El- Batts and El-Wadi Drains in
liver and kidney) were washed several times in 70% ethyl addition to stations 1 and 6 in Lake Qarun. 
alcohol  and  then  dehydrated  in ascending series of
ethyl alcohol. The specimens were cleared in xylene for Pesticides Concentrations in Fish: The fish samples from
15-20 min. and then embedded in paraffin wax. Sections of east and middle of Lake Qarun showed the presence of a
4-6ìm thickness were cut, mounted on glass slides and wide variety of organophosphorus pesticides, including
stained with Harris’ Haematoxylin and Eosin. Atrazine, Simazine, Propazine, Simetryne, Ametryne,

RESULTS Parathion methyl, as well as organochlorine pesticide

Metals Concentrations in Water: The mean Lake Qarun showed the presence of Malathion and
concentrations of the tested metals in the water of Lake
Qarun were presented in Table 2. In general, the results of
Lake  Qarun  water  showed  that Cd  recorded  the lowest
concentrations (0 -3.4µg/l), while Fe recorded the highest
concentrations (94.4-129.6µg/l). However, in El-Batts and
El-Wadi Drains, Cu showed the lowest concentrations
(2.4-2.8 µg/l) and Fe recorded the highest concentrations
(138.42-175.6µg/l).

Metal Concentrations in Fish: Table 3 showed the
concentrations  of  the analyzed metals in Tilapia spp.
from Lake Qarun during winter. Metal concentrations in
Tilapia spp. from the east of the lake followed an
abundance of: Cd (ND)< Pb(1.65 µg/g dry weight) <

Also, the organochlorine pesticide Gamma-BHC was

Prometryne, Terbutryne, Dimethoate, Malathion and

(Gamma-BHC), however, the fish samples from west of

Parathion methyl (Table 5). 

Bacteriological Findings: The results showed that the
total viable bacterial counts (TVBCs) ranged from 1.2 ×105

to 4.3×10  and from 2 ×10 to 3.5×10  CFU ml  at 22°C and6 5 6 1

37°C,  respectively,  in  Lake  Qarun. However, TVBCs in
El-Batts and El-Wadi Drains were in the ranges of 5×10 -8

7×10 CFU ml  at 22°C and 2×10 - 3.8×10  CFU ml  at8 1 8 8 1

37°C. The most probable numbers (MPN) of indicator
bacteria were in the ranges of 23 –11×10 , 23 – 46 ×10  and4 3

43 – 93×10 MPN/ 100ml water for Total coliforms (TC),2

faecal coliforms (FC) and faecal streptococci (FS),
respectively. MPN of indicator bacteria recorded their
highest  counts  in  El-Batts  Drain,  which reached 23×10 ,4
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Table 2: Heavy metals concentrations (µg/l) in the water of Lake Qarun

Stations
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heavy metals 1 2 3 4 5 6 7 8 9 El-Batts Drain El-Wadi Drain

Cd 0.6 0 1.8 1.8 0 3.4 2.8 1.4 3 6.8 3.8
Pb 2.2 5.4 1.2 19.8 12 12.2 16.6 0.8 9.4 11.6 43.4
Ni 19.4 10.4 12.4 7.2 19.4 0.2 8.6 6.4 4.8 8.6 13
Cu 37 57.6 56.4 44.4 43.8 59 69 37.8 43.4 2.4 2.8
Zn 23 24 54 22.2 27.2 22.8 39.2 6.6 12.8 33.6 17.2
Mn 1.4 5.4 1.2 19.8 12 12.2 16.6 0.8 9.4 3.2 43.4
Fe 129.6 94.4 113.5 126.8 112 106.8 109.4 117.6 122.43 175.6 138.42

Table 3: Heavy metals concentrations (µg/g dry weight) in Tilapia spp.

from Lake Qarun

Stations

-------------------------------------------------------------

Heavy Metals East Middle West

Cd ND ND ND

Pb 1.65 2.00 3.35

Ni 2.35 1.68 1.70

Cu 3.70 4.07 3.85

Zn 68.97 27.48 30.91

Mn 8.45 0.43 0.78

Fe 46.15 27.52 41.20

ND (Not Detected): below the instrument detection limit

9×10  and 4×10 MPN/ 100ml water, while their numbers in4 4

El-Wadi Drain were 15×10 , 15×10  and 9×10 MPN/ 100ml5 4 4

water for total coliforms (TC), faecal coliforms (FC) and
faecal streptococci (FS), respectively (Table 6). Moreover,
E. coli counts reached 900CFU ml   in El-Batts Drain and1

attained  750  CFU  ml    at station 1 (discharge point of1

El-Batts drain). The bacterial load values in Tilapia spp.
were 1.82 x 10 cfu/g, 1.46 x10 cfu/g and 1.52 x 10  cfu/g in5 5 5

the eastern, middle and western parts of the lake,
respectively (Table 7).

Physiological and Biochemical Findings: The
physiological and biochemical data of Tilapia spp. from
Lake Qarun are presented in Tables 8 and 9. 

Plasma Glucose Concentration: The plasma glucose
concentration showed a general trend of increase in
Tilapia spp. from Lake Qarun, reaching its maximum value
of 297.68±16.71mg/dl in the fish from the western part of
the lake (Table 8). (Normal value of plasma glucose
concentration in fish = 56.75±5.87mg/dl). 

Plasma Total Protein Concentrations: The plasma total
protein  concentrations   exhibited   an   increase in
Tilapia spp. from Lake Qarun, reaching its maximum value

of 7.33±0.16g/dl in the fish from the eastern part of the
lake (Table 8). (Normal value of plasma total protein
concentration in fish= 4.08±0.61g/dl).

Plasma Albumin Concentrations: The plasma albumin
concentrations  showed  an  increase  in  the   fish  from
the  eastern  and  middle parts of the lake (Table 8).
(Normal  value  of  plasma  albumin  concentration  in  fish
= 1.41±0.22g/dl). 

Plasma Globulin Concentrations: No obvious changes
were observed in the plasma globulin concentrations in
the fish from the lake (Table 8). (Normal value of plasma
globulin concentration in fish= 2.67±0.69g/dl).

Plasma Total Lipids Concentrations: The plasma total
lipids concentrations showed high increase in the fish
from Lake Qarun, reaching its maximum value of
1738.58±160.86mg/dl in the fish from the eastern part
(Table 8). (Normal value of plasma total lipids
concentration in fish= 970.0±19.0mg/dl).

Plasma Triglycerides Concentrations: The plasma
triglycerides concentrations exhibited an increase in
Tilapia spp. from Lake Qarun, reaching its maximum value
of 501.95±22.26mg/dl in the fish from the eastern part
(Table 8). (Normal value of plasma triglycerides
concentration in fish = 159.19±20.11mg/dl).

Plasma Cholesterol Concentrations: The plasma
cholesterol  concentrations  showed  an  increase  in the
fish  from  the  middle  part  of  the  lake   (Table  8).
(Normal value of plasma cholesterol concentration in fish
= 168.96±18.80mg/dl).

Plasma Urea Concentrations: The plasma urea
concentration exhibited high increase in the fish from Lake
Qarun, reaching its maximum value of 65.03±1.84mg/dl in
the fish from the eastern part (Table 9). (Normal value of
plasma urea concentration in fish= 8.92±0.70mg/dl).
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Table 4: Pesticide residues (µg/l) in the water of Lake Qarun

Stations

---------------------------------------------------------------------------------------------------------------------------------------------------------

East Middle West

-------------------------- ------------------------ -------------------------

Pesticides 1 2 5 6 7 8 El-Batts Drain El-Wadi Drain

Organophosphorus pesticides

Atrazine 0.007 <0.005 <0.005 0.01 <0.005 <0.005 0.8 1.1

Simazine 0.007 <0.005 <0.005 0.01 <0.005 <0.005 0.8 1.1

Propazine 0.008 <0.005 <0.005 0.01 <0.005 <0.005 0.7 1.0

Simetryne 0.008 <0.005 <0.005 0.009 <0.005 <0.005 0.7 0.9

Ametryne 0.007 <0.005 <0.005 0.01 <0.005 <0.005 0.7 0.9

Prometryne 0.007 <0.005 <0.005 0.009 <0.005 <0.005 0.8 1.1

Terbutryne 0.008 <0.005 <0.005 0.009 <0.005 <0.005 0.8 1.1

Isoprturon <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Dimethoate 0.008 <0.005 <0.005 0.01 <0.005 <0.005 0.8 1.0

Pyriproxyfen <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Azinphos Methyl <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012

Demeton <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Diazinon <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Disulfoton Ethion <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Malathion <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Parathion ethyl <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012

Parathion Methyl <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012

Dioxathion <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Ethion <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Terbufos <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

Organochlorine pesticides

Alpha-HCH <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Beta-HCH <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Gamma-BHC 0.009 <0.005 <0.005 0.008 <0.005 <0.005 1.4 1.8

Delta-BHC <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Heptachlore <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Aldrin <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Heptachlore Epoxide <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Gamma Chlordane <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Endosulfane1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Alpha-Chlordane <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Dieldrin <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

4,4'-DDE <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

Endrin <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Endosulfane2 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

4,4'-DDD <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Endrin aldehyde <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Endosulfane sulfate <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

4,4'-DDT <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

Endrin Ketone <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Methoxychlor <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
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Table 5: Pesticide residues (µg/kg wet weight) in Tilapia spp. from from Table 6: The total viable bacteria counts×10  CFUml , the most probable
Lake Qarun

Stations
------------------------------------------------

Pesticides East Middle West

Organophosphorus pesticides
Atrazine 0.01 0.01 <0.005
Simazine 0.01 0.01 <0.005
Propazine 0.009 0.01 <0.005
Simetryne 0.009 0.01 <0.005
Ametryne 0.01 0.01 <0.005
Prometryne 0.01 0.009 <0.005
Terbutryne 0.01 0.01 <0.005
Isoprturon <0.005 <0.005 <0.005
Dimethoate 0.01 0.01 <0.005
Pyriproxyfen <0.005 <0.005 <0.005
Azinphos methyl <0.012 <0.012 <0.012
Demeton <0.001 <0.001 <0.001
Diazinon <0.001 <0.001 <0.001
Disulfoton Ethion <0.001 <0.001 <0.001
Malathion 0.01 0.02 0.03
Parathion ethyl <0.012 <0.012 <0.012
Parathion methyl 0.06 0.018 0.016
Dioxathion <0.1 <0.1 <0.1
Ethion <0.2 <0.2 <0.2
Terbufos <0.004 <0.004 <0.004
Organochlorine pesticides
Alpha-HCH <0.005 <0.005 <0.005
Beta-HCH <0.005 <0.005 <0.005
Gamma-BHC 0.01 0.01 <0.005
Delta-BHC <0.009 <0.009 <0.009
Heptachlore <0.005 <0.005 <0.005
Aldrin <0.002 <0.002 <0.002
Heptachlore Epoxide <0.083 <0.083 <0.083
Gamma Chlordane <0.005 <0.005 <0.005
Endosulfane1 <0.014 <0.014 <0.014
Alpha-Chlordane <0.005 <0.005 <0.005
Dieldrin <0.004 <0.004 <0.004
4,4'-DDE <0.004 <0.004 <0.004
Endrin <0.006 <0.006 <0.006
Endosulfane2 <0.014 <0.014 <0.014
4,4'-DDD <0.011 <0.011 <0.011
Endrin aldehyde <0.023 <0.023 <0.023
Endosulfane sulfate <0.066 <0.066 <0.066
4,4'-DDT <0.004 <0.004 <0.004
Endrin Ketone <0.006 <0.006 <0.006
Methoxychlor <0.006 <0.006 <0.006

Plasma Uric Acid Concentrations: The plasma uric acid
concentrations showed an increase in Tilapia spp. from
Lake Qarun, reaching its maximum value of
11.85±2.45mg/dl in the fish from the eastern part (Table 9).
(Normal  value  of  plasma  uric acid concentration in fish
= 6.20±0.14mg/dl).

6 1

number (MPN) of total coliforms (TC), faecal coliforms (FC) and
faecal streptococci (FS) ×10 / 100ml, E. coli CFUml   in water2 1

of Lake Qarun

TVBCs
---------------------------------------------------------------------

Stations 22°C 37°C TC FC E. coli FS

1 4.3 2.2 460 150 750 15
2 1.1 0. 4 1.5 1.5 1 4
3 0.48 0.5 9 4 ND 4
4 0.17 1.4 1.5 0.75 ND 1.5
5 0.12 0.7 0.93 0.93 1 0.43
6 2.1 3.5 1100 460 150 93
7 0.8 0.2 9 4 4 3
8 0.38 0.36 4 0.4 4 4
9 0.27 0.2 0.23 0.23 ND 3
El-Batts Drain 700 380 2300 900 900 400
El-Wadi Drain 500 200 15000 1500 150 900

Table 7: The bacterial load (x 10  cfu/g) of Tilapia spp. from Lake Qarun5

Stations
------------------------------------------------
East Middle West

Bacterial load (x 10  cfu/g) 1.82 1.46 1.525

Plasma Creatinine Concentrations: The plasma
creatinine  concentrations  exhibited  an increase in
Tilapia  spp.  from  the  western  part  of  Lake Qarun
(Table 9). (Normal value of plasma creatinine
concentration in fish = 2.08±0.38mg/dl).

Plasma GOT, GPT, ALP and LDH Activities: Plasma
GOT, GPT, ALP and LDH activities showed high increase
in Tilapia spp. from Lake Qarun, reaching its maximum
value of 209.78±6.73IU/l, 150.12±10.47 IU/l, 76.04±2.78IU/l
and 59.67±5.83 IU/l in the fish from the eastern part, the
western part, the eastern part and the middle part of the
lake, respectively (Table 9). (Normal value of plasma GOT,
GPT, ALP and LDH activities in fish = 65.59±8.36
IU/l,18.84±0.77 IU/l, 15.0±1.21 IU/l and 24.60±1.80 IU/l,
respectively).

Fish Quality: The fish quality data of fish from the Lake
are presented in Table 10.

Total Protein Content: The total protein content of the
muscle showed a decrease in Tilapia spp. from Lake
Qarun, reaching its minimum value (9.61±0.55g/100g wt
weight) in the muscle of the fish from the eastern part
(Table 10). (Normal value of total protein content in the
muscle of fish=16.95-18.28 g/100g wt weight).
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Table 8: Physiological and biochemical parameters (Means ± SE) of Tilapia spp. inhabiting Lake Qarun 

Site Glucose (mg/dl) Total Proteins (g/dl) Albumin (g/dl) Globulin (g/dl) Total Lipids (mg/dl) Triglycerides (mg/dl) Cholesterol (mg/dl)

East 254.37±12.65 7.33±0.16 5.30±0.30 2.03±0.23 1738.58±160.86 501.95±22.26 171.30±10.85
Middle 186.92±32.91 6.20±0.67 4.40±0.50 1.80±0.60 1425.03±185.87 369.14±24.86 219.70±15.02
West 297.68±16.71 4.65±0.36 1.68±0.25 2.97±0.51 1671.95±113.58 464.86±26.25 161.95±10.93

Table 9: Physiological and biochemical parameters (Means ± SE) of Tilapia spp. inhabiting Lake Qarun 

Site Urea (mg/dl) Uric Acid (mg/dl) Creatinine (mg/dl) GOT (IU/l) GPT (IU/l) ALP (IU/l) LDH (IU/l)

East 65.03±1.84 11.85±2.45 2.03±0.44 209.78±6.73 143.68±9.35 76.04±2.78 58.63±7.72
Middle 57.86±9.38 10.08±1.37 1.35±0.13 156.40±6.08 127.63±5.87 69.81±3.15 59.67±5.83
West 64.90±2.25 8.30±1.50 3.72±1.29 173.06±8.68 150.12±10.47 63.34±2.91 50.45±4.90

Table 10: Total protein, total lipid, glycogen and moisture contents (Means ± SE) of the muscle of Tilapia spp. inhabiting Lake Qarun 

Total protein content Total lipid content Glycogen content Moisture content
Site (g/100g wt weight) (g/100g wt weight) (g/100g wt weight) (g/100g wt weight)

East 9.61±0.55 6.01±1.01 1.22±0.40 71.7±2.36
Middle 12.00±0.63 4.46±0.76 1.40±0.31 79.23±0.32
West 13.96±0.93 3.93±0.42 1.65±0.12 77.80±0.52

Total Lipid Content: The total lipid content in the muscle Liver: Several histopathological alterations were
of Tilapia spp. from Lake Qarun markedly increased, observed  in  the liver of Tilapia spp. from Lake Qarun.
reaching its maximum value (6.01±1.01g/100g wt weight) The  pathological findings included vacuolar
in the muscle of the fish from the eastern part (Table 10). degeneration of the hepatocytes (Figs. 4 j-o), focal areas
(Normal value of total lipid content in the muscle of of necrosis (Figs. 5 a-d), haemorrhage, haemolysis,
fish=0.70-1.60g/100g wt weight). aggregations of inflammatory cells as well as

Glycogen Content: The glycogen content in the muscle of vessels)   between    the    hepatocytes   (Figs. 5e-i),
Tilapia spp. from Lake Qarun markedly increased, dilation with intravascular haemolysis in hepatic and
reaching its maximum value (1.65±0.12g/100g wt weight) hepatoportal blood vessels (Figs. 5j-l), dilation and
in the muscle of the fish from the western part (Table 10). thrombosis  formation  in  hepatic  and  hepatoportal
(Normal value of glycogen content in the muscle of blood  vessels  (Figs.  5   m-o),   coagulative  necrosis
fish=0.15-0.69g/100g wt weight). (Figs. 6 a-c), nuclear pycnosis (Figs. 6 d, e), dilation and

Moisture Content: Moisture contents of the fish muscle as well as dilation and congestion in blood sinusoids
showed no obvious change, except the fish from the (Figs. 6 h,i).
eastern part of the lake which showed a reduction in the
muscle moisture content (Table 10). (Normal value of the Kidney: Several histopathological alterations were
muscle moisture content in fish=76.56-82.92g/100g wt observed in the kidney of Tilapia spp. from Lake Qarun.
weight). The most common lesions in the kidney were severe

Histological Investigations epithelial cells of renal tubules (Figs. 6 j-o), severe
Muscles: Several histopathological alterations were degeneration and necrosis in the renal tubules with focal
observed in the muscles of Tilapia spp. from Lake Qarun. areas of necrosis between the renal tubules (Figs. 7a-e),
The alterations exhibited in the muscles of the fish were haemorrhage, haemolysis and aggregations of
degeneration in the muscle bundles (Figs. 3 a-f), atrophy inflammatory cells between the renal tubules (Figs. 7f-o),
of muscle bundles (Figs. 3 g-j), focal areas of necrosis depletion in the haemopoietic areas (Figs. 8a, b), dilation
between the muscle bundles (Figs. 3 k,l), edema between of the tubular lumen (Figs. 8c-f), edema in Bowman’s
the muscles bundles (Fig. 3m), vacuolar degeneration in capsules with atrophy in the glomeruli (Figs. 8 g, h) as
the muscle bundles (Figs. 3n, o and 4 a-d) and splitting of well as dilation and congestion in renal blood vessels
the muscle fibers (Figs. 4 e-i). (Figs. 8 I-l).

haemosiderin (especially around the hepatic blood

intravascular  haemolysis  in  central  veins  (Figs.  6 f, g)

vacuolar  degeneration  with  hypertrophy  of the
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Fig. 3: Muscles of studied tilapia fish showing degeneration in the muscle bundles (a-f) (X400), atrophy of muscle
bundles (g-j) (X400), focal area of necrosis (k, l) (X400), edema between muscle bundles (m) (X400) and vacuolar
degeneration in muscle bundles (n, o) (X400)
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Fig. 4: Muscles and liver of studied tilapia fish showing vacuolar degeneration in muscle bundles (a-d) (X400), splitting
of muscle fibers (e-i) (X400) and vacuolar degeneration of the hepatocytes (j-o) (X400)
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Fig. 5: Liver of studied tilapia fish showing focal areas of necrosis (a-d) (X400), haemorrhage, haemolysis, aggregations
of inflammatory cells as well as haemosiderin between the hepatocytes (e-i) (X400), dilation with intravascular
haemolysis in hepatic and hepatoportal blood vessels (j-l) (X400) and dilation and thrombosis formation in hepatic
and hepatoportal blood vessels (m-o) (X100&400, respectively)
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Fig. 6: Liver and kidney of the studied tilapia fish showing coagulative necrosis (a-c) (X400), nuclear pycnosis (d, e)
(X400), dilation and intravascular haemolysis in central veins (f, g) (X400), dilation and congestion in blood
sinusoids (h,i) (X400) and vacuolar degeneration with hypertrophy of the epithelial cells of renal tubules (j-o)
(X400)
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Fig. 7: Kidney of the studied tilapia fish showing severe degeneration and necrosis in the renal tubules with focal areas
of necrosis between the renal tubules (a-e) (X400) and haemorrhage, haemolysis and aggregations of inflammatory
cells between the renal tubules (f-o) (X400)
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Fig. 8: Kidney of the studied tilapia fish showing depletion in the haemopoietic areas (a, b) (X400), dilation of the tubular
lumen (c-f) (X400), edema in Bowman’s capsules with atrophy in the glomeruli (g, h) (X400) and dilation and
congestion in renal blood vessels (i-l) (X100&400, respectively)

DISCUSSION concentrations in Lake Qarun water which agreed with the

The pollution with heavy metals in the environment concentration of Fe, Mn, Zn, Cu, Ni, Pb and Cd in the
is mostly a result from natural geogenic disposition such water of Lake Qarun was within the permissible level
as erosion, but the industrial and domestic effluents (300µg/l, 300µg/l, 2000µg/l, 112µg/l, 150µg/l, 100µg/l and
especially in developing countries are considered as the 5µg/l, respectively) [59], except El-Batts Drain where Cd
major source. The presence of trace metals in Lake Qarun value was higher than the permissible limit.
is mainly of allochthonous origin due to either agricultural Fish accumulate heavy metals to concentrations
influx, wastes of fish farms or sewage via surrounding many times higher than present in water, thus exhibiting
cultivated lands [9]. The present study showed that the elicited toxicological effects [60]. In the present study,
abundance of metals in Lake Qarun water followed the metal concentrations in Tilapia spp. from the east of the
order of Fe>Cu>Zn>Ni>Pb>Mn>Cd (stations 1,2,3&5), lake followed an abundance of: Cd<Pb<Ni<Cu< Mn< Fe<
Fe>Cu>Zn>Pb=Mn>Ni>Cd (stations 4, 7 & 9), Fe> Cu> Zn. However, metal concentrations in Tilapia spp. from
Zn>Pb=Mn >Cd>Ni (station 6), Fe>Cu>Zn>Ni> the middle and west of the lake followed an abundance of:
Cd>Pb=Mn   (station   8),   Fe>Zn>Pb>Ni>Cd>  Mn>Cu Cd<Mn<Ni<Pb<Cu<Zn<Fe. The accumulation of metals
(El-Batts Drain) and Fe>Mn=Pb>Zn>Ni>Cd>Cu (El-Wadi in fish tissues may be due to the fact that the lake receives
Drain). The results showed that Fe recorded the highest heavy load of organic and non-organic pollutants through

results reported by Ibrahim and Ramzy [11].The
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agricultural, domestic and waste water in addition to the carcinogenicity and genotoxicity of pesticides specially
industrial effluents. The present results revealed that the the chlorinated organic pesticides [66-68].
highest concentrations of Ni, Zn, Mn and Fe were The present results showed that Tilapia spp. from
recorded in fish collected from the eastern part of the lake east and middle of Lake Qarun contained a wide variety of
which may be attributed to the impact of pollution sources organophosphorus pesticides (Atrazine, Simazine,
in this area which coming from El-Batts Drain and Propazine, Simetryne, Ametryne, Prometryne, Terbutryne,
pumping station in the east part. These data were agreed Dimethoate, Malathion and Parathion methyl), as well as
with  the  results  reported by Ali and Fishar [9] and organochlorine pesticide (Gamma-BHC), however, the fish
Hssein et al. [61]. The results showed that Fe samples from west of Lake Qarun showed the presence of
concentrations in the studied fish from Lake Qarun were Malathion and Parathion methyl. Similarly, Ibrahim and
higher than US maximum permissible level for Fe (5mg/kg) Ramzy [11] recorded many organophosphorus and
cited by Adeyeye [62]. Western Australian Food and organochlorine pesticides in the muscles of Tilapia zillii
Drink Regulations recommended a level of 40 mg/kg Zn from Lake Qarun. In aquatic ecosystem, fish are located at
for human consumption [63]. Accordingly, the the highest level of the biomagnification process for
concentrations of Zn in the studied fish are still below the xenobiotics. So, they may accumulate significant
permissible level, except in Tilapia spp. from the eastern concentration of pesticides even in waters in which those
part of Lake Qarun. The concentrations of Cu in the pesticides are blow the limit of detection in routine water
studied  fish  are  still below the permissible level for Cu samples [69]. This explained the occurrence of pesticides
(30 mg/kg) recommended by the National Health and in the tissues of the studied fish; however, these
Medical Research Council [63]. The concentrations of Cd pesticides were not detected in the water.
in the studied fish are still below WHO permissible level The microbiological water analyses are based on the
for Cd (2.0mg/kg) reported by FAO [64]. The detection of indicator microorganisms which share the
concentrations of Mn in the studied fish are still below same habitats [70]. The faecal indicator bacteria such as
the permissible level (2.5 mg/kg) reported by FAO [65], total coliforms (TC), faecal coliforms (FC), Escherichia
except fish from the eastern part of Lake Qarun. The coli (E. coli) and faecal streptococci (FS) were utilized
concentrations of Ni and Pb in the studied fish were worldwide to measure health hazards in aquatic systems
higher than the permissible level (0.4mg/kg and 0.5mg/kg, [71]. Generally, the data of the present study showed that
respectively) reported by FAO [65]. the indicator bacteria in the Lake Qarun waters exceeded

The extensive uses of pesticides in Egypt contribute the acceptable values, except at stations (2, 4, 5, 8, 9).
seriously in the contamination of the environment, Also, El-Batts and El-Wadi Drains exceeded the
especially the aquatic ecosystem which serves as a acceptable values for drainage water discharged into the
reservoir for tremendous quantities of these foreign lakes. This could be explained by: (i) absence of sanitary
organic chemicals. The exposure of fish to these coverage  in  rural  area  around the drain, which lead to
chemicals is responsible for the great loss of a good on-site discharge of untreated wastewater into the drain;
source of animal proteins. The present study indicated (ii) some of this bacterial load may originated from soil.
that El- Batts and El-Wadi Drains, in addition to stations This agreed with those reported previously by Sabae and
1 (discharge point of El- Batts Drain) and 6 (discharge Rabeh [14] and Sabae et al. [72]. Similarly, Ali et al. [12]
point of El-Wadi Drain) in Lake Qarun revealed nine reported that the total viable bacterial count (TVBC)
pesticides, namely; Atrazine, Simazine, Propazine, fluctuated around 10  and 10  CFU/ml in the middle of the
Simetryne, Ametryne, Prometryne, Terbutryne and Lake. Near the shore, TVBC reached 10 CFU/ml. Total
Dimethoate (organophosphorus pesticides) and Gamma- coliform (TC) decreased from 10 CFU/100ml near the
BHC (organochlorine pesticide). Similarly, Mansour and shore to 10  CFU/100 ml in the middle of the Lake. The
Sidky [8] detected pesticide residues (e.g. HCB, lindane, same decrease was observed in case fecal coliform (FC)
aldrin, some DDT analogues, malathion, pirimiphos- and fecal streptococci (FS). They stated that the inlet
methyl) in the major components of Lake Qarun (Water, water (drains) showed higher bacterial count than the lake
sediment and fish). Ali et al.[12] reported that the level of water.
total pesticides reached to 0.62 mg/l in Lake Qarun water. It is widely accepted that the initial microbial load of
Ibrahim and Ramzy [11] recorded many fish varies depending on the water conditions and
organophosphorus and organochlorine pesticides in Lake temperature. In this study the microbiological quality of
Qarun water. Many studies have proven the fish meat was evaluated. The data showed that the
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bacterial load of the studied fish were more or less similar. cholesterol observed in the present study may be due to
The occurrence of total bacterial counts of the fish one or more of the following reasons: 1) increased
samples investigated having >10  CFU/g raises concern production by the liver and other tissues by the effect of5

about the hygienic status of the fish [73]. the pollutants (heavy metals and pesticide), 2) release of
Analysis of biochemical parameters could help to cholesterol and other lipids constituents from damaged

identify the  target  organs of toxicity as well as the cell membranes, 3) decrease hepatic excretion of
general health status of animals. It may also provide an cholesterol, 4) thyroid dysfunction and finally blocked
early warning signal in stressed organism [74]. The conversion of cholesterol to sex steroids as a result of
increase in value of glucose (hyperglycemia) observed in gonad dysfunction, 5) decreased activity of cytochrome
Tilapia spp. from Lake Qarun indicated that fish P450 enzymes [82-86]. The rise in plasma triglycerides is
generated more glucose to produce the energy used in possibly due to hypoactivity of lipoprotein lipase in
combating the stress induced on the fish by the blood  vessels  which  breaks   up   triglycerides  [86].
environmental pollution. Elevation in glucose level that Öner et al. [87] concluded that the concentrations of
was observed might have resulted from increase in cholesterol, an essential structural component of
glucogenesis and glycogenolysis as well as inhibition of membranes and the precursor of all steroid hormones, may
glucogenolysis and glycogenesis during stress [75]. It is increase due to liver and kidney failure causing the release
a well-established fact that stress stimuli elicit rapid of cholesterol into the blood. Similar increase in plasma
secretion of glucocorticoids and catecholamines from total  lipids,  triglycerides  and  total cholesterol were
adrenal tissue of the fish. Both hormones are known to noted by Shalaby et al. [84] in Oreochromis niloticus
produce hyperglycemia in animals. The hyperglycemic exposed to butataf herbicide, Metwally [86] in
condition in this study may be related to increased Oreochromis niloticus exposed to copper and zinc and
secretion of these hormones which causes breakdown of Yekeen and Fawole [75] in Clarias gariepinus exposed to
liver glycogen. The present findings are in agreement with endosulfan.
previous reports of increased level of plasma glucose on Plasma urea, uric acid and creatinine were useful in
exposure to heavy metals [28, 76] and pesticides [75, 77]. diagnosis of renal function impairment, renal insufficient,
Total plasma proteins were useful in diagnosis of fish renal tubular necrosis, muscle tissue damage as well as
disease.  The  majority  of  plasma  proteins  which  are impaired nitrogen metabolism [88]. In the present study,
synthesized in the liver, is used as an indicator of liver plasma urea, uric acid and creatinine showed significant
impairment [78].In the present study, there was elevation increase in Tilapia spp. from Lake Qarun. This result
in plasma total protein (hyperproteinaemia) and albumin supported that the environmental pollution in the lake
in Tilapia spp. from Lake Qarun which is possibly due to exerts harmful effects on the kidney tissues causing
(1) activation of metabolic systems in response to kidney dysfunction. It is well known that the renal
pollutants exposure, (2) degradation of the cellular insufficiency or failure is usually associated with decrease
material in the liver, (3) several pathological conditions as in urea, uric acid and creatinine excretion, thus leading to
damage of liver and kidney, as shown in the present study its increase in plasma. Chang et al. [89] concluded that
and relative changes in the mobilization of blood proteins, kidney damage may result in reduced renal blood flow
(4) water loss in the plasma and/or (5) induction of protein with reduction in glomerular filtration rate, resulting in
synthesis in liver [19,79 & 80]. The present findings are in azotemia characterized by increase in blood urea nitrogen,
agreement with previous reports of increased level of uric acid and creatinine. Urea in fish is synthesis by the
plasma proteins on exposure to heavy metals [19, 80]. liver and excreted primarily by the gills rather more the

The level of total lipids, triglycerides and total kidney. So in the present study the elevation of urea level
cholesterol in plasma and tissues of fish have been may be attributed to gill dysfunction [90]. It is shown that
reported to be moderately sensitive to environmental the increased blood urea could occur at times of impaired
pollutant but the direction of change in these parameters kidney  function,  liver diseases and cardiac arrest [91].
seems to be dependent on many factors, such as the Uric acid is formed by fish from exogenous and
types of contaminant, the concentration, mode of its endogenous purines. It is converted in the liver to urea for
action,  duration  of  exposure  and   fish   species  [81]. excretion by the gills [90]. In the present study, several
The increased value of plasma total lipids, triglycerides histopathological alterations have been observed in the
and total cholesterol indicated retardation of fat liver, kidney and muscle of the studied fish which support
metabolism. The increase of total plasma lipids and the observed increase in plasma urea, uric acid and
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creatinine level. Similar increase in plasma urea, uric acid (heavy metals and pesticides) in Lake Qarun as reported
and creatinine were noted by Shalaby et al. [84] in previously  by  Vutukuru [99] and Durmaz et al. [100].
Oreochromis niloticus exposed to butataf herbicide, by Also, the depletion in tissue proteins may be due to
El-Boshy and Taha [92] in Nile Tilapia subjected to impaired or low rate of protein synthesis [33]; due to their
mercuric chloride and by Bhanu and Deepak [93] in utilization in cell repair and organization [99] or/and the
Cyprinus carpio exposed to cypermethrin. decrease in uptake of amino acids into the polypeptide

Transaminases are important enzymes known to play chain. The present findings are in agreement with
a key role in mobilizing L-amino acids for gluconeogenesis previous reports of decreased level of tissue protein on
and function as links between carbohydrate and protein exposure  to  heavy  metals  [33]  and  pesticides [101].
metabolism under altered physiological, pathological The elevation in the lipid content in the muscles of
conditions [94]. Tissue distribution of alkaline Tilapia spp. from Lake Qarun may be attributed to
phosphatase is virtually ubiquitous especially within cell enhanced lipid synthesis and/or reduced lipid catabolism
membranes and would easily leak out of the cell in [79]. A similar increase in the lipid content was recorded
pollutants-induced tissue damage. LDH, the terminal in the muscles of fish exposed to different pesticides [102,
enzyme in vertebrate anaerobic glycolysis, is one of the 103] and metals [104]. The elevation in the glycogen
enzymes that have been employed for diagnosing liver, content in the muscles of Tilapia spp. from Lake Qarun
muscle and gill damages caused by pollutants in fish [95]. may be attributed to an inhibition of glycogen conversion
Increased activity of LDH is a characteristic feature of a into  blood  glucose  by  the  effects  of   pollutants  [81].
shift from aerobic to anaerobic metabolism leading to an A similar increase in the glycogen content was recorded
elevated rate of pyruvate conversion into lactate, in  the  muscles  of  C. punctatus exposed to zinc [105].
resulting in lactic acidosis [94]. Elevations in the activities The  moisture  content  of  the  muscle of Tilapia spp.
of plasma GOT, GPT, ALP and LDH in Tilapia spp. from from the eastern part of Lake Qarun showed a reduction.
Lake Qarun reflect hepatic and myocardial impairment, The depletion in the tissues moisture content could be
leading to extensive liberation of the enzymes into the due to the activity of proteolytic enzymes that minimize
blood circulation. Al-Attar [19] reported that the elevation the water holding capacity of tissue or/and a decrease in
of serum GOT, GPT and ALP may be due to liver the extracellular fluid volume [106]. The depletion in the
dysfunction. In addition, the increase of serum GOT, GPT tissues moisture observed in this study is in accordance
and ALP may be attributed to the hepatocellular damage with the results of previous investigators on fish [10, 107].
or cellular degradation, perhaps in liver, heart or muscle Histological analysis appears to be a very sensitive
[96]. Several histopathological alterations have been parameter and is crucial in determining cellular changes
observed in the liver, kidney and muscle of the studied that may occur in target organs, such as the muscles,
fish which support the observed increase in plasma GOT, kidney and liver. It is possible that the pathological
GPT, ALP and LDH activities. Yang and Chen [17] alterations in the tissues of Tilapia spp. from Lake Qarun
reported that the increase of blood enzymatic activity may could be a direct result of the heavy metals, pesticides,
be due to increased enzymes synthesis. Increased serum fertilizers, salts and sewage, which are entered to the lake
activities of ALP have been explained by pathological with the drainage water [8-14]. The histopathological
processes such as liver impairment, kidney dysfunction alterations in the muscle of the studied fish are in
and bone disease [17]. In the same aspect plasma GOT, agreement with those observed by many investigators
GPT, ALP and LDH activities significantly increased in who have studied the effects of different pollutants on
Acipenser persicus borodin exposed to cadmium [97] and fish muscles [108-111].
in Oreochromis niloticus exposed to a pesticide The liver is a detoxification organ and essential for
(cypermethrin)  and  two  metals  (copper,   lead)  [98]. both the metabolism and excretion of toxic substances.
F rat et al. [98] reported that the elevation of these Exposure to toxicants may cause histological changes in
enzymes in blood plasma might be due to the release of the liver, which in turn could be used as a biomarker to
enzymes from the destroyed tissues into the blood indicate prior exposure to environmental stressors.
circulation. Several histopathological alterations were observed in the

In the present study, the reported decrease in the liver of Tilapia spp. from Lake Qarun. These changes may
protein content in the muscles of fish may reflect that the be attributed to direct toxic effects of pollutants on
protein was taken as alternative source of energy, due to hepatocytes, since the liver is the site of detoxification of
high energy demand that induced by different pollutants all types of toxins and chemicals. The cellular
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degeneration observed in the liver of the studied fish is exposed to cadmium sulphate [119]; in Oncorhynchus
most probably due to vascular dilation, intravascular mykiss exposed to diazinon [43] and in Cyprinus carpio
haemolysis and thrombosis formation in the blood vessels exposed to heavy metals [120].
with subsequent stasis of blood. The necrotic changes It could be concluded that the concentrations of the
detected in hepatic cells were most probably a studied metals in Lake Qarun water were was within the
consequence of the cellular degenerations. The observed permissible level except El-Batts Drain where Cd value
degeneration in the liver may be also due to disruption in was higher than the permissible limit. These metals
the lysosomal membrane, which is very sensitive to accumulated into the muscle of Tilapia spp. Fe, Ni and Pb
toxicants and thus their enzymes released and caused levels in the muscle exceeded the permissible limit;
degeneration and vacuolation of cytoplasm of however, Zn, Cu, Cd and Mn levels in the muscle was
hepatocytes [112]. The vacuolization of hepatocytes below the maximum permissible limit, except in the fish
might  indicate  an imbalance between the rate of from the eastern part of Lake Qarun. El- Batts and El-Wadi
synthesis of substances in the parenchymal cells and the Drains,  in  addition  to  stations  1  (discharge   point  of
rate of their release into the circulation system [113]. El- Batts Drain) and 6 (discharge point of El-Wadi Drain)
Oxygen deficiency as a result of gill degeneration being in Lake Qarun revealed several pesticides and Tilapia
the most common cause of the cellular degeneration in the spp. from east and middle of Lake Qarun contained a wide
liver [114]. According to Walter and Israel [115], the variety of organophosphorus and organochlorine
presence of haemorrhagic areas and aggregations of pesticides, however, the fish samples from west of Lake
inflammatory cells in the liver of the studied fish could be Qarun showed the presence of Malathion and Parathion
explained  that the necrotic cells lead to release of methyl. The indicator bacteria in the Lake Qarun waters
different chemostatic factors which attract different exceeded the acceptable values, except at stations (2,4,5,
inflammatory cells. However, Ram and Singh [116] 8, 9). Also, El-Batts and El-Wadi Drains exceeded the
reported that the rupturing of blood vessels causing acceptable values for drainage water discharged into the
invasive infiltration of inflammatory cells and detrimental lakes. The occurrence of total bacterial counts of the fish
focal  necrosis.  The  present  results  are in agreement samples investigated having >10  CFU/g raises concern
with  those  observed  by  many  authors who have about the hygienic status of the fish. It was found that the
studied  the  effects of different pollutants on fish liver environmental pollution in Lake Qarun induced changes
[39, 40, 42, 44]. in the physiological and biochemical parameters (plasma

The kidney is a vital organ of body and proper kidney glucose, total proteins, albumin, total lipids, triglycerides,
function is to maintain the homeostasis. It is not only cholesterol, urea, uric acid, creatinine, GOT, GPT, ALP and
involved in removal wastes from blood but it is also LDH) and in the histological structures of the organs
responsible for selective re-absorption, which helps in (muscle, liver and kidney). Reduction in protein contents
maintaining volume and pH of blood and body fluids and of the muscles of Tilapia spp. from the lake indicates fall
erythropoieses [117]. The kidney is one of the first organs in nutritional value or quality of fish as a food.
to be affected by contaminants in the water. The common Consequently, it is must to protect Lake Qarun from
lesions found in the kidney of Tilapia spp. from Lake anthropogenic source of pollution to reduce
Qarun were severe vacuolar degeneration with environmental risks.
hypertrophy of the epithelial cells of renal tubules, severe
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