Global Veterinaria 10 (2): 103-115, 2013
ISSN 1992-6197
© IDOSI Publications, 2013
DOI: 10.5829/idosi.gv.2013.10.2.71226

Heavy Metals Pollution and Their Effects on Gills and Liver of
Inhabiting El-Rahawy Drain, Egypt
the Nile Catfish
1

Mohammad M.N. Authman, 2Seham A. Ibrahim, 3Midhat A. El-Kasheif and 3Hanan S. Gaber
1

Department of Hydrobiology, National Research Centre, Dokki 12622, Giza, Egypt
2
Department of Zoology, Faculty of Science, Benha University, Benha, Egypt
3
National Institute of Oceanography and Fisheries, Cairo, Egypt

Abstract: The water quality and heavy metals (Cu, Fe, Pb, Cd, Mn and Zn) concentrations in the water of
El-Rahawy drain and River Nile at El- Kanater El-Khyria (as a reference site for comparison) were seasonally
estimated. In addition to that, samples of Clarias gariepinus fish were collected from the two sites to assess
the effects of the water quality and heavy metals concentrations in El-Rahawy drain on the fish liver enzymes
and some biochemical parameters. Also, the histological alterations of the gills and liver of the studied fish
species were studied. The obtained results showed poor water quality in El-Rahawy drain region compared
with those obtained from River Nile at El- Kanater El-Khyria. Also, it was found that the heavy metals
concentrations in water from El-Rahawy drain region were higher than those obtained from River Nile. Increase
in glutamate-oxaloacetate transaminase (GOT) and glutamate- pyruvate transaminase (GPT) activities and
different biochemical parameters of C. gariepinus living in El-Rahawy drain were noticed. Also, histological
study cleared that gills and liver of C. gariepinus living in El-Rahawy drain suffered from several pathological
alterations. All these findings were discussed and referred to the input of agricultural, industrial and sewage
water into El-Rahawy drain. It could be recommended that treatment of wastewater including sewage and
domestic wastes before discharging into water bodies is a necessary process to protect the fish and the public
health from the danger of pollution.
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bodies far exceeds the natural ability of these bodies to
attenuate the pollutants [3] with dramatic consequences
on water quality, sediments and biotic communities [4].
El-Rahawy drain is such a receiving environment; it
is located in the southern part of the Nile Delta, Egypt,
about 39.5 km north-west of the city of Cairo. It lies
between latitudes 30° 10’ N to 30° 12’ N and longitudes
31° 2’ E to 31° 3’ E. El-Rahawy drain is about 12.41 km 2
and passes through El-Rahway village and many villages
distributed along it receiving agricultural, industrial and
domestic wastes in addition to sewage of El-Giza
governorate and discharged these wastes directly without
treatment into Rosetta branch of the River Nile at
El-Rahway village [5]. This drain receives waste water
from El-Moheet drain that passes by a deep under

Due to urban, industrial and agricultural activities,
freshwater sources are dumped with different kinds of
chemicals that affect the inhabiting biota [1]. In recent
years, the problems of sewage pollution of inland waters
have become a point of local concern.
The disposal of the untreated sewage may be harmful
concerning its possible hygienic and aesthetical
effects and its impact on fauna and flora in the aquatic
environment [2]. Egyptian drains receive large quantities
of partially treated or untreated domestic and industrial
wastewater and other human activities, which in turn
ultimately discharge into River Nile, canals, lakes, or seas
[3]. The amount of waste discharged into receiving water
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El-Nassery sub-branch of the River Nile to open into a
concrete reservoir of about 20 m high at El-Rahawy drain.
From this reservoir, the drainage wastewater runs to about
4 km through El-Rahawy village and opens into Rosetta
branch. El-Rahawy drain is an ideal ecosystem for
studying aquatic organism responses to these different
contaminants.
The domestic wastewaters contain fairly high
concentrations of metals [6], where these metals are
derived from household products such as cleaning
materials (detergents), toothpaste, cosmetic and human
feces [7]. Also, there are additional quantities introduced
from industrial wastes [8] and washing of herbicides and
pesticides of the agricultural lands [9].
Due to their toxicity, long persistence,
bioaccumulative and nonbiodegradable properties in the
food chain, metals constitute a core group of aquatic
pollutants [6]. Thus, in view of the quality of public food
supplies, their levels in aquatic environment should be
monitored regularly to check water quality and animal
health [10].
In order to evaluate the adverse effects of the
pollutants on aquatic organism, there is a worldwide trend
to complement chemical and physical parameters with
biomarkers in aquatic pollution monitoring [1]. Fish are
used as excellent indicator of aquatic pollution due to
their high sensitivity to environmental contaminants
which may damage certain physiological and biochemical
processes when contact with the organs of fishes [11].
The fish liver plays an important role in vital
functions in basic metabolism and it is the major organ of
accumulation, biotransformation and excretion of
contaminants in fish [12]. The measurement of suitable
biomarkers in liver becomes useful and can give an idea
about the health state of fish. Toxicological studies have
shown that the impact of contaminants on aquatic
ecosystems can be evaluated by measuring biochemical
parameters in the liver of the fish that respond specifically
to the degree and type of contamination [13]. Also, the
liver histology is used as biomarker for the environmental
pollution [14] and there have been numerous reports of
histopathological changes in livers of fish exposed to
a wide range of organic compounds and heavy metals
[1, 15].
On the other hand, fish gill is a multifunctional organ
responsible for respiration, osmoregulation, acid-base
balance and nitrogenous waste excretion. Fish gills are
exposed directly to aquatic media and sensitive to any
change of water components, since gill filaments and

lamellae provide a very large surface area for direct and
continuous contact with contaminants in water [14, 15].
Thus, changes in fish gills are among the most commonly
recognized responses to environmental stressors and are
indicative of physical and chemical stress [1, 15, 16].
Therefore, gill histology is used extensively as indication
of environmental pollution [14]. Gill histopathological
lesions as indicators of exposure to a wide range of
contaminants including heavy metals have previously
been used in numerous laboratory and field studies
around the world [15, 17, 18].
African catfish (Clarias gariepinus) is one of the
most important tropical fish due to high growth rate, high
consumer acceptability and high resistance to poor water
quality and oxygen depletion [19]. Moreover, it has been
used in fundamental research and considered as an
excellent model for toxicological studies [20].
So, the overall objective of this study is to evaluate
the water pollution in an effluents-dominated drain in
Egypt (El-Rahawy drain) and effects of this pollution and
heavy metals on wild Clarias gariepinus fish. The
impacts on some biochemical parameters, including liver
enzymes assays and histopathology of liver and gills were
evaluated.
MATERIALS AND METHODS
The present study was extended from winter 2010 to
autumn 2011 during four successive seasons. Two sites
(Map 1) were chosen to carry out present study; the first
one was located in River Nile at Delta Barrage in front of
El-Kanater El-Khayria City (used as the reference point)
and the second was selected in El-Rahawy drain at
El-Rahawy village. Samples were collected from River Nile
at Delta Barrage and different locations of El-Rahawy
drain to represent the drain ecosystem.
Water Samples Collection and Analysis: Sampling,
preservation and experimental procedure of the water
samples were carried out according to the standard
methods for examination of water and wastewater [21].
Field Observations: In situ, air and surface water
temperatures (°C) were measured by a dry mercury
thermometer, transparency (cm) by Secchi disc, electrical
conductivity (EC) (µmohs/cm) by using conductivity
meter model (S.C.T. 33 YSI) and hydrogen ion
concentration (pH) by Orion Research Ion Analyzer 399A
pH meter.
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Map 1: The study area at El-Rahawy drain and River Nile at Delta Barrage
Water samples were collected at 60 cm depth from
different sites (10 samples/ season); using polyvinyl
chloride Van Dorn plastic bottles (1.5 liter capacity).
For trace elements analysis, water samples were collected
in one-liter plastic bottles and preserved with 5 ml
concentrated nitric acid on the spot and stored in
refrigerator [21]. One-liter plastic bottles were also filled
with water samples for undertaking the rest of chemical
analysis. The samples were preserved in an icebox and
returned immediately to the laboratory.

plastic tubes. Blood samples were left to coagulate for
15-20 min. at room temperature and then centrifuged at
3000 rpm for 10 min. to separate serum and serum samples
were stored in polyethylene Eppendorf test tubes at -20°C
until serum analysis. Serum samples were used to
estimate, colorimetrically, the liver enzymes and
biochemical parameters. GOT, GPT, glucose and albumin
were determined using Stanbio kit as described by
Reitman and Frankel [22], Trinder [23] and Dumas and
Biggs [24], respectively. Protein content was
determined using the Boehringer Mannheim Kits
according to Gornall et al. [25]. The content of globulin
is obtained by subtraction of protein content with
albumin content as follows: Globulin content = protein
content - Albumin content. Albumin/ Globulin ratio is
obtained as follows: A/G Ratio = Albumin content /
Globulin content.

Laboratory Analysis: Dissolved oxygen was measured
using the modified Winkler method and biochemical
oxygen demand (BOD) was determined with the 5-days
incubation method. Concentration of ammonia, nitrite and
nitrate were determined by using the colorimetric
techniques. All previous analyses were carried out
according to the standard methods for examination of
water and wastewater [21].
Heavy metals (copper, iron, lead, cadmium,
manganese and zinc) in water samples were determined
using atomic absorption spectrometry (Perkin-Elmer 3110,
USA) with graphite atomizer HGA-600, after using the
digestion technique by nitric acid [21].

Histopathological Examination: After dissecting the fish,
liver and gills were removed and fixed in Bouin's solution
for 24 hr. The tissues were routinely dehydrated in an
ascending series of alcohol, cleared in xylene and
embedded in paraffin wax. Sections of 4-6 µm thick were
cut, processed and stained with heamatoxylin and eosin
(H&E). They were examined according to Roberts [26]
by a complex Olympus light microscopy and
photographed by a built in camera.

Fish Samples Collection and Analysis: Samples of
African catfish Clarias gariepinus were collected
seasonally (30 fish/ season) from each site. The fishes
were transposed a live back after catching to the
laboratory for subsequent analysis. In the laboratory, for
each fish, the total length and total weight were recorded.
Fish total length and total weight were from 250 to 440 mm
and from 290 to 500 g, respectively.

Statistical Analysis: The basic statistics, means and
standard deviations and errors of the measured
parameters were estimated. Data were statistically
analyzed using one way analysis of variance (ANOVA)
test. Pearson’s correlation coefficients matrix among the
different parameters was computed as well. All statistical
analyses were done, using the computer program of SPSS
Inc. (version 17.0 for Windows) at the 0.05 level of
significance.

Liver Enzymes and Biochemical Analyses: Blood
samples were taken from the caudal vein of the fish using
a heparinized syringe and collected into small sterilized
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RESULTS
Physicochemical Parameters: Table (1) shows the mean
values of physicochemical parameters of the sampling
sites. It is obvious that, the mean values of the different
parameters of the water collected from El-Rahawy drain
were very high as compared to the reference site of the
River Nile, with the exception of DO and transparency.
The present results cleared depletion in oxygen content
and transparency and increasing in ammonia, nitrate and
nitrite concentrations at El-Rahawy drain.

Fig. 1: Section in the gill of C. gariepinus showing
dilated and congested primary lamellae (H&E,
X100)

Heavy Metals in Water: Data reported in Table (2)
indicated that the values of the detected heavy metals in
El-Rahawy drain were appreciably higher than those in the
River Nile water. The mean values of the elements at
different sites showed Fe to be the most abundant
element in water whereas Cd got the least concentration.
Fig. 2: Section in the gill of C. gariepinus showing
hyperplasia of epithelial cells and separated from
pillar system (H&E, X 400)

Liver Enzymes and Biochemical Parameters: The mean
values of liver enzymes and different biochemical
parameters of C. gariepinus collected from River Nile
and El-Rahawy drain waters are shown in Table (3).
On comparing the present results of liver enzymes and
different biochemical parameters with those collected from
the River Nile at El-Kanater El-Khyria (as a control fish),
it is clear that, the different parameters of fish collected
from El-Rahawy drain were very high as compared to the
reference site fish.
On the other hand, the correlation coefficient matrix
(r) of the investigated water parameters and heavy metals
with liver enzymes and different biochemical parameters
of C. gariepinus collected from El-Rahawy drain (Table 4),
demonstrated some significant positive and negative
correlations.

Fig. 3: Section in the gill of C. gariepinus showing
dilated and congested primary lamella (H&E,
X100)

Histopathological Findings
Gills: The histopathological alterations of the gill of
C. gariepinus fish collected from El-Rahawy drainage
canal include alterations such as dilation and congestion
in blood vessel of primary gill filaments (Fig. 1).
Hyperplasia of epithelial cells between secondary lamellae
led to fusion and separated from pillar system were
detected (Fig. 2). Also increase in intracellular vacuolation
(Figs. 2 & 3) was observed. Most of gill filaments were
sloughed (Fig. 4).

Fig. 4: Section in the gill of C. gariepinus showing
sloughing of secondary lamellae (H&E, X 100)

Liver: The histopathological changes found in
the liver of C. gariepinus fish, collected from
El-Rahawy
drain,
include
loss
of
cellular
architecture of liver (Fig. 5), vacuolar degeneration,
pycnotic nuclei and focal areas of necrosis

Fig. 5: Section in the liver of C. gariepinus showing loss
of cellular architecture (H&E, X100)
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Table 1: Physicochemical parameters (mean ± standard deviation) at various sampling sites
DO

BOD

Transparency

Site

Season

Temperature (°C) Temperature (°C)

Air

(mg/L)

(mg/L)

(cm)

pH

River Nile at El-Kanater

Winter

19.25±0.53

17.36±0.39

8.36±0.34 3.18±0.26

90.05±2.17

7.32±0.06 0.59±0.02 11.80±1.71

32.28±2.92

457.65±5.41

El-Khyria

Spring

27.30±0.32

25.13±0.28

7.88±0.17 5.77±0.17

107.63±5.28

7.48±0.18 0.57±0.01 14.70±1.67

35.18±3.55

346.95±8.41

Summer

32.45±0.58

30.48±0.40

6.98±0.17 1.93±0.06

118.93±2.05

7.68±0.16 0.65±0.06 17.85±1.52

27.55±2.34

382.68±6.01

Autumn

26.98±0.38

24.95±0.34

8.15±0.26 4.10±0.21

79.85±1.55

7.36±0.17 0.52±0.04 18.28±2.86

41.23±1.98

375.08±6.82

99.11±15.90

El-Rahawy Drain

Permissible limits (mg/l)

Water

Ammonia

Nitrite

(mg/L)

(NO 2) (µg/L) (NO 3) (µg/L) (µmohs/cm)

Nitrate

Conductivity

Mean

26.49±4.88

24.48±4.83

7.84±0.59 3.75±1.46

7.46±0.20 0.58±0.06 15.66±3.25

34.06±5.68

390.59±42.71

Winter

18.98±0.35

16.96±0.21

4.18±0.47 14.10±0.29 29.24±1.02

8.16±0.32 10.08±0.29 40.08±0.92

39.43±1.46

930.20±11.45
537.60±23.97

Spring

27.80±0.19

25.86±0.29

4.88±0.18 13.92±0.26 21.62±2.01

8.11±0.28 12.50±0.56 36.04±0.92

60.26±1.07

Summer

32.38±0.53

30.16±0.21

3.38±0.08 12.66±0.21 20.78±0.90

8.35±0.31 7.14±0.23 41.80±1.16

59.20±1.11

587.58±14.85

Autumn

26.90±0.43

25.10±0.34

3.66±0.11 13.04±0.24 24.98±0.41

7.87±0.23 9.70±0.25 33.23±0.96

76.25±1.39

724.74±17.09

Mean

26.52±4.96

24.52±4.90

4.03±0.63 13.43±0.66 24.16±3.60

8.12±0.31 9.86±1.98 37.79±3.56

58.79±13.45

695.03±156.85

Egyptian law

NA

NA

>5

6.5-9

40

NA

<6-10

NA

<0.5

NA

No. 48 [37]
NA = not available

Table 2: Heavy metals concentrations (mean ± standard deviation) in water at various sampling sites
Heavy metals concentrations in water (µg/L)
------------------------------------------------------------------------------------------------------------------------------------Site

Season

Copper (Cu)

Iron (Fe)

Lead (Pb)

Cadmium (Cd)

Manganese (Mn)

Zinc (Zn)

River Nile at

Winter

11.65±0.52

298.20±8.64

29.18±1.13

7.02±0.32

145.50±4.16

15.80±0.73

El-Kanater El-Khyria

Spring

14.12±0.53

804.14±15.67

33.15±1.87

7.98±0.20

155.82±4.26

12.94±0.36

Summer

15.88±0.28

942.24±83.48

35.67±0.83

11.31±1.00

120.68±1.99

15.16±0.44

Autumn

13.77±0.39

718.44±20.46

31.47±1.41

7.15±0.26

170.32±2.95

19.66±0.75

Mean

13.86±1.60

690.76±249.81

32.37±2.74

8.37±1.85

148.08±18.85

15.89±2.54

Winter

20.16±0.94

851.90±32.57

71.37±1.84

7.14±0.33

79.10±0.93

61.72±2.44

Spring

29.82±0.90

951.80±33.60

63.18±3.26

8.54±0.15

176.87±4.88

80.44±1.36

Summer

26.92±0.98

1002.92±7.57

49.12±1.47

9.08±0.28

169.44±2.70

51.00±1.84

Autumn

24.77±0.54

904.50±7.34

42.58±1.49

8.95±0.16

181.66±1.89

46.80±1.01

Mean

25.42±3.70

927.78±61.48

56.56±11.80

8.43±0.82

151.77±43.36

59.99±13.43

Egyptian law

1000

1000

50

10

500

1000

9.0

1000

2.5

0.25

NA

120.0

El-Rahawy Drain

Permissible limits (µg/l)

No. 48 [37]
Permissible limits (µg/l)

U.S.EPA [40]

NA = not available
Table 3: Liver enzymes and biochemical parameters (mean ± standard error) of the African catfish Clarias gariepinus at various sampling sites
GOT

GPT

Albumin

Globulin

A/G

Protein

Glucose

Site

Season

(Iu/ml)

(Iu/ml)

(g/100 ml)

(g/100 ml)

ratio

(g/100 ml)

(mg/100 ml)

River Nile at El-Kanater

Winter

24.68±0.31 a

81.36±0.63 a

El-Khyria

Spring

24.35±0.27

a

Summer

34.93±0.44

b

Autumn

25.42±0.33

a

90.79±1.88

Mean

El-Rahawy Drain

1.80±0.02 a

2.50±0.02 a

0.72±0.01 c

5.55±0.06 a

99.58±1.32 ab

101.12±1.12

c

2.20±0.01

c

4.18±0.08

c

0.52±0.01

b

6.41±0.04

c

102.88±1.10 c

133.46±1.29

d

3.59±0.02

b

0.70±0.01

c

5.95±0.07

b

108.56±1.34 d

4.03±0.08

c

0.50±0.01

a

5.85±0.08

b

97.90±0.74 a

2.51±0.02

d

b

1.99±0.04

b

27.35±1.02

101.68±4.54

2.12±0.06

3.57±0.15

0.61±0.02

5.94±.08

102.23±1.07

F-ratio

218.985

299.223

142.471

171.514

158.253

31.005

16.691

Sig.

(0.000)**

(0.000)**

(0.000) **

(0.000) **

(0.000) **

(0.000) **

(0.000) **

Winter

42.11±0.84b

164.37±2.64 b

2.63±0.03 b

3.37±0.03 a

0.78±0.01 d

7.24±0.09 a

62.02±0.96 a

Spring

40.54±0.65b

152.08±0.81 a

2.78±0.01 c

4.76±0.11 b

0.58±0.01 b

7.53±0.03 bc

124.71±2.13 b

Summer

61.92±0.90c

181.23±1.09 d

3.16±0.07 d

4.57±0.03 b

0.69±0.02 c

7.60±0.03 c

139.47±1.20 c

Autumn

36.97±0.45a

169.75±0.77 c

2.24±0.03 a

5.00±0.08 c

0.45±0.01 a

7.40±0.05 ab

152.26±1.22 d

Mean

45.39±2.26

166.86±2.51

2.71±0.08

4.42±0.15

0.63±0.03

7.44±0.04

119.61±7.98

F-ratio

235.996

62.344

77.921

104.436

92.263

8.380

764.963

Sig.

(0.000)**

(0.000)**

(0.000) **

(0.000) **

(0.000) **

(0.000) **

(0.000) **

Means with the same superscript letters at the same column are not significantly different (P>0.05). F-ratio = ANOVA's F-test. (Sig.) = significance level.
**

Highly significant (P<0.01)
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Table 4: Pearson’s correlation coefficient matrix between liver enzymes and biochemical parameters of the African catfish Clarias gariepinus and different
physicochemical parameters and heavy metals concentrations at El-Rahawy drain
GOT

GPT

Albumin

Globulin

A/G

Protein

Air Temperature

0.60**

0.39

0.48**

0.76**

-0.36

0.75**

Glucose
0.85**

Water Temperature

0.54*

0.37

0.42

0.80**

-0.42

0.76**

0.87**

DO

-0.51*

-0.90**

-0.08

-0.13

0.05

-0.08

BOD

-0.55*

-0.75**

-0.25

-0.55*

0.29

-0.52*

-0.73**

Transparency

-0.47*

-0.14

-0.50*

-0.66**

0.29

-0.76**

-0.69**

pH
Ammonia
NO2

0.51*
-0.75**
0.77**

0.15
-0.93**
0.43

NO3

-0.16

Conductivity

-0.70**

-0.68**

0.16

Copper

0.73**

0.89**

Iron

0.59**

0.80**

Lead

0.73**

0.88**

0.41

-0.13

0.30

0.34

-0.37

0.03

-0.22

-0.17

-0.22

0.06

-0.43

0.76**

-0.57**

0.84**

-0.36

0.93**

-0.92**

0.24

-0.40

0.95**

0.64**

-0.13

0.53*

0.88**

0.79**

-0.34

0.65**

0.54*

0.89**

0.47

0.004

0.52*

0.57*

0.39

0.25

0.75**

0.67**

0.24

0.93**

0.94**

0.90**

0.16

Manganese

0.26

0.51*

0.62**

0.95**

-0.70**

0.02

-0.25

-0.09

-0.31

-0.35

0.37

-0.16

-0.42

Cadmium
Zinc

-0.35

-0.10

-0.50*

0.93**
0.10
0.62*

-0.48*

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

of the hepatocytes (Fig. 6). Leukocyte infiltration and
hyaline degeneration were also detected in the hepatic
tissues of fish (Figs. 7 & 8). Dilation of the central vein
accompanied by blood congestion was detected (Fig. 8).
DISCUSSION
Fig. 6: Section in the liver of C. gariepinus showing
pycnotic nuclei and hepatic necrosis (H&E, X 400)

Anthropogenic sources such as agriculture run-off,
industrial and sewage have created both localized and
regional pollution problems in nearly every country
around the world [27]. In some cases the pollution has
been extensive enough to lead to environmental disasters
and ecosystem shutdown [28].
The elevated levels in physicochemical properties
observed in El-Rahawy drain implicate pollution as the
source of alteration in water quality. The negative impact
of different sources of pollutants discharged into this
drain was further confirmed by the highest values in all
physicochemical parameters with a concomitant decrease
in DO.
Temperature is a factor of great important for aquatic
ecosystem, as it affects the organisms, as well as the
chemical and physical characteristics of water [29]. As
expected the water temperature of the studied points
followed more or less that of the air. The relative increase
in temperature of El-Rahawy drain water has potential
implications on the oxygen retention capacity of the water
[30] as increases in temperature affects the levels of
dissolved oxygen in the water column where DO is

Fig. 7: Section in the liver of C. gariepinus showing
hyaline degeneration and focal areas of necrosis
(H&E, X100)

Fig. 8: Section in the liver of C. gariepinus showing
dilated vein, congested and leukocyte infiltration
(H&E, X 400)
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inversely proportional to temperature [28]. In addition,
Veado et al. [31] reported that the introduction of excess
of organic matter may result in a depletion of oxygen from
an aquatic system mainly during warm stagnant condition.
Similarly, the reduction in dissolved oxygen content may
be due to decomposition of suspended organic matter of
sewage in this drain [32]. Prolonged exposure to low
dissolved oxygen level (<5 mg/l) will increase organisms
susceptibility to other environmental stress [33] and has
dire consequences for the survival of fish and other
aquatic animals as reduced DO will elicit physiological
regulatory mechanisms involved in the maintenance of
oxygen gradient from water to tissues which is essential
to maintain the metabolic aerobic pathways [28].
BOD measures the dissolved oxygen consumed by
microorganisms present in the studied samples to stabilize
any biodegradable organic matter, as well as the quantity
of oxygen used in its respiration [21, 34]. Increase in BOD
values monitored in El-Rahawy drain environment being
affected by quantity and quality of discharges, as well as
seasonal and spatial effects [35].
On the other hand, the increase of turbidity (low
transparency) may be due to the disposal of domestic and
industrial effluent in this drain [33].
The pH value is considered to be an important factor
in the chemical and biological system of aquatic
environment [33]. The relatively highest pH of El-Rahawy
drain water can be attributed to the large amounts of
different pollution sources discharged into this drain. pH
has profound effects on water quality affecting the ability
of bacteria which require slightly acidic pH to degrade
toxic substances to less harmful forms [28].
Dissolved inorganic nitrogen is the summation of
ammonia, nitrate and nitrite [32, 33]. These parameters
were found in high concentrations in El-Rahawy drain
water which may be due to sewage outfalls, as recorded
by Tayel et al. [32]. The higher contents of nitrite in
El-Rahawy drain water are indication of the microbial
activity. The recorded increase in NO3 comparing to in
River Nile water might be attributed to the fast conversion
of NO2-NO3-ions by nitrifying bacteria [33]. The increase
in ammonia level in water samples collected from
El-Rahawy drain water is indicator of the presence of
pollutants of high activity viz.: sewage discharge,
industrial effluents and agriculture-runoff and could be
attributed to the increase in the oxygen consumption of
the decomposing organic matter and oxidation of chemical
constituents [36]. The presence of large concentration of
NO2 and NO3 in water can create a large oxygen demand.
High concentration of nitrate and nitrite can cause algae

to grow in large quantity. Dead algae can cause oxygen
depletion problems which in turn can kill fishes and other
aquatic organisms [33]. Although mean ammonia value in
El-Rahawy drain water exceeded acceptable limits by the
Egyptian governmental law No. 48 [37], the value in River
Nile water was considerably elevated.
The high conductivity values observed in El-Rahawy
drain water suggests possible sources of run-off from
adjacent land and strongly implicates industrial and
sewage sources. This agrees with reports of conductivity
being a direct measure of anthropogenic impact [38].
It was found that the values of water samples
collected from El-Rahawy drain were higher than that
collected from Nile water but generally the detected
values of the water samples from both sites are in the
permissible levels set by the Egyptian governmental law
No. 48 [37].
Heavy metals may enter an aquatic ecosystem from
different natural and anthropogenic sources, including
industrial or domestic sewage, storm runoff, leaching from
landfills, shipping and harbor activities and atmospheric
deposits [39].
Present results showed that, most of the heavy metals
concentrations in surface water of El-Rahawy drain and
River Nile water were found within the permissible limits
of both the Egyptian governmental law No. 48 [37] and
U.S.EPA [40]. These results are in agreement with El
Bouraie et al. [41] who studied heavy metals in five drain
outfalls and found that the level of metals is within the
permissible limits of Egyptian law 48/1982. Also, Lasheen
et al. [42] stated that the average concentrations of
heavy metals in El-Moheet drain; which discharge in ElRahawy drain; are within the permissible range according
to the Egyptian law 48/1982.
Generally, lower mean value of DO and higher mean
values of turbidity, conductivity, BOD, NO 2, NO 3 and
trace metals in El-Rahawy drain comparing to the Nile
water prove the presence of large quantities of organic
and inorganic pollutants in El-Rahawy drain. This was
expected due to the fact that the water of such drain
receives large quantities of domestic, agricultural and
industrial effluents.
Chemical analyses alone may not suffice to describe
the adverse effects of the complex mixtures of chemicals
present at contaminated sites. Therefore, the use of a set
of biomarkers for assessment of environmental quality has
been recommended by many researchers [1, 43, 44].
Generally, the presence of pollutants in aquatic
environment exerts its effect at cellular or molecular level
which results a significant changes in biochemical
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degrade and the serum protein level increase. Reddy et al.
[55] and Singh and Sharma [56] reported decline in protein
constituent in liver and increase in serum in different fish
under stress of pollutants. Results of the present study
revealed increased values of protein, albumin, globulin
and A/G ratio in blood of C. gariepinus collected from
El-Rahawy drain compared to the reference site fish. In the
present study the increase of these parameters goes in
parallel with the elevation in the levels of water parameters
studied and heavy metals concentrations as a result of
pollution stress [32]. The statistical analysis (Table 4)
showed that, these parameters had significant positive
correlations with heavy metals concentrations. This is an
evidence of the response of fish to the environmental
pollution.
Histological biomarkers of toxicity in fish organs are
a useful indicator of environmental pollution [57]. Several
histopathological changes have been reported in the gills,
liver, kidneys and gonads of fish in response to
agricultural, sewage and industrial pollutants [58].
In the present study, a wide spectrum of
histopathologies was revealed in the gills and liver of
C. gariepinus fish collected from El-Rahawy drain. In the
present study the pathological changes in gills of fish
C. gariepinus may be a reaction to toxicants intake or an
adaptive response to prevent the entry of the pollutants
through the gill surface [58]. Specific classes of toxicants
have been linked to a number of histological alterations
in gills. Several investigators have reported
histopathological changes in the gills of different fish
species exposed to heavy metals [59, 60]. These included
several alterations similar to those of C. gariepinus in the
present study. Histopathological changes in the gills were
observed in Fundulus heteroclitus exposed to cadmium
[61], in Tilapia nilotica exposed to lead acetate, mercuric
chloride and cadmium chloride [62], in Salmo trutta
exposed to iron sulphate [63], in Asian freshwater catfish,
Saccobranchus fossilis exposed to mercury [64], in
Clarias gariepinus exposed to 0.08 mg/l lead for nine
days [65] and in turbot (Scophthalmus maximus) exposed
to Cu, Cd and Zn [66]. Also many investigators have
reported histopathological changes in the gills of different
fish species exposed to changing water quality as in
steelhead trout, Salmo gairdneri, exposed to nitrite [67],
in carp, Cyprinus carpio, exposed to 20 and 50% sewage
[68], in Ictalurus punctatus exposed to a combination of
ammonia and low levels of monochloramine [69].
Since gills are the respiratory and osmoregulatory
organ of the fish, the histopathological changes of the
gills might impair the respiratory function of the gills by

responses and for monitoring of aquatic environment
analysis of biochemical methods offer as important
biomarkers [45].
Among the biochemical profiles, monitoring of liver
enzymes leakage into the blood has proved to be a very
useful tool in liver toxicological studies [46]. The
transaminases, GOT and GPT are two key enzymes
considered as a sensitive measure to evaluate
hepatocellular damage and some hepatic diseases [47].
So, in the present study, the increase in GOT and GPT
transaminases might be attributed to tissue damage,
particularly liver [48]. In different fish species including
C. gariepinus, GOT and GPT enzymes activity were found
to increase in response to heavy metals [49]. An increase
in plasma GOT and GPT activities due to metals (Zn, Cu
and Cd) was also found in experimental conditions [50],
as well as in fish chronically exposed to metals [51].
The highly significantly positive correlations between
heavy metals values and GOT and GPT values (Table 4)
confirm this. In addition, the present findings coincide
with the reported histopathoiogical lesions, which
revealed a marked degeneration and necrosis of
hepatocytes as the elevation in transaminases activities
may be attributed to liver injury [52].
Glucose is one of the most important sources of
energy for the animals and glucose has been studied
as an indicator of stress caused by physical factors [53]
in particular pollutants [54]. In the present study the
increase in plasma glucose level of C. gariepinus
collected from El-Rahawy drain may due to
gluconeogenesis to provide energy for the increased
metabolic demands imposed by the poor water quality and
heavy metals. Previous investigations proved that, heavy
metals such as cadmium modulate the metabolism of
carbohydrates, causing hyperglycemia by stimulating the
glycogenolysis in some marine and freshwater fish
species [51]. Present results confirm this where there are
significant positive correlations between glucose levels in
blood of C. gariepinus collected from El-Rahawy drain
and some heavy metals (Cu, Fe, Pb and Cd)
concentrations (Table 4).
Serum albumin and globulin have been used as
indicators of healthy status of fish and considered as
important indicators for the effect of pollutants in fish
[32]. Protein is also one of the important biochemical
parameters which have been used to understand the
general state of health and biological mechanism of
metabolism under pollutant stress [11]. During stress
conditions fish need more energy to detoxify the toxicant
and to overcome stress. So, due to this, proteins in liver
110

Global Veterinaria, 10 (2): 103-115, 2013

REFERENCES

reducing respiratory surface area, resulted in hypoxia,
respiratory failure problems [70, 71] and this badly affects
the physiology and may lead to the death of fish [58].
The liver is particularly susceptible to damage from a
variety of toxicants. One of the most important functions
of liver is to clean pollutants from the blood, so it is
considered as indicator of aquatic environmental pollution
[72].
Liver changes in the C. gariepinus fish samples were
more severe and in some cases irreparable, reflecting the
poor water quality of El-Rahawy drain water system.
These changes may be attributed to the direct toxic
effects of pollutants on hepatocytes, since the liver is the
principal organ responsible for detoxification in
vertebrates generally and in fish particularly [73]. The
present study suggests a strong link between heavy
metals and lesions in the liver. Sorensen [74] cited that
heavy metals in Elbe were might cause liver damage.
Aly et al. [52] obtained similar results after exposure of
Clarias gariepinus to lead pollution. Similar alterations in
the liver of Tilapia zillii and Clarias gariepinus were
observed in fishes living in Nile water polluted with heavy
metals [47, 75]. Yacoub and Abdel Sater [76] observed
histopathological effects of heavy metals on some fishes
inhabiting Bardawil lagoon. Ptashynski et al. [77] reported
histopathological alteration after exposure of the lake
whitefish (Coregonus clupeaformis) to nickel. Olojo et al.
[65] observed liver histopathological lesions after
exposure of Clarias gariepinus to Pb for 9 days. Several
histopathological changes in the liver were also observed
in Oreochromis niloticus and Tilapia zillii collected from
the southern region of Lake Manzalah contaminated with
domestic, industrial and agricultural pollutants [78].
Finally, the histopathological alterations observed in
the gills and liver of the studied fish may be attributed to
the effects of the agricultural, industrial and sewage
wastes discharge into El-Rahawy drain.

1.

Abdel-Moneim, A.M., M.A. Al-Kahtani and
O.M. Elmenshawy, 2012. Histopathological
biomarkers in gills and liver of Oreochromis niloticus
from polluted wetland environments, Saudi Arabia.
Chemosphere, 88: 1028-1035.
2. Bahnasawy, M.H., A.A.A. Khidr and N.A. Dheina,
2009. Seasonal variations of heavy metals
concentrations in mullet, Mugil cephalus and Liza
ramada (Mugilidae) from Lake Manzala, Egypt.
Egyptian Journal of Aquatic Biology and Fisheries,
13(2): 81-100.
3. El-Sheikh, M.A., H.I. Saleh, D.E. El-Quosy and
A.A. Mahmoud, 2010. Improving water quality in
polluted drains with free water surface constructed
Wetlands. Ecological Engineering, 36: 1478-1484.
4. Azzurro, E., M. Matiddi, E. Fanelli, P. Guidetti, G. La
Mesa, A. Scarpato and V. Axiak, 2010. Sewage
pollution impact on Mediterranean rocky-reef fish
assemblages. Marine Environmental Research,
69: 390-397.
5. El-Bouraie, M.M., A.A. El Barbary and M. Yehia,
2011. Determination of organochlorine pesticide
(OCPs) in shallow observation wells from El-Rahawy
contaminated area, Egypt. Environmental Research,
Engineering and Management, 3(57): 28-38.
6. Authman, M.M.N., H.H. Abbas and W.T. Abbas,
2013. Assessment of metal status in drainage canal
water and their bioaccumulation in Oreochromis
niloticus fish in relation to human health.
Environmental Monitoring
and Assessment,
185(1): 891-907.
7. Stephenson, T., 1987. Sources of heavy metals in
wastewaters. In: J.N. Lester, (Ed.), Heavy metals in
wastewater and sludge treatment: Sources, Analysis
and Legislation (1: 31-64). Cleveland, DH: CRC Press.
8. Alabaster, J.S. and R. Lloyd, 1982. Water quality
criteria for freshwater fish. London: FAO by
Butterworth Scientific.
9. Khallaf, E.A., M. Galal and M. Authman, 1998.
Assessment of heavy metals pollution and their
effects on Oreochromis niloticus in aquatic drainage
water. Journal of the Egyptian German Society of
Zoology, 26(B): 39-74.
10. Palaniappan, P.L.R.M. and S. Karthikeyan, 2009.
Bioaccumulation and depuration of chromium in the
selected organs and whole body tissues of
freshwater fish Cirrhinus mrigala individually and in
binary solutions with nickel. Journal of
Environmental Sciences, 21(2): 229-236.

CONCLUSION
This study confirms previous reports on the altered
water quality of El-Rahawy drain as a result of discharging
the industrial, agricultural and sewage effluents, which
affect directly water quality and fish health and human
health indirectly and some of the measured parameters,
exceeded the permissible limits. Furthermore the use of
enzymatic and biochemical parameters as biomarker
together with histological parameters are very realistic
approaches. It is recommended to treat different wastes
before discharging to the natural water sources to avoid
the negative effects of pollutants.
111

Global Veterinaria, 10 (2): 103-115, 2013

11. Saravanan, M., K.P. Kumar and M. Ramesh, 2011.
Haematological and biochemical responses of
freshwater
teleost
fish
Cyprinus
carpio
(Actinopterygii: Cypriniformes) during acute and
chronic sublethal exposure to lindane. Pesticide
Biochemistry and Physiology, 100: 206-211.
12. Figueiredo-Fernandes, A., A. Fontainhas-Fernandes,
E. Rocha and M.A. Reis-Henriques, 2006. The
effect of paraquat on hepatic EROD activity,
liver and gonadal histology in males and females
of Nile Tilapia, Oreochromis niloticus, exposed
at
different
temperatures.
Archives
of
Environmental Contamination and Toxicology,
51(4): 626-632.
13. Barhoumi, S., I. Messaoudi, F. Gagné and A. Kerkeni,
2012. Spatial and seasonal variability of some
biomarkers in Salaria basilisca (Pisces: Blennidae):
Implication for biomonitoring in Tunisian coasts.
Ecological Indicators, 14(1): 222-228.
14. El-Serafy, S.S.,
N.A.H.
Abdel-Hameid and
A.A. El-Daly, 2009. Histological and histochemical
alterations induced by phenol exposure in
Oreochromis aureus (Steindachner, 1864) juveniles.
Egyptian Journal of Aquatic Biology and Fisheries,
13(2): 151-172.
15. Au, D.W.T., 2004. The application of histocytopathological biomarkers in marine pollution
monitoring: a review. Marine Pollution Bulletin,
48: 817-834.
16. Mallat, J., 1985. Fish gill structural changes induced
by toxicants and other irritants: a statistical review.
Canadian Journal of Fisheries and Aquatic Sciences,
42(4): 630-648.
17. De Oliveira Ribeiro, C.A., L. Belger, E. Pelletier and
C. Rouleau, 2002. Histopathological evidence of
inorganic mercury and methyl mercury toxicity in the
Arctic charr (Salvelinus alpinus). Environmental
Research, 90(3): 217-225.
18. Elahee, K.B. and S. Bhagwant, 2007. Hematological
and gill histopathological parameters of three tropical
fish species from a polluted lagoon on the west coast
of Mauritius. Ecotoxicology and Environmental
Safety, 68: 361-371.
19. Karami, A., A. Christianus, Z. Ishak, S.C. Courtenay,
M.A. Syed, M. Noor Azlina and H. Noorshinah, 2010.
Effect of triploidization on juvenile African catfish
(Clarias gariepinus). Aquaculture International,
18: 851-858.

20. Mekkawy, I.A.A., U.M. Mahmoud, A.G. Osman and
A.E.H. Sayed, 2010. Effects of ultraviolet A on the
activity of two metabolic enzymes, DNA damage
and lipid peroxidation during early developmental
stages of the African catfish, Clarias gariepinus
(Burchell, 1822). Fish Physiology and Biochemistry,
36(3): 605-626.
21. APHA (American Public Health Association), 1998.
Standard methods for the examination of water and
wastewater. In: A.E. Greenberg, L.S. Clesceri and
A.D. Eaton, (Eds.), APHA, WEF and AWWA,
20 th ed., Washington DC, USA, pp: 1193.
22. Reitman, S. and S. Frankel, 1957. A colorimetric
method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases.
American Journal of Clinical Pathology, 28(1): 56-63.
23. Trinder, P., 1959. Determination of blood glucose
using 4-Aminophenazone. Journal of Clinical
Pathology, 22: 246.
24. Dumas, B.T. and H.G. Biggs, 1972. Standard Methods
of clinical chemistry. Academic press, New York,
USA, pp: 175.
25. Gornall, A.G., C.J. Bardawill and M.M. David, 1949.
Determination of serum proteins by means of the
Biuret reaction. The Journal of Biological Chemistry,
177(2): 751-766.
26. Roberts, R.J., 2012. Fish Pathology, 4 th ed., Blackwell
Publishing Ltd., A John Wiley and Sons, Ltd.,
Publication, The Atrium, Southern Gate, Chichester,
West Sussex, PO19 8SQ, UK, pp: 462.
27. Adeogun, A.O., A.V. Chukwuka and O.R. Ibor, 2011.
Impact of abattoir and saw-mill effluents on water
quality of upper Ogun River (Abeokuta). American
Journal of Environmental Sciences, 7(6): 525-530.
28. Adeogun, A.O., 2012. Impact of industrial effluent on
water quality and gill pathology of Clarias
gariepinus from Alaro stream, Ibadan, Southwest,
Nigeria. European Journal of Scientific Research,
76(1): 83-94.
29. Abdo, M.H., 2005. Physicochemical characteristics of
Abu Za'baal ponds, Egypt. Egyptian Journal of
Aquatic Research, 31(2): 1-15.
30. UNEP (United Nations Environment Program), 2006.
Water Quality for Ecosystem and Human Health.
Prepared and published by the United Nations
Environment
Program
Global
Environment
Monitoring System (GEMS)/Water Program. ISBN 9295039-10-6, pp: 132.
112

Global Veterinaria, 10 (2): 103-115, 2013

31. Veado, M.A.R.V., A.H. De Oliveria, G. Revel, G. Pinte,
S. Ayrault and P. Toulhoat, 2000. Study of water and
sediment interactions in the Das Velhas River,
Brazil - Major and trace elements. Water SA,
26(2): 255-262.
32. Tayel, S.I., S.A. Ibrahim, M.M.N. Authman and
M.A. El-Kashef, 2007. Assessment of Sabal drainage
canal water quality and its effect on blood and spleen
histology of Oreochromis niloticus. African Journal
of Biological Sciences, 3(1): 97-107.
33. Osman, A.G.M., R.M. Al-Awadhi, A.S.A. Harabawy
and U.M. Mahmoud, 2010. Evaluation of the use of
protein electrophoresis of the African Catfish
Clarias gariepinus (Burchell, 1822) for biomonitoring
aquatic pollution. Environmental Research Journal,
4(3): 235-243.
34. Elewa, A.A., E.A. Saad, M.B. Shehata and
M.H. Ghallab, 2007. Studies on the effect of drain
effluents on the water quality of Lake Manzala,
Egypt. Egyptian Journal of Aquatic Biology and
Fisheries, 11(2): 65-78.
35. Abdel-Hamid, M.I., S.A. Shaaban-Dessouki and
O.M. Skulberg, 1992. Water quality of the River Nile
in Egypt. 1. Physical and chemical characteristics.
Archiv für Hydrobiologie, Supplement, 90(3): 283-310.
36. Elghobashy, H.A., K.H. Zaghloul and M.A.A.
Metwally, 2001. Effect of some water pollutants on
the Nile tilapia, Oreochromis niloticus collected
from the River Nile and some Egyptian lakes.
Egyptian Journal of Aquatic Biology and Fisheries,
5(4): 251-279.
37. Egyptian Governmental Law No. 48, 1982. The
implementer regulations for law 48/1982 regarding the
protection of the River Nile and water ways from
pollution. Map. Periodical Bull., 3-4: 12-35.
38. UNESCO-WHO-UNEP, 1996. Water Quality
Assessments -A Guide to Use of Biota, Sediments
and Water in Environmental Monitoring - Second
Edition. Deborah Chapman Eds., pp: 609.
39. Rajeshkumar, S. and N. Munuswamy, 2011. Impact of
metals on histopathology and expression of HSP
70 in different tissues of Milk fish (Chanos chanos)
of Kaattuppalli Island, South East Coast, India.
Chemosphere, 83: 415-421.
40. U.S.EPA (United States Environmental Protection
Agency), 2009. National Recommended Water
Quality Criteria. Office of Water, Office of Science
and Technology 4304T, pp: 21.

41. El-Bouraie, M.M., A.A. El-Barbary, M.M. Yehia
and E.A. Motawea, 2010. Heavy metal concentrations
in surface river water and bed sediments at Nile Delta
in Egypt. Suoseura-Finnish Peatland Society,
61(1): 1-12.
42. Lasheen, M.R., F. Kh. Abdel-Gawad, A.A. Alaneny
and H.M.H. Abd El bary, 2012. Fish as Bio Indicators
in Aquatic Environmental Pollution Assessment:
A Case Study in Abu-Rawash Area, Egypt. World
Applied Sciences Journal, 19(2): 265-275.
43. Fernandes, D., C. Porte and M.J. Bebianno, 2007.
Chemical residues and biochemical responses in wild
and cultured European sea bass (Dicentrarchus
labrax L.). Environmental Research, 103(2): 247-256.
44. Linde-Arias, A.R., A.F. Inácio, L.A. Novo, C. De
Alburquerque and J.C. Moreira, 2008. Multibiomarker
approach in fish to assess the impact of pollution in
a large Brazilian river, Paraiba do Sul. Environmental
Pollution, 156: 974-979.
45. Vutukuru, S.S., 2003. Chromium induced alterations in
some biochemical profiles of the Indian major carp,
Labeo rohita (Hamilton). Bulletin of Environmental
Contamination and Toxicology, 70: 118-123.
46. Osman, A.G.M., M. Koutb and A.E.H. Sayed, 2010.
Use of hematological parameters to assess the
efficiency of quince (Cydonia oblonga Miller) leaf
extract in alleviation of the effect of ultraviolet- A
radiation on African catfish Clarias gariepinus
(Burchell, 1822). Journal of Photochemistry and
Photobiology B: Biology, 99: 1-8.
47. Ibrahim, S.A. and S.A. Mahmoud, 2005. Effect of
heavy metals accumulation on enzyme activity and
histology in liver of some Nile fish in Egypt.
Egyptian Journal of Aquatic Biology and Fisheries,
9(1): 203-219.
48. Palanivelu, V., K. Vijayavel, S.E. Balasubramanian and
M.P. Balasubramanian, 2005. Influence of insecticidal
derivative (cartap hydrochloride) from the marine
polychaete on certain enzyme systems of the fresh
water fish Oreochromis mossambicus. Journal of
Environmental Biology/Academy of Environmental
Biology, India, 26(2): 191-195.
49. Mekkawy, I.A.A., U.M. Mahmoud, E.T. Wassif and
M. Naguib, 2011. Effects of cadmium on some
haematological and biochemical characteristics of
Oreochromis niloticus (Linnaeus, 1758) dietary
supplemented with tomato paste and vitamin E. Fish
Physiology and Biochemistry, 37(1): 71-84.
113

Global Veterinaria, 10 (2): 103-115, 2013

50. Zikic, R.V., A.S. Stajn, S.Z. Pavlovic, B.I. Ognjanovic
and Z.S. Saicic, 2001. Activities of superoxide
dismutase and catalase in erythrocytes and plasma
transaminases of goldfish (Carassius auratus gibelio
Bloch.) exposed to cadmium. Physiological Research,
50(1): 105-111.
51. Levesque, H.M., T.W. Moon, P.G.C. Campbell and
A. Hontela, 2002. Seasonal variation in
carbohydrate and lipid metabolism of yellow perch
(Perca flavescens) chronically exposed to metals in
the field. Aquatic Toxicology, 60(3-4): 257-267.
52. Aly, S.M., M.S. Zaki and H.M. El-Genaidy, 2003.
Pathological, biochemical, haematological and
hormonal changes in catfish (Clarias gariepinus)
exposed to lead pollution. Journal of the Egyptian
Veterinary Medical Association, 63(1): 331-342.
53. Manush, S.M., A.K. Pal, T. Das and S.C. Mukherjee,
2005. Dietary high protein and vitamin C mitigate
stress due to chelate claw ablation in
Macrobrachium rosenbergii males. Comparative
Biochemistry and Physiology A, 142(1): 10-18.
54. Svobodova, Z., D. Pravda and J. Palackova, 1991.
Unified methods of hematological examination of fish.
Research Institute of Fish Culture and Hydrobiology,
Vodnany, pp: 31.
55. Reddy, A.N., N.B.R.K. Venugopal and S.L.N. Reddy,
1995. Effect of endosulfan 35 EC on some biochemical
changes in the tissues and haemolymph of a
freshwater field crab, Barytelphusa guerini. Bulletin
of Environmental Contamination and Toxicology,
55(1): 116-121.
56. Singh, R.K. and B. Sharma, 1998. Carbofuran induced
biochemical changes in Clarias batrachus. Pesticide
Science, 53(4): 285-290.
57. Peebua, P., M. Kruatrachue, P. Pokethitiyook and
S. Singhakaew, 2008. Histopathological alterations of
Nile tilapia, Oreochromis niloticus in acute and
subchronic alachlor exposure. Journal of
Environmental Biology/Academy of Environmental
Biology, India, 29(3): 325-331.
58. Mohamed, F.A.E.S., 2003. Histopathological studies
on some organs of Oreochromis niloticus, Tilapia
zillii and Synodontis schall from El-Salam canal,
Egypt. Egyptian Journal of Aquatic Biology and
Fisheries, 7(3): 99-138.
59. Pacheco,
M.
and
M.A.
Santos,
2002.
Biotransformation, genotoxic and histopathological
effects of environmental contaminants in European
eel (Anguilla anguilla L.). Ecotoxicology and
Environmental Safety, 53(3): 331-347.

60. Moore, M.J., I.V. Mitrofanov, S.S. Valentini,
V.V. Volkov, A.V. Kurbskiy, E.N. Zhimbey,
L.B. Eglinton and J.J. Stegeman, 2003. Cytochrome
P4501A expression, chemical contaminants and
histopathology in roach, goby and sturgeon and
chemical contaminants in sediments from the Caspian
Sea, Lake Balkhash and the Ily River Delta,
Kazakhstan. Marine Pollution Bulletin, 46(1): 107-119.
61. Gardner, G.R. and P.P. Yevich, 1970. Histological and
hematological responses of an estuarine teleost to
cadmium. Journal of the Fisheries Research Board of
Canada, 27(12): 2185-2196.
62. Balah, A.M., Z.M. El-Bouhy and M.E. Easa, 1993.
Histologic and histopathologic studies on the gills of
Tilapia nilotica (Oreochromis niloticus) under the
effect of some heavy metals. Zagazig Veterinary
Journal, 21(3): 351-364.
63. Dalzell, D.J.B. and N.A.A. Macfarlane, 1999. The
toxicity of iron to brown trout and effects on the gills:
A comparison of two grades of iron sulphate. Journal
of Fish Biology, 55: 301-315.
64. Khangarot,
B.S.,
2003.
Mercury-induced
morphological changes in the respiratory surface of
an Asian freshwater catfish, Saccobranchus fossilis.
Bulletin of Environmental Contamination and
Toxicology, 70(4): 705-712.
65. Olojo, E.A.A., K.B. Olurin, G. Mbaka and
A.D. Oluwemimo, 2005. Histopathology of the gill
and liver tissues of the African catfish, Clarias
gariepinus exposed to lead. African Journal of
Biotechnology, 4(1): 117-122.
66. Alvarado, N.E., I. Quesada, K. Hylland, I. Marigómez
and M. Soto, 2006. Quantitative changes in
metallothionein expression in target cell-types in the
gills of turbot (Scophthalmus maximus) exposed to
Cd, Cu, Zn and after a depuration treatment. Aquatic
Toxicology, 77(1): 64-77.
67. Wedemeyer, G.A. and W.T. Yasutake, 1978.
Prevention and treatment of nitrite toxicity in juvenile
steelhead trout (Salmo gairdneri). Journal of the
Fisheries Research Board of Canada, 35(6): 822-827.
68. Kakuta, I. and S. Murachi, 1997. Physiological
response of carp, Cyprinus carpio, exposed to raw
sewage containing fish processing wastewater.
Environmental Toxicology and Water Quality,
12(1): 1-9.
69. Mitchell, S.J. and J.J. Cech Jr., 1983.
Ammonia-caused gill damage in channel catfish
(Ictalurus punctatus); Confounding effects of
residual chlorine. Canadian Journal of Fisheries and
Aquatic Sciences, 40(2): 242-247.
114

Global Veterinaria, 10 (2): 103-115, 2013

70. Alazemi, B.M., J.W. Lewis and E.B. Andrews, 1996.
Gill damage in the freshwater fish Gnathonemus
ptersii (Family: Mormyridae) exposed to selected
pollutants: an ultrastructural study. Environmental
Technology, 17(3): 225-238.
71. Yasser, A. Gh. and M.D. Naser, 2011. Impact of
pollutants on fish collected from different parts of
Shatt Al-Arab River: a histopathological study.
Environmental Monitoring
and Assessment,
181: 175-182.
72. Soufy, H., M.K. Soliman, E.M. El-Manakhly and
A.Y. Gaafar, 2007. Some biochemical and pathological
investigations on monosex Tilapia following chronic
exposure to carbofuran pesticide. Global Veterinaria,
1(1): 45-52.
73. Freeman, H.C., G.B. Sangalang, J.F. Uthe, E.T. Garside
and P.G. Daye, 1983. A histopathological examination
of and analysis for polychlorinated hydrocarbons in,
inshore Atlantic cod (Gadus morhua). Archives of
Environmental Contamination and Toxicology,
12(6): 627-632.
74. Sorensen, E.M.B., 1991. Metal poisoning in fish:
Environmental and life sciences Associates. CRC
Press Inc., Austin, Texas, Boston, pp: 374.

75. Tayel, S.I., A.M. Yacoub and S.A. Mahmoud, 2008.
Histopathological and haematological responses to
freshwater pollution in the Nile catfish Clarias
gariepinus. Journal of Egyptian Academic Society
for Environmental Development, 9(4): 43-60.
76. Yacoub, A.M. and A.M. Abdel Satar, 2003. Heavy
metals accumulation and macronutrients in the livers
of some fish species of Bardawil Lagoon and their
histological changes. Egyptian Journal of Aquatic
Biology and Fisheries, 7(4): 403-422.
77. Ptashynski, M.D., R.M. Pedlar, R.E. Evans, C.L. Baron
and J.F. Klaverkamp, 2002. Toxicology of dietary
nickel in Lake Whitefish (Coregonus clupeaformis).
Aquatic Toxicology, 58(3-4): 229-247.
78. Mohamed, F.A.S., 2001. Impacts of environmental
pollution in the southern region of Lake Manzalah,
Egypt, on the histological structures of the liver and
intestine of Oreochromis niloticus and Tilapia zillii.
Journal of Egyptian Academic Society for
Environmental Development, 2(2): 25-42.

115

