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Abstract—The aim of this study was to measure chemical, bacteriological, and biochemical changes of fish to determine the pollutants level and their 

effects on Clarias gariepinus (catfish) quality. The study was applied on samples at Shatta (site1) and Lake El-Burullus (site 2). The obtained results 

revealed that (site1) had greater concentrations of heavy metals. Moreover, the antioxidant parameters revealed noticed increase in MDA in fish 

samples from both sites, reduced levels of SOD, catalase, glutathione reductase and TAO in fish samples from (site1). These results showed that 

antioxidant enzymes can be used as biomarkers of heavy metals pollution. 

Index Terms— Antioxidant parameters, biochemical changes, Clarias gariepinus, heavy metals, pollution, pathogenic bacteria 

——————————      —————————— 

1 INTRODUCTION

orld consumption of fish has increased simultaneously with 
the growing concern of their nutritional and therapeutic ben-
efits. In addition to its important source of protein, fish have 

rich contents of essential minerals, unsaturated fatty acids and vit-
amins [1]. Water contamination has been long reported as the major 
threat to the aquatic environment [2].When fish are exposed to 
these metals in an aquatic ecosystem, they tend to take these metals 
up which may accumulate in various tissues in significant amounts 
and are eliciting toxicological effects at critical targets [3]. Increase 
in agricultural pollution and industrial growth, with consequent 
impacts on aquatic ecosystems are a major focus of research 
worldwide [4]. 

Many pollutants mediate their toxicity through oxidative stress, 
resulting in changes in antioxidant defenses as well as damage to 
proteins, membrane lipids and DNA molecules, the result of such 
exposure leading to oxidative stress can impair cellular or biologi-
cal function which lead to disease [5]. Fish are suitable candidates 
for the study of oxidative stress induced by pollutants [6]. Oxida-
tive stress can lead to oxidative damage in cellular molecules [7].  

Heavy metal pollution increase the susceptibility of aquatic ani-
mals to various diseases by interfering with the normal functioning 
of their immune, reproductive, and developmental processes [3]. 
Pollution with heavy metals influence the immune system of fish, 
leading to impairment of their health or even increase their mortali-
ty [8]. 

Total volatile base, taken as an indication for bacterial growth, 
while the ammonia comes from decomposition of amino acids, thus 
reducing the quality of the available protein [9]. Salmonella is 
a common food borne pathogen, causing major health problems 
[10]. Municipal sewage, agriculture pollution, and storm water 
runoff are the main sources of these pathogens in waters [11]. Esche-
richia coli is the best thermo-tolerant pollution  indicator [13]. It is 
estimated that 2–7% of E. coli infections result in acute renal fail-
ure [11]. 

 L. monocytogenes is a concern to public health because of its abil-
ity to survive under harsh conditions. Therefore, it is considered a 

serious public health risk. It spreads through the consumption of 
food products and its related-disease can be fatal to humans and 
animals [12]. The discharge of untreated sewage into seawater was 
involved in contamination of fish with L. monocytogenes [13]. 

Heavy metals are considered major pollutants of aquatic envi-
ronments due to the difficulty of metabolization and the bioaccu-
mulative potential in tissues of aquatic organisms [14]. Heavy met-
als including mercury, lead, and cadmium alter host's immune sys-
tem and lead to increased susceptibility to infections and autoim-
mune diseases [15]. Cancer caused by Pb is a potential issue [16]. 
Cadmium is an extremely toxic heavy metal, result in alterations of 
the physiological processes in the blood and tissue of fish [17]. 

Hg is extremely toxic to animals and human health through var-
ious absorption pathways [18], it induced oxidative stress on ex-
posed fish, since inhibition of antioxidant enzymes activity, in-
creases in lipid peroxidation, DNA damage, and micronuclei fre-
quency occurred [19]. Recently, it has the ability to bind to a variety 
of biomolecules, which can compromise its structure and function-
ality and thus promote its toxic effects [20]. 

2 MATERIALS AND METHODS 

2.1 Study Area 
The study was conducted on two areas, the first one is Shatta vil-
lage, located in Damietta Governorate, is characterized by many 
aquaculture fish farms. The main growing water supply is an ex-
tension of the water of Lake Manzala, which lies between some 
Governorates in Eastern Delta, Egypt. It is exposed to constant pol-
lution from different sources, notably the most dangerous one is the 
untreated domestic human sewage waste, in addition to agricultur-
al and industrial pollution including the presence of garbage recy-
cling factory neighboring this area leading to smoke spreads as a 
result of garbage burning.  
     The second area is Lake El-Burullus. It is an important lake, 
large, shallow, and fresh to brackish salt-water lagoon, located on 
the coastal bulge of the North Central Delta region between the 
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Rosetta and Damietta branches of the Nile. The Lake is located 
within five districts of Kafr El Sheikh Governorate. The main activi-
ties of the population in and around the lake are fishing, reed cut-
ting, grazing, and agriculture. 

2.2 Sampling 

Clarias gariepinus samples with approximately the same weight 
were collected separately from different aquaculture farms in two 
locations (Damietta and Lake El-Burullus) during summer to avoid 
seasonal variation. Apparently-health fish samples obtained from 
clean aquaculture farms in the northern of the first location were 
distributed into rearing aquaria for 8 weeks (used as control), and 
fed twice daily at amounts of 2% of total biomass containing 25% 
protein. Air pumps were used for aeration of the aquaria. Blood 
samples were collected then fish samples were packed immediately 
in labeled and tight sterile polyethylene bags and kept in insulated 
icebox directly to Damietta Sea Port- food inspection laboratory, 
Animal Health Research Institute for analysis. 

2.3 Methods 

Total bacterial count was done according to [21], total coliforms 
count and E. coli were determined according to method described 
by [22], isolation, identification and enumeration of Staphylococcus 
auerus were determined by standard methods set by [23]. Isolation 
of Listeria monocytogenes was performed according to [24], and isola-
tion of Salmonella species was performed according to [25].  

Blood samples were collected according to [26]. RBCs and WBCs 
were counted using methods of [27]. Leukocyte were differentiated 
based on methods of [28]. Hematocrit was estimated using micro-
hematocrit technique according to [29]. Hb-content in blood was 
estimated according to method of [30].  

Gutathione reductase activity was determined by the method of 
[31]. Superoxide dismutase (SOD) activity was assayed according to 
[32]. Catalase activity was determined by the method of [33].The 
amount of malondialdehyde (MDA) was measured by the thiobar-
bituric acid assay according to the method of [34]. Measurement of 
total antioxidant (TAO) activity was done according to the method 
of [35]. 

Determination of total volatile base nitrogen was done by Con-
way's micro diffusion technique recommended by [36]. Moisture 
was determined according to method of [37]. Total lipids were de-
termined according to [38]. Serum protein was analyzed according 
to [39]. Heavy metals were determined by Atomic Absorption Spec-
trophotometery [40].  
       The statistical analyses of the results were performed using 
MedCalc software computer program, version 11.3.3.0, Copyright 
©1993-2010 (MedCalc software, Broekstreat 52, 9030 Mariake, Belgium). 
Results were expressed as mean±SD.  

3  RESULTS

The results were illustrated in Tables (1 - 7). In Table 1, contamina-
tion rates with total viable aerobic count were highly significant 
increased in all examined samples from both sites except in catfish 
muscles of site 2 were not significant. Contamination rates with 
coliform bacteria were highly significant increased in all examined 
samples from both sites when compared to that of control . 

In Table 2, contamination rates with Listeria monocytogenes bacte-
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ria were highly significant increased in all examined samples of site 
1. Contamination rates with S. auerus bacteria were highly signifi-
cant increased in muscle and liver of catfish at site 2 when com-
pared to that of control. 

Table 3 showed that heamatocrite, RBCs and WBCs of catfish in 
site1 were highly significant decreased. Also, Hb was highly signif-
icant decreased in the two sites when compared to that of control.  

As can be seen from Table 4, lymphocyte cells levels of catfish in 
site 1 and site 2 were highly significant decreased. On contrary, 
there was significant increased count of monocyte cells and neutro-
phil cells in catfish of site 1and highly significant increased count of 
monocyte cells in site 2. Also, acidophil cells levels of catfish were 
highly significant increased in site 1 and site 2 when compared to 
that of control. 

In antioxidant parameters; there was increased levels of MDA 
and nitric oxide, and reduced levels of SOD, catalase, glutathione 
reductase and TAO in fish samples of site 1. However, increased 
levels of SOD, catalase, glutathione reductase, MDA and TAO in 
fish samples of site 2 were noticed (Table 5). 

In the present work, there were highly significant increase in li-
pid content of catfish muscles in site 1 and site 2 and in the levels of 
total volatile nitrogen in site 1. On the other hand, there were high-
ly significant decrease in serum protein and moisture of catfish of 
site 1 (Table 6). 

There were high significant increase in Pb, Cd, and Hg levels in 
catfish muscles, liver and gills of site 1. Also, high significant in-
crease in Pb and Cd in catfish muscles and liver of site 2 were rec-
orded, when compared to that of control (Table 7). 

 

TABLE 1 
TOTAL VIABLE AEROBIC COUNT (CFU/G) AND TOTAL COLIFORM COUNT 

(LOG10CFU/G)  FROM SITE 1 AND SITE 2. 

Sites 

 

Total viable aerobic count CFU/g Total coliform count  (log10CFU/g) 

Muscle 

x104 

Liver 

x105 

Gills 

x105 

Muscle 

x102 

Liver 

x102 

Gills 

x102 

Control 0.12± 

0.041 

0.16± 

0.022 

0.19± 

0.057 

0 5.95± 

1.90 

13.32± 

3.574 

Site 1 24.25± 

7.64** 

29.87± 

5.98** 

31.62± 

5.423** 

0 212.30± 

93.61** 

962.85± 

272.52** 

Site 2 0.136± 

0.03 

7.875± 

.23** 

8.62± 

2.06** 

0 49.27± 

14.42** 

94.90± 

32.48** 

(P≤0.05)* = significant, (P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El 
Burullus. 

TABLE 2 
L. MONOCYTOGENES (CFU/G) AND S. AUERUS (CFU/G) FROM SITE 1 

AND SITE 2. 
Sites L. monocytogenes (CFU/g) S. auerus (CFU/g) 

Muscle 

x103 

Liver 

x104 

Gills 

x104 

Muscle 

x102 

Liver 

x102 

Gills 

x102 

Control 0 0 0 0.220± 

0.03 

0.460± 

0.045 

0.425± 

0.068 

Site 1 0.107± 

0.05** 

0.174± 

0.09** 

0.28± 

0.10** 

2.25± 

1.5 

0.375± 

0.206 

0.044± 

0.005** 

Site 2 0 0 0 4.366± 

0.58** 

4.80± 

0.49** 

5.733± 

0.49** 

(P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El Burullus. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 1, January-2019 
ISSN 2229-5518      612 

IJSER © 2019 

http://www.ijser.org  

TABLE 3 
HB (G/DL), HEAMATOCRITE (%), WBCS×103 (CELL/ML) AND RBCS×106

(CELL/ML) OF CLARIAS GARIEPINUS FROM SITE 1 AND SITE 2. 

Sites  Hb 
 (g/dl) 

Heamatocrite 
 (%) 

WBCs×103 
(cell/ml) 

RBCs×106 
(cell/ml) 

Control 8.13± 0.62 15.86±0.87 23.40±4.50 2.08±0.41 

Site 1 5.06±0.88** 14.29±0.36** 19.84±2.89** 1.43±0.28** 

Site 2 5.90±0.8** 15.60±0.376 23.08±3.27 1.86±0.57 

(P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El Burullus. 

TABLE 4 
DIFFERENTIAL LEUCOCYTE COUNT (%) OF  CLARIAS GARIEPINUS FROM

SITE 1 AND SITE 2. 

Sites  Lymphocyte  
cells (%) 

Neutrophil  
cells (%) 

Monocyte  
cells (%) 

Acidophil  
cells (%) 

Basophil  
cells (%) 

Control 73.14± 

3.13 

19.785± 

3.51 

3.21± 

0.69 

1.428 

016 

2.42± 

1.08 

Site 1 48.21± 

4.54** 

24.78± 

4.08* 

21.14± 

27.48* 

2.57± 

1.22** 

3.285± 

1.815 

Site 2 62.57± 

5.35** 

21.28± 

3.85 

10.64± 

2.53** 

1.94± 

0.571* 

2.96± 

0.90 

(P≤0.05)* = significant, (P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El 
Burullus. 

 

TABLE 5 
MEAN CONCENTRATIONS OF ACTIVITIES OF SUPEROXIDE DISMUTASE 

(SOD) AND THE MEAN RED BLOOD CELLS LEVELS OF MALONDIALDEHYDE 

(MDA), CATALASE, GLUTATHIONE REDUCTASE (GR) AND TOTAL ANTIOXI-

DANT (TAO) OF CLARIAS GARIEPINUS FROM SITE 1 AND SITE 2. 

Sites  SOD  
% inhibi-

tion 

MDA 
Moles/ml 

Packed cells 

Catalase 
Unit/mg 
Protein 

GR 
U/l 

TAO 
mmole/l 

Control 0.70± 

0.1430 

0.0004± 

0.00008 

12.26± 

0.87 

19.75± 

1.06 

1.95± 

0.67 

Site 1 0.61± 

0.216 

0.007± 

0.001** 

9.40± 

1.00** 

17.70± 

0.42** 

0.072± 

0.024** 

Site 2 0.82± 

0.33 

0.004± 

0.001** 

12.72± 

0.58** 

22.43± 

0.26** 

1.97± 

0.43 

(P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El Burullus. 

TABLE 6 
CONCENTRATIONS OF SERUM PROTEIN (G%), LIPID CONTENT (G%), TOTAL 

VOLATILE NITROGEN (MG%) AND MOISTURE (%) IN MUSCLES OF CLARIAS 

GARIEPINUS FROM SITE 1 AND SITE 2. 

Sites  Protein  
(g %)  

Lipid  
(g %) 

Total volatile  
nitrogen (mg%) 

Moisture  
(%) 

Control 6.20± 

0.70 

2.20 ± 

0.67 

18.05± 

0.78 

77.14± 

6.14 
Site 1 3.97± 

0.68** 

5.06± 

0.54** 

21.26± 

1.42** 

65.00± 

6.70** 
Site 2 6.12± 

0.53 

4.50± 

0.81** 

18.13± 

0.92 

73.58± 

5.30 

(P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El Burullus. 

TABLE 7 
CONCENTRATIONS OF HEAVY METALS (MERCURY, CADMIUM AND LEAD) 
IN WET WEIGHT MUSCLES, LIVER AND GILLS OF CLARIAS GARIEPINUS 

FROM SITE 1 AND SITE 2. 

Sites  Hg  
(ppm) 

Cd 
(ppm) 

Pb 
(ppm) 

In
 m

u
sc

le
s Control 0 0.014±0.003 0.049±0.073 

Site 1 0.029±0.01762** 0.40±0.057** 6.56±0.37** 

Site 2 0 0.034±0.006** 0.19±0.041** 

In
 l

iv
er

 Control 0 0.43±0.05 0.276±0.036 

Site 1 0.0345±0.017** 11.75±0.86** 55.23±5.13** 

Site 2 0 0.557±0.087** 0.31±0.085** 

In
 g

il
ls

 Control 0 0.13±0.025 3.197±0.633 

Site 1 0.03±0.02** 10.76±0.51** 42.310±3.587** 

Site 2 0 0.048±0.13 2.919±0.44 

(P≤0.01)**  = highly significant, Site 1 = Damietta Governorate, Site 2 = Lake El Burullus. 

4  DISCUSSION 

E. coli and Salmonella pathogens were absent in all the analyzed 
samples. These results are agreeable with those obtained by [41]. 
Fish must be free from E. coli and Salmonella according to the [42]. 
Aquaculture can become contaminated with Salmonella through the 
use of contaminated water [43] 

Our results showed that contamination rates with total viable 
aerobic count were within the permissible limits according to the 
recommended in [42] for fish. The difference in contamination rates 
of total viable aerobic count could be due to the bacteriological 
quality of the water [44]. Nearly similar finding was declared by 
[45], who mentioned that total bacterial count were 1.7×105 CFU/g 
for fresh catfish. 

In the present work, the coliforms bacteria was highly signifi-
cant increased (p<0.0001) in all examined samples from both sites. 
Similar to that of [44], who mentioned that bacteriological results of 
the fish harvested from ponds showed significant differences 
(p<0.0001) in coliform counts.  

The present study showed that, the highest count of Listeria 
monocytogenes was found in examined gills of catfish samples col-
lected from site 1 (0.28±0.1 x 104 CFU/g). Therefore, the presence of 
L. monocytogenes pathogenic bacteria in catfish gills was due to di-
rect contact with contaminated sediments in which catfish live in 
muddy habitat. Lower prevalence of L. monocytogenes (3.3%) was 
obtained from fish farm in Beheira Governorate by [46]. But, higher 
prevalence of L. monocytogenes (40%) was obtained in tilapia mus-
cles from fish farm in Damiatta Governorate by [41]. The microbio-
logical  limit of L. monocytogenes at <100 CFU/g [47]. 

The highest count of S. auerus was found in examined muscle, 
liver and gills samples collected from site 2. S. aureus is uniquely 
resistant to adverse conditions such as low and high salt content 
and osmotic stress [48]. The obtained results were higher than those 
reported by [49] who mentioned that S. auerus results of catfish in 
flesh and gills were 0.02±0.0 and 0.02±0.0 x103 CFU/g.  
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       In the present work the mean levels of Hb at site 1 and site 2 in 
blood of catfish were highly significant decreased when compared 
to that of control. These results are nearly in agreement with those 
reported by [50] who found that the average values for Hb concen-
trations ranged from 5.27 to 9.7 g%.  

RBCs levels in blood of catfish of site 1 were highly significant 
decreased when compared to that of control. These results were 
similar to those reported by [51]; they found that the total RBCs 
count and Hb concentration decreased. The reduction of Hb and 
erythrocytes may be due to suppressive effect of heavy metals on 
Hb formation and hemolysing action through destruction of protein 
and mucopolysaccharide structure of walls of blood vessels.  
      Moreover, the mean WBCs levels in blood of catfish of site 1 
were highly significant decreased when compared to that of con-
trol. These results were in agreement with those obtained by [52] 
where the WBCs count was 22.8±0.9×103 cell/ml in blood of catfish 
samples. Reduction in lymphocytes indicate a stress condition of 
the environment as shown by [53] who found that lymphocytes of 
S. melanotheron showed mean values of 70.78±6.53%. This depres-
sion in immune system in site 1 may be due to the high levels of Pb 
and Hg which have inhibitory effect on phagocyte activity of fish 
macrophages and so having an inhibitory effect on cell mediated 
immune response [54]. 
    Ayoola et al. [53] showed that, neutrophils mean values 

(28.83±6.46%), monocyte (0.39±0.69%) and eosinophil and basophil 
(0%) were recorded in tilapia (S. melanotheron). There was an altera-
tion in hematological profile. Hematological parameters are closely 
related to the response of the animal and to the environment. 
Therefore, there is an indication that environment where the fish 
lives exert some influence on the hematological characteristics.  
      Regarding the antioxidant parameters, there was no significant 
difference in serum activities of SOD in catfish of site 1 and site 2. 
Moreover, catalase activity showed highly significant decrease in 
catfish of site 1 but showed highly significant increase in catfish of 
site 2. The decrease in catalase activity in site 1 may be due to the 
flux of superoxide radicals which have been shown to inhibit cata-
lase activity.  
       The effects of heavy metal contamination on the common carp 
(Cyprinus carpio) was investigated by [55], fish was systematically 
exposed to heavy metal such as cadmium and lead at a sub-lethal 
level for a period of 32 days and the analytical results indicated that 
heavy metal toxicity in fish organs gradually increased during the 
exposure period and slightly decreased at the 32nd day. The activity 
of the antioxidant enzymes, superoxide dismutase (SOD) and cata-
lase (CAT), in the fish were significant increased at P < 0.001. This 
observation clearly indicated the defensive nature and the adaptive 
mechanism of cells against free radical induced toxicity. We ob-
tained in the current study nearly similar results to these. Also, re-
sults obtained by [56] showed decreases in catalase and glutathione 
reduced form in gills and muscles due to the efficiency of these an-
tioxidants in scavenging heavy metals which lead to decreasing  of 
free catalase and glutathione reduced form.  
     The mean levels of MDA of catfish of site 1 and site 2, were high-
ly significantly increased. Site 1 was higher in MDA than site 2, our 
results were in agreement with [57] who investigated the effects of 
chronic exposures to binary mixtures of industrial effluents, they 
found that MDA concentration were significantly elevated p<0.05 
in the kidney of exposed Clarias gariepinus fish.  

In this study, glutathione reductase and total anti-oxidant levels 
of catfish of site 1 were highly significantly decreased when com-
pared to control; this may be due to the presence of Hg and lesteria 
in this site. There were highly significant increase in lipid content 
and decrease in serum protein. Similar results were obtained by 
[58]. They found that the reduction of serum protein concentration 
ranged from 2.05 to 3.05 g/dl. They suggested that it could be due 
to protein catabolism. Catfish have 81.3, 86 and 4.9% (dry weight) 
of moisture, protein (dry weight) and fat, respectively [59]. The 
high-accumulated heavy metals in fish collected from site 1 due to 
that the main source of water in this site is Manzalah lake which 
receive heavy load of inorganic and organic pollutants via several 
agricultural drains, waste municipal and domestic water, in addi-
tion to the industrial effluents [60]. 

The mean metals concentration in fish muscles decreased in the 
order; Pb > Cd > Hg. These results agreed with those found by [61]. 
It is clear that, mercury concentrations in catfish collected from site 
1 were in the following manner: gills > liver > muscles. The high 
heavy metal content in gills can be related to accumulation of such 
heavy metals from the water primarily through fish gills where 
metallothionine enhances that bioaccumulation in gills and its up-
take could be controlled by the amount of water passing through 
the gills [62]. Concerning mercury residues in muscles, it could be 
observed that, mercury levels ranged from 0.0 to 0.029 ppm (wet 
weight). These results were lower than the permissible limits rec-
ommended by [63], mercury as methyl was 0.3 ppm. 

Concerning lead residues in muscles, it could be observed that, 
lead levels ranged from 0.049 to 6.56 ppm (wet weight). The results 
of lead in site 1 were higher than the permissible limit 
recommended by [63],  0.3 ppm. This could be attributed to the 
boats near this site with gasoline motors which lead to more 
pollution of water, plankton, algae and the increased nutrition rate 
of fish on this contaminated food [60]. 
     Concerning cadmium residues in muscles, it could be observed 
that, cadmium levels ranged from 0.014 to 0.4 ppm (wet weight). 
Cadmium level was lower than the permissible limit 0.5 ppm ac-
cording to [64]. These results were nearly similar to those reported 
by [41], who said that cadmium was ranged from 0.02 to 0.05 
mg/kg. Current results of Cd collected from site 1 and site 2 were 
in the following manner: liver > gills > muscles. These obtained 
results agreed with those reported by [65]. In Egypt, most of fish 
farms are depending on agriculture drainage water mixed with 
industrial, herbicides and the phosphate fertilizers which are con-
sidered the main source of Cd in the environment [66].  

5 CONCLUSION 

Our results showed that increases in heavy metals and pathogenic 
bacteria affect the biological activity of catfish, as well as antioxi-
dant enzymes. Therefore, fish in site 1 are not safe for human con-
sumption since the heavy metals and bacteriological analysis re-
vealed a public health hazard. 

RECOMMENDATION

Further studies are needed to determine the environmental 
consequences and human health impacts associated with mercury 
contamination. High concentrations of heavy metals implicate fish 
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tissues affecting its quality and become a threat to human. So, 
treatment of these effluents should be carried out before their 
discharge to the natural water resources. 
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