
 

 

                                                
  Damietta University 

    Faculty of Science  

Chemistry Department 

 
 

The Correlation between Heavy Metal 

Residues and Microbial Contamination in Fish 
 

By 
 

Samah Abdalla Mahmod Abou Shehatta  

Master Degree in science (Chemistry/Biochemistry), Mansoura University, 2009 

Associate Researcher at Food Inspection Laboratory  

Animal Health Research Institute 

 

A Thesis 
Submitted in Fulfillment of the Requirements for 

Ph.D. Degree of Science in Chemistry/Biochemistry 

 

Supervisors 
 

 

 

 

 

           

 

 

Dr. Hasan A. Maroof 

Chief researcher in Food Inspection Laboratory, Damietta Port 

Animal Health Research Institute 

Ministry of Agriculture, Cairo  

2019 

 

 
 

Dr. Entsar A. Saad  

Assistant Professor of Biochemistry 

Faculty of Science 

Damietta University. 

. 

  

 

Prof. Mohamed H. 

Bahnasawy  

Professor of Fish Biology 

Faculty of Science 

Damietta University. 

 

 



 

 

Contents 
 

 

 

 

 

CONTENTS 

 

 

 

Page 

No. 

 

Contents 

 

1 1-Introduction and aim of the work 

4 2-Review of literature                                                                 

10    2-1    Bacteriology 

11  Total bacterial count 

11  Salmonella 

12  Total coliform count 

14  Ecoli 

15  Listeria monocytogene 

17  Staphylococcus aureus 

18    2-2    Hematology and blood differential 

20    2-3     Nucleic acids 

21    2-4    Oxidative stress and antioxidant parameters 

26    2-5    Condition factor 

27    2-6    Hepatosomatic index (HSI)  

28    2-7    Lipids 



 

 

Contents 
 

 

 

 

 

30    2-8    Proteins 

30    2-9   Total volatile nitrogen 

31    2-10  Protein electrophoresis 

32    2-11  Heavy metals 

34  Lead 

36  Iron 

37  Cadmium 

39  Zinc 

40  Mercury  

45    3- Materials and methods 

45        3-1 Materials 

45  Study areas  

45  Fish samples 

46  Blood sampling 

46  Water and sediment  

46        3-2 Equipments used in this study 

47        3-3 Methods 

47           2-3-1 Sensory evaluation (physical properties)  

48           3-3-2 Bacteriological analysis  

48  Enumeration of total aerobic mesophilic bacteria 

48  Enumeration of total coliforms count 



 

 

Contents 
 

 

 

 

 

49  Isolation of salmonella  

49  Identification of Escherichia coli 

49  Isolation, Identification and Enumeration of 

Staphylococcusauerus   

50  Isolation of Listeria monocytogenes 

50           3-3-3 Haematological study and Blood differential 

50  Red and White blood cells count 

50  Differential leucocyte count (leucogramme 

50  Hematocrit 

50  Haemoglobin content (Hb-content) 

52          3-3-4 Determination of nucleic acids  

52  Determination of DNA  

52  Determination of RNA 

53          3-3-5 Antioxidant status 

53  Determination of reduced glutathione  

55  Determination of nitric oxide 

55  Determination of glutathione reductase activity  

56  Determination of superoxide dismutase activity  

57  Determination of catalase activity   

58   Determination of malondialdhyde (MDA) 

59  Mesurment of total anti oxidant 



 

 

Contents 
 

 

 

 

 

61     3-3-6 Determination of total volatile base nitrogen  

62     3-3-7 Condition factor  

62     3-3-8 Determination of liver water content 

62     3-3-9 Hepatosomatic index (HSI) 

62     3-3-10 Moisture 

62     3-3-11 Total lipids 

63     3-3-12 Serum protein 

64     3-3-13 protein electrophoresis 

68     3-3-14 Heavy metals  

68  Preparing of water samples 

69  Preparing of sediment samples 

69  Preparing of tissue samples 

71      3-3-15 Statistical analysis 

72  4-Results  

112 5- Discussion 

137  6-References 

171   7- English summary 

    Arabic summary 

 



Contents 

List of Figures 

 

  

Fig. 

No. 
Title of Figure 

 

 

Page 

No. 

1 Simplified schematic of the mercury cycle (USEPA, 

2008).  

44 

2 

 

 

 A schematic of mercury bioaccumulation in an 

aquatic system (USEPA, 2008).  

 

44 

3 Diagrammatic representation for total viable 

aerobic count CFU/g in  (muscle, gills and liver) of 

catfish (Clarias gariepinus) and tilapia (Oreochromis 

niloticus) from site 1 and site 2 

 

74 

4 Total viable aerobic count CFU/g on plate count 

agar 

 

76 

5 Diagrammatic representation for total coliform 

count  (CFU/g) in  (muscle, gills and liver) of catfish 

(Clarias gariepinus) and tilapia (Oreochromis 

niloticus) from site 1 and site 2. 

 

76 

6 Diagrammatic representation for L.monocytogenes)  

(cfu/g) in (muscle, gills and liver) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

site 1 and site 2. 

 

76 



Contents 

7 Listeria  monocytogene on aloa and on oxford  media. 78 

8 Diagrammatic representation for S.auerus  (cfu/g) in 

(muscle, gills and liver) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

site 1 and site 2 

 

 

81 

9 S.auerus on paird parker media 87 

10 Diagrammatic representation for Hb (g/dl), 

heamatocrite (%), WBCS ×10
3
 cell/ml and RBCS 

×10
6
 cell/ml of blood of catfish (Clarias gariepinus) 

and tilapia (Oreochromis niloticus) from site 1 and 

site 

 

91 

11 Diagrammatic representation for differential  

leucocyte count of catfish and tilapia from site 1 and 

site 2 

 

94 

12 Diagrammatic representation for antioxidant 

parameter (SOD, MDA, GSH, catalase, glutathione 

reductase, total antioxidant, and nitric oxide) of 

catfish (Clarias gariepinus) and tilapia (Oreochromis 

niloticus) from site 1 and site 2. 

 

 

94 

 

 

13 

Diagrammatic representation for RNA (µg/mL), 

DNA (µg/mL), RNA/DNA ratio in serum of catfish 

and tilapia from site 1 and site 2. 

 

94 



Contents 

14 

 

Diagrammatic representation for lipid content in 

muscle (g%), serum protein (g/dl), total volatile 

nitrogen in muscle (mg%) and moisture (%) of 

catfish and tilapia from site 1 and site 2. 

 

94 

15 Diagrammatic representation for hepatosomatic 

index (%), liver water content (%) and condition 

factor (%) of muscles of catfish (Clarias gariepinus) 

and tilapia (Oreochromis niloticus) from site 1 and 

site  2. 

 

97 

16 Separation of proteins in serum samples using 

polyacrylamide gel electrophoresis (PAGE) 

technique at 200v for  1.5 hr. M1 showed  protein 

marker. lane 1 and 2 are the electrophoretic 

patterns of Oreochromis niloticus and Clarias 

gariepinus of control  respectively. Lane 3 and 4 

patterns of Oreochromis niloticus and Clarias 

Gariepinus a of Damiatta (site 1) respectively. Lane 5 

and 6 patterns of Oreochromis niloticus and Clarias 

Gariepinus of El-Burullus (site 2) respectively. Lane 

7 and 8 patterns of Oreochromis niloticus and 

Clarias Gariepinus of Damiatta (site 1) respectively. 

 

97 

17 Pro analysis of electropherograph of different types 

of protein in serum of Oreochromis niloticus of 

control (lane 1), Damiatta (lane 3 &7) and El- 

Burullus (lane 5) . 

 

89 

18 Pro analysis of electropherograph of different types 

of protein in serum of Clarias gariepinus of control 

(lane 2), Damiatta (lane 4 &8) and El- Burullus (lane 

6). 

 

98 



Contents 

19 Diagrammatic representation for iron in  (muscle, 

gills and liver) of catfish (Clarias gariepinus) and 

tilapia (Oreochromis niloticus) from site 1 and site 2 
 

 

103 

20 Diagrammatic representation for Hg (ppm) (muscle, 

gills and liver) of catfish (Clarias gariepinus) and 

tilapia (Oreochromis niloticus) from site 1 and site 2 
 

 

103 

21 Diagrammatic representation for lead  (muscle, gills 

and liver) of catfish (Clarias gariepinus) and tilapia 

(Oreochromis niloticus) from site 1 and site 2 

 

103 

22  

Diagrammatic representation for cadmium in 

(muscle, gills and liver) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

site 1 and site 2 
 

104 

23 Diagrammatic representation for zinc in (muscle, 

gills  and liver) of  catfish (Clariasg gariepinus) and 

tilapia (Oreochromis niloticus) from site 1 and site 2 

 

104 

24 Diagrammatic representation for heavy metals levels 

in water from site 1 and site 2 

 

 

107 

25 Diagrammatic representation for heavy metals levels 

in water from site 1 and site 2 

 

107 

 

 

 



Contents 

                            List of Tables 
 

Table 

No. 

 

Title of Table Page 

No. 

 

1 

 

 

 

Statistical analytical results of examined tilapia 

(Oreochromis niloticus) and catfish (Clarias 

gariepinus) samples from site 1 and site 2 based on 

their total viable aerobic count at 37 
o 
C CFU/g.  

 

73 

 

 

 

 

 

2 Statistical analytical results of examined tilapia 

(Oreochromis niloticus) and catfish (Clarias 

gariepinus) samples from site 1 and site 2 based on 

their total coliform count (log10CFU/g) according to 

most probable number (MPN). 
 

 

75 

3 Statistical analytical results of examined tilapia 

(Oreochromis niloticus) and catfish (Clarias 

gariepinus) samples from site 1 and site 2 based on 

their Listeria spp. (L.monocytogenes) (cfu/g). 

 

 

79 

4 Statistical analytical results of examined tilapia 

(Oreochromis niloticus) and catfish (Clarias 

Gariepinus) samples from site 1 and site 2 based on 

their S.auerus (cfu/g). 

 

80 

 

5 

 

Hb (g/dl) and Heamatocrite (%) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

 

82 



Contents 

site 1 and site 2. 

 

6 WBCS ×103 (cell/ml) and RBCS ×106 (cell/ml) of 

catfish (Clarias gariepinus) and tilapia (Oreochromis 

niloticus) from site 1 and site 2. 

 

83 

7 Differential  leucocyte count (Lymphocyte (%), 

Neutrophil (%) and Monocyte (%)) of catfish and 

tilapia from site 1 and site 2. 

 

85 

8 Differential  leucocyte count (Acidophil (%) and 

Basophil (%)) of catfish and tilapia from site 1 and 

site 2. 

 

86 

9 Mean concentrations of antioxidant parameter (SOD 

(% of inhibition), MDA (Moles/ml Packed cells), 

GSH (mmole/ml cells) and Catalase (Unit/mg 

protein) of catfish (Clarias gariepinus) and tilapia  

(Oreochromis niloticus) from site 1 and site 2 

 

89 

10 Mean concentrations of antioxidant parameter 

(nitric oxide (µmol/l), glutathione reductase (U/L) 

and total anti- oxidant (mmole/l)) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

site 1 and site 2 

 

90 

11 RNA (µg/mL), DNA (µg/mL), RNA/DNA ratio in 

serum of catfish (Clarias gariepinus) and tilapia 

(Oreochromis niloticus) from site 1 and site 2. 

 

93 

12 

 

 

Lipid content in muscle (g%) and serum protein 

(g/dl) of catfish (Clarias gariepinus) and tilapia 

(Oreochromis niloticus) from site 1 and site 2 

 

93 

 



Contents 

13 Concentrations total volatile nitrogen in muscle 

(mg%) and moisture (%) of catfish (Clarias 

gariepinus) and tilapia (Oreochromis niloticus) from 

site 1 and site 2 

 

95 

14 Concentrations of heavy metals Fe, Hg, Cd, Pb and 

Zn) mg/kg wet weight in muscles of catfish (Clarias 

gariepinus) from site 1 and site 2 

100 

 

15 

 

 

 

Concentrations of heavy metals Fe, Hg, Cd, Pb and 

Zn) mg/kg wet weight in muscles of tilapia 

(Oreochromis niloticus) from site 1 and site 2 

 

 

100 

16 Concentrations of heavy metals Fe, Hg, Cd, Pb and 

Zn) mg/kg wet weight in liver of catfish (Clarias 

gariepinus) from site 1 and site 7 

 

101 

17 Concentrations of heavy metals Fe, Hg, Cd, Pb and 

Zn) mg/kg wet weight in liver of tilapia (Oreochromis 

niloticus) from site 1 and site 2 

 

101 

18 Concentrations of heavy metals (Pb, Cd, Fe, Zn and 

Hg) mg/kg wet weight in gills of catfish (Clarias 

gariepinus) from site 1 and site 2 

  

 

102 

19  

Concentrations of heavy metals (Pb, Cd, Fe, Zn and 

Hg) mg/kg wet weight in gills of tilapia (Oreochromis 

niloticus) from site 1 and site 2 

102 

20 Concentrations of heavy metals (Pb, Cd, Fe, Zn and 

Hg) ppm in water of site 1 and site 2 

 

105 



Contents 

21 Concentrations of heavy metals in sediment (ppm) of 

site 1 and site 2 

 

105 

22 The correlation coefficient  between heavy metals 

(Pb, Cd, Fe, Zn and Hg) and bacteria(total viable 

aerobic count, S.auerus, L.monocytogenes and 

coliform count) in fish (muscles) of site 1 and site 2. 

 

109 

23 

 

 

 

 

24 

between heavy metals (Pb, Cd, Fe, Zn and Hg) and 

The correlation coefficient  between heavy metals 

(Pb, Cd, Fe, Zn and Hg) and bacteria( total viable 

aerobic count, S. auerus,  L.monocytogenes and 

coliform count) in fish (gills) of site 1 and site 2. 

 

The correlation coefficient  bacteria (total viable 

aerobic count, S.auerus, L.monocytogenes and 

coliform count) in fish (liver) of site 1 and site 2. 

 

 

110 

 

 

 

 

111 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

English summary 

 

171 

 

 

 

 

7. English summary 

 

Fish are considered as an important source of high quality animal protein 

as they contain large amounts of essential amino acids and essential fatty acids. 

In addition to fat–soluble vitamins, phosphorous and iodine. 

 

Damietta area is a region in Egypt that heavily exposed to pollution. 

Agricultural sewage coming from surrounding village, and industrial wastes 

from factories enter the environment. 

 

1-Shatta village, located in Damietta governorate, is characterized by 

many aquaculture fish farms. The main growing water supply is an extension of 

the water of Lake Manzala which lies between some Governorates in Eastern 

Delta, Egypt. It is exposed to constant pollution from different sources, notably 

the most dangerous one is the untreated domestic human sewage waste, in 

addition to agricultural and industrial pollution including the presence of 

garbage recycling factory neighboring this area leading to smoke spreads as a 

result of garbage burning.  

 

2-The Lake El- Burullus is an important lake, large, shallow, fresh to 

brackish salt-water lagoon, located on the coastal bulge of the north central 

Delta region between the Rosetta and Damietta branches of the Nile with a size 
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of about 595 hectares. The Lake is located within five districts of Kafr El Sheikh 

Governorate. The main activities of the Population in and around the lake are 

fishing, Reed cutting, grazing and agriculture. 

 

         The aim of this study was to measure chemical, bacteriological, 

biochemical changes of fish to determine the pollutants level and their effects on 

the quality of catfish (Clarias gariepinus) and Oreochromis niloticus (are two of 

the most  important fish species, widely distributed in Egypt and can persist in a 

highly polluted habitat and is possible to use as a potential bio-indicator for 

aquatic environmental contaminants). Therefore, Two sites in Egypt farms were 

chosen for the research, Damietta (site 1) and Lake Burullus (site 2).  

 

        The concentrations of heavy metals (Pb, Cd, Fe, Zn and Hg) were 

estimated in fish (muscles, gills, liver), sediments and water. Also, 

bacteriological analysis (total aerobic bacterial count, S.auerus,  

L.monocytogenes, E. coli, Salmonellae and total coliform count) were estimated 

in fish (muscles, gills, liver). In addition,  antioxidant parameter (Superoxide 

dismutase activity (SOD),  malondialdehyde level (MDA), glutathione 

reductase, catalase, reduced glutathione (GSH), total anti- oxidant activity 

(TAO), and nitric oxide level). Also, differential leucocyte count (lymphocyte, 

neutrophil, monocyte, acidophil and basophil). In addition, serum protein, 

protein electrophoresis, RNA, DNA, RNA/DNA ratio, haemoglobin, WBCs, 

RBCs, heamatocrite. Finally, estimation of hepatosomatic index, liver water 
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content, condition factor, moisture, lipid contents and total volatile nitrogen 

were determined in the fish.  

 

Where, the obtained results showed that the contents of heavy metals in 

fish were depending on water and sediment contents of these metals. Also, 

depending on fish organs and sampling sites. Site 1 had greater concentrations 

of heavy metals Hg, Pb and Cd in water, sediment and tissues. While, Hg was 

not detected in site 2.  

 

In the antioxidant parameter; there was increased in levels of MDA and 

nitric oxide, and reduced levels of SOD, GSH, catalase, glutathione reductase 

and TAO in fish samples of site 1. However, decreased levels of nitric oxide and 

increased levels of SOD, GSH, catalase, glutathione reductase, MDA and TAO 

occurred in fish samples of site 2. 

 

The results also revealed that, there was suppression of immune response 

in site 1. Immune response with these metals provides opportunities for the entry 

of pathogens and developing of many diseases in fish. 

 

Lipid contents, liver water content and total volatile nitrogen were highly 

elevated in fish samples of site 1. On the other hand, hepatosomatic index, 

condition factor, moisture, serum protein, RNA, DNA, RNA/DNA ratio, 
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haemoglobin, WBCs, RBCs and heamatocrite were highly decreased in fish 

samples of site 1. 

 

The differences in protein contents, in fish samples were explained in the 

electropherograph of different types of protein in serum  samples which 

analyzed by Gel Pro, The analysis showed that the patterns of proteins of serum 

separated using PAGE was significantly different in Oreochromis niloticus and 

Clarias Gariepinus of Damiatta (site 1) than Oreochromis niloticus and Clarias 

Gariepinus  of  El-Borollus (site 2) when compared to that of control.  

 

It was cleared that, the concentrations of heavy metals were detected as 

the following manner: liver >gills  > muscles for (Cd, Zn and Fe) in catfish and 

tilapia as well as, Pb (in tilapia). While, the concentrations of Pb (in catfish) and 

Hg (in catfish & tilapia) were detected as the following manner: gills >liver > 

muscles. The results illustrated that, Fe and Zn levels in site 2 were negatively 

correlated with (total aerobic bacterial count &total coliform count), and 

between Cd and total aerobic bacterial count. On the other hand, significant 

positively correlations were found in site 1 between mercury and (total aerobic 

bacterial count & lesteria monocytogen). No doubt that fish are not safe for 

human consumption since the heavy metal and bacteriological analysis revealed 

a public health hazard. 
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Conclusion and recommendation 

 

From the above mentioned results, the contents of heavy metals, in fish 

were depending on water and sediment contents of these metals. Also, 

depending on fish organs and sampling sites. Immune response by these metals 

provides opportunities for the entry of pathogens and developing of many 

diseases in fish. 

 

These increasing in heavy metals and pathogenic bacteria affect therefore, 

on the biological activity of catfish and tilapia, as well as, antioxidant enzymes, 

nucleic acids and immune response. 

 

Further studies are needed to determine the environmental consequences 

and human health impacts associated with mercury contamination. High 

concentrations of heavy metals implicate fish 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. 

 

 


