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ABSTRACT 
 

In a field study conducted for 102 days at feeding period, using a polyculture 
system (Nile tilapia, silver carp, common carp, and African catfish at a rate 1: 1: 1: 1) 
in two Hapas, one for control fish fed a commercial diet and the second one fish were 
fed a dried sewage sludge (DSS, product of treating sanitary and agricultural drainage 
of Al-Reiad, Kafr El-Sheikh, Egypt). At the end of the experiment, blood samples were 
withdrawn and liver samples were taken from each fish species for hematological, 
biochemical and histological examinations. From the obtained results, it was clear that 
DSS feeding did not negatively affect the blood picture in general, although the 
significantly elevated values of transaminases activity and triglycerides concentration. 
DSS feeding led to some drastic histological alterations in the liver structure. 
Conclusively, and because of the presence of some pollutants from agricultural and 
urban drainages whether in the rearing water or in the sewage sludge that can 
negatively affect fish health, production, and quality as well as could be inter the food 
chain and threat human health; so, it is recommended to give more concern on food 
and water quality (environmental friendly) used in aquaculture to offer safe products 
for human consumption. 
Keywords:Fish,Sewage sludge, Blood parameters, Histology. 

 

INTRODUCTION 
 

Industrial effluents are major source of water pollution besides sewage, 
agricultural discharges and other household residues. The chief source of 
contaminants are the industrial waste discharge, mining, agriculture, 
household waste disposal and fuel combustion (Swarupet al., 2006; Saxsena 
and Garg, 2010), where aquaculture is totally based on aquatic ecosystem. In 
addition, organic sewage, including fecal debris, which may contain large 
populations of bacteria (Dudley et al., 1980).Most of the Egyptian wild 
(marine, brackish, and fresh) water bodiesis contaminated with agricultural, 
industrial, and urban drainage, which is responsible for their water and fish 
pollution with different heavy metals (Abdelhamidet al., 2006 and 2013a&b) at 
levels exceeding the Egyptians’ tolerance limits (ES, 1993 and 
Abdelhakeem et al., 2002). Heavy metals polluted water is causative for ca. 
thirty-two danger disease (Abdelhamid, 2006). So, many intoxications could 
be occurred in humans consume fish reared under polluted water conditions 
(Abdelhamid and El-Ayouty, 1991; Shata,1996 and Abdelhamidet al., 1999) 
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or fed contaminated diets (Abdelhamid, 1983 and Abdelhamidet al., 
1996).This year (2014) will be a milestone year where the per capita 
consumption of farmed fish will be greater than wild fish consumption 
(Koeleman, 2014).  

Different wastes are frequently used in fish feeding (Abdelhamid, 
2014a) from plant, animal and/or variable sources (Abdelhamidet al., 
2012a&b; Ibrahim et al., 2012; Khalafallaet al., 2012; Abd El-Hakim et al., 
2013; Abdelhamid and Soliman, 2013 and Abou-Ziedet al., 2013). Plant and 
animal wastes are used too as organic fertilizers for fish ponds (Agouz and 
Gomha, 2011 and Abdelhamid, 2014b). In this respect, sewage sludge may 
be used in aquaculture. However, the use of untreated night soil as a fertilizer 
as a source of nutrients in fish farming presents a considerable health hazard 
in the form of pathogens and parasites. Moreover, fish ponds receiving 
nutrients derived from treated night soil were less contaminated than ones to 
which untreated night soil was applied, and the fish reared in them were of 
superior quality (Ling et al., 1993). In addition,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 (Saravananet al., 2011).So, 
the aim of the present study was to investigate the effects of feeding dried 
sewage sludge (DSS) on hematological, blood biochemical parameters and 
histological structure of the liver of four fish species (Nile tilapia, common 
carp, silver carp, African catfish), for 102 days. 
 

MATERIALS AND METHODS 
 
The experimental management: 

This study was conducted during the summer season in a private fish 
farm at Tolompat 7, Alriad, Kafr El-Sheikh governorate, Egypt. Nile tilapia, 
silver carp and African catfish were purchased from a private fish farm, Kafr 
El-Sheikh governorate, Egypt. While, common carp were purchased from 
Integrated Fish Farm at Al-Manzala (General Authority for Fish Resources 
Development, Ministry of Agriculture) Al-Dakahlia governorate, Egypt. Fish 
were stocked into a net Hapa for two weeks as an adaptation period, during 
which they were fed a basal diet.  

Fish were distributed into two experimental treatments (in 2 net Hapas); 
in the first treatment (the control group), fish were fed the basal diet, whereas 
in the second treatment, fish were fed DSS. Each Hapa (8 × 3 × 1 m) were 
constructed and implanted in an earthen pond (irrigated from agricultural 
drainage). Four fish species were distributed with an average initial body 
weight of Nile tilapia,Oreochromisniloticus 178.0 ± 3.5 g, common 
carp,Cyprinuscarpio232.0 ± 2.7 g, silver carp,Hypophthalmichthysmolitrix344.0 ± 4.3 g 
and African catfish,Clariasgariepinus408.0 ± 3.2 g). Stocking density was 100 fish / 

Hapa at a rate of 1: 1: 1: 1 for each fish species. Throughout the experimental 
period,water quality parameters in each Hapa were measured weekly, 
including temperature (via a thermometer), pH-value (using Jenway Ltd., 
Model 350-pH-meter, Staffordshire ST15 0SA, UK) and dissolved oxygen 
(using Jenway Ltd., Model 970-dissolved oxygen meter, Staffordshire ST15 
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0SA, UK). Average values of water temperature were 25.0 ± 3.0 ºC, pH 8.80 
and dissolved oxygen 2.66ppm. 

The basal diet was purchased from the local market. This commercial 
diet contained yellow corn, soybean meal (44%), wheat bran, fish meal 
(65%), corn gluten (60%), lime stone, common salt, dicalcium phosphate, and 
molasses and had not less than 25% crude protein, 3% crude lipids, 3935 
Kcal gross energy / Kg diet, and not more than 5.30% crude fiber, according 
to the manufacture's formula.  

The treated DSS was obtained from the duple stage treatment project 
(Sanitary Drainage Station Al-Riad city, Kafr El-Sheikh governorate, Egypt). 
The tested diet and DSS were offered once daily (10:00 am) at 5% of the fish 
biomass at each Hapa. The feed quantity was adjusted each 21 days 
according to the actual body weight changes. The chemical analysis for the 
basal diet (control) and DSS was illustrated in Table 1. DSS seems to be CP-
richer than the control diet; yet, DSS contains very high percentage of ash 
and very low percentages of EE and total carbohydrate percentages 
comparing to the control diet. 

 
 Table 1: Chemical composition of the tested commercial diet and dried 

sewage sludge  

Composition 

% on dry matter basis 

Control (C) diet 
Dried sewage sludge 

(DSS) 

Dry matter, DM 92.75 92.12 

Crude protein, CP 25.75 30.21 

Ether extract, EE 3.56 0.89 

Ash 6.42 41.54 

Total carbohydrate 64.27 27.36 

 
Blood analyses: 

At the end of the experiment, blood samples were collected (in 
heparinized-evacuated test tubes) from the caudal vein of five fish / species / 
treatment and immediately sent to a private clinical chemistry lab. at Al-Riad 
city, Kafr El-Sheikh governorate, Egypt for hematological (using Swelab

®
Alfa 

Auto counter, USA) and blood biochemical parameters (using commercial 
kits). 
Histological examination: 

At the end of the experiment, samples of livers were taken from three 
fish / species / treatment, trimmed and fixed (preserved) in 10% phosphate 
buffered formalin (saline solution) for 4 days. Washed with tap water for 24 
hours, and then dehydrated in ascending grade of ethyl alcohol, cleared in 
xylol, embedded for 2 hours in 2 changes of paraffin wax (melting point 56 
°C) and sectioned at 5 microns thickness, stained with enriches acid 
haematoxylin, and eosin stains (H&E), mounted in balsam, then examined 
microscopically (Roberts, 2001). 
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Statistical analysis: 
Numerical data collected were statistically analyzed using SAS (2001) 

software package (version 9.2) to detect the overall effects of treatments (T1-
T2). All percentages were arcsine-transformed prior to statistical analyses. 
The differences between mean of treatments were compared using Duncan’s 
post hoc significant test (Duncan, 1955), and differences were considered 
statistically significant at P ≤ 0.05. 

 

RESULTS AND DISCUSSION 
 

Blood analysis: 
Regardless of fish species, only RBCs, WBC and PLT reflected 

significant differences between both dietary treatments (Table 2) with higher 
values for DSS fed fish. However, Cf gave significantly higher values for most 
of the hematological parameters referring to best tolerance among the 
studied fish species (Table 2). Except MCV, all other hematological 
parameters reflected significant interaction effects (Table 3), where the 
highest Hb and MCV values were of Cf fed the control diet, but DSS fed Cf 
gave the highest MCHC and WBCs, Cf fed DSS had also the highest RBCs 
and PCV, and control fed tilapia only had the highest MCH value. Regardless 
of fish species, blood creatinine concentration, aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) activity were significantly 
increased with feeding fish DSS (Table 4) comparing with those fed the 
control diet. Regardless of dietary treatments, Cc gave significantly the 
highest values of urea, creatinine. AST and ALT; whereas, Sc gave 
significantly the lowest values for urea, AST and ALT (Table 4). That means 
that both of Cc and Sc were more influenced with feeding DSS (which 
affected both liver and kidney functions) than T and Cf. The interaction 
(dietary treatment × fish species) effect on urea, creatinine, AST and ALT 
was significant (P ≤ 0.0001), and except urea, all other parameter's levels 
(creatinine, AST and ALT) were significantly at highest for Cc fed DSS; yet, 
control Cc gave the significantly highest urea concentration (Table 5). 

 

Table 2: Effect of dietary treatment and fish species on some hematological 
parameters (hemoglobin, Hb; red blood cells, RBCs; packed cell 
volume, , PCV; mean corpuscular volume, MCV; mean corpuscular 
hemoglobin, MCH; mean corpuscular hemoglobin concentration, 
MCHC; white blood cells, WBCs and platelet, PLT)  

 
Hb 
g/dl 

RBCs 
×10

6
/mm

3
 

PCV% 
Blood indices WBCs 

×10
3
/mm

3
 

PLT 
×10

3
/mm

3
 MCV (µ

3
) MCH (pg) MCHC (%) 

Treatments 

Control diet 12.39 1.84
b
 33.35 171.84 50.96 34.22 45.06

b
 41.95

b
 

Dried sewage sludge 12.19 2.01
a
 34.46 170.22 51.87 36.57 57.64

a
 76.91

a
 

± SE 0.395 0.031 0.557 3.183 0.904 1.447 1.379 1.923 

P- value 0.726 0.0005 0.174 0.722 0.484 0.261 0.0001 0.0001 

Species 

Tilapia (T) 11.76
b
 1.87

c
 33.35

c
 179.0

ab
 61.93

a
 33.63

b
 47.33

c
 47.66

c
 

Silver carp (Sc) 11.66
b
 2.18

b
 37.86

b
 168.2

b
 48.60

c
 32.22

b
 28.85

d
 36.20

d
 

Common carp (Cc) 12.16
ab

 1.03
d
 21.29

d
 182.4

a
 41.50

d
 43.20

a
 58.70

b
 69.41

b
 

Catfish (Cf) 13.57
a
 2.62

a
 43.12

a
 154.5

c
 53.65

b
 32.53

b
 70.52

a
 84.45

a
 

± SE 0.559 0.044 0.788 4.501 1.278 2.046 1.950 2.720 

P- value 0.035 0.0001 0.0001 0.0008 0.0001 0.002 0.0001 0.0001 

Mean values in the same column for each category superscripted with different letters 
differ significantly. 
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Table 3: Effect of interaction between dietary treatment and fish species on 
some hematological parameters (hemoglobin, Hb; red blood cells, 
RBCs; packed cell volume, PCV; mean corpuscular volume, MCV; 
mean corpuscular hemoglobin, MCH; mean corpuscular hemoglobin 
concentration, MCHC; white blood cells, WBCs and platelet, PLT)  

Treatment 
Hb 
g/dl 

RBCs 
×10

6
/mm

3
 

PCV 
% 

Blood indices WBCs 
×10

3
/mm

3
 

PLT 
×10

3
/mm

3
 MCV (µ

3
) MCH (pg) MCHC (%) 

C* T 10.96
ab

 1.70
b
 31.20

c
 182.5

ab
 63.86

a
 35.23 42.10

b
 41.00

b
 

C * Sc 10.30
b
 1.82

b
 35.10

b
 167.0

bc
 45.80

bc
 33.10 28.30

c
 34.66

b
 

C * Cc 14.52
a
 1.20

c
 26.32

d
 186.2

a
 43.00

c
 36.50 40.33

b
 38.50

b
 

C * Cf 13.76
ab

 2.62
a
 40.80

a
 151.6

c
 51.20

b
 32.06 69.53

a
 53.66

a
 

S* T 12.56
b
 2.03

b
 35.50

c
 175.4 60.00

a
 32.03

b
 52.56

b
 54.33

c
 

S* Sc 13.02
a
 2.55

a
 40.62

b
 169.4 51.40

b
 31.35

b
 29.40

c
 7.75

d
 

S* Cc 9.80
c
 0.85

c
 16.26

d
 178.6 40.00

c
 49.90

a
 77.06

a
 100.3

b
 

S* Cf 13.37
a
 2.62

a
 45.45

a
 157.4 56.10

ab
 33.00

b
 71.52

a
 15.2

a
 

± SE 0.791 0.062 1.115 6.366 1.808 2.894 2.758 3.847 

P- value 0.0005 0.0001 0.0001 0.644 0.021 0.033 0.0001 0.0001 

Mean values in the same column superscripted with different letters differ significantly. 
 

Table 4: Effect of dietary treatments and fish species on kidney and liver 
functions parameters (blood urea concentration, mg/dl; creatinine 
concentration, mg/dl; aspartate aminotransferase activity, AST, u/l; 
and alanine aminotransferase activity, ALT, u/l)  
 Urea Creatinine AST ALT 

Treatments 

Control diet 13.48 0.51
b
 50.02

b
 49.43

b
 

Dried sewage sludge 12.83 0.66
a
 98.72

a
 102.2

a
 

± SE 0.354 0.034 2.572 5.566 

P- value 0.203 0.003 0.0001 0.0001 

Species 

Tilapia (T) 11.00
bc

 0.60
ab

 62.52
b
 62.38

b
 

Silver carp (Sc) 9.76
c
 0.60

ab
 42.23

c
 44.60

b
 

Common carp (Cc) 20.36
a
 0.65

a
 141.9

a
 141.7

a
 

Catfish (Cf) 11.50
b
 0.49

b
 50.82

c
 54.58

b
 

± SE 0.500 0.048 3.638 7.872 

P- value 0.0001 0.137 0.0001 0.0001 

Mean values in the same column for each category superscripted with different letters 
differ significantly. 
 

Table 5: Effect of interaction between dietary treatments and fish species on 
kidney and liver functions parameters (blood urea concentration, 
mg/dl; creatinine concentration, mg/dl; aspartate aminotransferase 
activity, AST, u/l; and alanine aminotransferase activity, ALT, u/l)  

Treatment Urea Creatinine AST ALT 

C* T 11.20b 0.68a 37.52b 53.72ab 

C * Sc 8.60b 0.48b 32.80b 30.56b 

C * Cc 22.92a 0.44b 80.09a 70.12a 

C * Cf 11.20b 0.44b 49.68b 43.32b 

S* T 10.80b 0.52b 87.52b 71.05b 

S* Sc 10.92b 0.72ab 51.66c 58.64b 

S* Cc 17.80a 0.86a 203.7a 213.4a 

S* Cf 11.80b 0.54b 51.96c 65.84b 

± SE 0.708 0.068 5.145 11.13 

P- value 0.0001 0.001 0.0001 0.0001 

Mean values in the same column superscripted with different letters differ significantly. 
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Regardless of fish species, fish feeding DSS caused significantly 
higher globulin, but lower albumin and albumin / globulin ratio values. 
Regardless of dietary treatment, T blood contained the highest total protein, 
globulin and albumin (Table 6). The interaction effect confirmed that the 
significantly highest total protein and globulin concentrations were realized 
with T fish fed DSS, but the significantly highest albumin and albumin / 
globulin ratio values were found in T fish fed the control diet (Table 7). 
 
Table 6: Effect of dietary treatments and fish species on plasma protein 

concentrations 

 
Total protein (g / 

dl) 
Globulin (g / 

dl) 
Albumin (g / 

dl) 
Albumin / Globulin 

ratio 

Treatments 

Control diet 4.36 1.43
b
 2.93

a
 2.08

a
 

Dried sewage 
sludge 

4.25 1.82
a
 2.43

b
 1.33

b
 

± SE 0.123 0.043 0.108 0.069 

P- value 0.550 0.0001 0.002 0.0001 

Species 

Tilapia (T) 5.33
a
 2.00

a
 3.33

a
 1.86 

Silver carp (Sc) 3.35
b
 1.32

b
 2.03

b
 1.57 

Common carp (Cc) 3.57
b
 1.32

b
 2.25

b
 1.73 

Catfish (Cf) 4.98
a
 1.87

a
 3.11

a
 1.66 

± SE 0.174 0.061 0.153 0.097 

P- value 0.0001 0.0001 0.0001 0.205 

Mean values in the same column superscripted with different letters differ significantly. 
 

Table 7: Effect of the interaction between dietary treatments and fish 
species on plasma protein concentrations 

Treatment Total protein (g / dl) Globulin (g / dl) Albumin (g / dl) Albumin / Globulin ratio 

C* T 4.94
a
 1.44

b
 3.50

a
 2.46

a
 

C * Sc 3.36
b
 1.20

c
 2.16

c
 1.82

bc
 

C * Cc 3.98
b
 1.20

c
 2.78

b
 2.29

ab
 

C * Cf 5.16
a
 1.88

a
 3.28

ab
 1.74

c
 

S* T 5.72
a
 2.56

a
 3.16

a
 1.26

ab
 

S* Sc 3.34
c
 1.44

c
 1.90

b
 1.31

ab
 

S* Cc 3.16
c
 1.44

c
 1.72

b
 1.17

b
 

S* Cf 4.80
b
 1.86

b
 2.94

a
 1.58

a
 

± SE 0.246 0.087 0.217 0.138 

P- value 0.020 0.0001 0.234 0.001 

Mean values in the same column superscripted with different letters differ significantly. 
 

Data of liver function criteria as total cholesterol, triglyceride, HDL and 
LDL are given in Tables 8 and 9. Regardless of fish species, feeding fish 
DSS resulted in significantly higher values of triglyceride, HDL and LDL 
comparing with those fed the control diet. Regardless of the dietary 
treatment, T fish represented the significantly highest concentration of both 
triglyceride and HDL but Cf contained the significantly highest levels of total 
cholesterol, HDL and LDL (Table 8). The significant interaction effect (Table 
9) revealed that the highest total cholesterol and LDL concentrations were 
found with control Cf, but T and Cf fed DSS gave the highest triglyceride and 
HDL levels, respectively. 
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Table 8: Effect of dietary treatments and fish species on concentrations 
of some blood biochemical parameters (mg/dl) (HDL: high 
density lipoprotein; LDL: low density lipoprotein) 

 Total cholesterol Triglyceride HDL LDL 

Treatments 

Control diet 168.9 108.1
b
 86.05

b
 62.10

b
 

Dried sewage sludge 172.4 158.0
a
 96.10

a
 38.95

a
 

± SE 7.927 6.327 6.325 6.155 

P- value 0.756 0.0001 0.269 0.012 

Species 

Tilapia (T) 177.0
ab

 206.4
a
 104.1

a
 34.30

b
 

Silver carp (Sc) 165.2
bc

 107.8
c
 88.1

ab
 50.70

b
 

Common carp (Cc) 134.0
c
 138.3

b
 68.2

b
 36.90

b
 

Catfish (Cf) 206.6
a
 79.70

d
 103.9

a
 80.20

a
 

± SE 11.21 8.948 8.945 8.705 

P- value 0.0008 0.0001 0.023 0.002 

Mean values in the same column superscripted with different letters differ significantly. 
 
Table 9: Effect of the interaction between dietary treatments and fish species on 

concentrations of some blood biochemical parameters (mg/dl) (HDL: 
high density lipoprotein; LDL: low density lipoprotein)  

Treatment Total cholesterol Triglyceride HDL LDL 

C* T 144.8
b
 126.0

b
 102.4

a
 22.20

c
 

C * Sc 170.0
b
 70.8

c
 72.00

b
 68.60

b
 

C * Cc 140.2
b
 177.0

a
 76.80

ab
 32.20

bc
 

C * Cf 220.8
a
 58.6

c
 93.00

ab
 125.4

a
 

S* T 209.2
a
 286.8

a
 105.8

ab
 46.40 

S* Sc 160.4
ab

 144.8
b
 104.2

ab
 32.80 

S* Cc 127.8
b
 99.6

b
 59.60

b
 41.60 

S* Cf 192.4
a
 100.8

b
 114.8

a
 35.00 

± SE 15.85 12.65 12.65 12.31 

P- value 0.029 0.0001 0.240 0.0002 
Mean values in the same column superscripted with different letters differ significantly. 
 

Hematological changes were detected in fish exposed to pollutants in 
laboratory studies. The present findings revealed that DSS feeding did not 
negatively affect the hematological parameters. Inversely with our results, the 
thrombocyte fraction significantly reduced in dabs (Limandalimanda) exposed 
to sewage sludge (Secombeset al., 1991 & 1992). Also,goldfish 
(Carassiusauratus) exposed to 50% raw and 100% treated sewages on day 
30, showed lower values of red blood cells, granulocytes and lymphocytes 
counts, activity of phagocytic cells, Hb, and plasma protein concentrations 
than those of the control group. Similar changes in blood parameters were 
observed in gold fish exposed to 5% raw and 10% treated sewages for 30 
days (Kakuta, 1997). 

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 (Barhoumiet al., 
2012). The transaminases, AST and ALT are two key enzymes considered as 
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a sensitive measure to evaluate hepatocellular damage and some hepatic 
diseases (Ibrahim and Mahmoud, 2005). In different fish species including C. 
gariepinus, AST and ALT enzymes activity were found to increase in 
response to heavy metals (Mekkawyet al., 2011). An increase in plasma AST 
and ALT activities due to metals (Zn, Cu and Cd) was also found in 
experimental conditions (Zikicet al., 2001), as well as in fish chronically 
exposed to metals (Levesque et al., 2002). 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 (Alyet al., 2003). 

In this context, a study investigated the levels of PCBs (polychlorinated 
biphenols) in the sludge cake and in tilapia, O. mossambicus fed on sludge 
supplemented diet, and the biochemical responses in the liver of tilapia fed 
the diet. A significant increase in the PCB concentrations was found in the 
flesh of fish fed on sludge (30%) supplemented diet. Total PCBs was 
detected in the fish and higher chlorinated PCB isomers were much more 
common than lower chlorinated PCB isomers. The sludge was found to be 
contaminated with PCBs. The sludge - supplemented diets did not impose 
any effect on both ALT and AST activities up to 30 days. However, the liver 
AST activity was significantly increased (P < 0.05) in fish receiving 10 and 
30% of sludge-supplemented diets while ALT activity was significantly 
decreased (P < 0.05) in fish receiving 30% of sludge-  supplemented diet 
only, when compared with the control group, at the end of the experiment. 
The level of triglyceride of the treated fish was not significantly different (P > 
0.05) from fish fed the control diet. The changes in liver metabolism in fish fed 
with sludge diets indicated the existence of xenobiotics (Yang et al., 1993). 

Exposure to sewage sludge also resulted in a decrease in total serum 
proteins (Secombeset al., 1992) which agrees with the present findings on 
the experimental fish species exposed to dried sewage sludge. 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 
(Tayelet al., 2007). 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 (Saravananet 
al., 2011). During stress conditions fish need more energy to detoxify the 
toxicant and to overcome stress. So, due to this, proteins in liver degrade and 
the serum protein level increase. Reddy et al. (1995) and Singh and Sharma 
(1998) 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 
experimental fish species. 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 (Tayelet al., 2007). 

Fish exposure to chemical contaminants induces lesions in different 
target organs, especially in liver (Rabittoet al., 2005; Melaet al., 2007; 
Miranda et al. 2008). According to Ayaset al. (2007) and Lemes and Braccini 
(2004), liver is an important target organ related to important metabolic and 
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detoxification mechanisms. Data of liver function criteria as total cholesterol, 
triglyceride, HDL and LDL is given in Tables 8 and 9. Regardless of fish 
species, feeding fish DSS resulted in significantly higher values of 
triglyceride, HDL and LDL comparing with those fed the control diet. 
Regardless of the dietary treatment, T fish represented the significantly 
highest concentration of both triglyceride and HDL but Cf contained the 
significantly highest levels of total cholesterol, HDL and LDL (Table 8). The 
significant interaction effect (Table 9) revealed that the highest total 
cholesterol and LDL concentrations were found with control Cf, but T and Cf 
fed DSS gave the highest triglyceride and HDL levels, respectively.  

Exposure to sewage sludge has been implicated with effects on growth 
and protein synthesis in common dab (Limandalimanda) (Houlihanet al., 
1994). In addition, liver damage in fish has been associated with 
contamination by components of sewage sludge (Moore et al., 1996). 
Generally, increased Hb and RBCs are found with dehydration as a 
consequence of pseudopolyglobulie; but increased WBCs with bacterial 
infection and inflammatory reactions (Merck, 1976). Moreover, increased 
blood ammonia-N causes ataxia and death (Clarke and Clarke, 1978). Also, 
increased blood urea may occur in a number of diseases in addition to those 
in which the kidneys are primarily involved. Increased blood protein because 
of the hemoconcentration, so that the albumin-globulin ratio remains 
unaltered. Apart from these cases an increase in albumin occurs very rarely 
indeed, so that with very few exceptions an increase in total proteins arises 
only when there is an increase in one or more of the globulin components; 
the albumin either remains normal or is reduced to a smaller extent than the 
globulin is increased. As a result the albumin-globulin ratio falls. A decrease 
in total proteins is always due to a low albumin level or to edema. Low serum 
albumin may be due to decreased formation in the liver because of severe 
liver disease. Increases in cholesterol occur in nephritis (Varley, 
1978).Also,Sweilum (2006) found that sub lethal doses of mercuric chloride 
negatively affected blood profile of tilapia species (O. niloticus, O. aureus, 
and Sarotherodongalilaeus). But, El-Saidyet al. (2012) working with O. 
niloticus registered higher total protein and globulin but lower albumin and 
albumin / globulin ratio than the values obtained herein. Additionally, Metwalli 
(2013) gave higher levels of total protein, albumin, creatinine and AST but 
lower values of urea and ALT for Nile tilapia than given in the present 
research. 
Histological examination: 

The present histological findings of O. niloticus fed the control diet 
showed that normal hepatocytes and enlargement, slight congestion and 
infiltration of the blood vessel (Bv)(Fig. 1a). However, the histological 
examination of liver of O. niloticus fed DSS showing necrotic hepatocytes and 
enlargement, severe congestion and infiltration of the portal blood vessel 
(PBV) (Fig. 1b).Figure 1c illustrated that H.molitrix fed the control diet showed 
normal hepatic lobules with normal hepatocytes and diffusion of 
melanomacrophage centers (MMCs). While, H. molitrix fed DSS showed 
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large areas of necrotic hepatocytes, infiltration of BV, areas of degenerated 
hepatocytes (Fig. 1d). 

Microscopically, C.carpio fed the control diet showed normal hepatic 
lobules with normal hepatocyte arrangement around the central vein (CV) 
adjacent with blood sinusoids (Fig. 1e). Meanwhile, C. carpio fed dried 
sewage sludge showed severe necrotic hepatocytes and severe congestion, 
enlargement of PBV with monocytes, fibroblast infiltration and large area of 
degenerated hepatocytes (Fig. 1f). 

Under present histological investigation, it has been observed that the 
liver ofC. gariepinus fed the control diet showed normal hepatic lobules with 
normal hepatocyte arrangement around CV, adjacent with blood sinusoids, 
slight congestion of BV (Fig. 1g). However, C. gariepinus fed DSS showed 
large areas of degenerated hepatocytes around CV and diffusion of 
hemosiderin in the hepatic lobule (Fig. 1h). In addition, highly magnification 
(Fig. 1i) for the same treatment of catfish showed that large areas of 
degenerated hepatocytes and diffusion of hemosiderin in the hepatic lobule. 

The slightly drastic effects on liver tissues in all the experimental fish 
species fed the control diet were detected, which were markedly increased in 
all fish species fed DSS. These severe alterations in the hepatocytes were 
confirmed by potential negative effects on hematological (Tables 2 and 
3regarding to the dietary treatments, fish species and their interaction) or 
blood biochemical parameters(Tables 4, 5, 6, 7, 8 and 9 regarding to the 
dietary treatments, fish species and their interaction) in both fish fed the 
control diet or treated by DSS. 

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 (Figueiredo-Fernandeset al., 2006). Also, the liver histology is used as 
biomarker for the environmental pollution (El-Serafyet al., 2009) and there have been 
numerous reports of histopathological changes in livers of fish exposed to a wide 
range of organic compounds and heavy metals (Au, 2004; Abdel-Moneimet al., 2012). 
So, it is not surprised that, the present harmful effects of all experimental fish species 
fed the control diet; concerning the hematological, blood biochemical parameters or 
histological structure of the liver may be related to fish rearing water quality in the 
experimental site, (Tolompat 7, Alriad, Kafr El-Sheikh governorate, Egypt). Where, the 
agriculture drained water was polluted with different types of pesticides, fertilizers and 
some heavy metal's residues not only in this fish farm, but also in all fish farms and 
fish hatcheries in Egypt according to the dishonorable Egyptian law No. 124/1983. 
Currently, this law prohibits aquaculture projects from  drawing  surface  water,  
leaving  more  than  90%  of  the country's  fish  farms and fish hatcheries to operate 
on polluted agricultural drainage water. In addition, Voset al. (2000) and Kolpinet al. 

(2002) reported that sewage effluents contain complex mixtures of chemicals such as 
natural and synthetic hormones, alkyl phenols, phthalates, bisphenolA, 
pharmaceuticals and some pesticides. So, these drastic effects of all experimental fish 
species fed the dried sewage sludge in the present study, may be due to the organic 
pollutants (PCBs, PBDEs and HBCDs) contamination in sludge, sediments and fish 
(Ilyaset al., 2013), as well as may be due to the long exposed time to the dried 
sewage sludge (102 days) in the present study. In addition, Moore et al. (1996) 
reported that exposure to sewage sludge has caused liver damage in fish. 
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Fig. 1 (a-i):Cross section in liver of (a): O. niloticus fed the control diet showing normal 
hepatocytes (h) and enlargement, slight congestion and infiltration (arrow) of 
Bv; (b): O. niloticus fed DSS showing necrotic hepatocytes and enlargement, 
severe congestion (arrows heads) and infiltration (arrow) of PBV; (c): H. 
molitrix fed the control diet showing normal hepatic lobules with normal 
hepatocytes and diffusion of MMCs (arrows); (d): H. molitrix fed DSS showing 
large areas of necrotic (N) hepatocetes, infiltration (arrow) of BV and areas of 
degenerated hepatocytes (arrows heads); (e): C. carpio fed the control diet 
showing normal hepatic lobules with normal hepatocyte (h) arrangement 
around CV adjacent with blood sinusoids (S); (f): C. carpio fed DSS showing 
severe necrotic (N) hepatocytes and severe congestion, enlargement of PBV 
with monocytes, fibroblast infiltration (arrows heads) and large area of 
degenerated hepatocytes (arrows); (g): C. gariepinus fed the control diet 
showing normal hepatic lobules with normal hepatocyte arrangement around 
CV, adjacent with blood sinusoids (S) and slight congestion of BV (arrow); (h): 
C. gariepinus fed DSS showing large areas of degenerated hepatocytes 
(arrows) around CV and diffusion of hemosiderin in the hepatic lobule (arrows 
heads); (i): High magnification of (Fig. h) showing large areas of degenerated 
hepatocytes (arrows) and diffusion of hemosiderin in the hepatic lobule 
(arrows heads); a, b, d, e, f, g, h (× 100, H&E stains); c and i (× 400, H&E stains); 
Bv: blood vessel; PBV: portal blood vessel; MMCs: melanomacrophage 
centers; CV: central vein. 
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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 (El-Sheikh et al., 
2010). The amount of waste discharged into receiving water bodies far 
exceeds the natural ability of these bodies to attenuate the pollutants (El-
Sheikh et al., 2010) with dramatic consequences on water quality, sediments 
and biotic communities (Azzurroet al., 2010). The domestic wastewaters 
contain fairly high concentrations of metals (Authmanet al., 2013), where 
these metals are derived from household products such as cleaning materials 
(detergents), toothpaste, cosmetic and human feces (Stephenson, 1987). 
Also, there are additional quantities introduced from industrial wastes 
(Alabaster and Lloyd, 1982) and washing of herbicides and pesticides of the 
agricultural lands (Khallafet al., 1998). 

The liver not only represents a central organ concerning basic 
metabolism (Gingerich, 1982), but is also a major site of the accumulation, 
biotransformation and excretion of toxic compounds (Meyers and Hendricks, 
1985). It is the first organ to be exposed by the portal circulation to toxicants 
ingested by the body (Hibiya, 1982). Because of its unique position and 
proximity to the venous drainage of the digestive tract, the liver is susceptible 
to damage from absorbed toxic materials (Leeson and Leeson, 1976). The 
high degree of metabolic activity of hepatocytes renders them vulnerable and 
toxins can easily affect them. The harmful effects of ingested toxic 
substances are primarily exerted within the liver cells (Lloyd, 1992). 
Subsequently, hepatocytes respond to changes in the external and internal 
environments by alterations in both cellular structure and function (Wheateret 
al., 1985). Since histopathological alterations are recognized and commonly 
used diagnostic tools in fish toxicological studies (Lloyd, 1992). Moreover, 
Gonzales et al. (1993) reported that necrosis found in the fish liver is usually 
related to contaminants found in water or sediment. Also, Khan et al. (1994) 
and Ayaset al. (2007) described that those lesions in liver of fish is one of the 
most important histopathological responses due to exposure to contaminants. 

Moreover, brown trout Salmotruttapopulations of numerous Swiss 
rivers are declining. Sewage plant effluents are discussed as a possible 
cause. To investigate the influence of sewage plant effluents, brown trout as 
well as rainbow trout Oncorhynchusmy kiss were exposed to 10% diluted 
wastewater. The effects were compared to those on trout kept in commercial 
tap water. Degenerative and inflammatory reactions in the liver of exposed 
animals were the most prominent findings. Several brown trout caught in the 
River Langete showed marked proliferative, degenerative and inflammatory 
lesions of gills, liver, and kidney (Schmidt et al., 1999).  

Histopathological alteration on hepatocytes may be attributed to the 
direct toxic effects of pollutants, since the liver is the principal organ 
responsible for detoxification in vertebrates generally and in fish particularly 
(Freeman et al., 1983). The present study suggests a strong link between 
dietary dried sewage sludge and lesions in the liver. (Sorensen, 1991) cited 
that heavy metals were might cause liver damage. Alyet al. (2003) obtained 
similar results after exposure of C. gariepinusto lead pollution. Similar 
alterations in the liver of Tilapia zilliiandC. gariepinuswere observed in fishes 
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living in Nile water polluted with heavy metals (Ibrahim and Mahmoud, 2005 
and Tayelet al., 2008). Yacoub and Abdel Sater (2003) observed 
histopathological effects of heavy metals on some fishes inhabiting Bardawil 
lagoon. Ptashynskiet al. (2002) reported histopathological alteration after 
exposure of the lake whitefish (Coregonusclupeaformis) to nickel. Olojoet al. 
(2005) observed liver histopathological lesions after exposure of C. 
gariepinusto Pb for 9 days. Several histopathological changes in the liver 
were also observed in O. niloticusand Tilapia zilliicollected from the southern 
region of Lake Manzalah contaminated with domestic, industrial and 
agricultural pollutants (Mohamed, 2001). 

Histological biomarkers of toxicity in fish organs are a useful indicator 
of environmental pollution (Peebuaet al., 2008). Several histopathological 
changes have been reported in the liver of experimental fish in response to 
agricultural, sewage and industrial pollutants (Mohamed, 2003). Similar 
results have been reported in Channapunctatusexposed to hexavalent 
chromium (Mishra and Mohanty, 2008), in C. batrachusexposed to 4 ppm and 
8 ppm cadmium chloride for 90 days (Bilal, 2011), in O. 
mossambicusexposed to cadmium chloride at 5 and 50 ppm for 1, 7, 15 and 
30 days (Rani and Ramamurthi, 1989), in O. mossambicusexposed to 
cadmium and zinc (Van Dyket al., 2007), in C. gariepinusexposed to 
cadmium (Nuntiyaet al., 2008), in liver of a freshwater catfish, C. punctatus 
exposed to 3 mg and 5mg cadmium chloride for 15 and 45 days (Amin et al., 
2013) and in White Sea bass, Latescalcariferexposed to 5 ppm cadmium 
chloride for 3 weeks (Thophonet al., 2003). These findings lend support to the 
observations of the present study. Additionally, several histopathological 
alterations, including vacuolar degeneration with focal areas of necrosis in 
liver were observed in the studied tissues of fish as a result of the 
accumulated metals (Mohamed, 2008). 

The obtained results in the present study revealed that the feeding 
DSS led to slight effects on hematological parameters, but it had significantly 
drastic effects on blood biochemical parameters compared to the control 
group.Also, the harmful histological alterations in liver of all fish species fed 
DSS compared to the control group were detected.Consequently, no doubt 
these drastic effects related with the presence of some pollutants from 
agricultural and urban drainages whether in the rearing water or in the 
sewage sludge that can negatively affect fish health, production, and quality 
as well as could be inter the food chain and threat human health; so, it is 
recommended to give more concern on food and water quality (environmental 
friendly) used in aquaculture to offer safe products for human consumption. 
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بالنسةبة لوةةرة  -2التأثيرات المحتملة لتغذية الأسماك على الحمأة الجافة المعالجةة 
 الدم ةالتركيب النسيجي للكبد

 ةعبدالحميد محمةد عبدالحميد،أححمةد مسةماعيح محرم،أححمدعبدالحميةد محمدعبةد الحميةد،،
 موطفى السعيد القطان، 

 الحيةانأ كلية الزراعةأ جامعة المنوةرةأ مور. ، قسم منتاج
 ،،قسم الأنسجة ةبيةلةجيا الخليةأ كلية الطبأ جامعة المنوةرةأ مور.

 

يودة  للةأ أرب ةة أعةون  دةا أاةد ا نمدية ة نم طبةة  بل ةأ  102أجريت تجربة حقليةة مدة   
: 1: 1نلأعون  نلأرب ة كعابة عيلأ، دبروا فضأ، دبروا ل  ى، قردو  أفريقأ، بد  ل تخزيا دا 

( فةةأ عمةة ع دت ةة   نلأعةةون  فةةأ وةة بتيا دوضةةولتيا فةةأ حةةوا ترنبةةأ ي ةةروى دةةا دةة    ةةر  1: 1
زرنلةةأ،  تةةع ت طيةةة أاةةد ا نمل بةةة نلأومةةأ للةةأ لليقةةة تج ريةةة ونلأخةةرى للةةأ حدةة    عةة ت  د  مجةةة 

تجربةة تةع اةح  نم ر  نم ةحأ ونمزرنلةأ مدع قةة نمرية ا بدح فمةة كشةر نموةي (، وفةأ عل يةة نم
ليع ت  دوليع ت دا أكب   نلأاد ا ملشحص. أملرت نمعت ئ  نمدتح ل لليل  أا نمت طية للةأ نمحدة   
مع ت اأ  إمأ  ور  نم ع رغع نلارتش   نمد عوى فةأ عوة   إعزيدة ت عقةل دجة ديي نلأدةيا وتركيةزنت 

ضة ر  نمعاةيجية فةأ أكبة   نمجلياري نت نمثلاثية. ومقة  أحة ثت نمت طيةة للةأ نمحدة   ب ةا نمت يةرنت نم
نلأاد ا. وعخلص دا طما وباب  وجو  دلوث ت فأ نم ر  نمزرنلأ ونم حأ ونمتأ تعتقل إمىدي ة 
رل ية نلأاد ا وفأ نمحد   ونمتأ يدكعل  نمت ثير نمايئ للأ  حة وإعت ج وجو   نلأاةد ا ويدكةا أا 

نلاوتدة ع مجةو   نلألةلا  ونمدية ة ت خل نمالالة نم طنئية فتضر ب حة نلإعاة ا، مةطن ي و ةأ  بتوجية  
    يقة ملبيئة( نمداتخ دة فأ نلااتزرن  نمد ئأ لإعت ج دعتج ت آدعة لااتللاا نلإعا ا.


