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Abstract
The study evaluates the biochemical and histological changes that occurred in some organs of African catfish (C. gariepinus)
exposed to varying concentration of municipal sewage. Two hundred and twenty (220) fingerlings of C. gariepinus (7.65 ±
0.02 g) were randomly stocked in five glass tank in duplicate at 10 fish per tank with varying sewage concentration of 8.24%,
4.12%, 2.06%, 1.03% and 0% for 90 days. The raw sewage, gills and muscles of the exposed fish were analysed for heavy
metal content. Also, the muscle, liver and gill of the exposed fish were assayed for Total Protein (Tp), Aspartate transaminase
(AST), Alanine transaminase (ALT), Glutathione Peroxidase (GPx), Glutathione Reductase (GR), Glutathione-s-transferase
(GST) using standard methods. The order of heavy metals analysed in the sewage were Fe > Cu > Zn > Pb > Cr > Cd.
However, heavy metal accumulation in the muscle was found to be in the order Cu > Fe > Cd > Cr > Zn > Pb while that of gills
followed the order Fe > Cu > Zn > Cd > Cr > Pb. The activities of the assayed enzymes showed a general increase in hepatic
enzymes ALT and AST in the organs of the fish juvenile which was significant (p<0.05) mostly at the higher concentrations
(4.12% and 8.24%) while the antioxidant enzymes showed a generally depressed activity with increase in sewage
concentrations. At the end of the culture period, mortality was highest in the treatment with 8.24% concentration. Liver
histopathology revealed anomalies and alterations within the architecture of test fish liver which was consistent upon increased
concentration of sewage. The study concluded that municipal sewage concentrations had adverse effect on fish eco-physiology.
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1. Introduction
Waste management is one of the major problems facing the
developing nations of the world [1]. In Nigeria, a significant
hazard to surface water contamination remains the
indiscriminate disposal of urban waste despite the decree act

number 58 of 1988 that created the Federal Environmental
Protection Agency (FEPA) for making and implementing
laws and standards that will preserve, restore and protect
Nigerian environment from various kind of pollution [2].
Sewage and waste water from houses and industries, in most
situations, are routed into the streams and rivers which
indirectly lead to water pollution with resulting impacts on
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nutrient enrichment, impairment of water quality, marine life
breeding ground destruction and killing of fish [3, 4].
Most pollutants or toxicants reported in aquatic
environment resulting from untreated sewage effluent
discharge are mixtures of natural and synthetic xenobiotics
and other unidentified compounds from atmospheric
precipitation, domestic sewage, industrial discharge and nonpoint source runoff which can affect or bioaccumulate in
aquatic organisms especially fish [5-7]. Wastewater
discharges have been reported to contain heavy metals such
as iron (Fe), zinc (Zn), nickel (Ni), cadmium (Cd), copper
(Cu), and lead (Pb) which are one of the most serious
pollutants in our natural environments due to their
persistence, toxicity and bioaccumulation problems with no
beneficial functions if they enter into the body [8-10].
Research findings have shown that contaminants such as
heavy metals in the aquatic environment could accumulate in
aquatic biota (especially fish as they are the most common
aquatic organisms at higher tropical level), causing
ecological damage and also posing a threat to human health
[11].
Several indices such as composition and abundance, fish
health, sex steroid hormone levels alterations, growth
performance,
survival,
endocrine
disruptors
and
heamatological studies have been used to monitor the effect
of various industrial wastewater effluents on fish.
Organisms’ response to aquatic pollutants varies with the
type of pollutants and its toxicity [12]. Although, the
mechanisms of pollutant toxicity to fish varied, with many
acting as enzyme poisons [13]. The sudden death of a fish
in most cases indicates heavy pollution while the effects of
exposure to sub lethal levels of pollutants can be measured
in terms of biochemical, physiological or behavioral
responses of the fish [14]. The use of biochemical markers
and molecular markers for the biological effects of
pollutants on aquatic organisms has led to the need to detect
and determine the impact of contamination on the quality of
the environment. [15]. Therefore, biomarkers are
characterized as changes in the biological response
associated with the environmental exposure or toxic effects
of chemical substances studied in body fluids, cells or
tissues [16]. Biomarkers were identified as sensitive
indicators showing the penetration of a toxic material into
the organism and its distribution between tissues [17].
Animal tissue histopathological alterations are clear
measures of past exposure to environmental stressors and
are a net product of detrimental biochemical and
physiological changes in an organism [18]. One of the
benefits of using histopathological biomarkers in
environmental monitoring is that this category of biomarker
enables specific target organs to be examined and is
indicator that demonstrates the effect of different
anthropogenic pollutants on organisms and reflects the
overall health of the entire population in the ecosystem [19].
This study therefore aimed at determining the
physicochemical constituents of the raw sewage and
evaluates the histological and biochemical changes that

occurred in the fish organs as a result of exposure to the
sewage concentration.

2. Materials and Methods
2.1. Collection of Test Organism
Two hundred and twenty (220) six week old juveniles of
Clarias gariepinus (7.65±0.02g) randomly distributed into
fifteen 40L glass containers (90 x 45 x 45 cm) were
acclimated at the Fish Culture Laboratory, Department of
Zoology, Obafemi Awolowo University, Ile-Ife, Nigeria. The
fish were fed Durante feed at 5% their body weight. After
acclimatization, the fish were weighed and sorted into 10
glass aquaria at the rate of 10 fish per tank in replicate for the
experiment.
2.2. Effluent Sample Collection
The effluent used for the toxicity study was collected from
the sewage oxidation pond of the Obafemi Awolowo
University, Ile-Ife, Nigeria where municipal sewage pools
(Figure 1). Samples were collected in batches from the
discharge/release point prior in-flow into the open oxidation
pond in air tight plastic containers and were immediately
transported to the fish culture laboratory for commencement
of experiments. During the test, all the samples were pooled
together in a large drum to attain homogeneity and avoid
variability in concentration.
2.3. Acute Toxicity Test
After the acclimatization period, range finding test was
carried out to determine the definitive concentrations to be
used for the acute evaluation test following the method of
Rand [20]. Five plastic bowls were labeled A – E in two
replicates (duplicate). The test solution (effluent) was
thoroughly mixed by pouring into a big plastic bowl before
exposing the test organisms in the labeled plastic bowl. The
varying concentrations used were A = 0 (ordinary water,
serving as experimental control), B = 7.5L, C = 15L, D =
22.5L and E = 30L which was 0%, 25%, 50%, 75% and
100% respectively. Ten fishes were exposed to each
concentration including the replicates. The experiment was
monitored for 96 hours for behavioral anomalies such as
motionlessness, unusual gasps, irregular opercula movement
and mortality.
2.4. Chronic Toxicity Test
After determining the LC50 in acute test, five glass tanks
were then labeled A-E in replicates. Ten test organisms were
placed into each of the glass tank with test solution. The
varying concentrations used were fractions ½, ¼, 1/8, 1/16 and
0 of the 96-h LC50 value obtained which was 8.24L, 4.12L,
2.06L, 1.03L and 0L respectively which was in concentration
50%, 25%, 12.5%, 6.25% and 0% respectively. This
experiment was carried out for 90 days with a change of test
solution every 24 hours.

Open Science Journal of Bioscience and Bioengineering 2021; 8(2): 19-29

21

Figure 1. Map of Obafemi Awolowo University, Ile-Ife, showing sampling point (Sewage Pond). Inset: Map of Osun State in Nigeria.

2.5. Sample Preparation, Sample Analysis
and Data Collection
Sewage sample and 0.5 g of pulverized fish muscle and
gills sample were digested following the method of
Ademoroti [21]. The levels of Iron (Fe), copper (Cu), lead
(Pb), manganese (Mn), Nickel (Ni) and chromium (Cr) of
digested samples were then read using an ALPHA 4
ChemTech Analytical (serial number 4200) Atomic
Absorption Spectrophotometer (AAS) (Buck Model 205).
The physicochemical parameters of the sewage samples were
determined according to APHA [22].
2.6. Evaluation of Enzymatic Activity
Glutathione-S-Transferases (GST), Glutathione Reductase
(GR), Glutathione Peroxidase (GPx), Alanine Transaminase
(ALT) and Aspartate Transaminase (AST) were isolated from
the liver, muscle and gills of the fish by homogenization of
each tissue using specific buffers for each enzyme. The
tissues and organs (liver, muscle and gills) were weighed,
crushed in a mortar and pestle and homogenized (1:2 w/v)
Total protein concentration

g
dL

Abs
Abs

using 0.05M phosphate buffer (pH 6.5). The homogenate was
centrifuged at (16,000 g for 45 min) was used to obtain a
supernatant fraction for the determination of the enzyme
activities. Glutathione-S-transferase activity was determined
as described by Habig et al. [23]. Spectrophotometric was
adopted to measure GR activity following the method of
Glatze et al. [24] while activity of glutathione peroxidase
(GPx) was determined in the tissue homogenate by the
method of Rotruck et al. [25]. Alanine Aminotransferase was
measured by monitoring the concentration of pyruvate
hydrazone formed with 2, 4 – dinitrophenylhyrazine
according to the method of Reitman and Frankel [26].
Aspartate Aminotransferase activity was measured by the
concentration of oxaloacetate of hydrazine formed with 2, 4 –
dinitrophenylhydrazine as described by Reitman and Frankel
[26] and Schmidt and Schmidt [27]. Total protein test kit
(Randox Diagnostic Laboratories, Ltd) was used for the
estimation of the tissue homogenate total protein according to
the biuret method, as reported by Tietz [28]. The total protein
concentration was estimated from the expression below:

X Standard concentration

g
dL
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2.7. Histopathological Examination

obtained using SPSS software package Version 21.

Tissue sections excised from liver portions of the fish were
fixed in 10% formalin and were embedded in paraffin wax
between 56-58°C. The embedded tissue was then sectioned at 36 µm using a Reichert sliding microtome. The sectioned tissue
was stained in Harris’s haematoxylin for 2 to 5 min, rinsed in
water and decolorized with 1% HCl in 70% alcohol [29]. Liver
section was then counter stained with 1% eosin for 1 min, and
allowed to completely dehydrate in absolute alcohol before
mounting on a slide for microscopic observations. The stained
tissue slides were observed through an Olympus light
microscope (BX-51) and photomicrographed by a chare-couple
device (CCD) camera for subsequent interpretation [30].

3. Results
3.1. Physico-chemical parameters of the
Sewage Effluent
The results of the sewage physicochemical parameters
showed that the mean values of the analyzed parameters were
within permissible standard limits. However, the pH showed
an alkaline nature of the sewage which was still within the
permissible limits of NESREA, FEPA, and USEPA standards
on guidelines for effluent discharges (Table 1). A high
chemical oxygen demand was observed compared to the
dissolved oxygen and biological oxygen demand (Table 1).
Analyses of heavy metal concentrations in the sewage also
show values within permissible limits except for lead (0.130
±0.008 mg/l) which exceeded NESREA and USEPA
standard limits (Table 1). Heavy metals in the sewage
showed a decreasing trend observed as Fe > Cu > Zn > Pb >
Cr > Cd (Table 1).

2.8. Statistical Data Analysis
The data obtained were subjected to one way analysis of
variance (ANOVA) and significant differences accepted at p
≤ 0.05 [31]. Where significant differences were recorded, the
mean values were separated using post-hoc Tukey’s (HSD)
test. Descriptive statistics for all collected data were also

Table 1. Physico-chemical properties of the Municipal Sewage.
Parameters
pH
Dissolved Oxygen (mg/l)
Temperature (oC)
Conductivity (µS/cm)
Chemical Oxygen Demand (mg/l)
Biological Oxygen Demand (mg/l)
Salinity (psu)
Heavy metals (mg/l)
Copper (Cu)
Lead (Pb)
Chromium (Cr)
Iron (Fe)
Zinc (Zn)
Cadmium (Cd)

Experimental Values
7.13±0.07
2.75±1.60
27.00±0.21
626.83±67.75
35.40±2.11
0.07±0.01
0.38±0.02

FEPA (1991) Limit
6.50-8.50
5.00
< 40
50.00
-

NESREA (2009) Limit
6.00-9.00
50
-

USEPA (2009) Limit
6.50-8.50
250
-

0.260±0.001
0.130±0.008
0.122±0.003
0.298±0.001
0.204±0.003
0.095±0.004

<1
<1
<1
20
<1.0
<1

0.5
0.05
1
-

1.3
0.015
0.1
0.3
0.005

FEPA-Federal Environmental protection Agency NESREA-National Environmental Standards and Regulations Enforcement Agency
USEPA-United States Environmental protection Agency for maximum permissible limits for effluent from wastewater

a
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Figure 2. Water quality parameters of the treatment groups.

3.2. Physico-chemical Parameters of the
Culture Media
Figure 2 showed the water quality parameters
determined in the treatment tanks during the period of
study. The pH of the culture media which ranged between
6.88 ±0.07 and 7.13 ±0.12 increased with the increasing
sewage concentration. However, the temperature value
was highest in the treatment with 2.06% sewage
concentration and lowest in the treatment with 1.03%
sewage concentration. Dissolved oxygen content in the
culture media significantly decreases (p<0.05) with
increasing concentration of sewage effluent. Lowest BOD
value (p<0.05) was recorded in the treatment with highest
sewage concentration (8.24%) while the control treatment
had the BOD value which was also significantly superior
(p<0.05). Significant increase (p<0.05) with increase in
sewage concentration was observed in the COD and
alkalinity values recorded in the treatment groups.
3.3. Behavioural Response of Test
Organisms During Exposure
The fish stock in exposed concentrations showed lethargy,
erratic swimming pattern, gasps for breath and frequent
surfacing as the duration of exposure and concentration of
sewage increased. However, much stability and normal
behavior was observed in the control group. At specific
periods, the fishes which could not withstand the stressors
were seen to get weaker and those who could not tolerate the
concentrations much longer went comatose some fish
mortality was recorded owing to disease contagion. Higher
mortality was recorded in the exposure tanks with higher
sewage concentrations. The mean mortality in each treatment

was converted to percentage mortality with which through
Spearman-Karber method, the LC50 was estimated to be
16.5L.
3.4. Heavy Metals Accumulation in Organs of
C. gariepinus Exposed to Different
Sewage Concentrations
The level of heavy metals in the organs of C. gariepinus
exposed to different concentrations of sewage is shown in
Table 2. The result showed that the concentration of all
the six metal assayed in the muscle of C. gariepinus
juveniles was lowest (p<0.05) in the control treatment.
However, among the exposed treatments, Lead and Zinc
concentration were significant (p<0.05) in the muscle of
the exposed fish. Generally, among the heavy metals
analyzed in the muscle of the fish, copper had the highest
concentration of mean values while lead had the least
concentration as shown in Table 2. The order of metal ion
concentration recorded in the muscle was Cu > Fe > Cd >
Cr > Zn > Pb (Table 2).
All the analyzed heavy metals in the gills of the fish
juveniles increase with increasing sewage concentration
(Table 2). However, the gills of all the exposed fish had
significantly higher level of analyzed metals compared to the
control treatment (Table 2). Cr and Cd were the elements
whose concentrations were insignificant (p>0.05) in the gills
of C. gariepinus juveniles exposed to different concentrations
of sewage (Table 2). Among the analyzed heavy metals in the
gills of the fish, iron had the highest mean value while lead
had the least concentration. The order of metal ion
concentration recorded in the gills was Fe > Cu > Zn > Cd >
Cr > Pb (Table 2).
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Table 2. Mean Concentrations of heavy metals in the muscle and gills of Clarias gariepinus juveniles exposed to municipal sewage concentrations.
Treatments
0%
0.023±0.001a
0.013±0.001a
0.005±0.001a
0.007±0.001a
0.007±0.011a
0.011±0.001a
0.034±0.015a
0.015±0.003a
0.040±0.005a
0.025±0.001a
0.017±0.008a
0.018±0.002a

Metals (mg/kg)
Copper (Cu)
Lead (Pb)
Chromium (Cr)
Iron (Fe)
Zinc (Zn)
Cadmium (Cd)

Muscle
Gills
Muscle
Gills
Muscle
Gills
Muscle
Gills
Muscle
Gills
Muscle
Gills

1.03%
0.136±0.024b
0.039±0.003b
0.028±0.006b
0.019±0.005b
0.075±0.011b
0.033±0.009b
0.084±0.005b
0.033±0.007b
0.067±0.011b
0.040±0.002b
0.076±0.010b
0.039±0.003b

2.06%
0.113±0.024b
0.064±0.016c
0.039±0.003b
0.023±0.005b
0.065±0.007b
0.035±0.007b
0.082±0.030b
0.065±0.017c
0.101±0.011c
0.054±0.006c
0.078±0.022b
0.043±0.002b

4.12%
0.146±0.082b
0.079±0.005c
0.061±0.011c
0.039±0.014c
0.071±0.033b
0.038±0.002b
0.117±0.087b
0.090±0.010c
0.098±0.044c
0.063±0.009c
0.081±0.042b
0.046±0.006b

8.24%
0.131±0.023b
0.088±0.002c
0.058±0.014c
0.040±0.004c
0.081±0.007b
0.042±0.002b
0.124±0.032b
0.106±0.002c
0.112±0.008c
0.064±0.004c
0.093±0.009b
0.054±0.009b

Values are expressed as Mean ± SEM, Values with different superscripts within the same row are statistically different at p<0.05

3.5. Enzyme Activity
Summary of the assayed enzyme activities in the liver of
C. gariepinus juveniles exposed to different concentrations of
sewage and control is shown in Table 3. Aspartate
Transaminase (AST) and Alanine Transaminase (ALT)
activity in the liver of fish juveniles significantly increased
progressively (p<0.05) with increasing sewage concentration.
Exposure of C. gariepinus juveniles to graded concentrations
of sewage, showed a depressed activity of hepatic
Glutathione reductase in all exposed groups compared to the
control group which was significantly higher (p<0.05). The

concentration of Total Protein in the liver of the test fish
which was highest and lowest in 8.24 and 1.03% respectively
was also observed not to be significantly different (p>0.05)
across the treatments (Table 3). Hepatic Glutathione
Peroxidase of C. gariepinus juveniles decreases with
increasing sewage concentration, though not significantly
(p>0.05). Among the exposed fish, Glutathione S-Transferase
(GST) activity in the liver of C. gariepinus exposed to 2.06%
sewage concentrations was the only treatment with
insignificant level (p>0.05) of GST activity compared to the
significantly highest (p<0.05) activity of GST recorded in the
control treatment (Table 3).

Table 3. Enzyme activities in the Liver of Clarias gariepinus juveniles exposed to sewage concentrations.
Sewage
Concentrations
0%
1.03%
2.06%
4.12%
8.24%

Enzyme Activity
AST (U/L)
114.83 ±10.85a
148.50 ±14.57b
159.50 ±7.48c
175.32 ±12.60d
254.34 ±10.17e

ALT (U/L)
47.96 ±1.52a
51.68 ±2.79b
55.16 ±3.76bc
58.12 ±3.49c
59.85 ±2.88c

GR (U/L)
81.81 ±4.13a
94.69 ±2.82b
83.28 ±1.91a
86.70 ±1.26a
85.52 ±6.59ab

Total Protein (g/dl)
1.89 ±0.03a
1.84 ±0.02a
1.89 ±0.02a
1.93 ±0.05a
1.99 ±0.06a

GPx (U/L/mg protein)
0.51 ±0.07a
0.45 ±0.01a
0.43 ±0.01a
0.44 ±0.01a
0.43 ±0.01a

GST (U/L)
0.25 ±0.07a
0.15 ±0.01b
0.22 ±0.04a
0.15 ±0.02b
0.10 ±0.01b

Values are expressed as Mean ± SEM, Values with different superscripts within the same column are statistically different at p<0.05
AST-Aspartate transaminase, ALT-Alanine transaminase, GR-Glutathione reductase, GPx-Glutathione peroxidase, GST-Glutathione-s-transferase

The AST (p<0.05) and ALT (p>0.05) activity in the
muscle of C. gariepinus juveniles increases with increasing
sewage concentration (Table 4). Significantly highest activity
of Glutathione reductase (p<0.05) was recorded in the muscle
of C. gariepinus juveniles in the control group while the fish
in the treatment with highest sewage concentration had the
lowest Glutathione reductase activity. The Glutathione
reductase activity in the muscle of the exposed fish was only

significant (p<0.05) at sewage concentration 4.12% (Table
4). Analyses also showed that the Total Protein level in the
muscle of the fish decreased insignificantly (p>0.05) with
increasing sewage concentration (Table 4). Both Glutathione
peroxidase and GST activities in the muscle of C. gariepinus
juveniles exposed to graded sewage concentrations had mean
values which were lower than the control group, although not
significantly (p>0.05) (Table 4).

Table 4. Enzyme activities in the Muscle of Clarias gariepinus juveniles exposed to sewage concentrations.
Sewage
Concentrations
0%
1.03%
2.06%
4.12%
8.24%

Enzyme Activity
AST (U/L)
126.39 ±5.01a
163.60 ±7.38b
192.70 ±20.46c
241.53 ±27.49cd
277.80 ±37.22d

ALT (U/L)
56.55 ±2.31a
56.97 ±1.57a
59.58 ±2.26a
60.16 ±3.61a
62.31 ±10.04a

GR (U/L)
151.80 ±5.46a
75.82 ±8.85b
76.27 ±4.88b
92.09 ±8.19b
67.91 ±2.72b

Total Protein (g/dl)
2.04 ±0.05a
2.03 ±0.06a
2.02 ±0.06a
1.97 ±0.03a
1.97 ±0.05a

GPx (U/L/mg protein)
0.73 ±0.03a
0.72 ±0.02a
0.70 ±0.02a
0.72 ±0.01a
0.70 ±0.03a

GST (U/L)
0.10 ±0.02a
0.09 ±0.01a
0.10 ±0.01a
0.08 ±0.01a
0.08 ±0.01a

Values are expressed as Mean ± SEM, Values with different superscripts within the same column are statistically different at p<0.05
AST-Aspartate transaminase, ALT-Alanine transaminase, GR-Glutathione reductase, GPx-Glutathione peroxidase, GST-Glutathione-s-transferase
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In the gills of C. gariepinus juveniles, lowest AST activity
in the control which was not significant (p>0.05) when
compared with 1.03 and 2.06% treatments was however
significant (p<0.05) when compared with the activity in the
higher concentrations group (4.12 and 8.24%) which were
not also significant (p<0.05) from each other (Table 5). The
activity of ALT in the gills of the fish significantly (p<0.05)
increased with increasing sewage concentration (Table 5).
Glutathione reductase activity in the fish gills decreased with
increasing sewage concentration as shown in Table 5. The
highest Glutathione reductase activity in the control group
which was not statistically significant (p>0.05) with activity
in 1.02 and 2.06% treatment groups were however significant
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(p<0.05) compared to the lowest activities recorded in 4.12
and 8.24% treatment groups which were not significant
(p>0.05) compared to each other (Table 5). Total protein
activities in the fish gills had no significant variation
(p>0.05) in treatment groups compared to the control.
Significantly lower (p>0.05) Glutathione Peroxidase
activities was recorded in the gills of the exposed fish except
those in 1.03% treatment group which was not significant
compared to the control group (Table 5). Glutathione STransferase activity in the gills of C. gariepinus juveniles
was not significantly different (p>0.05) across the treatment,
though decreased with increasing concentration (Table 5).

Table 5. Enzyme activities in the Gills of Clarias gariepinus juveniles exposed to sewage concentrations.
Sewage
Concentrations

Enzyme Activity
AST (U/L)

ALT (U/L)

GR (U/L)

Total Protein (g/dl)

GPx (U/L/mg protein)

GST (U/L)

0%

84.54 ±4.73a

46.22 ±0.83a

143.60 ±14.04b

1.82 ±0.01a

1.01 ±0.01a

0.08 ±0.01a

a

a

a

a

0.07 ±0.01a

0.76 ±0.01

b

0.07 ±0.01a

0.75 ±0.01

b

0.07 ±0.01a

0.72 ±0.01

b

0.06 ±0.01a

1.03%
2.06%

93.98 ±4.36

48.27 ±0.93

a

ab

92.23 ±5.37

49.42 ±1.80

4.12%

149.60 ±14.16

8.24%

b

157.42 ±7.89

b

50.44 ±1.51

bc

56.08 ±4.72

c

114.40 ±7.75

b

112.62 ±4.62

b

a

98.60 ±3.16

a

91.62 ±5.67

1.89 ±0.01

a

1.86 ±0.03

a

1.90 ±0.03

a

1.82 ±0.02

0.99 ±0.02

Values are expressed as Mean ± SEM, Values with different superscripts within the same column are statistically different at p<0.05
AST-Aspartate transaminase, ALT-Alanine transaminase, GR-Glutathione reductase, GPx-Glutathione peroxidase, GST-Glutathione-s-transferase

3.6. Hepatic Histopathological Studies
Histopathological examination of the fish liver in the control
group revealed a normal architecture of hepatic tissues with
normal hepatocytes present and cells which are large having
visible nuclei (Figure 3). Photomicrograph of the test fish liver
in 1.03% sewage exposure tank presented as shown in Figure 4
revealed the presence of normal hepatocytes in a pattern
almost similar to the liver of fish in the control group, however
extensive hyperemia and degenerating hepatocytes was
observed. In the liver section of fish exposed to 2.06% sewage
concentration (Figure 5), less number of normal hepatocytes, a
distinct occurrence of necrosis in cell architecture and
intravascular haemolysis was coupled with dispersion of cells
was observed. Figure 6 showed the photomicrograph section
of the fish liver exposed to 4.12% sewage concentration with a
large hydropic vacuolation in central vein and necrotic rupture
around the central vein. In the fish exposed to 8.24% sewage
concentration, less number of normal hepatocytes but fairly
more degenerating hepatocytes which consists degenerative
nuclei, depicting damage to cell membrane and a distinct
rupture of the central vein was observed (Figure 7).
In summary, liver of fish in 4.12 and 8.24% treatments
have cellular structures which reveal necrosis and have more
degenerative hepatocytes compared to the control and the
lower treatment concentrations. This can be better expressed
as a decreasing trend of alteration in hepatic architecture
across treatment (8.24% had the most, followed by 4.12, 2.06
and 1.03%).

Figure 3. Photomicrograph of the liver of fish in the control group showing
normal hepatocytes and sinusoids (x100).

Figure 4. Photomicrograph of liver section of fish exposed to 1.03%
concentration showing EH-Extensive Hyperemia, DH-Degenerating
Hepatocyte, BS-Bile stagnation.
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Figure 5. Photomicrograph of liver section of 2.06% test fish showing
Intravascular haemolysis (IH) and (FN) focal Necrosis (x100).

Figure 6. Photomicrograph of liver section of 4.12% test fish (x100)
showing focal necrosis around a ruptured central vein and HV-Hydropic
Vacuolation.

Figure 7. Photomicrograph of liver section of test fish exposed to 8.24%
showing RCV-Rupture of central vein, FN-Focal necrosis around central
vein.

4. Discussion
The pH of Sewage treatment during the exposure period was
within safe limits of 6.0 to 8.5 as suggested by FEPA [32],
NESREA [33] and USEPA [34]. The conductivity in all the
treatment tanks did not exceed the tolerance limits for aquatic
life [35]. The Dissolved Oxygen (DO) concentrations were
observed to reduce in all treatment tanks along the duration of
exposure, having recorded values far lower than permissible
limits for aquatic life [35]. During the toxicity test, C. gariepinus
exhibited distress behavioural responses due to the effects of the
chemical and biological constituents of the effluent which

caused a quick depletion in oxygen concentration as there was a
high DO consumption. There was a high Biological Oxygen
Demand (BOD) thereby increasing the rate of oxygen depletion
due to the high amount of biodegradable organic matter which
corresponds with the opinion of some authors who reported that,
BOD rapidly depletes DO content of contaminated waste water,
so it is necessary to estimate the amount of pollutants in a given
water body [13]. In this study, the result of low DO and high
BOD was noted by the sudden change in the environmental
response of the test organism, such as erratic swimming, gasping
for breath and frequent surfacing, which increased as exposure
duration and concentration increased. As the experiment
progressed, the test organisms were seen to get weaker and those
that could not tolerate the concentrations any longer went into
comatose and higher mortality was observed in the high
concentrations (4.12% and 8.24%) compared to (1.03% and
2.06%); this definitely is due to higher levels of oxygen and
reduced amounts of chemical and biological constituents
present.
In this study, six heavy metal (Cu, Pb, Cr, Fe, Zn and Cd)
concentrations were determined in Raw Sewage obtained
from the Obafemi Awolowo University Oxidation Pond IleIfe, Nigeria; and their accumulation potential in the organs of
test fish C. gariepinus exposed to graded concentration levels
of the sewage, was also determined. The results of the heavy
metal concentrations in the Sewage decreased in the
sequence: Fe > Cu > Zn > Cr > Pb > Cd. The result showed
that Fe and Cu had high values compared to the other metals.
The high values of Fe and Cu recorded might be due to the
disposal of domestic and cosmetic wastes from residential
areas which may contain high levels of these metals.
Domestic piping, copper on roof coverages and spouts are
other probable sources of copper in the waste water.
In this study, with increase sewage concentration, Total
Protein in the liver decreased fairly. Similar result was also
reported in total protein, glucose and organs total urea of C.
gariepinus exposed to diazinon [36]. Exposure of fish to
majority of toxicants for a long time to has been observed to
interferes with metabolism of protein and results in complete
protein depletion in the fish plasma and serum [37, 38]. The
decline in total protein levels may be due to impaired protein
synthesis or increased protein loss through excretion, which
also contributed to some kidney problems [39]. However, in
this study, a significant decline in the total protein levels with
increase in concentration of sewage, was observed only in the
liver and contrariwise in gills and muscle.
Generally in this study, exposure of C. gariepinus to
increased concentration of Sewage, produced increased
activities of ALT and AST, same occurrence was observed in
other studies where increase AST and ALT activities was
reported indicating that there was an increased demand for
energy due to tissue impairment hence reflecting hepatic
disease, some inflammatory disease or injury to the liverhepatocellular damage [40-42].
Glutathione plays an important role in toxic substance
detoxification. The activities of glutathione reductase (GR),
reduced glutathione (GSH); oxidized glutathione (GSSG);
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glutathione peroxidase (GPX), and glutathione-S-transferase
(GST) are related as they are antioxidant defense enzymes
which are tissue and site-dependent. Evidence indicates that
these are the most sensitive parameters of toxicity for
animals living in a contaminated environment [43]. In this
study, the levels of the antioxidant defense enzymes GST,
GPx and GR decreased in liver, muscle and gills of C.
gariepinus juveniles indicating stress levels and decreased
antioxidant activities of the organs. This was corroborated by
some authors whose study indicated that decreased levels in
antioxidant enzymes indicates generation of oxidative stress
in fish and impaired detoxification mechanism of fish [44,
45].
Histological examinations carried out emphasized the
hepatotoxic potential of chemical substances as well as
corroborated the biochemical changes observed. Histological
analysis showed that the structure of the liver of test fish
within the control group remained uncompromised with a
normal hepatic architecture maintained [46]. The alterations
in the liver structure of the exposed fish in sewage
concentrations showed compromised cellular structures as a
result of metabolic incapacity [47, 48]. Degeneration,
necrosis and other lesions observed in liver of exposed fish
were an evidence of cell membrane damage and could be
attributed to the depressed levels of antioxidant defense
system [49]. The architecture of the liver tissue of exposed
fish juxtaposed with the analysis of the oxidative stress
markers therefore suggests evidence of alteration in cell
membrane.

5. Conclusion
This study concluded that exposure of C. gariepinus
juveniles to graded concentrations of sewage induce
physiological disruptions such as hepatic damage, depicted
by increased level of hepatic markers, slight decrease in level
of antioxidant defense enzymes depicting oxidative stress
induced by the presence of heavy metals, and mortality due
to inadequate dissolved oxygen.
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