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ABSRACTS 

The toxicity of commercial detergent effluent (containing Linear Alkylbenzene Sulfonates), a 
household cleaning agent was investigated with emphasis on histopathological effects using 
Juvenile African mud fish (Clarias gariepinus) with the mean weight 1.7 ± 0.2kg and standard 
length of 8.3 ± 0.3 cm. After series of range finding test, the fishes were exposed to lethal 
concentrations 0.00 mg/L, 0.01 mg/L, 0.02 mg/L, 0.03 mg/L, 0.04 mg/L and 0.05 mg/L and as well 
as sub-lethal concentrations 0.000 mg/L, 0.002 mg/L, 0.003 mg/L, 0.004 mg/L, 0.005 mg/L and 
0.006 mg/L of detergent effluent for 56 days in a renewal bioassay procedure. The median lethal 
concentration (LC50) values for lethal and sublethal tests were 0.0166 mg/L and 0.0038 mg/L 
respectively.  Respiratory disturbance, erratic swimming, loss of equilibrium, lethargies and 
sudden fish death were observed in the exposed fish and these varied greatly with differences in 
concentration of the toxicant and this shows that mortality increases with an increase in 
concentration. The differences observed in the mortalities of C. gariepinus at varying 
concentrations were significant (p < 0.05), an indication that mortality could be a factor of 
concentration and time of exposure. The liver of the control fish showed normal parenchyma 
appearance of hepatocyte with normal staining patterns of the cell. In the treated fishes, there 
was congestion of central vein, vacoulation of hepatocyte, oedema, cellular infiltration and cellular 
necrosis. Detergent effluent is highly toxic to Clarias gariepinus juveniles, which are more 
susceptible to this household cleaning agent’s effluent; therefore, an indiscriminate discharge of 
this effluent to the surrounding should be discouraged 

Keywords: Histopathological, acute toxicity, chronic toxicity, physicochemical and mortality. 

INTRODUCTION 
More recently in Nigeria, and other developing 
nations, pollution of water resources has become a 
serious problem. Apparently, human and ecological 
disorder experienced in industrial settlements as a 
result of improper disposal of chemicals such as 
detergent effluent calls for careful surveillance on the 
state of the environment. Only few chemicals have 
been ecologically tested in Nigeria for safety in spite 
of their environmental and ecological impact. 
Recently, the Federal Government of Nigeria is 
emphasizing the need for adequate environmental 
protection in any technological and socio-economic 
development or endeavors by strictly asking industrial 
operators to sustainably manage the disposal of 
chemical into natural environment (DPR, 2002). 
Detergents are cleaning products derived from 
synthetic organic chemicals. The cheapness of 
detergent production from petrochemical sources 
with its ability to foam when used in acid or hard 
water gives it an advantage over soaps (Okpokwasili 
and Nwabuzor, 1988). Surfactants are the 

components mainly responsible for the cleaning 
action of detergents. In commercial detergents, the 
surfactant component is between 10 and 20%. The 
other components include bleach, filler, foam 
stabilizer, builders, perfume, soil-suspending agents, 
enzymes, dyes, optical brighteners and other 
materials designed to enhance the cleaning action of 
the surfactant (Swisher, 1975; Okpokwasili and 
Nwabuzor, 1988). Generally, detergents are 
xenobiotic compounds which are usually washed into 
water bodies and are made up of several compounds 
of which the active components are the surface-
active agents or surfactants (Ruiswell et al., 1992).  
Detergent surfactants are complex organic chemicals 
where hydrophilic and hydrophobic groups are joined 
together in the same molecules (Huang et al., 2000). 
There are various types of surfactants used in 
detergents formulations; the linear alkylbenzene 
sulfonate (LAS)-ionic surfactants is the most widely 
used (McAvoy et al., 1997). It was introduced as 
biodegradable alternatives to the non-biodegradable 
branched-chained alkylbenzene sulfonates (Gledhill, 
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1974). LAS have been reported by WHO, (1996) to 
have a high solid adsorption coefficient, which is 
attributed to the physicochemical properties of the 
surfactants (Painter and Zebel, 1989). The LAS 
molecules adsorb to the suspended solid in water 
bodies and hence end up in sediments along the 
water course or sludge in treatment plants (Cavalli et 
al., 2000).  
The recommended LAS that was claimed by some 
researcher to biodegrade perfectly (Gledhill, 1974; 
WHO, 1996 and McAvoy et al., 1997) have also been 
reported to poorly degrade in rivers, lakes, ponds and 
even in soils and this may be toxic to aquatic faunas 
and floras and can also induce severe damage to 
vital organs and even haematological, hormonal and 
enzyme disturbances (Lightowlers, 2004; Ogundiran 
et al., 2007 and Ogundiran et al., 2009). It has also 
been discovered that detergent surfactant increases 
microbial populations especially those that are able to 
use the surfactant as their basic source of carbon or 
phosphate or both, some of these microorganisms 
stands as an ectoparasites or endoparasites that 
causes histological degradation in fish species 
(Eniola and Olayemi, 2002, and Adewoye and Lateef, 
2004). Detergents are widely used in both industrial 
and domestic premises to wash equipment, 
installations, heavy duty machines, vehicles and oil 
soiled materials. Detergent is a persistent 
environmental contaminant probably due to its use in 
the formulation of cleaning agents, pesticides and for 
dispersing oil spills at seas; so the use, production 
and exposure, of detergents is unavoidable.  
Xenobiotics compounds usually concentrate in the 
tissues of aquatic biotas and are known to produce 
cumulative deleterious effects (Abbas, 1998; Abbas 
and Mahmood, 2003, 2004). Therefore, the 
application of environmental toxicology studies on 
non-mammalian vertebrates is rapidly expanding for 
the evaluation of the effects of noxious compounds 
(Ayoola a & b, 2008). Indiscriminate discharge of 
such compounds that contains mixtures of heavy 
metals such as herbicide, pesticides, detergent etc, 
their careless handling, accidental spillage or 
discharged of treated effluents into natural waterways 
have harmful effects on the fish population and other 
forms of aquatic life and may contribute long term 
effects in the environment (Akhtar, 1986; Olojo et al., 
2005 and Ayoola a & b, 2008). Toxic chemicals 
cause tissues damage and histophathological 
degradations as the fish show haematological 
responses to toxicants; and generally, such 
degradation of histological origin occurs in the gills, 
livers, heart, kidney and epidermis of animals. Van 

Dyk et al., (2005) reported sublethal levels of metal 
mixtures of cadmium and zinc to have influence on 
the histological responses in exposed specimens with 
the most histological characteristics identified being 
hyalinization of hepatocyte, increase vacuolation 
associated with lipids accumulation, congestion of 
blood vessels and cellular swelling. 
Because the liver of fish can be considered a target 
organ to pollutants, alterations in its structure can be 
significant in the evaluation of fish health (Myers et 
al., 1998), and exhibit the effects of a variety of 
environmental pollutants (Hinton et al., 1992). 
Moreover, the liver has play a major role in complex 
enzymatic processes of tetraiodothyronine 
(thyroxine)-tri-iodothyronine (T4 - T3) conversion. 
The metabolic rate of hepatocytes is certainly 
modulated by thyroid hormones. Thyroid dysfunction 
may perturb liver function, and liver disease affects 
thyroid hormone metabolism (Malik and Hodgson, 
2002). Therefore, clearly more attention has to be 
paid on the functions of liver when affected by 
detergent.The liver was examined because it plays 
primary roles in the metabolism and excretion of 
xenobiotics compounds with morphological 
alterations occurring in some toxic conditions (Rocha 
and Monteiro, 1999). Metals in effluents can either 
increase or decrease histopathological changes, 
depending on the additive effects of the reacting 
metals in such an effluent, concentration, fish species 
type, physiological status of the fish species, length 
of exposure and other factors (Paris-Palacious et al., 
2000). The monitorization of histological alteration in 
fish liver is a highly sensitive and accurate way to 
assess the effects of xenobiotic compounds both in 
field and in the laboratory. 
Contamination of aquatic phase by detergent has 
been reported in aquatic organisms such as fishes 
(Adham et al., 2002; Adewoye and Fawole, 2002; 
Adewoye et al., 2005; Ogundiran et at., 2007 and 
Ogundiran et al., 2009). These pollutants build up in 
the food chain and are responsible for the adverse 
effects and death in aquatic organisms (Farkas et al., 
2002). Fishes are widely used to evaluate the health 
of aquatic ecosystem and physiological changes 
serves as biomarkers of environmental pollution 
(Kock et al., 1996). Clarias gariepinus is most widely 
used because; it is hardy since it is able to tolerate 
both well and poorly oxygenated waters. It is widely 
cultivated in Nigeria water bodies, hence used as 
biological indicators of ecotoxicological studies. Thus, 
the aim of this study is to investigate the acute and 
chronic toxicity of detergent effluent on the African 
cat fish.  
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MATERIALS AND METHODS 
Five hundred juveniles of African cat fish (Clarias 
gariepinus) with the mean weight 1.7 ± 0.2kg and 
standard length range of 8.3 ± 0.3 cm, procured from 
Ladoke Akintola University of Technology, research 
fish farm, Ogbomoso, Nigeria, were used for this 
toxicity assay while test solution (i. e. commercial 
detergent effluent containing Linear Alkylbenzene 
sulfonates) used in this toxicity test was collected 
from the discharging point of a detergent industry, 
Ilorin, Nigeria using composite sampling. The 
utilization of juveniles was due to the sensitivity 
nature of juveniles to toxicity tests than the adults 
(Reish and Oshida, 1987; Solbe, 1995; Odiette, 
1999). The test organisms were acclimatized in stock 
tanks to avoid overcrowding to the laboratory 
conditions for two weeks and during acclimatization 
and experimental periods, the test organisms were 
fed once daily with commercial feed pellets at 5% 
crude protein of their body weight, except during 
acute toxicity test where the organisms were not fed. 
The remnants containing unconsumed feeds and 
fecal were removed from the stock tanks and the 
water was replenished every 24 hours, this is as 
recommended by (Reish and Oshida, 1987; Oyelese 
and Fasoranti, 1995 and Odiette, 1999). The water 
temperature was 30.02±0.09 oC, pH was 8.72 ± 0.08 
[(The pH was determined using a pH meter (model 
E512), The pH meter was standardized by buffer of 
pH 7 and 9 just before use, each time it was engaged 
in pH determinations (A.P.H.A, 1985)], total dissolved 
solids was taken to be 152.0mg/L, (this was 
determined to measure the dissolved oxygen 
consumed by microorganisms using the method of 
WHO, 1988), , biological oxygen demand was taken 
to be 1.2mg/L using the formula 
 BOD = a – b x 4ppm  
  Where: a = Titration of distilled water 
  b = Titration of water samples 
         PPM = Parts Per Million 
 And, the dissolved oxygen was 11.02 ± 1.22 mg/l 
(this was taken using the method proposed by A. 
P.H. A.,1985), the formula used was, 

100
(1000) (8) N titrant (ml    )(mglOxygen  Dissolved 1- =  

Acute toxicity tests: A static renewal bioassay 
procedure (ASTM, 1990) was adopted in which the 
test media was regularly renewed at interval of every 
24 hours at the same set concentrations. A 
preliminary investigation was also carried out to 
determine the definitive concentrations suitable for 
the testing chemical as described by Solbe (1995). 
The definitive concentrations used for the acute 

toxicity test were 0.01mg/L, 0.02mg/L, 0.03mg/L, 
0.04mg/L and 0.05mg/L as well as the control 
(0.00mg/L) in two replicates as described by Solbe, 
(1995) and Rahman et al., (2002). Ten fully 
acclimatized fish were exposed to each concentration 
of 80 x 30 x 30cm tank. The acute test was allowed 
to stand for 96 hours which permitted us to monitor 
the behavioral and mortality responses of the test 
organisms to varying concentrations of detergent 
effluent, while the LC50 at 96 hours was also 
determined with probit analysis using SPSS 10 
package. 

Chronic Toxicity Tests: A static renewal bioassay 
procedure (ASTM, 1990) was also adopted in which 
the test media was regularly renewed at intervals of 
every 24 hours at the same concentrations. 
Preliminary investigations were also carried out to 
determine the definitive concentrations suitable for 
the testing chemical as described by Solbe (1995). 
Based on this; five (5) different concentrations of the 
detergent effluent were executed including the control 
stock all in replicates of two in the order of 0.002 
mg/L, 0.003 mg/L, 0.004 mg/L, 0.005 mg/L and 0.006 
mg/L. In all the treatments, ten fully acclimatized test 
organisms were held and the same in the control 
stock, as described by Rahman et al., (2002) and 
Solbe (1995). This was to maintain constant 
concentration of the test media to which test 
organisms were exposed and to prevent 
accumulation of toxic metabolites. The sub-acute test 
was allowed to stand for 56 days which permitted us 
to monitor the behavioral and mortality responses of 
the test organisms to varying concentrations of 
detergent effluent, while the LC50 at 56 days was also 
determined with probit analysis using SPSS 10 
package. 
The experiment was allowed to stand for a total 
period of 56 days while the test medium was also 
kept aerated with air pumps continuously. The 
chronic test allowed us to monitor the behavioral, 
mortality and histopathological responses of the test 
organisms to varying concentrations of detergent 
effluent and the LC50 at 56 days was also determined 
using the probit analysis. 
Then, the target organs i.e. liver was removed and 
prepared for the probable histopathological 
degradations as described by Luna (1968); Kelly 
(1979) and Schalm et al., (1975).  The organ was 
decapitated, dissected and assessed individually by 
separating the experimental fishes from the control 
fishes. After proper dissection, the livers were 
carefully removed and small pieces was fixed in 10% 
formalin for 24hrs: After which, the livers were 
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dehydrated through a series of graded alcohol, 
cleared in xylene, infiltrated with paraffin in a vacuum 
oven at 560C, then embedded in paraffin wax. 
Sections of 6 microns thickness were cut, mounted 
and stained with heamatoxylin and eosin. Each 
section was then used to make slides of tissue and 
was observed under microscope (X200) for proper 
description of their histological structures, 
appearance, and cell arrangement. The respective 
photomicrographs of the slides were also taken for 

proper observation and interpretations of the slides.  
RESULTS 
The physico – chemical analysis of the test reagent 
(i.e. detergent effluent) was computed in Table 1. The 
result of the analysis however implicated the effluent 
to be unsafed and deleterious to aquatic organisms 
when compared with Federal Environmental 
Protection Agency FEPA, (1991) specification and 
safe limit for effluent discharge into any categories of 
water bodies. 

 
Table 1.  Chemical Analysis of test regent 
 

Parameters             Detergent Industry    FEPA 1991 
             (mg1-1)    Specifications (mg1-1) 
 
pH    8.7    6-9 
Dissolved Oxygen    3.0    5.0 
Total suspended solids. (mg1-1)   198.0    30 
Oil and grease    22.0    10.0 
Alkalinity    55.0    45.0 
Biological Oxygen Demand   57.5    50 
Manganese    0.25    100 
Nitrate    8.5    20 
Cadmium    0.06    <1.0 
Lead    0.015    <1.0 
Zinc (mg1-1)    1.20    < 1.0 
Copper    0.14     <1.0 
 

Toxicity of Detergent Effluent: The The LC50 value 
based on probit analysis was however found to be 
0.018mg/L for acute 96 hours test and 0.0038mg/L 
for chronic toxicity test and is as presented in figures 
1 and 2 respectively. This showed the linear 
relationship between the probit mortality and the log 
lethal and sublethal concentrations of detergent 
effluent. this revealed a positive correlations and also 
revealed a significant variations at p<0.05 which can 
simply be interpreted that the mortality rates of the 
exposed fishes at the two tests increases as the 
concentration of the effluent increased (Table 2 and 
4). At the control fishes no adverse behavioral 
responses or any record of mortality was recorded 
throughout the period of the bioassays, however, 
normal behavior and color was noticed all through the 
toxicity tests. But the detergent exposed fishes 
showed some signs of stress, lack of balance, erratic 
movement, gasping for breath, over secretion of 
mucus, loss of equilibrium and those that cannot 
tolerate the changing environment gradually 
becomes weak and settled at the bottom tank and 
later died with shining appearance of the skin color.  

Histopathological investigations of the liver: 
Table 6 shows the summary of probable liver tissue 

alterations that were observed in the test organisms 
exposed to varying chronic concentrations of 
detergent effluent for 56 days. The photomicrographs 
of the excised liver were presented in plates of 
groups 1 to 3.  

In the control experiment, the photomicrograph of the 
liver showed the typical network of parenchymatous 
appearance forming an irregular clump made up of 
hepatocytes (H) and the sinusoids were properly 
arranged (SD). The interspaces are the sinusoids (S) 
which are characteristics of a thin sparse connective 
tissue and are regularly converge into the large 
central vein (V). The sinusoids make continuous 
communication as they are seen converging into the 
central vein (V) (Plate 1a) Mg. (X200).  

Plate 1b showed little or no alteration, only that the 
central vein is prominently shown with centrally 
located nucleus (N) with little sinusoidal distortion 
(SD). (Plate 1b) Mg. (X200). The hepatic tissue of the 
remaining detergent exposed liver (Plates 2a & b and 
3a & b) revealed varied degree of cirrhosis (which is 
an indication of a chronic but progressive diseased 
condition of the liver characterized by the 
replacement of healthy cells of tissue with scar 
tissues) which was evident in the density of fibrous 
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connective tissue within and around the hepatic 
tissue, congestion (which is an indication of congest 
density of connective tissues) at the sinusoids and 
central vein with an appearance of focal area of 
haemorrhage occupying the central vein. The degree 
of the congestion was varied with concentration and 
usually located at the region of hepatic tissues and 
bile ducts; necrosis was minimal but concentration 
dependent. The degree of cirrhosis, congestion and 
necrosis was however noted to be concentration 
dependent. Also noticed was cellular infiltration of 
hepatocyte (CH) (Plates 2a & b and 3a& b) Mg. 
(X200). At a prolonged period of exposure and under 
high concentrations (i.e.0.005mg/L and 0.006mg/L) 
extensive congestion, necrosis of the liver tissue was 
noticed particularly necrosis of the focal area of 
parenchyma cells which is a common feature in 
catfish; cellular infiltration of hepatocyte (IH) was 
more pronounced at increased concentrations. 
(Plates 3a& b ) (Mg. x200) 
 

Figure 1: Linear relationship betw een probit responses and log lethal 

concentrations of detergent eff luent on Clarias gariepinus juvenile
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fig 2: Lenear relationship betw een probit response and log sub-lethal

concentration of detergent eff luent on juveniles of Clarias gariepinus
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DISCUSSION 

Detergents, including the biodegradable ones have 
been discovered to induces poisonous effects and 
osmoregulatory imbalances in aquatic lives especially 
if present in concentration that exceed metabolic 
demand; such xenobiotic compounds could be 
persistence and more mobile in soil and water, 
hence, it is known to be one of  the most common 
terrestrial and aquatic contaminants (Cox 1998). The 
detergent effluents are also noticed to induce severe 
damage to such vital organs like the gills, kidney, 
liver, skin, heart and the brain.  

This present research showed a number of 
deviations from FEPA (1991) specification for 
maximum limit allowed for effluent discharge into 
water bodies in terms of the physicochemical 
parameters of the effluent in question. The 
concentrations of lead, copper and manganese in the 
effluent fell within FEPA (1991) specification, but that 
is not to say that, their residual effects which may 
impair organs like the gills, liver, brain, kidney and 
genital organs should be ruled out. Low dissolved 
oxygen (DO), high biochemical oxygen demand 
(BOD), high total suspended solid (TSS) and high 
alkalinity were also recorded which could be 
attributed to the high level of organic load in the 
wastewater thus give room for biodegradative 
activities of anaerobic bacteria whose end product is 
foul smell. Warren (1977); Adewoye and Fawole 
(2002) and Adewoye et al., (2005) had earlier 
reported that indiscriminate deposition of effluent into 
an aquatic system might decrease the dissolved 
oxygen concentration, which stand to impair 
respiration leading to asphyxiation (which is an 
indication of unconsciousness or death produced by 
failure of the blood to become properly oxygenated in 
the lungs) and may ultimately results into organ 
architectural degradation such as liver dysfunction. 
Copper, cadmium lead and zinc that fell within or 
below tolerable limit could also by way of their 
additive effect become toxic to all forms of aquatic 
lives and this result conform with the submission of 
Adewoye et al., (2005) which opined that if 
concentration of metals fell within or below FEPA 
(1991) specifications, it could also be biomagnified in 
the water, the resultant effect could be gradual 
accumulation of the metals in water which in turn 
become toxic to aquatic organisms. 
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Table 2: Rate of Mortality 0f Clarias gariepinus juvenile on Exposure to Varying Lethal concentrations of Detergent Effluent 
 
 

NOTE: A = 1st replicate. 
             B = 2nd replicate. 

Concentrations 
      /Hours 
 
 
Conc.   0.00A 
Conc.   0.00B 
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Table 3: Rate of Mortality 0f Clarias gariepinus juvenile on Exposure to Varying Sub-lethal Concentrations of Detergent Effluent 
Concentrations 
      /Days 
 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 Total 
Mortality 

% 
Mortality 

Conc.   0.000A 
Conc.   0.000B 
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NOTE: A = 1st replicate.   B = 2nd replicate. 
 
Table 4: Summary of histopathological changes observed in the liver of Clarias gariepinus subjected to varying sub-lethal concentrations of 
detergent effluent  for 65 days. 

Detergent Concentration Period of Exposure Organ Oedema 
 

Congestion 
&vaculation 

    Cellular infilteration 
    and Hypertrophy 

Necrosis 

Control  (0.000mgl-1) 56 days Liver - 
 

- 
 

- - 

    (0.002 mgl-1)       56 days Live 
 

- 
 

- 
 

- - 
 

                0.003 mgl-1 56 days Liver 
 

- 
 

+ 
 

½ 
 

½ 

               0.004 mgl-1 56 days Liver 
 

½ 
 

½ 
 

++ 
 

½ 
 

                0.005 mgl-1 56 days Liver 
 

+ 
 

++ 
 

++ 
 

++ 
 

            0.006 mgl-1 56 days Liver 
 

++ 
 

+++ 
 

+++ 
 

+++ 

NOTE: -   -    = Completely absent 
                +    = Present 
    ++     = Moderately present 
    +++   = Severe 
              ½     = Mild 
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The acute 96h LC50 value of the detergent effluent 
was 0.018mg/L while that of the chronic toxicity test 
was found to be 0.0038mg/L. These values fell within 
the concentrations ranges reported in the previous 
studies of Ikpi et al., (2003) Adewoye et al., (2005) for 
O. niloticus and C. gariepinus respectively. They 
however observed that at such concentrations the 
behavioral activities of the organisms would be 
disrupted and the fitness of the natural population 
size of an aquatic environment become relatively 
impaired. Detergent toxicity is however noted to be 

increased with increased concentration. Linear 
relationship between the probit mortality and the log 
concentrations of detergent effluent indicating a 
positive correlation and showed a significant 
difference at p<0.005 indicating a high mortality rate 
of the exposed fish at the increased as the 
concentrations of the detergent effluent. Ayoola a and 
b, (2008) reported that the level of toxicity of any 
toxicant depends on its bioaccumulation, the 
chemistry of the compound and the reactions of the 
organisms to the toxicant.  

 
Figure 1a: At control experiment (0.000mgl-1), Liver tissue 
showed normal lattice network of parenchymatous cells. 
Central vein (CV), prominently shown without a central 
nucleus. Partial sinusoidal distortion (SD) without any 
evidence of cell lyses. (X200 mg) 

 
Figure 1b: At 0.002mgl-1, lattice network of 
parenchymatous cells which was also noticed with 
formation of an Irregular clumps. Convergence of 
sinusoids (S) into the large central vein (Arrow direction). 
Partial distrupted hepatocyte (H).(X200 mg) 

 
Figure 2a: At 0.003mgl-1, slight degeneration of central 
vein (DCV) became evident with mild congestion of nuclei 
(CN). The sinusoidal network loosed their normal 
arrangement and appearance with partial degeneration 

 
Figure 2b: At 0.004mgl-1, occurrence of cellular 
hypertrophy (H) of hepatocyte with more pronounced 
infilteration of hepatocyte (IH). Hepatic necrosis was fairly 
noticed (HN) (an indication of focal area of hemorrhage). 
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(SD). Infilteration of hepatocytes (IH) with focal area of 
hemorrhage (FH). (X200 mg). 

(X200 mg) 

 

 
Figure 3a: At 0.005mgl-1, Cellular hypertrophy (CH) with a 
pronounced Infilteration of hepatocyte, Necrotic cells (NC) 
coupled with a severe congestion of central vein (an 
oedematous cell (OC)), all became more pronounced. 
(X200 mg.). 

 
Figure 3a: At 0.006mgl-1, severe focal necrosis (FN), 
congestion of the central vein (CCV), cellular hypertrophy 
(CH) and an elaborate sinusoidal distortion (SD) with 
congestion of sinusoidal lumen, all these anomalies are 
indication of cirrhosis. 

Behavioral abnormalities have been attributed to 
nervous impairment as a result of blockage of 
nervous transmission between the nervous systems 
and various effectors sites, enzyme dysfunctions that 
may induce paralysis of respiratory muscles and/or 
depression of respiratory centre and disturbances in 
energy or metabolic pathways which results in 
depletion of energy. No adverse behavioral changes 
or any mortality were recorded in the control 
experiment throughout the period of the bioassay. 
While in the effluent treated fishes, several abnormal 
behavioral response were observed and recorded 
such as incessant jumping and gulping of air, 
restlessness, frequent surface to bottom movement, 
sudden change of direction during movement, resting 
at the bottom, loss of skin coloration, loss of 
equilibrium and gradual onset of inactivity. The 
observation was similar to the observation of 
Omoregie et al., (1990); Okwuosa and Omoregie, 
(1995); Avoajah and Oti (1997); Syed (2001); 
Omoniyi et al., (2002); Rahman et al., (2002) and 
Aguiwo (2002). The small changes observed in the 
lower lethal and sublethal concentrations of the 
detergent effluent (0.01mg/L, 0.02 mg/L & 0.03mg/L 
and 0.002mg/L, 0.003mg/L & 0.004mg/L 
respectively), may be due to the avoidance behavior 
of the test organisms to the detergent effluent, this 
conformed with the submission of (Donalson and 

Dye,1975) who are of the opinion that, fish exposed 
to low concentration  of toxicant do not reach the 
stage of exhaustion, rather they quickly become 
adapted to the stressor. The stressful and erratic 
behavior of the fish in this investigation gives a signal 
to respiratory impairment, and this may be as a 
results of the effect of the detergent effluent on the 
gills, this is in agreement with the opinion of 
Adewoye, et al.,(2005); Ayoola, (2008) and 
Ogundiran, et al., (2009). At increased lethal and 
sublethal concentrations (0.04mg/L & 0.05mg/L and 
0.005mg/L & 0.006mg/L respectively), the behavioral 
responses of the test organisms greatly increased 
and the organisms later inactive and this is a normal 
situation in acute and sub-acute toxicity test 
(Kulakkattolickal and Kramer, 1997). Hyperactivities 
observed in this study are attributed probably due to 
the disturbances in the metabolic state resulting in 
the depletion of energy.  It is possible that animals 
which have higher metabolic activities could require 
higher level of oxygen and thus would embark on 
higher respiratory activities (Canli and Kargin, 1995).  
Lethargies and loss of equilibrium observed in this 
study may be due to depletion of energy in the body 
of the exposed animals. Also, Lethargies and loss of 
equilibrium as recorded in this work is an indication of 
impairment abnormal carbohydrate metabolism and 
are possible results of hormonal impairment 
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(Anderson et al., 1988).  This study revealed the 
impairment of the carbohydrate metabolism, which 
resulted in the depletion of energy, causing 
Lethargies and loss of equilibrium and those 
organisms that cannot tolerate the toxicant enter into 
a state of coma and later died. It was also observed 
that, the rate of mortality became greatly increased 
with increased in the concentration of the detergent 
effluent. This is the reflection of what Fryer (1977) 
reported as regards all categories of toxicant; a 
threshold is reached at which there is no drastic 
survival of animal. Animal lies within a tolerable zone 
only below the threshold, but above the tolerance 
zone are the zone of resistance. 

Histological investigation of the liver tissues (Table 6) 
showed a typical structural organization of the 
parenchymatous cell appearance of the hepatocytes 
in the untreated fishes (Plate 1a). However in this 
present study, the fishes in the treated (Plate s 1b, 2a 
& b and 3a, b), the major histological abnormalities 
observed were oedema, cellular infiltration, 
congestion of central vein and cellular necrosis, 
which showed a progressive architectural distortion at 
varied concentrations and period of exposures; this is 
in agreement with the submission of Strivastava and 
Strivastava (1994) who reported that teleost 
accumulated lead (Pb) both directly from diet and 
indirectly from the aqueous medium through an 
active food chain by the surface lamellae. The most 
generally encountered type of degenerative changes 
was congestion, vacuolization of hepatocyte, cellular 
infiltration and focal necrosis. The liver of the 
exposed organisms revealed slight vacuolated cells 
which is an indication of fatty degeneration of 
hepatocytes. Cellular necrosis as observed in this 
work probably resulted from excessive work required 
by the fish to get rid of the toxicants from its body 
during the process of detoxification. High 
accumulation of several components of the detergent 
effluent in the liver is a pointer to the fact that, liver 
plays a major role in the accumulation and 
detoxification. Frieberg et al., (1971) submitted that, 
fishes are known to possess sequestering agent 
(metallothionein), the bioaccumulation of these trace 
elements in the liver tissue reaches a proportion in 
which the function of the liver is impeded, thus 
resulting in a progressive degeneration of the liver 
cells synctial arrangement.  

Therefore, necrosis became evident as the 
concentration increases and this may be due to the 
inability of fishes to regenerate new liver cells. It was 
also observed that the histopathological changes in 

the liver caused metabolic problems; this is evident 
and more pronounced as observed in the 
oedematous cells (which is an indication bile 
stagnation in the liver of exposed fish); this lesion is 
characterized by the remains of the bile in the form of 
droplets in the cytoplasm of the hepatocyte and this 
convincingly supported the submission of Pacheco 
and Santos, (2002) that stated that bile is not being 
released from the liver – which is also an indication of 
possible damage to the hepatic metabolic functions 
of the liver. An increased in the degree of damages 
done to the liver tissue of the fishes (Clarias 
gariepinus) held in 0.004 mg/L, 0.005 mg/L  and 
0.006mg/L detergent effluents, is generally related to 
important hepatic lesions such as degenerative and 
necrotic processes, this observation was in line with 
the submission of Chang et al., (1998) and Pacheco 
and Santos (2002). Furthermore, the presence of bile 
stagnation/accumulation and melanomacarophages 
in great quantity in the liver of exposed C. gariepinus 
is strong evidence that this organ suffered structural 
and metabolic damage due to the exposure to the 
effluent. This is in a way signaling the fact that this 
environment where the effluent is discharged is 
grossly polluted and impaired (Haaparata et al., 
1996). 

The histological alterations identified within the 
hepatocytes in this study may have been the results 
of various biochemical lesions. Anomalies such as 
irregular shaped central vein, cellular vacuolation and 
infiltration may be attributed to the accumulation of 
lipids and glycogen due to liver dysfunction as a 
results of exposure to the toxicants, this is in 
conformity with the submission of Fanta et al., (2003) 
who worked with Siluriform Corydoras paleatus 
contaminated by organophosphate pesticides, which 
are related to the normal metabolic function of the 
liver. Pacheco and Santo (2003) also described 
increased level of vacuolation of the hepatocytes as a 
signal to the degenerating process that suggest 
metabolic damage, possibly related to exposure to 
contaminated water. The liver parenchyma cells of all 
exposed specimens showed signs of degeneration 
stated earlier except the focal necrosis (which is an 
advance stage of hepatic or fatty degeneration) that 
was observed as the concentration of detergent 
effluent increased; here the gross liver alterations 
were more severe and this has been associated with 
the exposure of fishes to contaminant of such 
magnitude such as the mixtures of copper and zinc 
as reported for poly chlorinated biphenyls (PCBs) 
Chang et al., (1998), mercury Oliveira, et al., (1996) 
and Paris-Palacios et al., (2000). 
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Therefore, the histological changes observed in the 
liver of the C. gariepinus in the present study indicate 
that the fish were responding to the direct and the 
additive effects of the contaminants as much as other 
effects such as stress. Such information confirms that 
histopathological alterations are good biomarkers for 
both field and laboratory assessment, particularly in 
tropical areas that are naturally subjected to a 
multiplicity of environmental variations or depletion 
due to chemical contamination. 

Conclusively, this study has been able to establish 
the fact that, exposure of C. gariepinus juvenile to 
even low concentrations (0.003mg/L) of detergent 
effluent can induce various toxicological effects and 
histological degradation, which dependent on the 
period of exposure and concentration of toxicant. In 
view of the toxicity effect of this effluent, it can be 
inferred that, indiscriminate discharge of detergent 
effluents can induce damages to the tissue and 
organ, which might make all the living entities in 
polluted environment vulnerable to diseases, and 
eventually leads to death. Therefore, there is need for 
the adoption of proper effluent treatment technology 
which would ensure proper treatment of industrial 
effluents prior to their discharge into the environment.  
Although, in a developing country like the Nation 
Nigeria, several numbers of legislations exist on the 
quality assurances of water resources but such 
legislations are rarely followed and yet Industrial 
growth and its associated environmental problems 
such as water and sediment contamination are fast 
increasing. So there is the need for us to imbibe from 
such developed nations where environmental 
monitoring agencies are more effective and 
environmental laws and legislations are strictly 
followed. General environmental quality monitoring is 
compulsory and the monitoring of the quality of water 
resources is done on a regular basis and as a result, 
any abnormal changes in the water quality can easily 
be detected and appropriate action is taken before 
the outbreak of epidemics. 

Also, more work is needed to be done on the 
genotoxic and the cytotoxic effects of this effluent, as 
this will allow us to draw certain conclusions on the 
impacts of detergent effluents in our environment. 
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