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African catfish Clarias gariepinus fingerlings were exposed to acute concentrations of glyphosate for 
96 h.  The regression coefficient R

2
 value of 0.9284 showed that there was a strong positive linear 

relationship between probit kill and log of concentration, hence the greater the concentration of 
glyphosate the greater the mortality. There were also significant differences in DO and pH for the 
various test concentrations (p<0.05), however no significant difference was observed for Temperature, 
Free CO2 and Total Alkalinity (p>0.05). The lethal concentration (96-h LC5O) value of glyphosate was 
85.11 mg/l for 96 h of exposure with 160.99 and 45.00mg/l as upper and lower confidence limit 
respectively. The mean mortality percentages were 0%, 6.6%, 33.3%, 66.6%, 76.6% and 86.6% in the 
order of concentration of 0, 82, 84, 86, 88 and 90 mg/l, respectively. Cellular infiltrations were observed 
in the gills while fatty degeneration was observed in the liver. The brain showed mononuclear 
infiltration, neuronal degeneration and spongiosis.  
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INTRODUCTION 
 
The application of environmental toxicology studies on 
non-mammalian vertebrates is rapidly expanding. In the 
aquatic system, fish have become the indicator species 
for the evaluation of the effects of obnoxious compounds 
(Ervnest, 2004). Herbicides occupy a unique position 
among many chemicals which are encountered daily by 
man. They are deliberately added to the environment for 
the purpose of killing weeds). Herbicides represent one 
group of agro-chemicals that are used in large quantities 
by farmers. 

Water pollution by herbicides is a serious problem to all 
aquatic fauna and flora. In aquatic environment, 
herbicides may also cause several physiological and 
biochemical defects in fishes. Contamination of water 
with these chemicals often results  in  bioaccumulation  in  
fish and other biota, sometimes to biologically active 
levels. These chemicals have been suspected to be 
cancer-causing agents in fish and other aquatic 
organisms (GESAMP, 1991). Residues of these toxic  
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chemicals found in water, sediments, fish and other 
aquatic biota pose a risk to these organisms. Pesticides 
at high concentrations are known to reduce the survival, 
growth and reproduction of fish and produce many visible 
effects on fish (Rahman et al., 2002). Due to the residual 
effects of chemical, important organs are damaged 
(Rahman et al., 2002). 

Delsate is an organophosphate which acts by contact 
and is not persistent in the environment. It is a non-
selective, post emergence foliar acting herbicide for the 
control of perennial grasses including spear grass, 
elephant grass, Cynodon species, Cyperus, and broadl-
eaf weeds including Chromolaena odocata as well as 
many trees and woody bush species. It contains 360g/l 
Glyphosate in the form   of   480g/l   Isopropylamine   salt  
Manufacturer’

s
 label). 

The toxicity of a chemical is totally dependent on the 
concentration of the chemical in organisms or even the 
concentration at the target receptor in the organism 
(Ayoola, 2008). Pesticides and herbicides at high 
concentration are known to reduce the survival, growth 
and reproduction of fish. 



 
 
 
 
MATERIALS AND METHODS 
 
Source and maintenance of test organism 
 
Fingerlings of C. gariepinus with mean weight of about 
1.92g ± 0.17 body weight were obtained from Terdoo fish 
farm in Makurdi Benue State. The fish were acclimatized 
for seven days in plastic baths containing aerated 
University of Agriculture, Makurdi tap water. The medium 
was changed once daily in the acclimatizing period. The 
fish were fed to satiation with commercial fish feed 
(Coppens) two times 9 a.m. and 4 p.m. daily during 
acclimatization. The feeding was stopped 24 h prior to 
the commencement of the bio assay. Mortality was less 
than 5% during acclimation. 

Series of preliminary assays test were carried out to 
determine the range concentrations until 90.00mg/l was 
reached, a concentration at which not all the fish died, 
from which the other concentrations where gotten 
progressively downward.  

Delsate ‘N-phosphonomethyl glycine’ was obtained 
from an Agro-chemical shop in Makurdi, Benue State. 
Concentrations of 82.00, 84.00, 86.00, 88.00 and 
90.00mg/l of Delsate were delivered using syringe into 15 
plastic bowls of 65 liters capacity with 0.00mg/l as the 
control (Plate 2) ten fishes were randomly selected and 
stocked in each experimental bowl with each 
concentration having three replicates. The toxicant 
solutions and test water were renewed after 24 h in each 
bowl. Physico-chemical parameters were monitored 
every 24 h using methods described by APHA (1985). 

Observation of mortality was carried out at intervals of 
24, 48, 72 and 96 h. During each observation time, fish 
was prodded gently to see if there were any response 
and in addition the cessation of opercula movement also 
is used as indices of dead fish. Fish that did not respond 
was presumed dead. The dead fish were removed and 
number recorded.  

The percentage mortality in each concentration was 
determined. The 96 h lethal concentration (96-h LC50) 
was calculated using probit analysis (Dick and Dixon, 
1985). 

In the determination of the LC50, the percentage 
mortality to probit using the probit table (Finney, 1964) 
and the concentrations was transformed into logarithm 
(log). The transformed values of mortality probit were 
then plotted against the log10 concentrations of Delsate. A 
straight line through the point was fixed by regression  
analysis. From the straight line regression curve, the 
value of X and Y at 50% was read off, this gives the 
concentration that is lethal to 50% of the fish i.e 96-h LC50 
for the exposure period then the antilog of the value is 
taken.  

Raw data from water quality parameter was subjected 
to analysis of variance using GENSTAT discovery edition 
from Lawes Agricultural Trust Rothamsted at five percent 
(0.05) level of significance. 
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Histologically, the gills, liver, Kidney and Brain of fish 
exposed to different concentrations of Delsate was 
obtained by dissecting the fish and preserved in 10% 
formalin. It was washed and dehydrated progressively in 
increasing percentages of alcohol (30, 50, 70, 90 and 
100%); and infiltrated with a mixture of alcohol and 
chloroform in varying ratios as: 

 
i) 75ml alcohol + 25ml chloroform in the ratio 3:1 
ii) 50ml alcohol + 50ml chloroform in the ratio 1:1 
iii) 25ml alcohol + 75ml chloroform in the ratio 1:3  
 
These was block in paraffin wax of 50-60

o
C melting point. 

Cross sections of 3-5u thickness was stained with 
haematoxylin and cosin on a slide and then viewed under 
the microscope with magnification of X25 (Roberts, 
1978). The results from these are represented in Plates 
3-6. 

The following physico-chemical parameters 
(Temperature, Hydrogen ion concentration (pH), 
Dissolved Oxygen (DO), Total alkalinity and Free 
Carbondioxide of test water were analyzed as per 
standard method by APHA (1985). 
 
 
RESULTS 
 
The mean physico-chemical parameters of the test 
concentrations (Delsate) on C. gariepinus are presented 
in Table 1. There were significant difference in DO and 
pH for the various test concentration (p<0.05), however 
no significant difference was observed for Temperature, 
Free CO2 and Total Alkalinity (p>0.05). 

The relationship between Probit Kill and log 
Concentration for 96 h LC50 is presented in Figure. 1. The 
LC50 value obtained from the Relationship between Probit 
Kill and Log Concentration for 96 h LC50, based on 
regression analysis was found to be 85.11mg/l. No 
adverse behavioural changes or any mortality was 
recorded in the control fish throughout the period of the 
bioassay. The behaviour of the control fishes and their 
colour were normal. Symptoms of toxicosis observed in 
fish behaviour with Delsate include lack of balance, 
agitated or erratic swimming, air gulping, restlessness, 
sudden quick movement, excessive secretion of mucus, 
rolling movement and swimming on the back were 
observed. The fish became very weak, settled at the 
bottom and died. The colour of  the  skin of  C. gariepinus 
changes from normal dark pigmentation in the dorsal and 
lateral parts to very light pigmentation in the dorsal and 
lateral part.  
 
 
DISCUSSION 
 
The present research showed that the 96 h LC50 value of 
Delsate herbicide  is  85.11 mg/l  with  160.99  and  45.00 
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Table 1. Mean physio-chemical parameters of the test concentrations (Delsate) on Clarias gariepinus. 
 

Physico-Chemical Parameters 

Concentration  (mg/l) DO(mg/l) Ph Temp 
o
C 

0.0 6.3 + 0.1
f
 7.0 + 0.1

a
 26.0 + 0.8

a
 

82 5.4 + 0.1
e
 6.9 + 0.3

a
 27.0 + 0.1

b
 

84 5.3 + 0.6
d
 6.7 + 0.1

b
 27.2 + 0.1

b
 

86 5.2 + 0.1
c
 6.6 + 0.3

c
 27.4 + 0.3

c
 

88 4.9 + 0.3
b
 6.3 + 0.1

d
 27.5 + 0.1

c
 

90 4.7 + 0.1
a
 6.3 + 0.1

c
 28.0 + 0.3

d
 

 

* Mean values followed by the same superscript in each column are not significant different (p<0.05) 
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Figure 1. Relationship between Probit Kill and Log Concentration for 96 Hour LC50. 

 
 
 
mg/l as upper and lower confidence limit respectively. 
This is at variance with the reported 96-h LC50 of 
204.17mg/l with lower and upper confidence limits being 

125.89 and 384.59mg/l by Ayuba and Ofojekwu (2002). 
The difference may be due to the toxicity level of Delsate, 
which has been found to be less toxic.  



 
 
 
 
It was observed that delsate toxicity increased with 
increased concentration. The observation was in 
consonance with earlier report of Omoregie and Ufodike 
(1991), GESAMP (1991). Neibor and Richardson (1980) 
who reported that the level of toxicity of any herbicide 
depends on the different chemistries of the compound 
forming the herbicide and the reaction of the organism 
receiving the toxicant.  

The pH and dissolved oxygen of the test fluctuated 
slightly during the toxicity test. This is in agreement with 
the reported findings by FAO (2000).  

C. gariepinus fingerlings were stressed progressively 
with time before death. The stressful behaviour of 
respiratory impairment due to the toxic effect of Delsate 
on the gills was similar to the reported work of Omitoyin 
et al. (2006) and Aguigwo (2002) who reported that the 
impairment of respiratory organs of juvenile African 
Catfish, C. gariepinus (Burchell, 1822) by gramoxone. 

It was also observed that the higher the concentration 
of the toxicant, the higher the mortality rate. This 
demonstrates the observation of Fryer (1977), that in all 
toxicant, a threshold was reached above which there was 
no drastic survival of animal. Below the threshold, animal 
was in a tolerance zone, above the tolerance zone was 
the zone of resistance. The time of toxicant application 
and mortality were observed from the record of the 
relative mortality time in different concentrations of 
Delsate for 96hours. Damages of the gills indicated that 
the lethal concentrations of herbicide caused impairment 
in gaseous exchange efficiency of the gills. 

The histopathological examination of the gill, liver, 
kidney and brain of the exposed fish indicated that the gill 
was the organs most affected.  This may be because the 
gills have direct contact with the toxicant. This is similar 
to the observation of Rahman et al. (2002), Aguigwo 
(2002), and Omitoyin et al. (2006), who used Diazinon on 
Channa punctatus, cymbush on the African catfish C. 
gariepinus and Paraquat on the African catfish C. 
gariepinus repectively. 

The liver of the exposed fish had vacuolated cells 
showing evidence of fatty degeneration. Necrosis of 
some portions of the liver tissue that were observed 
probably resulted from the excessive work required by 
the fish to get rid of the toxicant from its body during the 
process of detoxification. This is similar to the 
observation of Rahman et al. (2002), in a test of Diazinon 
on Channa punctatus. The inability of the fish to 
regenerate new liver cells may also have led to necrosis. 
The liver of the exposed fish had slightly vacuolated cells 
showing evidence of fatty degeneration.  

The kidney cells were observed to have been 
massively destroyed. The renal corpuscles of the kidney 
were scattered resulting in their disorganization and 
consequently obstruction to their physiological functions. 
Some of the kidney cells were found clogging together 
while they were disintegrated in some tissues of the 
organ. This also agreed with the findings of Omoniyi et al. 
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(2002), and Rahman et al. (2002). 

Damages of the gills indicated that impairment in 
gaseous exchange efficiency of the gills, oedematous of 
the lamella and hyperplasia were observed and this is 
similar to the observation of Omoniyi et al. (2002), who 
tested Tobacco leaf extract Nicotiana tobaccum on the 
African catfish C. gariepinus. The effect also observed on 
the gill were the separation of the gill epithelium from the 
basement membrane and pillar cells, the breakage of the 
gill rakers from the filaments and loss of the integrity of 
individual cells. The colour of the gills of the fish exposed 
to the toxicant was dark when compared to the bright-red 
colour of the gills of the control fish. These observations 
show that the possible mode of action of Delsate is 
respiratory impairment of the test fish which lead to 
drastic reduction in oxygen uptake and the resultant 
hypoxia. The brain also indicated severe congestion and 
generalized spongiosis that indicate severe brain 
damage. This agreed with the findings of Omitoyin et al. 
(2006) that exposed the African catfish C. gariepinus to 
acute toxicity of Gramoxone (Paraquat).       

Herbicides in the environment are of major concern to 
the public because these herbicides when they occur in 
high concentrations in the environment could have 
deleterious effect on man and other living things. This is 
because they can easily be transferred through the food 
chain. In an aquatic environment for example, small 
amounts of the herbicides can be absorbed by the 
plankton and insects then transferred in increasing 
concentrations to fish, especially if the fish is a 
planktivorous or insectivorous species, for example, 
Aphyosemion gardneri which is larvivorous. The effect is 
eventually transferred to man when he consumes the 
fish. The toxic effect of herbicide has been known to 
adversely affect reproduction and behaviour of 
vertebrates and therefore threatens the survival of such 
species.  
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