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Abstract. Acute toxicity bioassay of water soluble fraction of crude oil (Escravos blend), was conducted
to evaluate the toxicity on the early life stages of the African catfish (Clarias gariepinus) under static
bioassay conditions. Five concentrations of water soluble fraction (WSF) of the crude oil (0, 1.25,2.5, 5,
10 and 20%) were constituted in glass aquaria (25 cm x 24 cm x 10 cm). Twenty laboratory-reared frys
were introduced in triplicate in each of the test aquaria and exposure conducted for 96 h. The median lethal
concentration (LCso) and the 95% confidence interval was estimated using Trimmed Spearman-Karber
method. The physicochemical characteristic of the test media was also evaluated. The 96 h median lethal
concentration (LCsg) at 95% confidence interval was estimated to give 2.84% (upper and lower confidence
interval of 3.83% and 2.10%) of the water soluble fraction. There was no marked change in pH of the test
media compared to the control. However, the dissolved oxygen content and the conductivity showed a
concentration dependent decline in the test media when compared to the control. The frys were observed
to be weak and swimming activities were reduced. It can be concluded from the study that the water soluble

fraction of crude oil (Escravos blend) is toxic to early life stages of C. gariepinus.
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Introduction

The level of a country’s activity in petroleum refining
and petrochemical businesses is desirable for her
National development and economic growth. However,
every stage in the petrochemical process (exploration,
drilling, extraction, transport, refining and combustion)
can have potential harmful effects on human and environ-
mental health (Epstein and Selber, 2002). The effects
of petroleum exploration and production activities on
the Nigerian environment have been the cause of great
concern in recent times especially in the Niger delta,
where over 550 reported cases of crude oil spillages
have occurred since 1976. The serious environmental
effects of some oil spill, have served to make govern-
ment, industry and public aware of possible risk asso-
ciated with the petrochemical process (Murray, 1984).
Documented reports showed that about 2.8 million
barrels of oil had been spilled into the Niger delta
environment alone (Ojediran and Ndibe, 2005). Changes
in environmental quality can therefore, be a major con-
cern of year-class strength and eventually the long-term
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dynamics of many fish populations (Rose et al., 1993).
Varieties of pollutants including crude oil are known
to induce stress conditions which impair the health of
fish (FEPA, 1991). Frequent crude oil spillages and its
products have resulted in a marked reduction in the fish
populations in the creeks and creeklets of the Niger
delta (Ekweozor, 1989). The aquatic environment, where
fish and other aquatic organisms live, is subjected to
different types of pollutants, which enter water bodies
through industrial, domestic and agricultural discharge
systems thereby introducing stress to living creatures.
Stress is a general and non-specific response to any
factors disturbing homeostasis. Stress reaction involves
various physiological changes including alteration in
blood composition and immune mechanisms (Witeska,
2003; Svoboda, 2001). The most serious problem for
aquatic life appears to arise from that portion of the oil,
which is soluble in water-the water soluble fraction
(WSF) (Murray, 1984). The effects of water soluble
fraction have been reported on Oreochromis niloticus
(Dede and Kaglo, 2001) and Metamysidopsis insularis
(Mohammad, 2005). Stress in fish may be induced by
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various abiotic environmental factors (changes in water
temperature, pH, O, concentration and pollution). Although
this fraction is present only in relatively low concen-
trations, but it is the most intimate contact with fish
and other pelagic organisms (Murray, 1984). Anderson
(1977) has reported that behaviour is among the most
sensitive and meaningful parameters in the study of
pollutants effects. The present study, has been undertaken
to evaluate the acute toxicity of water soluble fractions
of crude oil to the early life stages of the African catfish
(Clarias gariepinus). C. gariepinus was chosen because
it is most widely cultivated in Nigeria (high commercial
value), its ability to withstand stress and tolerate well
and poorly oxygenated waters (hardy in nature) and
hence used as biological indicator of ecotoxicological
studies. It has also been used by others for ecotoxicity
studies (Ololade and Oginni, 2010). The concept of
using WSF in toxicity studies has been developed by
many authors (Murray, 1984). This study is especially
pertinent because of the near regularity of contamination
of aquatic environment most especially during crude
oil prospecting and production. Allen (1995) believes
that stress in fish is a major factor of disease out breaks,
low productivity, decreased growth, reduced mobility
and mortality in aquaculture therefore, research initiated
on fish most especially for C. gariepinus. Thus, detailed
knowledge of fish (C. gariepinus) response to various
stresses will be of greater help in improving production
of fish and in providing information on ways of effec-
tively controlling and monitoring stress in aqua-culture
(Ololade and Oginni, 2010).

Materials and Methods

One kilogram (1 kg) female and 1.2 kg male C. gariepinus
brood stocks purchased from a fish farm in Ota, Ogun
State, Nigeria, were brought to the laboratory for artificial
induction. One thousand (1000) hatchlings subsequently
obtained from the fertilised eggs and were acclimatised
in the laboratory for three weeks and fed ad libitum
with Artemia salina prior to the start of the acute toxicity
testing experiment.

Preparation of water soluble fraction. Water soluble
fractions (WSF) were prepared following the procedure
of Afolabi et al. (1985), using 200 mL of crude oil
(Escravos blend) into 800 mL of doubled distilled water
in a 1000 mL borosilicate screw capped conical flask.
The crude oil and water mixture was shaken and stirred
slowly using a Gallenkamp magnetic stirrer for 24 h to
enhance the dissolution in the water of the water soluble
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components of the crude oil. After 24 h of shaking, the
mixture was allowed to stand for a minimum of 3 h
after which, it was poured into a separating funnel and
allowed to stand overnight, to obtain a clear oil-water
interphase. The lower layer of water containing the
WSF of the crude oil, was decanted and then siphoned
into dark coloured screw-capped Winchester bottle. The
process was repeated several times until sufficient
quantity of WSF was obtained to carry out the study.
The WSF was measured out as 0, 1.2, 2.5, 5.0, 7.5 and
10% and each concentration was made up to 1000 litre
by adding doubled distilled water. These represented
0, 12,25, 50, 75 and 100 parts per million (ppm), respec-
tively. The WSF concentrations were chosen to attempt
to bracket different quantities that were lethal after
different time periods (Busdosh, 1981).

Exposure of test organisms. The WSF were made into
five different dilutions (concentrations) i.e., 1.25, 2.5,
5, 10 and 20% with dechlorinated water in which the
fish frys were reared. Twenty (20) frys per group were
then exposed to five test tanks, in triplicates, each with
a different concentration of the toxicant (WSF of crude
oil) and a control tank (with no WSF of crude oil). The
frys were observed for duration of 96 h in the exposure
tanks and dead fish were removed at 4-8 h interval
during the first 24 h of the test and subsequently
6-12 h interval during the next 72 h (Fish considered
dead if they were immobile and made no respiratory
movements).

LCso determination. The numbers of dead fish per
group were recorded in a tabular form as specified by
Sprague (1973). The data obtained was used to calculate
the median lethal concentration (LCso) at 95% confidence
intervals using Trimmed Spearman-Karber method.

Selected physicochemical parameters. The selected
physicochemical parameters of the WSF of crude oil
measured in this study were pH, temperature, dissolved
oxygen content and conductivity. The pH was measured
using a LaMotte Analog pH meter, temperature was
measured using mercury in glass thermometer, the dis-
solved oxygen content was determined using Winkler’s
titrimetric method (APHA, 1992), while conductivity
was measured using a Jenway conductivity meter
(E 512).

Results and Discussion

Trend in mortality. Within 24 h of exposure, hatchling
mortality occurred in some exposure tanks. No mortality
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was recorded in the control tank and exposure tank
containing 1.25% water soluble fraction (WSF). In the
exposure tank with 2.5% concentration of WSF, the
percentage mortality recorded was 10%. While with
5% of WSF introduction in exposure tank, the percentage
mortality recorded was 15%. Exposure tank containing
10% WSF had 20% hatchling mortality, while mortality
in exposure tank containing 20% concentration of WSF,
recorded was 35%. (Table 1).

Table 1. Toxicity testing of WSF of crude oil for the
96 h exposure in C. gariepinus

Duration of Concen- No.of  No. of Mortality =~ Average
exposure tration  test mortality (%) mort./
(h) (%) organism tank
24 0.00 60 - - -
1.25 60 - - -
2.50 60 6 10 2
5.00 60 9 15 3
10.00 60 12 20 4
20.00 60 21 35 7
48 0.00 60 - - -
1.25 60 9 15 3
2.50 60 15 25 5
5.00 60 15 25 5
10.00 60 27 45 9
20.00 60 39 65 13
72 0.00 60 - - -
1.25 60 14 233 4
2.50 60 24 40 8
5.00 60 36 60 12
10.00 60 40 66.7 13
20.00 60 51 85 17
96 0.00 60 - - -
1.25 60 18 30 6
2.50 60 27 45 9
5.00 60 40 66.7 14
10.00 60 45 75 15
20.00 60 56 93.3 19

After 48 h exposure, no mortality was recorded in the
control tank. In exposure tank with 1.25% WSF, the
percentage mortality was 15%. In exposure tank with
2.5% concentration of WSF, the percentage mortality
recorded was 25%. With 5% WSF contamination, the
percentage mortality recorded was 25%. In exposure
tank containing 10% WSF, the percentage mortality
was 45%, while in tanks with 20% concentration of
WSEF, the percentage mortality in C. gariepinus hatch-
lings was 65%.

After 72 h exposure, no mortality was recorded in the
control tank. However, in exposure tank containing
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1.25% WSEF, the percentage mortality recorded was
23.3%, while 40% hatchlings mortality was recorded
in exposure tank with 2.5% concentration of WSF.
Presence of 5% WSF in the exposure tank led to 60%
mortality after 72 h of exposure (Table 1). Presence of
10% WSF in the exposure tank for 72 h also caused
percentage mortality to rise to 66.7%. While mortality
recorded also rose to 85% in the medium containing
20% WSEF after 72 h of exposure.

After 96 h exposure, no mortality was recorded in the
control tank without WSF. The percentage mortality
was 30% in exposure tank containing 1.25% WSF. In
exposure tank with 2.5% concentration of WSF, the
percentage C. gariepinus hatchling mortality recorded
was 45%, while for exposure tank containing of 5% of
WSEF, the percentage hatchling mortality recorded was
66.7%. Similarly, in exposure tank containing 10%
WSF, the percentage mortality was 75%. After 96 h of
exposure, the percentage mortality recorded was 93.3%
when the exposure tank contained 20% concentration
of WSF.

Median LCso. Analysis using Trimmed Spearman-
Karber method showed that the median LCs value was
2.84 at 95% confidence interval (upper and lower
confidence of 3.83 and 2.10) (Table 2).

Table 2. Median LCs, for ecotoxicology tests in
C. gariepinus based on Trimmed Spearman-Karber

Concentration (%) Number exposed Mortality
0 60 0

1.25 60 18

2.5 60 27

5.0 60 40

10 60 45

20 60 56

Spearman-Karber Trim: 30%; Spearman-Karber Estimate:
LCso: 2.84; 95% lower confidence: 2.10; 95% upper
confidence: 3.83.

Physicochemistry of water soluble fraction. At the
end of 96 h toxicity testing, the mean dissolved oxygen
content of the exposure water is shown in Fig. 1. The
results showed that the highest amount of dissolved
oxygen (DO) (7.3 mg/L) was recorded in the exposure
tank containing 1.25% of WSF crude oil. While the
least dissolved oxygen (4.6 mg/L) was recorded in the
exposure tank with 20% WSF of crude oil. The level
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of dissolved oxygen recorded in the control tank (without
WSF), which was 6.8 mg/L was higher than the level
of dissolved oxygen recorded in exposure tanks which
had WSF of more than 2.50%.
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Fig. 1. Dissolved oxygen levels in test solutions
during the acute toxicity in C. gariepinus.

Ololade and Ogini (2010) in their work concluded that
short term exposure to high levels of toxicant induced
stress reaction in fish and those gradual changes at
lower concentration of toxicants in fish behaviour
reflected a transient stress induced osmotic imbalance.
This finally leads to reduction in the immune potential
of fish and increases mortality rate at higher concen-
tration. The oxygen stress encountered by the fish is
due to their inability to withstand the oxygen depletion
of the water induced by the organic compounds in WSF.
C. gariepinus is capable of tolerating long periods of
adverse conditions particularly low concentrations of
dissolved oxygen, however, in order to reduce stress
induced by DO, DO was maintained at 5.3-6.8 using
oxygen pumps.

The water soluble fraction has been described as the
small dissolved fraction which is available and may be
toxic to the living organisms in aquatic environment.
The most immediate toxic fractions of oil are those that
are somewhat soluble in water (Hufford, 1971).

Hydrocarbons present in crude oil are toxic to many
organisms especially those at early life stages (Lee
etal.,2011).
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The mean pH values of the culture water in the tank
are shown in Fig. 2. The results showed that the highest
amount of pH (7.9) was recorded in the exposure tank
containing 20% of WSF crude oil. While the least pH
was recorded in the exposure tanks with 1.25% and 5%.
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Fig. 2. pH changes in the test solutions during the
acute toxicity in C. gariepinus.

Also, at the end of 96 h toxicity testing, the mean
temperature values of the exposure water are shown in
Fig. 3. The results showed that the least temperature
value (23 °C) was recorded in the control tank (without
WSF).
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Fig. 3. Temperature changes in test solutions
during the acute toxicity in C. gariepinus.
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The values obtained for the WSF of crude oil and control
were further compared with Federal Environmental
Protection Agency (FEPA, 1991) standards of water
quality for sustenance of aquatic life (Horsfall and Spiff,
1998) (Table 3).

Table 3. Physicochemical parameters of WSF and
control compared with FEPA

Parameters WSF  Control FEPA(NESREA limits)
Temperature 29 28 30

O

pH 7.59  7.58 6.5-8.5

Dissolved 53 6.3 6.0-8.0

oxygen (mg/L)

The results of the study have shown that the water
soluble fractions (WSF) of the Escravos blend elicited
mortality in frys of C.gariepinus as low as 1.25% with
a median lethal dose LCsy of 2.84%. Even the weakest
concentration of WSF, however, caused significantly,
higher mortality than that caused by controls (Busdosh,
1981). This value can be considered as moderately toxic
based on USEPA standards (USEPA, 1994). This toxic
effect could be attributed to the constituents in water
soluble fraction such as polycyclic aromatic hydro-
carbon (PAH) (Eisler, 1987; Stegman et al., 1982; 1981).
This is in agreement with the report of Brown and
co-workers (Brown et al., 1983) indicated uptake of
PAHs and associated declines in condition factor (CF),
reproductive output, and other disease conditions in
mussels and clams sampled. Meador et al. (2006) con-
cluded that exposure levels were comparable to those
causing adverse changes in growth and metabolism in
feeding studies with PAHs.

It has been reported that eggs and young stages of fishes
are especially vulnerable to the deleterious effects of
toxic constituents in water bodies. Capuzzor and
Lancaster (1981) investigated early embryonic and
larval stages of fish and observed extreme sensitivity
of these life forms to petroleum hydrocarbon. Kulnhold
(1969) also reported the toxic effects of water extracts
to herring eggs. There are indications that the pollutants
have a retarding effect on the moulting process (Katz,
1973). Furthermore, the lethality observed could be
adduced to stress conditions experienced as a result of
the depletion of dissolved oxygen, which is similar to
earlier studies by Dede and Kaglo (2001).
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Immunosuppressive effects have also been found in
salmon exposed to similar concentrations of PAHs in
combination with other immunosuppressive contami-
nants such as PCBs (Arkoosh and Collier, 2002;
Arkoosh et al. 2001). It could be speculated that the
susceptibility of these early life forms to the toxicants
(WSF of crude oil) may be related to the poor
development of the xenobiotic metabolising enzymes
of the early life forms. The mortality caused by WSF
occurrs in a short time due to direct toxic effects of the
WSF (Busdosh, 1981). Atema and Stein (1974) reported
a reduction in crustacean feeding upon exposure to the
water accommodated oil and WSF is a component.
This was similar to that repor-ted by Wells and Spraque
(1976). Exposure of oil may result in suppression of
the desire to feed, or possibly because the animals were
too weak or ill to eat, Busdosh (1981) reported that
animals are interested in food, but have difficulty in
recognizing it.

Conclusively, this study has shown that the exposure
of C. gariepinus frys to even low concentrations (1.25%)
of water soluble fraction can induce toxicity effects as
the study revealed the water soluble fraction caused
mortality at increasing concentrations. Anderson ef al.
(1974) have pointed out that spills in quiet waters may
allow the WSF to accumulate, as this fraction is not
carried off as it leaches from the oil stick.

Considering the economic importance of fish as sources
of food and income earning, indiscriminate release of
crude oil mostly through spills should be controlled
through proper monitoring and these findings could be
valuable in “risk assessment” following crude oil
spillage in water bodies.
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