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Abstract: Twenty-eight adult Clarias gariepinus (mean weight 205 ± 12.89g SD; mean length; 31.13 ± 3.82cm SD) were
exposed to various concentrations (0. 10, 20, 30, 40, 50 and 60%) in quadruplicates of an oilfield wastewater and were
investigated for its responses on metabolites in tissue (plasma, gill, liver, kidney and muscle) samples after 28 days. The result
showed that in all the tissues tested the values of total protein, creatinin and total bilirubin in all the control (0%) were higher
(p≤0.05) than at treatment level. Metabolites in the plasma differed (P≤0.05) between concentrations except for creatinine and
total bilirubin. Albumin in the control and treated fish were similar (p≥0.05) except in plasma and liver which recorded lower
values than their control (p≤0.05). Total urea recorded its highest value at the highest concentration (60%) ranging between
4.25±0.09 in kidney and 12.0±1.47 mmol/l in muscle. Generally, the values did not follow a particular trend except for albumin
values that decreased with an increased concentration of the toxicant. Significant changes observed in the study suggest stress
induced by the oilfield wastewater on C. gariepinus hence the advocating for proper treatment of the wastewater before
discharge into the environment.
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1. Introduction
The clariids occur in natural and artificial freshwaters in
Africa and the Middle East (1Gupta and Gupta, 2008)and C.
gariepinusis a very important species in the fisheries of these
countries and the most cultured species in Nigeria, next to the
tilapine fishes [2]. The petroleum resources are the backbone
of Nigeria’s economy, accounting for many years over 90%
of foreign exchange earnings and over 70% of total
government revenue [3]. The continuous exploration,
exploitation of petroleum products and associated activities
such as waste disposal, processing of crude oils,
transportation and marketing expose the environment to
constant threat of oil pollution [4]. Oil reservoirs frequently
contain large volumes of the wastewater, while gas reservoirs
tend to produce only small quantities [5]. Hence, to achieve
maximum oil recovery, additional water is usually injected

into the reservoirs to help force the oil to the surface.
Furthermore, the author reported that in depleted oil fieldsthe
amount of produced water released along with the
hydrocarbons increases. The produced water is separated
from the hydrocarbons and then either discharged as oilfield
wastewater into the environment or injected back into the
wells [6]. Since oilfield produced water has variable
chemical compositions, inorganic and organic constituents
[7] and hydrocarbons [8], these impact theirbehaviour [9].
There is the great possibility that contamination of the
aquatic environment with wastewater will impact negatively
on the overall physiology (tissue and blood chemistry) of C.
gariepinus. Such deliberate or accidental contaminations are
commonplace in the Niger Delta region of Nigeria that has
the highest level of petroleum related activities.
The evaluation of the biochemical status of fishes to assess
environmental impacts is a routine and very important tool in
clinical practices in aquaculture and wild fish populations.
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These biomarkers have been effectively and extensively used
to assess the impacts of a large number of environmental
contaminants [10] on fishes generally, and also in the clariids
[11, 12, 13, 14, 15, 16]. Very few reports are available on the
effects of oilfield wastewaterson fishes which include
impacts on the mycology [17], bacterial flora [18],
haematology [19], organ indices [20] and enzymes [21] of C.
gariepinus. However, there is scarcely any literature on the
effects of oilfield wastewaters on the metabolites in C.
gariepinus. This paper is a report on the impact of oilfield
water on the metabolites (total protein, albumin, creatinine,
total urea and total bilirubin) in the plasma, gill, liver, kidney
and muscle tissues of C. gariepinus under laboratory
conditions which has not hitherto been reported neither in the
fields nor open water bodies.

2. Materials and Methods
2.1. Collection and Preparation of Samples
Twenty-eight adult C. gariepinus (mean weight 205 ±
12.89g SD; mean length; 31.13 ± 3.82cm SD) were obtained
from the African Regional Aquaculture Center (ARAC) at
Aluu in Ikwerre Local government area of Rivers State,
Nigeria. This fish was chosen because of its availability all
the year round, ease of maintenance in laboratory conditions
and relative sensitivity (high level of tolerance) to petroleum
products. The experimental fish was transported in 50l
aquarium containing borehole water to the Department of
Microbiology laboratory. The mouth of the aquarium was
covered with a net to avoid escape of the fish. On arrival, the
fish was acclimated individually in rectangular aquaria for
two weeks. The top of the acclimation aquaria were covered
to control escape of fish. The water was changed daily and
the aquaria washed with a piece of foam. The fish was fed
twice with a 35% crude protein diet at 1% biomass daily
(8.00 a.m. and 5.00 p.m.). Mortality during acclimation was
less than one percent.
The test toxicant (oilfield wastewater) was collected from
Ebocha Oil Centre in Ogba/Egbema Local Government Area
of Rivers State, coordinates N05 27’ 26.7’’E006 41’ 38.9’’
The Ebocha Oil Centre serves as a collection centre for seven
oilfields. The effluent was collected in 50 litres plastic
containers on three occasions. These represented different
ranges of the discharge at the discharge point. The oilfield
wastewater samples were immediately transported to the
laboratory after collection. Preliminary investigation was
conducted to determine the range of concentrations of oilfield
wastewater that exhibited sub-lethal effect on the C.
gariepinus. Five concentrations (10, 30, 50, 70 and 100) of
the oilfield wastewater were prepared by serially diluting
from each effluent sample on a volume to volume (v/v) ratio
so that the percentage (%) concentration in each test solution
was obtained as shown below
% =

x 100

(1)

Where, VE = Volume of effluent
VDW = Volume of dilution water [22]
The determined volume of effluent was added to the desired
quantity of dilution (borehole) water and vigorously mixed.
The water was not changed for a period of one week.
However, the fish were fed twice daily as in the acclimation
period. The purpose of the preliminary investigation was to
determine the range of concentration to be used for the
definitive (main) test. Concentrations that caused death
within one week were omitted from the definitive test [23].
Each concentration of the oilfield wastewater had a fish
sample (C. gariepinus) exposed to it.
Based on the results of the preliminary investigation, six
[0.00 (control), 10, 20, 30, 40, 50, and 60% v/v] test
concentrations, each with four replicates were used. A fish
was then introduced into each of these concentrations
contained in an aquarium and incubated for a period of 28
days at room temperature (30±2°C). Fish was exposed to
15lof each of the concentrations and fish was fed as in the
acclimation period. The test solution was renewed weekly
after washing the aquarium to get fresh toxicant as the old
one would have deteriorated with time.
2.2. Physicochemical Characteristics of Water
The following physicochemical properties of the various
oilfield wastewater samples collected at various times were
analyzed according to APHA [24]; they include temperature,
pH, salinity, turbidity, electrical conductivity, total dissolved
solids (TDS), total suspended solids (TSS), chloride,
alkalinity total hydrocarbon content and heavy metal.
Salinity of oilfield wastewater was determined by the
method described inSterling [25]
Determination of total hydrocarbon content was performed
using the toluene extraction method [26]
2.3. Analysis of Metabolites
Fish were killed and dissected in order to collect samples
of the gill, liver, kidney, and muscle tissue. Then, 0.5g each
of the organ/tissues were macerated (grounded) with pestle
and mortar. To each of the samples was added separately 5m1
of diluted perchloric acid. After addition of the diluent the
samples were centrifuged at the rate of 3000rpm for 10
minutes. The supernatants were then removed and stored in
plain bottles at -20°C for analysis. The following metabolites
were determined in the tissue/organs of individual C.
gariepinus; total protein, albumin, creatinine, total urea and
total bilirubin as described by O’chei and Kolhatkar [27].
2.3.1. Total Protein
Two tubes were labeled, blank and sample. Then, 1ml of
protein was pipette into both tubes. This was followed by the
addition of 0.02 ml of sample to the tube labeled sample and
distilled water added to that labeled blank. These were mixed
and incubated for 30 mins at 25°C. Absorbance of standard
test against blank was read at 540 nm wavelength in a
spectrophotometer. Total protein was calculated as shown
below:
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Protein concentration (g-l) = 190 x Absorbance of sample (2)
2.3.2. Albumin (Bromocresol Green Method)
Three sets of test tubes were labeled blank, standard and
test. Reagent prepared included bromocresol green (BCG),
albumin and Blank reagent. Bromocresol green reagent was
prepared by adding the following 8.85 g, succinic acid;
bromocresol green, 0.108 g; sodium azide, 0.100 g and Brij35, 4.0 ml to 900 ml distilled water. The pH was adjusted to
4.1 and the final volume made to 1 litre. Albumin standard
(4%) was prepared by dissolving 4.0 g of bovine albumin in
100 ml of normal saline. To this was added 0.1 g sodium
azide as preservative. Blank reagent was prepared in the
same way as BCG reagent without bromocresol green. Three
milliliter of reagent was pipette into all the tubes. Then 0.01
ml of test and standard was added to appropriate tubes while
distilled water was added to the tube labeled blank. These
were mixed and incubated for 10 minutes at room
temperature. The absorbance was read at 640 nm (red filter)
setting the zero with blank. Albumin was calculated as shown
below;
Albumin g/l =

#$ %&'(
#$ )(*+,*-,

x Concentration of Standard (3)

2.3.3. Creatinine
The measurement of creatinine level is a test of renal
function and is based on the fact that creatinine reacts with
alkaline picrate reagent to form an orange-red color which is
measured in a spectrophotometer. The reagents were
reconstituted in the required proportion of four parts picric
acid to one part sodium hydroxide (NaOH). The samples
were prepared for determination by deproteinizing them. This
was achieved by pipetting 1.0 ml of sample into the tube and
adding 0.5 ml of distilled water and 0.5 m1 of trichloroacetic
acid (TCA). This was spurn for l0 minutes at 300 revolutions
per minute to obtain the supernatant. The test tubes were now
labeled as, blank, standard and samples, 1.0 ml of distilled
water, standard and supernatants were pipette and dispensed
into the labeled tubes accordingly. 1.0 ml of the prepared
reagent was added. The mixture was shaken and allowed to
stand for l0 minutes after which the absorbances of the
sample and standard were read against the reagent blank at
490 nm.
Table 1. Mean (±
Physicochemical
characteristics
Temperature (°C)
pH
Salinity (ppm)
Turbidity (NTU)
Conductivity (us/cm)
TDS (ppm)
Chloride (ppm)
DO (ppm)
BOD (ppm)
Alkalinity (ppm)
THC (ppm)
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2.3.4. Total Urea
Different test tubes were respectively labeled as blank,
standard, sample and control. 10 µl of urease was dispensed
into all the test tubes. The test tubes were incubated at 37°C
for l0 minutes and 2.5 ml of diluted phenol was added to all
the tubes. 2.5 ml of diluted sodium hypochlorite was also
added. The content of each test tube was mixed, incubated at
37°C for l5 minutes. The contents were read against the
content of the blank at 540 nm. The amount of the unknown
was determined as shown below:
Un8

9

::

=

#$ )*;<=& × )(*+,*-,
#$ )(*+,*-,

(4)

2.3.5. Total Bilirubin
Two test tubes were set up for each test. Test tube 1
(sample blank), test tube 2 (sample) 0.2 ml of sulphanilic
acid was dispensed into the tubes. 0.5 m1 of sodium nitrite
was dispensed into the sample test tube. This was followed
by addition of l ml each of 0.2 ml of caffeine to sample blank
and test sample. 0.2 ml of the sample was added into the
tubes, mixed and allowed to stand for l0 minutes at 20-25°C.
One millilitre of tartarate was dispensed into the tubes, mixed
and allowed to stand for 5-minutes at 20-25°C and the
absorbance of the test sample against the sample blank was
read spectrophotometrically at a wave length of 600 nm.

3. Results
The result of the physico-chemical properties of the
constituted concentrations of the oilfield wastewater and their
mean values are presented in Table 1. Generally, the values
increased with increased concentration of the effluent:
turbidity (1.5±0.05 – 3.5±0.0 NTU), conductivity
(183.33±28.87 – 13666.67±288.68µs/cm), TDS (48.33±2.89
–
7316.67±275.3ppm),
chloride
(9.33±1.16
3726±64.29ppm), BOD (0.82±0.03 – 1.73±0.02ppm), and
THC (0.0±0.00 - 11.81±3.12ppm). However, there was a
decrease in DO (3.97±0.45 to 2.0±0.0ppm) with increased
concentration of the effluent while alkalinity (9.33±1.16 32±0.0 ppm) increased with increased concentration of the
toxicant but dropped to 14±0.0 ppm at 60% concentration.

SD) levels of physicochemical characteristics of the constituent concentrations of oilfield wastewater (oww) used in the analysis.
Constituted concentrations (%)
0
10
26.17±0.29
26.07±0.4
7.1±0.1
7.47±0.31
0.0±0.0
47.67±2.52
1.5±0.5
5.33±0.58
183.33±28.8
3766.67±251.6
48.33±2.89
976.67±25.17
9.33±1.16
1760±52.92
3.97±0.451
3.4±0.2
0.82±0.03
1.02±0.03
9.33±1.16
20.0±2.0
0.0±0.0
1.98±0.082

20
26.5±0.5
7.67±0.12
517.33±28.31
13.33±4.16
1060±121.6
1620±158.75
1926.67±110.15
3.3±0.1
1.18±0.06
23.5±0.5
3.09±0.085

30
25.0±0.0
7.23±0.25
1500±50
16±1.0
2166.67±288.6
2966.67±152.75
2316.67±189.29
2.43±0.15
1.52±0.06
26.67±3.06
3.49±0.445

40
26.83±0.29
7.47±0.31
2443.33±309.25
23.33±3.06
4216.67±225.5
4783.33±256.58
2726.67±253.25
2.33±0.12
1.58±0.02
31.33±1.16
6.17±0.651

50
27.33±0.29
8.0±0.0
3233.33±251.66
32.0±2.0
8433.33±404.2
6146.67±128.58
3472.67±25.33
2.3±0.0
1.64±0.0
32±0.0
7.45±0.135

60
27.0±0.0
8.0±0.0
4556±51.07
35±0.0
13666.67±288.7
7316.67±275.38
3726.67±64.29
2.2±0.0
1.73±0.02
14±0.0
11.81±3.118
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The exposure of C. gariepinus to varying concentration of
oilfield wastewater resulted in significant changes of
metabolites in the plasma which differed (P≤0.05) between
concentrations (Table 2) except for creatinine and total
bilirubin. The values did not follow any particular trend. In
the gills, the values of total protein, creatinine, total urea and
total bilirubin in all the control (0%) were higher (p≤0.05)
than at treatment level (Table 3); whereas albumin in the
control and treated fish were similar (p≥0.05). Total urea
recorded its highest value at the highest concentration (60%).
In the liver a difference (p≤0.05) was observed in the
values of total protein and urea in the control fish and the
treated group (Table 4), but the albumin and creatinine in the
control fish were higher (p≤0.05) than the treated group.
Responses of metabolites in the kidney showed that the
values of albumin (1.60±0.00 g/l) and total bilirubin

(18.50±0.00 µmol/l) were higher in the control (Table 5). At
the other concentrations, total protein and creatinine did not
follow any particular trend. The value of urea was generally
raised with increase in the concentration of the effluent with
a peak at 4.25±0.29 mmol/l.
In addition, metabolites in the muscle of C. gariepinus
exposed to oilfield wastewater as presented in Table 6
differed (P≤0.05) at all concentration tested. Higher values of
the metabolites were recorded for total protein, albumin and
creatinine in the control (0%) than at other concentrations.
Level of total urea at 60% was double its value at the control
while total bilirubin had its highest value recorded at 30%.
Generally these values did not follow a particular trend
except for albumin that showed a decrease in values as the
concentration of the toxicant increased.

Table 2. Metabolites in the Plasma of C. gariepinus Exposed to Different Concentrations of an Oilfield Wastewater after 28 days
Conc. of oww (%)
0
10
20
30
40
50
60
Level of sig (P≤0.05)

Metabolites
Total protein(g/l)
40.50±1.29ab
42.75±0.96abc
46.50±1.29bc
47.50±2.38c
41.75±0.50abc
39.50±1.73a
46.00±7.53abc
0.008

Albumin (g/l)
3.20±0.64b
2.13±0.55a
4.10±0.18c
2.00±0.18a
2.30±0.52ab
2.65±0.58ab
2.63±0.38ab
0.001

Creatinine (mmol/l)
4.50±0.58b
3.00±1.16ab
2.00±0.00a
2.50±0.58ab
2.00±1.16a
3.00±0.00ab
3.50±1.73ab
0.015

Total Urea (mmol/l)
2.25±0.13b
1.40±0.18a
1.95±0.41b
2.13±0.61b
2.35±0.35b
2.90±0.48c
4.70±0.08d
0.001

Total bilirubin (µmol/l)
6.50±3.07a
6.53±2.98a
5.55±0.06a
3.70±0.00a
7.35±2.02a
8.48±4.71a
5.55±2.14a
0.296

*Means with the same superscript in the column are not significantly different at P≤0.05
Table 3. Metabolites in the Gills of C. gariepinus Exposed to Different Concentrations of an Oilfield Wastewater after 28 days.
Conc. of oww (%)
0
10
20
30
40
50
60
Level of sig(P≤0.05)

Metabolites
Total protein (g/l)
51.75±15.31b
33.63±16.32a
19.50±0.58a
19.00±0.00a
19.00±0.00a
20.00±0.00a
23.75±5.49a
0.001

Albumin (g/l)
1.613±0.91a
1.20±0.46a
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.04

Creatinine (mmol/l)
37.50±2.89b
17.50±8.66a
10.00±0.00a
12.50±2.89a
12.50±2.89a
12.50±2.97a
12.50±2.89a
0.001

Total Urea (mmol/l)
2.75±0.29a
4.50±1.73b
1.50±0.00a
1.25±0.29a
1.25±0.29a
6.00±0.00c
9.75±1.76d
0.001

Total bilirubin (µmol/l)
82.50±2.89c
14.00±5.19a
9.88±0.25a
10.00±0.00a
10.00±0.00a
36.75±10.41b
18.50±0.00a
0.001

*Means with the same superscript in the column are not significantly different at P≤0.05
Table 4. Metabolite in the Liver of C. gariepinus exposed to different concentrations of an oilfield wastewater after 28 days.
Conc. of oww (%)
0
10
20
30
40
50
60
Level of sig(P≤0.05)

Metabolites
Total protein (g/l)
28.50±10.97a
19.00±0.00a
28.50±10.97a
14.25±5.49a
28.50±10.97a
23.75±5.49a
19.00±13.44a
0.001

Albumin (g/l)
2.40±0.92b
1.20±0.46a
1.60±0.00ab
1.60±0.00ab
1.60±0.00ab
1.60±0.00ab
1.60±0.00ab
0.00

Creatinine (mmol/l)
50.00±4.08b
22.50±2.89a
22.50±8.66a
22.50±2.89a
20.00±0.00a
20.00±5.77a
12.50±2.89a
0.00

*Means with the same superscript in the column are not significantly different at P≤0.05

Total Urea (mmol/l)
5.13±1.03ab
4.50±1.73ab
3.50±0.91a
4.25±0.29ab
4.25±0.29ab
4.25±0.29ab
6.00±0.00b
0.004

Total bilirubin (µmol/l)
14.25±4.91b
10.00±0.00a
10.00±0.00a
18.50±0.00c
10.00±0.00a
18.50±0.00c
18.50±0.00c
0.007
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Table 5. Metabolites in the Kidney of C. gariepinus exposed to different concentrations of an oilfield wastewater after 28 days.
Conc. of oww (%)
0
10
20
30
40
50
60
Level of sig(P≤0.05)

Metabolites
Total protein (g/l)
24.25±4.91bc
29.00±10.39c
9.50±0.00a
9.500±0.00a
14.25±5.49ab
19.00±10.97abc
9.50±0.00a
0.001

Albumin (g/l)
1.60±0.00c
1.20±0.46b
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.80±0.00a
0.001

Creatinine (mmol/l)
10.00±0.00b
5.00±0.00a
5.00±0.00a
5.00±0.00a
5.00±0.00a
12.50±2.89c
5.00±0.00a
0.001

Total Urea (mmol/l)
1.00±0.00a
1.50±0.00ab
3.63±2.75abc
3.50±0.91bc
2.75±0.29abc
3.63±0.75bc
4.25±0.29c
0.004

Total bilirubin (µmol/l)
18.50±0.00b
9.75±0.29a
14.25±4.91ab
14.25±4.91ab
14.25±4.91ab
10.00±0.00a
10.00±0.00a
0.007

*Means with the same superscript in the column are not significantly different at P≤0.05
Table 6. Metabolites in the Muscle of C. gariepinus exposed to different concentrations of an oilfield wastewater after 28 days.
Conc. of oww (%)
0
10
20
30
40
50
60
Level of sig(P≤0.05)

Metabolites
Total protein (g/l)
107.50±6.46c
42.75±16.45b
9.50±0.00a
23.75±16.45ab
23.75±5.49ab
28.50±10.97ab
9.50±0.00a
0.001

Albumin (g/l)
4.93±0.97b
2.50±0.00a
2.50±0.00a
2.50±0.00a
2.05±0.52a
1.60±0.00a
1.60±0.00a
0.001

Creatinine (mmol/l)
37.50±2.89d
25.00±5.77c
12.50±2.89b
5.00±0.00a
10.00±0.00ab
20.00±5.77c
12.50±2.89b
0.001

Total Urea (mmol/l)
6.00±0.00a
4.50±1.73a
5.13±1.03a
7.38±1.60a
7.38±1.60a
6.63±0.75ba
12.00±1.47b
0.001

Total bilirubin (µmol/l)
18.50±0.00b
10.00±0.00a
10.00±0.00a
32.38±5.34c
18.50±0.00b
10.00±0.00a
10.00±0.00a
0.001

*Means with the same superscript in the column are not significantly different at P≤0.05

4. Discussion
Water quality parameters such as temperature, dissolved
oxygen, free carbon (IV) oxide, pH, alkalinity and
conductivity are important and affect fish health, growth and
reproduction [14, 28]. However, Richards [29] reported that
the main cause of mortality in aquarium fish was the
inadequate maintenance of the water environment. The
characteristics of the oilfield wastewater used in this study
have been evaluated by Akani and Gabriel [19]; the values
agree with that of Wemedo et al. [30] but differ from that of
Obire and Amusan [31]. Akani and Gabriel [21] reported that
all the physico-chemical properties except temperature, DO,
BOD and THC fell above acceptable limits of the Federal
Environmental Protection Agency [32] of 35°C, 5.0 ppm,
50.0 ppm and 48.0 ppm respectively. The low levels of DO
indicate that the environment is stressed [33]. C. gariepinus
has been shown to have a wide tolerance for temperature
ranges, low BOD, DO and salinity [34]. Akani and Daka [20]
also reported that the constituted concentration of oilfield
wastewater in their study gave a range of values of the
constituent variables which were correlated with the indices
of change in weight in the fish.
Total protein is an important constituent of all the cells and
tissues which play vital role in the physiology of living
organism [14]. Since the fishes have little carbohydrate,
protein is used to meet the increase in the energy demand.
Proteins are mainly involved in the architecture of the cell,
which is the chief source of nitrogenous metabolism. During
chronic periods of stress however, proteins are used as a
source of energy [35]. The decrease in plasma total protein
reported in this study was supported by the study of Das and
Mukherjee [36] on Labeo rohita exposed to sublethal

concentrations of cypermethrin. Adamu and Kori-Siakpere
[14] also recorded similar findings when they exposed hybrid
catfish (Clarias gariepinus and Heterobranchus bidorsalis)
to sublethal concentrations of tobacco (Nicotiana tobaccum)
leaf dust. The stress induced by the oilfield wastewater on
protein synthesis probably caused depletion in the plasma
protein as observed in this study. The decreases in plasma
total protein level suggest high protein hydrolytic activity due
to the elevation of protease activity. This agrees with the
report of Tiwari and Singh [37] who recorded a decrease in
serum total protein in snake head fish (Channa punctatus)
exposed to sublethal concentrations of latex of Euphorbia
royleana. Reeta et al. [38] reported inhibition in the total
serum protein of an air breathing fish Heteropneustes fossilis
after exposure to different pesticides (DDT, YBHC and
Malathion). Ravichandran et al. [39] also reported depletion
of protein due to proteolysis after exposing Oreochromis
mossambicus to nominal concentrations of phenol. Bradbury
et al. [40] pointed out that the decreased protein content
might also be attributed to the destruction or necrosis of the
cells and consequent impairment in protein synthesis
machinery. The quantity of protein is dependent on the rate of
protein synthesis, or on rate of its degradation. This may be
affected by incorporating the impaired amino acids into
polypeptide chains [41].
Albumin functions as transport proteins for several steroid
hormones and for fatty acids from adipose tissue to muscle. It
is responsible for about 80% of the total osmotic regulation
[14]. Jee et al. [42] had reported decrease in serum albumin
in Korean rock fish (Sebastes schlegeli) exposed to
cypermethrin and suggested that it may impede its function
of transportation. The significant (p<0.05) decrease in
albumin as compared to the control in all the tissues tested
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may have resulted from the inhibitory effect of the oilfield
wastewater on protein hydrolytic activity due to elevation of
protease activity and is also suggestive of some kidney
problem [42]. Fafioye et al. [43] had also reported reduced
albumin value in the kidney of Oreochromis niloticus
exposed to sublethal concentrations of aqueous extract of
Raphia vinifera. On the other hand, Adamu and KoriSiakpere [14] observed increased value of liver albumin in
fish exposed to Nicotiana tobaccum. They suggested that it
could be as a result of accumulation of the protein in the liver
impeding other functions of the liver.
Similarly, the decrease in creatinine levels in fish exposed
to oilfield wastewater compared to the control as observed in
this study indicates that creatinine was completely used up by
the muscle as a result of the stress induced by the toxicant.
Creatinine leaves the muscle and enters the blood where it is
a waste product largely from the muscle breakdown. It is
removed by filtration through the glomeruli of the kidney and
is excreted as urine [14]. Therefore, it is frequently used in
the diagnosis of renal function especially the glomeruli
filtration rate [44]. Yakubu et al. [45] reported significant
decrease in serum content of urea and creatinine throughout
15 days exposure period on some functional parameters of rat
(200-250g) liver and kidney when exposed to yohimbe (14
mg/kg body weight) an aphrodisiac.
Urea is the principal end product of protein catabolism. It
is a waste product metabolized in the liver and excreted by
the kidney. Generally, level of urea in the tissues decreased
slightly from the control and later increased with increasing
concentration of the toxicant. This significant (p>0.05)
increase observed especially in the kidney may be attributed
to the inability of the kidney to filter this product and
therefore a decrease in glomerular filterate rate (GFR). This
may have been induced by the oilfield wastewater. This
finding agrees with that of other researchers. Khleifat et al.
[46] reported significant difference in blood urea of rats
exposed to chronic effect of ethanolic extract of Teuerium
pollum (20 mg/kg and 50 mg/kg) during the six weeks
exposure period. Mahmoud et al. [47] also recorded a
significant increase in urea and creatinine when they exposed
C. gariepinus to mercury chloride. The amount of urea
nitrogen in the blood plasma is an indicator of protein
metabolism. The low value of plasma urea in this study may
be attributed to the inability of the liver to metabolize protein
as reported by Kori-Siakpere, [48]. The fluctuations observed
in the level of total bilirubin in the tissues suggest that the
liver may not have been affected by the toxicant.

the environment. Reduction in total protein and albumin as
observed in this study is an indication of impaired synthesis
of protein or loss of protein via excretion and is suggestive of
kidney problem. Decrease in creatinine level in exposed fish
is also suggestive of stress imposed on the fish by the
toxicant and increased urea is an indication of the inability of
the kidney to excrete excess waste. Fluctuations in total
bilirubin in exposed fish suggest that the liver may not have
been affected by the toxicant.
In view of these adverse effects imposed by the oilfield
wastewater on C. gariepinus, it is imperative that the most
effective oilfield wastewater treatment and disposal program
be developed so as to reduce environmental issues associated
with oilfield wastewater as observed in this study.
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