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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 in quadruplicates (0. 10, 20, 30, 40, 50 and 60%) of an oilfield
wastewater and were investigated for weight changes (at a weekly interval
for four weeks), condition factor (K) and organosomatic indices which include liver (hepatosomatic index), spleen (spleenosomatic index), kidney
(renatosomatic index) and heart (cardiosomatic index). The result showed a
significant decrease (p≤0.05) in weight of fish as the concentration increased.
Results of condition factor showed a significant decrease (p≤0.05) in the initial (K1) and final (K2) in exposed C. gariepinus. Amongst the Organosomatic indices used to assess stress in C. gariepinus, some significant increases (p≤0.05) were observed in liver (hepatosomatic index), spleen
(spleenosomatic index) and kidney (renatosomatic index) when compared to
the control. However, the effect in the heart (cardiosomatic index) was similar to the control as the values fluctuated around control values. The indices
measured in this (except cardiosomatic index) work can be used to measure
long term effect of exposing Clarias gariepinus to oilfield wastewater.
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Introduction
Organosomatic indices can be described as the ratio of organs to body weight
(Ronald and Bruce, 1990). Measured organ mass in relation to body mass
can be directly linked to toxic effects of chemicals on target organs (Carlson
and Zelikoff, 2008). They can also be used as indices of change in nutritional
and energy status (Maxwell and Dutta, 2005). Commonly used organosomatic indices in various stress-related studies include hepatosomatic indices
(HSI), viscerosomatic indices (VSI), spleenosomatic indices (SSI), cardiosomatic indices (CSI) and renatosomatic indices (RSI). Singh and Canario
(2004) observed that hepatosomatic index is one of the most investigated
biomarkers due to the important role of the liver in detoxification of pollutants, while Dogan and Cao (2011), observed that organosomatic index can
be used as a bioindicator for endocrine disruption in fish exposed to chemicals. Recently, organosomatic indices and fish condition factor have been
used to determine the sub-lethal effects of pollutants during clinical diagnosis of physiology (Yi et al., 2007; Ozer et al., 2008; Mlambo et al.,2009;
Ariweriokuma et al., 2011). Scientists have reported a decrease in the weight
of liver in organisms exposed to various toxicants such as propoxur and
heavy metals (Istitoris et al., 2001), carbofuran (Soufy et al., 2007) and cypermethrin (Ariweriokuma et al., 2011). Decrease in the weight of liver suggests a decrease in the production of endoplasmic reticulum for protein synthesis in liver tissue under toxicant exposure (Bennet and Wolke, 2004). Liver reduction could also be as a result of decreased lipid storage (Gabriel et
al., 2010).
Several authors have reported a decrease (Arellano et al., 1999; Anderson
et al., 1998; Azmat et al., 2007) or increase (Mcmaster et al.,1991) in condition factor when organisms were exposed to different toxicants. According to
Mcmaster et al. (1991), the increased condition factor observed in white
sucker (Astostomes commessomi) suggests a disruption in metabolic capability and altered energy allocation. The decreased in condition factor, however
is believed to be due to the impairment of olfactory systems which might
have affected feeding, resulting in alterations of metabolic activities and energy allocation of the fish systems (Ariweriokuma et al., 2011).
This study was undertaken to ascertain the toxicity of sub-lethal concentrations of oilfield wastewater on Clarias gariepinus, by determining the effects on its weight, condition factor and organosomatic indices.
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Materials and methods
Experimental Fish and Acclimation
Twenty-eight adults of C. gariepinus (8 weeks old - 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. The fish were acclimatized individually in rectangular plastic aquaria containing borehole water (20L) for two weeks. The
top of the aquaria were covered to control escape of fish. The water was
changed daily and the aquaria were washed with a piece of foam without
using any form of soap or detergent. The fish were fed twice daily (8.00 a.m.
and 5.00p.m.) with a diet of 35% crude protein at 1% biomass Before exposure to the toxicant, individuals were weighed using a sensitive weighing
balance (H12-Satorius model, Portugal).
Collection of Test toxicant (oilfield wastewater)
The test toxicant (oilfield wastewater) was collected from Ebocha oil centre
in Ogba/Egbema Local Government Area of Rivers State, Nigeria (N05 27´
40.45´ E006 41´ 52.14´) on three occasions. These represented different
ranges of the discharge at the discharge point. The oilfield wastewater samples were transported to the laboratory immediately after collection.
Experimental Procedure
There were seven [0 (control), 10, 20, 30, 40, 50, and 60 % v/v] treatment
levels each with four replicates. Fish were introduced individually into each
of these concentrations contained in an aquarium and exposed for a period of
28 days at room temperature (30±2oC). Fifteen litres of each prepared concentration was used and fish was fed as in the acclimation period. Each test
solution was renewed weekly and the fish weighed. During the exposure
period which lasted for 28 days, some water quality parameters namely temperature, pH, salinity, turbidity, conductivity, total dissolved solids (TDS),
total suspended solutes (TSS), Chloride, dissolved oxygen (DO), biochemical oxygen demand (BOD), alkalinity and total hydrocarbon content (THC)
were taken daily using the methods described by APHA (1998). At the end
of the experiment the fish were sacrificed. Then, the liver, heart, spleen, and
the kidney was carefully removed and weighed.
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Organosomatic Indices
Organosomatic indices of the liver, heart, spleen and kidney were then calculated for the twenty-eight fish (Jenkins, 2004: Adams et al., 1996) using the
formula:

Foulton’s Condition Factor
Values of Foulton’s condition factor (Fulton, 1902) were calculated using the formula:

Where; L = Length of fish.
Data Analysis
The data obtained from the tests were subjected to statistical analyses. T-tests
were used to compare initial and final condition factors; regression analyses
were applied to determine the change of weight of fish with time for each
individual. The slopes obtained were compared by analysis of variance
(ANOVA) and the means of each treatment was compared with the control
Dunnett’s procedure with a family error rate of 0.05.The mean gonadosomatic indices were compared by ANOVA and Dunnett’s comparison with control. All analyses were performed using MINTAB for Windows version 16.
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±0.0NTU), 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±0.02), ammonia
(0.0±0.0 – 0.02±0.0ppm), nitrite (0.001±0.0 – 0.01±0.0ppm) 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.
The result of effect of oilfield wastewater on the weight of Clarias gariepinus as presented on Fig. 1 showed that there was a generally a reduction in
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weight of fish with increased duration of exposure to the toxicant The slopes
of the regressions indicated an increasing rate of reduction in weight with
increasing concentration of effluent with apparent distortion of the pattern by
a dip at % concentration (Fig. 2). Analysis of variance gave a significant difference is slopes (F6,21 = 7.30, p<0.001), and Dunnett’s test showed significantly higher negative slopes in all test concentrations in comparison with
the control (p<0.05).
The condition factor (K) of Clarias gariepinus exposed to sub-lethal concentrations of oilfield wastewater showed consistent reductions between the
initial (K1) and the final (K2) values (Fig. 3) in all test conditions. Whereas
the reduction in in the condition factors were not significant in the controls
and 10 % effluent, significant differences were obtained at the 20, 40 and 50
% wastewater effluent exposures (Table 2).
The exposure of C. gariepinus to varying concentration of oilfield
wastewater resulted in insignificant difference in CSI with values ranging
from 0.17 ± 0.08 to 0.33 ± 0.04 (Table 3). Similarly the values of HIS did
not show significant differences between the control (2.29 ± 0.85) and other
treatments except for 20 % exposure. On the other hand, there were significant differences in the SSI (p<0.001) and RSI (p=0.001). In comparison with
the control, the SSI values were significantly lower at 10 % effluent exposure but significantly higher at 40 %. The RSI ranged from 1.37 ± 0.27 in the
control to 3.10 ±0.5 at 20 % exposure which showed significantly higher value than the control.
The relationships between some physicochemical parameters and the regression coefficients the change of weight in the fish with exposure time in
the different treatments are presented in Figure 4. All the parameters had
positive regressions, except DO which had a negative relationship. However,
the coefficients of determination of the regressions were generally low.
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Fig. 1: Regressions of change in weight with time of C. gariepinus exposed to different concentrations of oilfield wastewater effluent over a period of four weeks.
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Table 1: Mean (± SD) levels of physicochemical concentrations of the constituent concentrations of oilfield wastewater used in the analysis
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Fig. 2: Mean (±SD) of regression slopes on change of weight of C. gariepinus exposed to different concentrations of oilfield wastewater. Note that the
slopes were negative
.
Table 2: T-tests for differences in condition factors between initial and final
condition factors of C.gariepinus exposed to different dilutions of oilfield
effluent.
df

Estimated Difference

95 % CI of for
Difference

T-Value

P-Value

Control (0
%)
10 %

5

0.058

(-0.346, 0.463)

0.37

0.727

5

0.156

(-0.185, 0.498)

1.18

0.292

20 %

5

0.2590

(0.0542, 0.4639)

3.25

0.023

30 %

5

0.1396

(-0.1034,
0.3825)

1.48

0.200

40 %

5

0.2056

(0.0394, 0.3719)

3.18

0.025

50 %

5

0.1299

(0.0167, 0.2431)

2.95

0.032

60 %

5

0.1908

(-0.0520,
0.4336)

2.02

0.099
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Fig. 3: Plots of initial (K1) and final (K2) condition factors of C.
gariepinus exposed to different concentrations of oilfield wastewater
effluent after 28 days of exposure.
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Fig. 4: Relationships between some physicochemical variables of exposure
media and regression coefficients of fish weight vs exposure media
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Discussion
Water quality parameters
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 (Camus et al., 1998; Adamu and KoriSiakpere, 2011). However, Richards, (1977) 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 (2015); the values agree with that
of Wemedo et al. (2012) but differ from that of Obire and Amusan (2003).
Akani and Gabriel (2015) reported that all the physico-chemical properties
except temperature, DO, BOD and THC fell above acceptable limits of the
Federal Environmental Protection Agency (FEPA, 1991) of 35 OC, 5.0 ppm,
50.0 ppm and 48.0 ppm respectively. The low levels of DO indicate that the
environment is stressed (Clerk, 1986). C. gariepinus has been shown to have
a wide tolerance for temperature ranges, low BOD, DO and salinity (Ozmen
et al., 2006). The constituted concentration of the oilfield wastewater effluent in this study gave a range of values of the constituent variables which
were correlated with the indices of change in weight in the fish to evaluate
their roles in the observed patterns.
Condition factor and Organosomatic indices
The condition factor is an organism-level response to factors such as nutritional status, pathogen effects and toxic chemical exposure causing greaterthan normal and less-than normal weights (Andu and Kangur, 1996; Azmat
et al., 2007). The condition factor is used as an indicator of the well-being of
the individual organism, because it integrates many levels of the organizational processes. There was an observed decrease in the initial and final condition factor of C. gariepinus exposed to sublethal concentrations of the oilfield wastewater. Several authors have reported a decrease (Anderson et al.,
1988; Arellano et al., 1999; Azmat et al., 2007) or increase (Mcmaster et al.,
1991) in condition factor when organisms were exposed to different toxicants. The decreased in condition factor, however is believed to be due to the
impairment of olfactory systems which might have affected feeding, resulting in alterations of metabolic activities and energy allocation of the fish systems (Ariweriokuma et al., 2011). This reason may be applicable in this
study as there were regression analysis showed that some physicochemical
parameters which are capable of interfering with olfactory systems had elevated values in the exposure media and regressed positively with reduction
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in weight changes with time. Arellano et al. (1999) exposed Solea senegalensis to cypermethrin and observed a decrease in condition factor; which
may have been caused by a reduction in oxygen carrying proteins. On the
other hand, Mcmaster et al. (1991), explained that an increased condition
factor observed in white sucker (Astostomes commessomi) exposed to bio
acute Kraft mill effluent suggests a disruption in metabolic capability and
altered energy allocation.
Organosomatic indices which describes the ratio of organs to body weight
(Ronald and Bruce, 1990), measures organ in relation to body mass and can
be directly linked to toxic effects of chemical on target organ (Giullo and
Hinton, 2008). They can also be used as indices of change in nutritional and
energy status (Maxwell and Duta, 2005). Although significant difference was
observed only between 20 % effluent exposure and control, there was a general increase in the liver (hepatosomatic index) of exposed fish in this study.
This suggests that the liver cells were affected possibly causing an increase
in the rate of production of endoplasmic reticulum for the synthesis of protein in the liver (Anderson et al., 1998). The liver serves as an organ of detoxification; therefore in the presence of a stressor these qualities may have
been compromised causing adverse effect on the fish (Gabriel, et al., 2009;
Jerkins, 2004; Adams et al., 1996). Minimal changes were recorded in the
heart (cardiosomatic index) as no significant difference was observed between any of the wastewater treatments and the control, which implies that
the heart was not adversely affected by the oilfield wastewater. Gabriel et al.,
(2009) recorded similar findngs when C. gariepinus was intravenously injected with aqueous leaf extracts of Lepidagathis alopcuroides. Some significant alterations were also recorded in this study broadly showing enlargements of the spleen (spleenosomatic index) with 10 % exposure as an exception. Similar effects were observed on the kidney (renatosomatic index) of
the exposed fish with consistently higher RSI in the exposure treatments in
comparison with the control, and significantly so for the 20 % treatment. The
spleen and kidney are are known to produce blood (haematopoietic) in the
tissues of fish (Singh and Singh, 1998; Jerkins, 2004). Increase in their size
suggests pathological response to combat the action of the oilfield
wastewater from destroying the blood cells (Jerkins, 2004; Gabriel, et al.,
2009). Enlargement or swelling of the spleen is also considered to be indicative of disease or immune system problems (Goede and Barton, 1990).
Conclusion and Recommendation
This study has shown that exposure of C. gariepinus to sub-lethal concentrations of oilfield wastewater caused significant changes in weight, condition
factor and organosomatic indices. These changes may be adversely disruptive for the survival of C. gariepinus in captivity, and can be used in moni350
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toring the long-term effects of oilfield wastewater on C. gariepinus. It is
therefore, advocated that oilfield wastewater be subjected to additional treatment for full conformance with effluent discharge standards before release
into the environment to prevent ecotoxicological problems and consequently
economic loss.

Correspondence
Akani, N.P. and Daka, E.R.
Department of Applied and Environmental Biology
Rivers State University of Science and Technology
Nkpolu-Oroworukwo, P.M.B. 5080
Port Harcourt, Nigeria
Email: nedieakani@yahoo.com

References
Adams, S.M., Ham, K.D., Greeley, M. S., Lehew,R.F. Hinton, D.E. and Saylor, C. F.(1996). Downstream gradients in bioindicator responses, point
source contamination effects of fish health. Canadian Journal of Fish Aquacultural Sciences. 53, 2177 – 2187
Adamu KM, Kori-Siakpere O. (2011). Effects of sub-lethal concentrations
of tobacco (Nicotiana tobaccum) leaf dust on some biochemical parameters
of Hybrid catfish (Clarias gariepinus and Heterobranchus bidorsalis) Brazilian Archives of Biology and Technology, 54(1): 183 -196.
Akani, N.P. and Gabriel, U.U. (2015). Haematological responses of African
catfish Clarias gariepinus (Burchell 1822) exposed to sub-lethal concentrations of oilfield wastewater in Nigeria. Journal of Aquatic Sciences, 30(1B):
207 – 219.
American Public Health Association(APHA). (1998).Standard methods for
the examination of water and wastewater. 20th edition, American Public
Health Association, American Water Works Association and Water Environment Federation. USA. ISBN 0-877553-235-7, ISSN 55-1979.
Anderson, T., Forlin, L, Hardig, J. and Larsson A. (1988). A physiological
disturbance in fish living in coastal water polluted with bleached Kraft pulp
mill effluents. Canadian Journal of Fisheries and Aquatic Sciences. 45:1525
– 1536.
351

CURRENT STUDIES IN COMPARATIVE EDUCATION, SCIENCE AND TECHNOLOGY, VOLUME 2, NUMBER 2, 2015

Andu, A.K. and Kangur, P. (1996). The condition, length and age distribution of pikeperch. Hydrobiologica, 333, 179 – 183.
Arellano, J. M., Storch, V. and Saraquete, C. (1999). Histological changes
and copper accumulation in liver and gills of Senegalese sole (Solea senegalensis). Ecotoxicology and Environmental Safety, 44, 62 – 72.
Ariweriokuma, S. V., Akinrotimi, O.A and Gabriel, U.U. (2011). Effects of
Cypermethrim on condition factor and Organosomatic indices of Clarias
gariepinus. Journal of Agriculture and Social Research (JASR) 11(2), 67-72.
Azmat, R., Talat, R. and Ahmed, K. (2007). The length-weight relationship,
condition factor and impact of fluoride concentration in Johnius belangerii
of Arabian Sea.
Bennet, R. O. and Wolke, R. C. (2004). The effects of sublethal endrin exposed on rainbow trout Salmon gaindineri. Journal of Fish Biology, 31,
375 – 385.
Camus, A.C., Burrow, R.M., Hemstreet, W.G., Thure, R.L and Hawke, J.P.
(1998). Aeromonas Bacterial infections-motile Aeromonas septicemia Southern Regional Aquaculture Centre Publication No.478,
Carlson, E. and Zelikoff, J. (2008). The Immune System of Fish: a target
organ of toxicity. In: R. Di Guillo, & D. Hinton, The toxicology of fishes,
CRC Press. pp. 489 -530.
Clerk, R. B. (1986). Marine Pollution. Clarandan Press, Oxford, 120 -131.
Dogan, D. and Cao, C. (2011). Endocrine disruption and altered biochemical indices in
male Oncorhynchus mykiss in response to dimethoate.
Pesticide Biochemistry and
Physiology. 1, 157 – 161.
FEPA, (1991). Guidelines and Standards for Environmental Pollution Control in Nigeria. Federal Environmental Protection Agency. Abuja. Nigeria.
Pp54 – 58.
Fulton, T. W. (1902). The rate of growth of fishes. 20th Annual Report of the
Fishery Board of
Scotland (3), 326-446.
Gabriel, U. U., Jack, I. R., Edori, O. S. and Egobueze, E. (2009). Electrolytes
of slected tissues of Heterobranchus bidorsalis treated with sublethal levels
352

CURRENT STUDIES IN COMPARATIVE EDUCATION, SCIENCE AND TECHNOLOGY, VOLUME 2, NUMBER 2, 2015

of cypermethrin. Ethiopian Journal of Environmental Studies and Management, 2(3), 83 – 87.
Gabriel, U.U; Obomanu, F.G and Edori, O.S (2010). Biochemical changes in
hybrid cat fish (Heterobrartchus bidorsalis, Clarias gariepinus) treated with
Nuracron. Chinese Journal of Applied and Environmental Biololgy, 16 (3),
353-357.
Goede , R.W. and Barton, B.A. (1990). Organismic indices and an autopsybased assessment as indicators of health and condition in fish. American
Fishery Society Symposium Series. 8, 93 – 108.
Giulio, R.T. and Hinton, D. E. (2008). The toxicology of fishes. CRC Press.
Tailor and Francis Group, Boca Paton. 1071pp.
Instiritoris, L., Siroko, O., Undeger, U., Basara, N., Banerjee, B. D. and Desi,
I. (2001). Detection of the effects of repeated dose combined propoxur and
heavy metal exposure by measurement of certain toxicological haematological and immune function parameters in rats. Toxicology, 163, 185 – 193.
Jerkins, J.A. (2004). Fish bioindicators of ecosystem condition at the
Caleasieu Estuary, Louisiana, National Wetlands Research Center, USGS,
Lafayette. p.54.
Maxwell, I. B. and Dutta, H. M. (2005). Diacinon induced endocrine disruption in sole gill sun
fish Lepomis macrochirus. Ecotoxicology and Environment Safety, 60, 21 – 27.
Mcmaster, M. E., Van Der Kraak, H. I., Portt, G. J., Monkittrick, C. B., Sibley, K. R., Smith, P. K. and Dixon, D. G. (1991). Changes in hepatic mixed
function oxygenase (MFO) activity, plasma steroid levels and age and maturity of a white sucker (Astostomes commersont) population exposed to bio
acute Kraft mill effluent. Aquatic Toxicology, 21, 191 – 218.
Mlamboa, S. S., Van Vurena, J. H. J., Barnhoorh, I. E. J. and Bornmand, M.
S. (2009).
Histopathological changes in the reproductive system of oreochromis mossambicus following exposure to DDT.
Environmental Toxicology and
Pharmacology, 28, 133 – 139.
Obire, O. and Amusan, F. O. (2003). The Environmental Impact of oilfield
formation water on a freshwater stream in Nigeria. Journal of Applied Sciences and Environmental Management. 7: 61 - 66.
353

CURRENT STUDIES IN COMPARATIVE EDUCATION, SCIENCE AND TECHNOLOGY, VOLUME 2, NUMBER 2, 2015

Ozer, J., Ratners, M., Shaw, M. and Bailey, S. (2008). The current state of
serum biomarkers of hepatotoxicity. Toxicology, 245, 194 - 205.
Ozmen, M., Güngördü, A., Kucukbay, F. Z and Gülar, R.E. (2006), Monitoring the effect of water pollution in Cyprinus carpio in Karakara Lake, Turkey. Ecotoxicology, 15:157 - 169.
Richards, R. (1977). Disease of Aquarium Fish. The Veterinary Record, 101
(9): 166 - 167.
Ronald, W.G. and Bruce, A.B. (1990). Organosomatic indices and an autopsy based assessment as indicators of health condition of fish. Journal of
American Fisheries Society, 8, 93 - 108.
Singh, D. and Singh, A. (2000). The acute toxicity of plant origin pesticides
in the freshwater fish, Channa punctata, Acta. Hydrochimica Hydrobiologica, 28(2), 92 – 94.
Singh, P. B. and Canario, A.V.M. (2004). Reproductive endocrine disruption
in the freshwater catfish, Heteropneustes fossilis, in response to pesticide
hexachlorocyclohexane exposure. Ecotoxicology and Environmental safety,
58, 77 - 83.
Soufy, M. K., Soliman, E. M., El-manakhly, A. U. and Gafar, U. (2007).
Some biochemical and pathological investigations on monosex tilapia following chronic exposure to cabofuran pesticide. Global Veterinary Journal,
1, 45 - 52.
Wemedo, S. A., Obire, O. and Orubite., K. O. (2012). Physicochemical
Quality of an Oilfield Wastewater in Nigeria. Asian J. Research Chem. 5(3):
425 – 432.
Yi, X. H., Liu, H. H., Lu, J., Tao, H. and Diny, M. (2007). Altered serum
level of sex steroids and biotransformation enzyme activities by long-term
alachlor exposure in crucian carp (Carassius auralus). Bulletin of Environmental Contamination and Toxicology, 79, 283 - 287.

354

