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ABSTRACT 
 

Enhanced remediation of crude oil polluted soil by Glycine max through augmentation of such soil with 
cow dung was evaluated in this study. The soil was contaminated artificially with 25g, 50g and 75g crude oil. 
The total petroleum hydrocarbon content, the soil pH, moisture and organic matter contents of the soil were 
determined. More TPH was lost from soils augmented with cow dung than from the non-augmented soil. The 
pH, moisture content and organic matter content were more in the augmented soils than from the non-
augmented soil. Significant differences were noticed between the augmented soils and the non-augmented soil 
(p<0.05, p<0.01, p<0.001). The results obtained in this study show that augmenting crude oil polluted soils with 
cow dung will enhance remediation and restoration of crude oil polluted soil.  
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Introduction 

 
Contamination of existing and potential agricultural lands is a major problem associated with the processing 

and distribution of crude and refined petroleum products in many oil producing countries (Ayotamuno et al., 
2006). The problems of pollution have led to the exploration of many remedial approaches to effect the clean up 
of the polluted soils. Pollution control strategies involving physico-chemical methods have often aggravated the 
problem rather than eliminate it. Biodegradation is recently being favoured as a good option for the remediation 
of polluted sites mainly because it uses inexpensive equipment, environmentally friendly and simple. 

 Phytoremediation is one of the forms of biodegradation which involves the in situ use of plants and 
associated microbes for the remediation of polluted sites. It has been evaluated by several research studies to 
remediate petroleum polluted soils (Merkl et al 2005; Issoufi et al., 2006; Sarkar, et al., 2005; Diab, 2008). 
Several plants have also been described to have phytoremediation potentials to clean up petroleum polluted soils 
(Frick et al., 1999; Njoku, 2008; Njoku et al 2009). 

The efficacy of plants to remediate petroleum polluted soils depends amongst other factors on the nutrient 
availability in such soil. The ability of cow dung augmentation to enhance the growth of G. max grown in crude 
oil polluted soil had been reported in our earlier studies (Njoku et al., 2008). Amadi and UeBari (1992) and 
Ogboghodo  et al (2004) reported that amending crude oil polluted soil with poultry dung improved soil fertility 
and the growth of maize in such soil.  According to Pilon-Smits (2005), the ability of plants to grow quickly is 
one of the factors that favour phytoremediation.  

The present study sought to investigate the influence of augmenting soils with cow dung on the potentials 
of G. max to clean up crude oil polluted soil. The objectives were to determine if the addition of cow dung to 
crude oil polluted soil would enhance the ability of G. max to clean up such soil and to evaluate the impact of 
cow dung augmentation on the pH, moisture and organic matter contents of crude oil polluted soil. 

 
Methodology: 

 
The study was conducted in a screen house in the botanical garden of the University of Lagos, Nigeria 

using 18 experimental pots of 25cm diameter and 15cm depth. Each pot was filled with 5000g  of sandy loam 
soil and the pot were then divided into three experimental groups. The experimental groups were treated with 
crude oil equivalent to 25g, 50g, and 75g respectively.  Five days after treating the soils with crude oil, each 
experimental group was further divided into two sub-experimental groups- one sub-experimental group for each 
treatment group was augmented with 100g of partially decomposed cow dung using the method described by 
Ayotamuno et al (2006). The polluted soils were properly mixed with the cow dung dung using hand trowel. 
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Seven seeds of the G. max (TGX 1448-1E ) were sown at a depth of 2cm in each pot. The pots were 
watered at 2 days intervals with 700mls of water. Soils samples were obtained from the pots on the day of 
sowing of the seeds and subsequently at every 21 days for 105 days. The soil samples were analysed for pH, 
moisture and organic matter content. Only the soil samples collected on day 105 were used to analysed for the 
TPH content of the soils. The results obtained from soil samples with cow dung were compared with those from 
soils without cow dung. 

The soil samples were air-dried and sieved through a 2-mm mesh. The total petroleum hydrocarbon present 
in the soil was extracted using n-hexane as was described in Njoku et al., (2009). The amount of TPH present in 
the soil was determined gravimetrically using the methods of Okolo et al (2005). The amount of TPH lost from 
the soil was determined as the difference between the initial level of TPH and the level of TPH found in the soil 
at the end of the study.  

The pH of the soil samples was determined according to the method of Eckert and Sims (1995) using 1:1 
soil-water mixture. The pH was read from the pH meter when the electrode was dipped into the slurry of the 
soil-water mixture. The determination of the soil moisture and the soil organic matter content was done 
gravimetrically. For the soil moisture content, the method described by Schneekloth et al (2002) was used which 
involved oven drying the soil to constant weight at 1050C. The formula: 

 
% soil moisture = initial weight of soil –  the oven dried weight of soil  X 100 
                                                   Initial weight of soil 
was used to calculate the % moisture content of the soil. 
In the case of the organic matter content, the method described in Krishna (2008)) was used. The oven dried 

soil was burnt in a muffle furnace and the final weight was noted. The % organic matter content was calculated 
as: 

% organic matter content  =  initial weight of soil  - final weight of burnt soil  X 100 
     Initial weight of soil. 
 

Results: 
 
The influence of cow dung on the ability of G. max to remediate crude oil polluted soil is shown in figure 1. 

Generally more total petroleum hydrocarbon was lost from the soil augmented with cow dung than in soils 
without cow dung. However it was only in soils polluted with 75g crude oil that cow dung had significant effect 
(p<0.01) on the ability of G. max to remediate crude oil polluted soil. 

Figures 2,3, and 4 show the influence of augmenting crude oil polluted with cow dung on the ability of G. 
max to affect the soil pH, percentage moisture content and the percentage organic matter content respectively. 
The pH of the cow dung augmented soil was generally higher than the pH of the non-augmented soil. However 
the significant impact of cow dung augmentation on the pH of the soils (p<0.001) was only noticed as from day 
21 of the study. For the percentage moisture content of the soils, augmenting the soils with cow dung also 
enhanced the amount of moisture accumulated in the soils. For soils with 50g of crude oil, the addition of cow 
dung made significant impact only the day of planting (day 0) (p<0.001) while for soils with 75g crude oil 
significant difference between the moisture content of the augmented and non-augmented soil was noticed only 
on final day of sampling (p<0.01) 

In the case of the percentage organic matter content, there was higher organic matter in soils augmented 
with cow dung than soils without cow dung. The percentage organic matter content of soil polluted with 25g of 
crude oil and was augmented with cow dung was generally significantly higher than that of soil with same 
quantity of crude oil but no cow dung (p<0.05). The percentage organic matter content 75g crude oil polluted 
soil augmented with cow dung was only significantly higher than that of soil with same quantity of crude oil but 
no cow dung on day 21 of study (p<0.05). 

 
Discussion: 

 
Our previous study on the effects of the growth of G. max on crude oil contaminated soil (Njoku et al., 

2009) showed that without augmentation G. max can enhance the removal of TPH from soil contaminated with 
crude oil. However, according to Adedokun and Ataga (2007), soil amendments or additives are needed to 
increase the activities of microbes and for effective bioremediation of polluted soil. The result from the current 
study shows that efficacy of G. max to remove TPH from soil can be enhanced with the amendment of such soil 
with cow dung. This is similar to what some earlier researchers have noticed. For instance, Okolo et al. (2005) 
reported increased degradation of crude oil in soil augmented with poultry manure while Mbah et al (2009) 
reported that amendment of spent oil contaminated soil with organic wastes led to improved soil physical 
properties and increased agronomic parameters of such soil. Also Davies and Wilson (2005) reported that soil 
amendments improve the physical properties of such soil like water retention, water permeability, water 
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infiltration, drainage, aeration and structure of soil. This will lead to more degradation or remediation polluted 
soil. 

The implication of the influence of cow dung on the removal of crude oil by G. max is that the addition of 
cow dung G. max can be appropriately used to remove crude oil from soils or at least reduce the level of crude 
oil in soils to a manageable level. More so, the use of cow dung as the source of manure in this study is 
significant because it reduces the cost of using inorganic fertilizers which further reduces the cost of 
phytoremediation. In addition since cow dung can be found in almost all parts of the country, it can easily be 
obtained at little cost. This also reduces the cost of cleaning up crude oil polluted soils. However, excess cow 
dung should not be used in this type of study as it may make the microbes to abandon the crude oil and feed on 
the nutrients provided by the cow dung or any other form of manure. 

Organic matter is an important source of nutrients in the soil and it also enhances some properties of soil 
like water retention (Schumacher, 2002). The availability of nutrients in the soil not only promotes the growth of 
plants, it also enhances the growth and activities of soil microbes. As it is well known, phytoremediation 
mechanism (rhizoremediation) involves the interaction of plants and associated microbes in their rhizosphere. 
The higher accumulation of organic matter in the soils amended with cow dung noticed in this study can 
therefore mean more nutrients for the plant and microbial growths. This will in turn lead to removal of more 
crude oil from the augmented soils as has been reported in this study. This is in conformity with the idea of 
Shimp and Pfaender (1984) that organic matter from wastes can influence the ability of micro-organism to 
degrade pollutants. Furthermore, Godbout et al. (1995) reported that bacteria seem to be able to survive in 
organic matter which according to Kaestner and Mahra (1996) appears to be essential for degradation. It is 
possible from this study that organic matter from wastes enhanced higher microbial population which degraded 
the toxic compounds in spent lubricant oil amended plots 

The higher accumulation of soil moisture by the soils augmented with cow dung is good for the remediation 
of crude oil. As was noted by Hutchinson et al. (2001) availability of soil moisture is an important factor in the 
remediation of hazardous organic compounds. This is similar to the views of Merkl et al. (2005) who included 
water content as one of the factors that affect phytoremediation. Water helps to increase the solubility of 
material and subsequently facilitate the absorption and degradation of the materials within the plants. The 
increase in the soil moisture due to availability of cow dung would mean better growth of the artificial drought 
created by crude oil pollution. The better growth of the plants due to availability of water in turn leads to more 
secretion of exudates and cell sheds from plant roots (Smith, 1990; Burken and Schnoor, 1996). These help to 
facilitate the activities of crude oil degrading microbes required in the remediation of crude oil polluted soil. It 
also suggests that cow dung helps the soil to increase its water retention capacity which facilitates plant growth.  

 
Conclusion and recommendation: 

 
From the findings of this study, it has been observed that cow dung augmentation of crude oil polluted soil 

can help to enhance the efficiency of G. max in reducing the quantity of TPH in the soil. However, it is being 
recommended here that cow dung addition should be at a moderate level to avoid the symbiotic microbes at the 
rhizosphere from abandoning feeding on crude oil for the nutrients in the cow dung. 
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Fig. 1: The amount of total petroleum hydrocarbon lost from the cow dung augmented crude oil contaminated 

soil and contaminated soil not augmented. b means significantly different between the augmented soil 
and the non-augmented soil at p<0.01 
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Fig. 2: The pH of crude oil polluted soil. Legends show the amount crude oil added to the soil and whether the 

soil was augmented or not.  c means significant difference between augmented soil and non-augmented 
soil at p<0.001 
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Fig. 3: The percentage moisture content of crude oil polluted soil. Legends show the amount crude oil added to 

the soil and whether the soil was augmented or not.  a, b and c mean significant difference between 
augmented soil and non-augmented soil at p<0.05, p<0.01 and p<0.001 respectively  
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Fig. 4: The percentage organic matter content of crude oil polluted soil. Legends show the amount of crude oil 

added to the soil and whether the soil was augmented or not..  a means significant difference between 
the augmented soil and non-augmented at p<0.05 

 
References 

 
Adedokun O.M. and A.E. Ataga, 2007. Effects of amendments and bioaugumentation of soil polluted with crude 

oil, automotive gasoline oil, and spent engine oil on the growth of cowpea (Vigna unguiculata L. Walp). 
Scient. Res. Essay., 2(5):147-149. 

Amadi, A. and  Y. UeBari, 1992. Use of poultry manure for amendment of oil polluted soils in relation to 
growth of maize (Zea mays L). – Environ. Intern. 18: 521–527. 

Ayotamuno, J.M., R.B. Kogbara and M.O. Taleat, 2006. Bioremediation of a petroleum-hydrocarbon polluted 
agricultural soil at different levels of water application in Port Harcourt, Nigeria. J Food, Agric. Environ. 4 
(3&4): 214-217.  

Burken, J.G. and J.L. Schnoor, 1996. Phytoremediation: Plant Uptake of Atrazine and Role of Root Exudates. J. 
Environ. Eng., 122: 958-963. 

Davis, J.G., C.R. Wilson, 2005. Choosing a Soil Amendment. Colorado State University Cooperative Extension 
Horticulture.,7: 235. 

Diab, E.A., 2008. Phytoremediation of Oil Contaminated Desert Soil Using the Rhizosphere Effects. Global J. 
Environ. Res., 2(2): 66-73 

Eckert, D., J.T. Sims, 1995. Recommended soil pH and Lime Requirement tests.   
http://ag.udel.edu/extension/information/prod_agric/chap3-95.ht 
Eghball, B., 1999. Liming effects of beef cattle feedlot manure or compost. Communication in Soil Science and 

Plant Analyses, 30: 2563-2570. 
Frick, C.M., R.E. Farrell, J.J. Germida, 1999. Assessment of Phytoremediation as an in situ technique for 

cleaning oil-contaminated sites. Petroleum Technology Alliance Canada, Calgary. 
http://www.rtdf.org/pub/phyto/phylinks.htm. 

Hutchinson, S.L., M.K. Banks, A.P. Schwab, 2001. Phytoremediation of aged petroleum sludge: Effect of 
irrigation techniques and scheduling. J. Environ. Qual., 30: 1516-1522 

Issoufi, I.,  R.L. Rhykerd, K.D. Smiciklas, 2006. Seedling growth of agronomic crops in crude oil contaminated 
soil. J. Agron. Crop Sci., 192: 310 

Krishna, R., 2008.  Organic Matter Determination. http://www.uic.edu/classes/cemm/cemmlab/Experiment2-
OrganicContent. 

Mbah, C.N., J.N. Nwite, I.A. Nweke, 2009. Amelioration of Spent Oil Contaminated Ultisol with Organic 
Wastes and its Effect on Soil Properties and Maize (Zea mays L) Yield. World J. Agric.  Sci., 5(2): 163-168. 

 



282 
J. Appl. Sci. Res., 8(1): 277-282, 2012 
 

 

Merkl, N., R. Schutze-Kraft, C. Infante, 2005b. Phytoremediation in the tropics – influence of heavy crude oil 
on root morphology characteristics of graminoids. Environ. Poll., 138(1): 86-91 

Njoku, K.L., 2008. Evaluation of Glycine max and Lycopersicon esculentum in the remediation of crude oil 
polluted soil. A thesis submitted to the school of postgraduate studies, University of Lagos, Akoka Lagos, 
Nigeria, pp: 187. 

Njoku, K.L., M.O. Akinola, B.O. Oboh, 2008. Growth and Performance of Glycine max L. (Merrill) Grown in 
Crude Oil Contaminated Soil Augmented With Cow Dung. Nat. Sci., 6(1): 46-56. 

Njoku, K.L., M.O. Akinola, B.O. Oboh, 2009. Phytoremediation of crude oil contaminated soil: the effect of 
growth of Glycine max on the physico-chemistry and crude oil contents of soil. Nat.  Sci., 7(10): 79-87.  

Ogboghodo, I., E. Erebor, I. Osemwota, H. Isitekale, 2004. The effects of application of poultry manure to crude 
oil polluted soils on maize growth and soil properties. Environ. Monit. Assess. 96: 153-161. 

Okolo, J.C.,  E.N. Amadi,  C.T.I. Odu, 2005. Effects of Soil Treatments Containing Poultry Manure on Crude 
Oil Degradation in a Sandy Loam Soil. Appl. Ecol. Environ. Res., 3(1): 47-53. 

Pilon-Smits, E., 2005. Phytoremediation. Annual Review of Plant Biology, 56: 15-19. 
Sarkar, D., M. Ferguson, R. Datta, S. Birnbaum, 2005. Bioremediation of  petroleum hydrocarbons in 

contaminated soils: comparison of biosolid  addition, carbon supplementation and monitored natural 
attenuation. Environ. Poll., 136: 187-195. 

Schneekloth, J., T. Bauder, R. Broner Wakson, 2002. Measurement of soil moisture.  
http://www.etx.colostate.edu/drought/soilmoisture.htm 

Schumacher, B.A., 2002. Methods for the Determination of Total Organic Carbon (TOC) in Soils and 
Sediments, US Environmental Protection Agency, Las Vegas, pp: 23. 

Shimp, R.I., F.K. Pfeander, 1984. Influence of naturally occurring carbon substrates on the biodegradation of 
Monosubstituted phenols by bacteria. Abstract of Annual Meeting of American Society Microbiology, p: 
212. 

Smith, M.R., 1990. The biodegradation of aromatic hydrocarbon by bacteria. Biodegradation, 1: 161-188. 
Whalen, J.K., C. Changh, G.W. Clayton, J.P. Carefoot, 2000. Cattle manure amendments can increase the pH of 

acid soils. www.soilslab.cfr.washington.edu/SSSAJ/SSAJ_Abstract/../a064-03-0962.pdf 


