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Abstract 

Energy related environmental problems, including oil spills, air pollution, flooding and 

deforestation have become a threat to world’s biodiversity and delicate ecosystems. Oil spills 

are frequent in developing countries such as Nigeria, and have been the cause of severe 

environmental damage. For example, spills in Ogoni Land and other water bodies in the creeks 

have caused damages to swamp itself, hurt the local fishing communities, covered beaches with 

crude and greatly polluted the coastal soils.  Bioremediation is process by which organic 

contaminants are destroyed by the action of soil microorganisms.  These microorganisms are 

capable of obtaining energy by breaking down petroleum hydrocarbon to carbon dioxide and 

water, as well as incorporating portions of the hydrocarbon for their own growth. The aim of 

this research is to use cow dung and poultry droppings for the process of bioremediation. The 

analysis of the samples was done using high precision GC FID machine. The results obtained 

showed that biodegradation was faster using the nutrient mixture of cow and poultry droppings 

than individual nutrients. This research established a strong fact that adequate local materials 

such as cow dung and poultry droppings can provide the necessary nutrients for 

bioremediation process. 
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Introduction 

Energy related environmental problems, including oil spills, air pollution, flooding and 

deforestation have become a threat to world’s biodiversity and delicate ecosystems. Oil spills 

are frequent in developing countries such as Nigeria, and have been the cause of severe 

environmental damage. For example, spills in Ogoni Land and other water bodies in the creeks 

have caused damages to swamp itself, hurt the local fishing communities, covered beaches with 

crude and greatly polluted the coastal soils. Almost all operations of petroleum industries, 

including exploring, production (extraction), storing, transporting and refining of crude oil and 

the storing, distribution and handling of products are potential soil contaminates (oily sludge). 

Accidental spills of crude oil and petroleum products during the handling, storing and 

transporting operations are the principal causes of formation of oily sludge in large quantities. 

Oily sludge formation can be minimized by prudent operating practices, sensitive attitudes and 

suitable control methods.  

 

Soil contamination has become recognized as major concern by regulatory agencies during 

decades of the 1980s, yet approaches for assessment with respect to evaluation, fate modelling, 

risk assessment and remediation have presented unusually difficult technical, scientific and 

regulatory challenges.  Many of the petroleum and gasoline hydrocarbons are hydrophobic 

molecules, and hence possess a low solubility in water. They exhibit a marked tendency toward 
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absorption onto the soil phase of the aquifer, so the conventional removal of pollutants from 

the contaminated site is largely ineffective.   

 

Bioremediation, a relatively new treatment technology that can be implemented in-situ and /or 

ex-situ, is process by which organic contaminants are destroyed by the action of soil 

microorganisms.  These microorganisms are capable of obtaining energy by breaking down 

petroleum hydrocarbon to carbon dioxide and water, as well as incorporating portions of the 

hydrocarbon for their own growth (Jelena, M.S., Beskoski, V.P. Ilic, M.V. & Ali, S.A.M, 

2009). Biodegradation involves increasing the number of these microorganisms in 

contaminated soil by adding mineral nutrients and oxygen, which they require for growth. 

During petroleum degradation it is typical for several kinds of bacteria to cooperate in the 

breakdown of the hydrocarbon (Jorgensen, K.S., Puustinen, J. & Suortti, A.M, 2000).  

Bioremediation is a popular approach of cleaning up petroleum hydrocarbons because it is 

simple to maintain, applicable over large areas, cost-effective and leads to the complete 

destruction of the contaminant. Strategies for inexpensive and clean in situ bioremediation of 

soil contaminated with petroleum polluted soils include stimulation of the indigenous 

microorganisms, by introducing nutrients and oxygen into the soil (biostimulation) or through 

inoculation of an enriched mixed microbial consortium into soil (bioaugmentation). Several 

variations have been developed such as bioventing, as simple process suitable for volatile and 

semi-volatile contaminants in unsaturated soil. In bioventing degradable and nondegradable 

volatile components can be removed. Phytoremediation is a developing process that uses plants 

–in-situ or ex-situ- to remove, contain or render harmless environmental contaminants.  

 

Biotechnological remediation in so called landfarming is an attractive method for oil polluted 

soils. Landfarming is one of the simplest and cheapest methods for the treatment of excavated 

soil. During the biotechnological remediation, the soil keeps its structure and can be reused for 

most remediation of oil-polluted soil. Nowadays (conventional) landfarming is widely applied 

method for remediation of oil-polluted soil (Hejazi & Husain, 2004). However, the factors that 

determine the rate and level of aerobic microbiological degradation of pollutants in 

landfarming systems are poorly controlled. A major drawback of landfarming is the possible 

emission of volatile compounds, nutrients and leaches to the environment. Time and land 

requirement can also be expensive. Composting, a method for waste treatment, is one of the 

newest and most promising ex-situ methods for soil treatment (Jorgensen, K.S., Puustinen, J. 

& Suortti, A.M. (2000). However, the most volatile components emitted are difficult to treat.  

 

The Nigerian content development center has been advocating for the substitution of the very 

costly foreign materials with locally made ones. This move encourages both employment and 

cost effective national economy. Recently, researches have been concentrated in areas where 

local contents form the primary materials for both laboratory scale and prototype experiment. 

To demonstrate the potential use of local content for bioremediation in treating soil 

contaminated with hydrocarbon oil, a combination of cow dungs and poultry droppings was 

used in a laboratory study with the goal of evaluating the effects of natural attenuation, 

biostimulation and bioaugmentation on the oil degradation. 

 

Experimental Procedure 

10 Kg of soil samples collected from the agricultural farm of Rivers State University, Port 

Harcourt. The Cow Dung and the Poultry Droppings were also collected from the University 

abattoir and poultry Farms respectively. Four empty batch reactors were weighed. 2kg of the 

soil samples were placed in each of the reactors and left for three days. The four reactors were 

then polluted with 200ml of Bonny light crude oil and allowed to rest for three days after 
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thorough mixing for homogeneity.  Reactor 1, stationed as the Control had no nutrient added 

to it. Reactor 2 contained the contaminated soil and 1.5kg slurry Cow Dung (CD), Reactor 3 

contained the contaminated soil plus1.5kg slurry Poultry Droppings (PD) and Reactor 4 the 

contaminated soil and 1.5kg slurry of the mixture of the Cow Dung and Poultry Droppings (CD 

+ PD). These were again thoroughly mixed and observed for twenty eight days. Samples were 

collected from each reactor every seven days for analysis to determine the Total Petroleum 

Hydrocarbon (TPH).  

 

Determination of Total Petroleum Hydrocarbon 

The analysis of the Total Petroleum Hydrocarbon was done using a Gas Chromatography – 

Flame Ionization Detector Model HP 5890 series II, U.S.A. This analysis was done by 

Analytical Concept Limited.  Total Petroleum Hydrocarbon was obtained using calibrated 

graph in the software of the equipment as a reference. 

 

Results and Discussion 

The results obtained for the four reactors are shown on Figs. 1 through 6 below. The discussions 

of these figures follow immediately for easy follow up.  

 

 

Fig.1: The graph of the Total Petroleum Hydrocarbon Concentration with Time (Control + 

Cow Dung) 

 

Figure 1 shows the concentration of the total petroleum hydrocarbon for both the control 

experiment and the contaminated soil plus cow dung. This result shows that biodegradation 

occurred in both reactors. However the rate of breakdown of complex hydrocarbons is greater 

on the later due to the action of the nutrients added. The decrease in the total petroleum 

hydrocarbon in the control experiment could be due to the presence of inherent biodegradation 

bacteria in the soil itself.  
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Figure 2. The graph TPH concentration against time for the control experiment and the reactor 

containing the contaminate soil and poultry droppings. Again, this graph has similar behavior 

with that shown in Fig.1 above: The concentrations of the TPH decreased with time. The rate 

of degradation is also greater for the reactor containing the nutrients.   

 

 
Fig. 3: The graph of TPH against Time for Control and Contaminated soil plus Mixture 

 

Figure 3 illustrates the graph of the Total Petroleum Hydrocarbon concentration for the control 

experiment and the reactor containing both the cow dung and the poultry droppings. This result 

shows that a mixture of the cow dung and the poultry droppings worked better than when added 

individually.  This could be as a result of the combined actions of the microorganisms present 

in these nutrients which accelerated the bioremediation process in the system.  
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Fig. 4: Graph of the TPH against Time for Cow Dung, Poultry Droppings & Mixture 

Figures 4 and 5 show, respectively, the concentrations of the TPH against the three reactors 

and the control experiment. It can clearly be shown from these figures that the bioremediation 

is faster in Reactor 4 which contain the mixture of cow dung and poultry droppings. Reactor 

four would have more of the microorganisms necessary for fast bioremediation process.   

 

 
Fig. 5: Graph of the TPH concentration against Time for the four Reactors. 
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Figure 6. Graph of TPH concentrations against Time for the control and three reactors. 

 

Figure 6 shows the Total Petroleum Hydrocarbons with time for all the reactors, beginning 

from day zero of the experiment to day 28. These figures show clearly that the system behavior 

followed the experimental trend as seem in the literature (Ayotamuno &Agunwamba). That is 

to say that this behavior is in agreement with the Monod Kinetics that describes the kinetics of 

bioremediation process.  

 

Conclusion 

1. Local materials such as cow dung and poultry droppings can effectively provide the 

necessary nutrients to initiate bioremediation process. Lands polluted with petroleum 

hydrocarbons (crude oil) can be remediated back to its natural agricultural benefits.  

2. The rate of biodegradation of petroleum contaminated soil using cow dung is faster than 

that of poultry droppings. 

3. The mixture of cow dung and poultry droppings was more effective in remediating the 

petroleum contaminated soil. 
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