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ABSTRACT: Crude oil contamination poses significant ecological and agricultural challenges, particularly in oil-

producing regions such as Nigeria's Niger Delta. The persistence of toxic petroleum hydrocarbons, including polycyclic 

aromatic hydrocarbons (PAHs), adversely affects soil health, plant growth, and food security. Rich in essential nutrients, 
cow dung enhances the growth and activity of oil-degrading microorganisms such as Marinobacter spp. and 

Pseudomonas spp., promoting the breakdown of these hydrocarbons. Hence, the objective of this paper was to evaluate 

the bioremediation efficacy and total petroleum hydrocarbon (TPH) reduction in crude oil contaminated soil using cow 
dung using appropriate standard methods. Data obtained indicates a reduction range of between 54.48 - 60.19% of total 

petroleum hydrocarbon (TPH) content in the crude oil contaminated soil after bioremediating with the cow dung. This 

result is attributed to increased nutrient availability and improved oxygen diffusion associated with optimal amendment 
rate. In comparison, natural attenuation in untreated soil achieved only a 17.22% reduction. This approach aligns with 

Sustainable Development Goals (SDG 12 and SDG 15) which is to promote responsible waste utilization and ecosystem 

restoration. The findings underscore cow dung's viability as an eco-friendly and cost-effective strategy for mitigating the 
environmental impacts of crude oil pollution. 
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Crude oil, an unrefined fossil fuel, plays a significant 

role in global energy production but it is also a major 

environmental contaminant. Petroleum hydrocarbons 

pose serious ecological threats and health risks when 

released during oil extraction, transportation, 

refining, and accidental spills (Omokaro 1998; 

Wokem and Madufuro 2020). These pollutants 

contaminate water bodies and severely degrade soil 

leading to loss of soil fertility, reduced agricultural 

output, and forced migration of farming 

communities, especially in oil-producing regions 

such as Nigeria's Niger Delta (Ikeh and Yemi-

Jonathan 2020). Complex aromatic hydrocarbons, 

such as polycyclic aromatic hydrocarbons (PAHs), 

benzene derivatives, and cycloalkanes, are 

particularly toxic and resist microbial degradation 

(Adams et al., 2014; Rehmann et al., 1998). This 

resistance contributes to long-term environmental 

toxicity especially in oil-producing regions such as 

Nigeria’s Niger Delta. The presence of these harmful 

compounds affects plant growth, soil health, and 

ultimately food security (Agarry et al., 2012). 
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Soil contamination is caused by industrial activities, 

agricultural chemicals, and improper disposal of 

waste from human activities. Physical, chemical, 

photodegradation, and biological amendments have 

been developed to remediate contaminated soil, but 

the latter offers the best environmentally friendly 

method because it uses indigenous microorganisms in 

the environment to break down the hydrocarbons and 

heavy metals found in this soil into harmless 

substances (Fadina et al., 2019). The use of organic 

waste products, such as cow dung, to enhance 

bioremediation is gaining attention as a sustainable 

and cost-effective approach. Bioremediation refers to 

the natural ability of certain microorganisms or 

organic amendments to degrade pollutants 

(hydrocarbons) into less harmful compounds 

(Oludele et al., 2021; Bidwell et al., 2002). Hence, it 

has emerged as an effective and environmentally 

friendly alternative method to address these issues of 

crude oil contaminations. Cow dung is rich in 

essential nutrients such as nitrogen and phosphorus, 

which promote the growth of oil-degrading 

microorganisms (bacteria and fungi) and contain 

enzymes that assist in breaking down complex 

hydrocarbons (Osazee et al., 2015; Okolo et al., 

2005; Ijah et al., 2008). The application of cow dung 

to oil-contaminated soils accelerates the microbial 

degradation of crude oil, helping to restore soil health 

and support ecosystem recovery (Okafor and Onyido 

2022; Haftka et al., 2015). Bioremediation of crude 

oil-contaminated soil using cow dung restores 

ecosystems affected by oil spills and utilizes 

agricultural waste in a productive manner, 

underscoring its potential as a sustainable solution for 

environmental restoration. Two (2) of the United 

Nation’s Sustainability Goals (SDG12 and SDG15) 

emphasizes on responsible consumption and 

conservation. Categorically, the SDG12 advocates 

responsible consumption and production by reducing 

the environmental impact on industrial activities, 

SDG15 promotes life on land, by conserving and 

restoring terrestrial ecosystems. Consequently, this 

study aligns with these two UN Sustainability goals 

with the objective of evaluating the bioremediation 

efficacy and total petroleum hydrocarbon (TPH) 

reduction in crude oil contaminated soil using cow 

dung 

 

MATERIALS AND METHODS 
Materials: The materials used in this work include n-

hexane, four plastic containers of equal sizes, white 

soil, crude oil, fresh cow dung, Agilent GC 

Equipment, weighing balance.  

 

Sample Collection and Treatment: The crude oil 

sample used in the study was collected from an oil pit 

located at Okpai, Ndokwa East, Delta State with 

coordinates; latitude: 5.72
o 

N and Longitude: 6.36
o
 E. 

Fresh Cow dung was collected using a sterile plastic 

container from a cow grazing farm in Garki Emene, 

Enugu, Enugu State with coordinates; Latitude: 6
o 
28’

 

N and Longitude: 7
o
 35’E. Bulk white soil was 

collected from a building site in Chukwuemeka 

Odumegwu Ojukwu University, Uli campus in Ihiala, 

Anambra State with coordinates; Latitude 5.78° N 

and Longitude 6.82° E. The collected soil was sieved 

and a portion was used to determine the 

physicochemical parameters of the soil. 

 

Experimental Design 

Soil Simulation with Crude Oil and Cow Dung 

Treatment 5000 g of soil free from impurities and 

contain low organic matter were weighed into a clean 

plastic container and 750 ml of crude oil was added 

and mixed manually until a homogeneous mixture 

was obtained without water. The mixture was 

allowed to stand for two weeks (14 days) with 

intermittent tilling of the soil with fork at after every 

48 hours. 10g of the soil sample was collected with 

the aid of a spoon after the 14 days and weighed 

using a weighing balance, poured into a 1L glass 

bottle and sealed with aluminum foil. The bottle was 

allowed to stay for another 12 hours before taken for 

GC-MS analysis to determine initial Total Petroleum 

Hydrocarbon (TPH) (Ayotamuno et al., 2006). 

 

500 g of the simulated contaminated soil were each 

weighed into three clean 1000 ml plastic containers 

labeled 500CD, 1000CD, and Control, respectively. 

500 g and 1000 g of fresh cow dung was added to the 

containers labeled 500CD and 1000CD while no cow 

dung was added to the container labeled Control. The 

entire mixture was stirred thoroughly until a 

homogeneous mixture was obtained. The three 

containers were left for another 14 days, with tilling 

in an open air for proper aeration at every 48 hours.  

 

Soxhlet Extraction of the Oil after Contamination and 

Bioremediation The crude oil was extracted from the 

three containers using soxhlet extraction technique 

(Sutar et al., 2011). The simulated soil samples were 

extracted with N-hexane and refluxed for 5 hours at 

60℃. The crude oil and N-hexane mixture were 

further subjected to hot water bath at 50 ℃ to get the 

crude oil. The extent of the degradation of each 

sample was performed using GC-MS analytical tool 

using the crude oil extracted.  

 

RESULTS AND DISCUSSION 
Table 1 depicts the result of the soil sample profiles 

before the simulating with crude oil for ex-situ 

bioremediation of the oil-contaminated soil. The pH 
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(7.02) supports microbial growth, which aligns with 

optimal pH (6.5 - 8.5) for growth of oil-degrading 

microorganisms (Varjani and Upasani 2019). 

Moderate acidity (3.4 cmol/kg) enhance microbial 

activity as acidic soil promotes the growth of 

microorganisms (Mishra and Singh 2015). High sand 

content (96.22 %) facilitates oxygen availability and 

oil mobility, promoting aerobic biodegradation (Das 

and Chandran 2011). Low moisture content (3.46 %) 

limit microbial activity (Namkoong et al., 2002), and 

low organic carbon (0.18 %) can adversely affect 

microbial growth and nutrient cycling (Chaineau et 

al., 2005).  

 
Table 1: Physiochemical parameters of the uncontaminated soil 

Parameters Values 

Moisture content (%) 3.46 

pH 7.02 

Organic carbon (%) 0.18 
Soil Acidity (cmol/kg) 3.40 

% Silt 2.01 

% Clay 1.77 
% Sand 96.22 

 

The result of the soil conditions outlined in Table 1 

appears to be moderately favourable for crude oil 

bioremediation. Hence, the soil requires optimization 

with organic amendments and cow dung was used 

after simulating the soil samples with crude oil to 

breakdown the carbon long chains effectively. The 

addition of cow dung provides essential nutrients for 

microbial growth, enhancing biodegradation rates 

(Kartikey et al., 2016). 

 
Table 2: Summary of Concentrations of Samples for Total 

Petroleum Hydrocarbon (TPH) in ppm and Percentage Reduction 
of TPH 

Samples TPH (ppm) % Reduced 

A 106.72 - 

500CD 42.182 60.49 
1000CD 48.599 54.48 

Control 88.378 17.22 

 

In Figs. 1- 4, the GC profile results revealed that C1- 

C7 straight chain hydrocarbon fractions were non-

existent in all the ex-situ crude oil contaminated soil 

but the heavier carbon chains C8-C40 were detected in 

all the samples. However, the two different ratios of 

cow dung were able to reduce the C8-C40 

hydrocarbon fractions reasonably at different rates 

within two weeks of study (Table 2). Fig. 1 shows the 

graphical representation of the various carbon chains 

identified in the original soil sample and their 

concentration in parts per million (ppm) as a function 

of time. Data analysis of the sample shows 33 

different carbon-chains (i.e., C8-40) including Pristine 

and Phytane compounds were identified. The Total 

Petroleum Hydrocarbon (TPH), cumulative of C8-40 

indicated by their concentration in the extract is 

approximately 106.762ppm (Tables 2 and 3). 

 

 
Fig. 1: Gas Chromatogram of different hydrocarbon chains 

identified in Original samples as plots of their different area peaks 

against time 

 

 
Fig. 2: Gas Chromatogram of different hydrocarbon chains 

identified in 500CD samples as plots of their different area peaks 
against time 

 

 
Fig. 3: Gas Chromatogram of different hydrocarbon chains 

identified in 1000CD samples as plots of their different area peaks 

against time 

 

Figs. 2 and 3 are the GC-MS results spectrum 

showing the different identified carbon chains present 

in 500CD and 1000CD respectively, with 

concentration. The graphs showed that the addition of 

cow dung as an amendment significantly enhanced 
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bioremediation efficiency which is consistent with 

previous studies demonstrating the effectiveness of 

organic amendments in enhancing bioremediation 

(Das and Chandran 2011; Mishra and Singh 2015). 

The nutrient-rich properties of cow dung, particularly 

carbon, nitrogen, and phosphorus, support microbial 

growth and activity, leading to increased 

biodegradation of petroleum hydrocarbons (Chaineau 

et al., 2005).  
 

 
Fig. 4: Gas Chromatogram of different hydrocarbon chains 

identified in the Control sample as plot of their different area peaks 

against time 

 

Fig. 4 portrays the graph of the peak area against time 

for the Control sample and it shows reduced 

concentrations of the identified carbon chain when 

compared with the original sample as detailed in 

Table 3. The TPH of the Control sample at the time 

of this analysis using GC equipment was 88.378 ppm 

and had 17.22 % decrease in TPH. It is worthy to 

note that control sample at the time of this analysis 

still contained much of the initial carbon-chained 

compounds found in the original sample, however, 

C8-10, 33-40 compounds were noticeably absent. 

 

 
Fig. 5: Comparison of average peak area (pA) of the different 

hydrocarbon chains identified plotted against time (mins) for the 

three samples. 

 

The study's findings indicate that cow dung 

amendments are effective in remediating crude oil-

contaminated soil. Specifically, the results show that 

both 500CD (500g cow dung) and 1000CD (1000g 

cow dung) amendments significantly reduced TPH 

concentrations (Adebusoye et al., 2007; Akinde and 

Obire 2008; Umanu et al., 2013). However, the 

500CD amendment outperformed the 1000CD 

amendment, achieving a 60.49 % TPH reduction 

compared to 54.48 % for 1000CD (Table 2). This 

greater reduction of TPH with the 500g cow dung 

amendment compared to 1000g may result from 

better microbial balance, optimal oxygen diffusion, 

and a more favorable C:N:P ratio in the smaller 

amendment. Excessive organic material can create 

anaerobic conditions and nutrient imbalances, 

limiting microbial efficiency. Studies by Joo et al., 

2008; Ayotamuno et al., 2006) have shown that 

excessive amendment rates can lead to reduced 

biodegradation efficiency due to microbial saturation, 

poor aeration, and nutrient competition. The optimal 

amendment rate may not be directly correlated with 

the extent of carbon chain reduction. 

 

Furthermore, the optimal carbon-to-nitrogen (C/N) 

ratio for microbial growth and biodegradation may be 

achieved at lower cow dung amounts. According to 

Wang et al., 2019, the ideal C/N ratio for 

bioremediation ranges from 10:1 to 20:1. Exceeding 

this ratio can lead to reduced biodegradation 

efficiency. In terms of cost-effectiveness, using lower 

cow dung amounts can reduce costs while 

maintaining bioremediation efficiency. A study by 

Romantschuk et al., 2023 found that optimizing 

amendment rates can lead to significant cost savings 

without compromising remediation outcomes. 

However, GC-MS analysis revealed a decrease in 

carbon chain lengths for both amendments, indicating 

effective biodegradation (Loibner et al., 2020). The 

breakdown of complex hydrocarbons into simpler 

compounds is a critical step in bioremediation. 

 

The Control sample showed a 17.22 % reduction in 

Total Petroleum Hydrocarbons (TPH), indicating 

natural attenuation processes (Wokem and Madufuro 

2020). Natural attenuation relies on indigenous 

microorganisms to degrade hydrocarbons, but its 

effectiveness is often limited (Mishra et al., 2015). 

Both cow dung amendments significantly enhanced 

remediation efficiency, with 60.49% (500CD) and 

54.48% (1000CD) reductions when compared with 

the natural attenuation processes. This is consistent 

with previous studies demonstrating the effectiveness 

of organic amendments in enhancing bioremediation 

such as Adams et al., (2014) where total petroleum 
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hydrocarbon reduced up to 81 % by the metabolic 

activities of cow dung microorganisms.  

 

Observing the summarized data in Fig. 2 and Table 3, 

the Gas Chromatography-Mass Spectrometry (GC-

MS) results reveal an apparent discrepancy between 

the peak areas and concentrations of carbon chains in 

500CD and 1000CD compared to control sample. 

Specifically, the peak areas for carbon chains in 

500CD and 1000CD are higher than control sample, 

despite their significantly lower concentrations 

(ppm). This observation can be attributed to the 

complex processes occurring during bioremediation 

(Wang et al., 2019; Cajthaml et al., 2002). 

Biodegradation of hydrocarbons by microorganisms 

and compound transformation may play a vital role in 

this discrepancy. Microorganisms break down 

complex hydrocarbons into simpler compounds such 

as short-chain hydrocarbons, alcohols, and fatty acids 

during bioremediation, which are volatile and may 

exhibit higher detector response factors, contributing 

to increased peak areas (Baldwin et al., 2019; Zhang 

et al., 2015). Studies have shown that biodegradation 

can alter the carbon chain distribution, leading to an 

increase in peak areas for specific carbon chains (Joo 

et al., 2008). Wang et al., (2019) observed that 

biodegradation of petroleum hydrocarbons resulted in 

the formation of new compounds with higher detector 

response factors. 

 

Additionally, detector response and sensitivity 

variations may contribute to the observed 

discrepancy as GC-MS detectors respond differently 

to various compounds, and biodegradation products 

may have higher detector response factors (Cajthaml 

et al., 2002). Therefore, one may say that apparent 

discrepancy between peak areas and concentrations 

in 500CD and 1000CD can be attributed to 

biodegradation-induced transformations, changes in 

carbon chain distribution, and detector response 

variations.  

 

Conclusion: The study confirms that lower cow dung 

amendments effectively remediate crude oil-

contaminated soils due to the optimal microbial 

balance, oxygen diffusion, and favorable carbon-to-

nitrogen ratio. The study also highlights that 

biodegradation leads to the breakdown of complex 

hydrocarbons into simpler, more volatile compounds 

with higher detector response, contributing to the 

increased peak areas observed in GC-MS analysis. 

Thus, cow dung amendments present a promising and 

efficient strategy for bioremediation of hydrocarbon-

contaminated soils. 

 

Declaration of Conflict of Interest: The authors 

declare no conflict of interest (if none). 

 

Data Availability Statement: Data are available upon 

request from the first author or corresponding author 

or any of the other authors  
 

REFERENCES 
Adams, GO; Tawari-Fufeyin, P; Ehinomen, I (2014). 

Laboratory scale bioremediation of soils from 

automobile mechanic workshops using cow dung. 

J. Appl Environ Microbio.. 2:128–134 

 

Adebusoye, SA; Ilori, MO; Amund, OO; Teniola, 

OD; Olatope, SO. (2007). Microbial degradation 

of petroleum hydrocarbons in a polluted tropical 

stream. World J. Microbio. Biotechno. 23:1149–

1159 

 

Adieze, T. (2012). Environmental impact of crude oil 

spills on food productivity in Nigeria. J. Environ. 

Sci. 24(3), 122-128.  

 

Agarry, SE; Ogunleye, O (2012). Box-Behnken 

design application to study enhanced 

bioremediation of soil artificially contaminated 

with spent engine oil using biostimulation 

strategy. Int. J. Energy Environ. Engin. 12: 3(31) 

 

Akinde S. B., and Obire O. (2008) Aerobic 

heterotrophic bacteria and petroleum-utilizing 

bacteria from cow dung and poultry manure. 

World J. Microbio. Biotechnol 24:1999–2002 

 

Ayotamuno, MJ; Kogbara, RB; Agoro, OS (2006). 

Bioremediation of a Petroleum- Hydrocarbon 

Polluted Agricultural Soil at Different Levels of 

Water Application in Port Harcourt, Nigeria" J. 

Food, Agric.& Enviro. Management. 10(3), 103-

107 

 

Baldwin, J; Davis, M; Lawrence, J (2019). Microbial 

Degradation of Petroleum Hydrocarbons and Its 

Impact on Environmental Bioremediation 

Techniques. J. Enviro. Quality, 48(6), 1665-1674. 

doi: 10.2134/jeq2019.03.0110 

 

Bidwell, JR; Donald, SC; Merski, T (2002). Toxicity 

evaluation of a commercial bioremediation agent 

mixed with crude oil. J. Environ. Toxicol. 

Chemistry. 22(1):84–91. 

 

Cajthaml, T; Möder, M; Kačer, P; Šašek, V; Popp, P 

(2002). Study of fungal degradation products of 

polycyclic aromatic hydrocarbons using gas 



Bioremediation Efficacy and Total Petroleum Hydrocarbon Reduction in Crude Oil…                                   560 

OKAFOR, C. E; NWABUEZE, O. P; UZUEGBU, C. P; OKEKE, S. C; OKAFOR, R. C. 

chromatography with ion trap mass spectrometry 

detection. J. Chromatogr A974:213–222 

 

Chaineau, CH; Rougeux, G; Yepremian, C; Oudot, J 

(2005). Effect of nutrient concentration on the 

biodegradation of crude oil and associated 

microbial population in the soil. J. Soil Biology 

biochemistry. 37(8), 1490-1497 

 

Das, N; Chandran, P (2011). Microbial degradation 

of petroleum hydrocarbon contaminants: an 

overview. Biotechnol. Res. Int. 2011, 1–13. 

doi:10.4061/2011/941810 

 

Fadina O; Solaja O; Abiodun A; Adetoyi H. (2019). 

Bacterial Degradation of Contaminated Soil using 

Organic Manure. International J. Enviro, Agric. 

and Biotech. 4 (5) 1625.  

 

Haftka, JJH; Hammer, J; Hermens, JL (2015). 

Mechanisms of Neutral and Anionic Surfactant 

Sorption to Solid-Phase Micro-extraction Fibers. 

J. Environ. Sci. & Technol. 49 (18): 11053-11061. 

 

Haritash, AK; Kaushik CP (2009) Biodegradation 

aspects of polycyclic aromatic hydrocarbons 

(PAHs): a review. J. Hazard Mater. 169:1–15 

 

Hentat, O; Lachhab, R; Ayadi, M; Ksibi, M (2013). 

Toxicity assessment for petroleum contaminated 

soil using terrestrial invertebrates and plant 

bioassays. Environ. Monit. Assess. 185:2989-2998 

 

Ijah, UJJ; Antai, SP (2003). The potential use of 

chicken-drop microorganism for oil spill 

remediation. J. Environmentalist. 23(1): 89-95 

 

Ikeh, L; Yemi-Jonathan, OIT (2020). A Novel 

Approach to Bioremediation of crude oil 

contaminated Land in the Niger Delta: A case 

Study of Ogoni Oil Polluted Area. Int. J. Eng. Sci. 

Invention. 09(03), 2020, PP0 17-23. 

 

Joo, HS; Ndegwa, PM; Shoda, M; Phae, CG (2008). 

Biodegradation of Polycyclic Aromatic 

Hydrocarbons by Sphingomonas paucimobilis. 

Appl. Microbiol. and Biotechno. 78 (2), 211-220. 

DOI: 10.1007/s00253-007-1284-1 

 

Kartikey, KG; Kamal, RA; Deepanshu R (2016). 

Current status of cow dung as a bioresource for 

sustainable development. Bioresour. Bioprocess. 

3:28 doi 10.1186/s40643-016-0105-9 

 

Loibner, AP; Heipieper, HJ; Chrzanowski, Ł. (2020). 

Microbial Degradation of Hydrocarbons—Basic 

Principles for Bioremediation: A Review. 

Molecules, 25(4), 856. doi: 

10.3390/molecules25040856 

 

Mishra, S; Singh, S (2015). Microbial degradation of 

crude oil and its impact on environment. J. Enviro 

Sci. and Health, 50, 559-571. 

 

Mishra, S; Jyot, J; Kuhad, RC; Lal, B (2015). 

Evaluation of Bioremediation Technologies for 

Hydrocarbon Degradation in Contaminated Soil 

and Water. Enviro. Biotech. 8(2), 89–110. 

 

Namkoong, W; Hwang, EY; Park, JS; Choi, JY 

(2002). Bioremediation of diesel-contaminated 

soil with composting. J. Environ. Pollu. 119(1), 

23-31. 

 

Okafor, CE; Onyido, I (2022). Comparative 

adsorptive behaviour of cow dung ash and starch 

as potential eco‑ friendly matrices for controlled 

organophosphorus pesticides delivery. J. Sci. Rep 

12.11169 

 

Okolo, JC; Amadi, EN; Odu, CTI (2005) Effects of 

Soil Treatments Containing Poultry Manure on 

Crude Oil Degradation in Sandy Loam Soil. Appl. 

Ecol. and Environ. Research, 3 (1): 47 – 53 

 

Oludele, OE; Wyse, ME; Odeniyi, OK; Ali, PO; 

Kugbogbenmowei, M (2021) Bioremediation of 

Crude Oil Contaminated Soil Using Cow Dung. 

Int. J. Sci. vol. 10 (01) 

 

Omokaro, O (1998). Crude oil utilization by some 

microorganisms isolated form oilfield waste water 

and soil of an oil producing area in Nigeria. Niger 

Delta Biologia. 2(2): 96 – 100. 1998. 

 

Osazee, E; Yerima, MB; Shehu, K (2015). 

Bioremediation of crude oil contaminated soils 

using cow dung as bio-enhancement agent. Ann. 

Biol. Sci. 3 (2):8-12 

 

Rehmann, K; Noll HP; Steinberg CE; Kettrup, AA 

(1998). Pyrene degradation by Mycobacterium sp. 

strain KR2. Chemosphere. 36:2977–2992 

 

Romantschuk, M; Lahti-Leikas, K; Kontro, M; 

Galitskaya, P; Talvenmaki, H; Simpanen, S; 

Allen, JA; Sinkkonen, A (2023). Bioremediation 

of Contaminated Soil and Groundwater by in- situ 

Biostimulation. Front. Microbiol., (14). 

https://doi.org/10.3389/fmicb.2020.1258148 

 

https://doi.org/10.3389/fmicb.2020.1258148


Bioremediation Efficacy and Total Petroleum Hydrocarbon Reduction in Crude Oil…                                   561 

OKAFOR, C. E; NWABUEZE, O. P; UZUEGBU, C. P; OKEKE, S. C; OKAFOR, R. C. 

Sutar, PP; Prasad S (2011). Optimization of osmotic 

dehydration of carrot under atmospheric and 

pulsed microwave vacuum conditions. Drying 

Techno. 29(3), 371-380 

 

Umanu G; Nwachukwu SCU; Olasode OK (2013). 

Effects of cow dung on microbial degradation of 

motor oil in lagoon water. GJBB 2:542–548 

 

Varjani, SJ; Upasani, VN (2019). Influence of abiotic 

factors, natural attenuation, bioaugmentation and 

nutrient supplementation on bioremediation of 

petroleum crude contaminated agricultural soil. J. 

Environ. Manage. 245, 358–366. 

doi:10.1016/j.jenvman.2019.05.070 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wang, Z; Wang, X; Xu, L; Zhang, J; Zhang, Y. 

(2019). Photochemical and Microbial Degradation 

of Polycyclic Aromatic Hydrocarbons in 

Contaminated Soils. Frontiers in Environ. Sci. 7, 

1-11. doi: 10.3389/fenvs.2019.00029 

 

Wokem, VC; Madufuro, C (2020). Application of 

Cowdung and Sawdust as Biostimulants for 

Enhanced Bioremediation of Diesel Contaminated 

Soil. J. Appl. Sci. Environ. Manage. Vol. 24 (1) 

49-57  

 

Zhang, X; Li, W;Wang, Y; Zhang, Q (2015). 

Bioremediation of Crude Oil Contaminated Soil 

Using a Microbial Consortium. Environ. Sci. and 

Pollu. Research, 22(9), 6710-6718. doi: 

10.1007/s11356-015-4261-6 


