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Abstract 

The present research was designed to evaluate the efficacy of various agro-wastes from plant sources in bioremediation of crude oil 
contaminated soil. The study comprised of eight experimental groups amended with different Agro-wastes namely cassava peels, coco-
nut husk, guinea-corn chaff, different pawpaw parts and pineapple peels. Control group GR1 did not receive any treatment while Control 
Group GR2 received agricultural soil only. Individual treatment vessels contained 7kg of crude oil impacted soil and the entire remedia-
tion period lasted for twelve (12) weeks. TPH reduction in the impacted soil varied between 5.56 and 73.1% after twelve-weeks of ap-
plying the various amendments. Values obtained for PAHs within the experimental period revealed percentage reduction ranging from 
4.91 to 76.9%. When compared with TPH reduction in the Control Group GR2, the added treatments evidently increased the rate 
of bioremediation of the petroleum impacted soil. This study revealed that plant parts and wastes used in this study have potentials for 
sustainable remediation of crude oil contaminated soil.  
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1 INTRODUCTION        

Crude oil spillage is one of the major envi-

ronmental pollution caused by exploration and 

exploitation of crude oil. Crude oil and its hy-

drocarbon by-products could be discharged into 

the environment as a result of accident that occur 

during shipping, onshore/offshore explora-

tion/production and transportation of oil in pipe-

lines. These contaminants affect the chemical 

composition and physical matrix of soils 

culminating in loss of soil fertility, change in 

ecosystem and displacement of communities 

[1], [2].  

 

Oil spill is a major blow to our ecosystem and af-

fects it drastically when it occurs, spreading spon-

taneously, destroying crops, livestock and aquacul-

tures and also contaminating groundwater and 

soil. This has resulted in disappearance of rainfor-

est which covers about 7,400 km2 [3]. Moreso, crude 

oil contamination causes health challenges like 

difficulty in breathing and skin diseases. 

Sonawdekar [4] reported that the amount of natu-

ral oil spillage was estimated to be 600,000 metric 

tons per year with a range of uncertainty of 200,000 

metric tons per year. 

  

Bioremediation deals with biological treatment and re-

covery of contaminated sites during cleanup processes.  1t 

helps in degradation, alteration, removal and de-

pollution of chemicals from nature by means of 

microorganisms, plants   or   fungi [5], [6].   During   

biodegradation, organic   matters   are   broken   

down   into   small   molecules [7]. Bio stimulation 

deals with the modification of the environment by 

introducing special nutrients such as nitrogen and 

phosphorus, oxygen and other electron acceptors to 

increase rate of contaminant degradations under 

indigenous bacteria [8]. 

 

Compared with physical and chemical repair tech-

nologies, bioremediation has been widely used 

because of its advantages of good effect, easy oper-

ation, low cost, rapid degradation rate, lack of sec-

ondary pollution and in-situ biodegradation of oil 

fractions by nutrient amendment [9], [10]. 
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Bioremediation is divided into two types of reme-

diation: in-situ and ex-situ. In-situ remediation 

techniques include land tillage, microorganism 

addition, bio-culture, and bio-ventilation. Ex-

situ remediation technologies include bioreactors 

and prefabricated beds. The essence of bioremedia-

tion technology is the degradation of pollutants 

through microbial metabolic activities [11], [12].  

Agbim [13] and Mbagwu [14] reported on the ef-

fectiveness of cassava peels and poultry droppings 

in enhancing the degradation of crude oil-polluted 

soil in South-Eastern Nigeria. A greenhouse study 

aimed at determining the potentials of poultry 

droppings (PD) and cassava peels (CP) for nutrient 

enhanced biodegradation of petroleum hydrocar-

bon (THC) reported that for soils treated with NPK 

fertilizer, the percentage THC degradation was 

40% and 41% for 50 tons NPK and 100 tons NPK 

fertilizers respectively, while for soils treated with 

CP and PD, the percentage THC degradation was 

26% and 31% for 25 tons CP + 25 tons PD and 50 

tons CP + 50 tons PD respectively [15].  

Degradation of the soil contaminants have been 

aided by Biostimulation which provides nutrients 

and suitable physiological conditions for the 

growth of indigenous microbial populations, thus 

increasing metabolic activity. This technique has 

been widely used in reclaiming oil-polluted soil 

[16]. Investigation on the population and types of 

saprophytic and crude oil-degrading fungi from 

cow dung and poultry droppings were carried out 

by Obire [17] and it was reported that the addition 

of cow dung or poultry droppings to polluted soils 

is highly beneficial since it enhances the prolifera-

tion of mycoflora that may be suppressed by addi-

tion of crude oil to the soil. The enhancement of 

microbial utilization of crude oil was further as-

sessed with a suggestion that the addition of or-

ganic nutrients (poultry manure) to a contaminat-

ed soil causes biodegradation of crude oil-polluted 

soil [16]. Hwang et al. [18] investigated the biore-

mediation of hydrocarbon-contaminated soil using 

composting process and found out that mixing of 

remediated soil with contaminated soil increased 

the effectiveness of composting [16]. This is be-

cause the recycled soils usually have acclimated 

microorganisms that can significantly affect the 

degradation rate of contaminants. Also, the use of 

rice husks for the removal of dyes, heavy metals 

and some other chemicals has been studied. Their 

application to absorb lead, copper, cadmium and 

mercury has also been reported [19], [20], [21]. 

 

Soil structure, which is the form of soil particles 

assemblage, determines the ability of the soil to 

transmit air, water, and nutrients to the bioactivity 

zone. Vinas et al. [22] attributed a remarkable shift 

in the composition of bacterial community to both 

the biodegradation processes and the addition of 

nutrient. The addition of nutrient to an ecosystem 

may result in a selective increase in microorgan-

isms capable of utilizing the hydrocarbons [23].  

 

This study exploits the potentials for use plant-

derived materials such pawpaw parts - leaves, fruit 

and root), guinea corn chaff, pineapple peels, co-

conut husk and cassava peels for treatment of 

crude oil contaminated soils by enhancing micro-

bial population and nutrient composition of the 

polluted soil. 

2. MATERIALS AND METHODS 

Materials and methods 

Agricultural soil sample 

Agricultural soil (sand – 70%, clay – 9%, silt – 21%, 

Total Organic Carbon – 3.77g/kg, pH 7.9, and Total 

Hydrocarbon Content – 122mg/kg) used for bulk-

ing was collected from the Garden in the Faculty of 

Agriculture, University of Port Harcourt. The soil 

sample was air dried for 7 days and passed 

through 10mm sieve. The soil samples were passed 

through 1.7mm sieve. This experiment was per-

formed under a roof cover.  

 

Crude oil impacted soil  

For each experimental group, Bonny light crude oil 

was used to contaminate 7kg of soil sample to 

achieve 10% pollution level. The contaminated soil 

sample was allowed to stay one week for micro-

organisms to acclimatize before it was distributed 

into groups accordingly. The experiments lasted 

for 12 weeks. Mixing and watering were repeated 

every three days. 

 

Preparation of the Agro wastes  

Agro wastes were obtained from various locations: 

Cassava peels and different parts of pawpaw plant 
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were obtained from Alakahia in Port Harcourt, 

Rivers State, Nigeria; Coconut husk was obtained 

from Rumokoro market in Port Harcourt, Rivers 

State, Nigeria; Guinea corn chaff and pineapple 

peels were obtained from Choba market in 

Obio/Akpor Local Government Area of Rivers 

State, Nigeria. The agro wastes were air dried to 

obtain dry substrates and later milled into semi-

fine particles using corn mill Px 2200 China. Coco-

nut husk used was sun dried, cut into bits, and 

mashed with mortar and pestle to soften them and 

later ground into semi-fine particles. The ground 

sample was sieved with a 2mm sieve into a pow-

dered form. Oven drying of agro-wastes were 

avoided in order to prevent denaturation of some 

active ingredients that might be present. 

 

Determination of Extractable Total Petroleum Hydro-

carbon (ETPH)  

Extractable Total Petroleum Hydrocarbon was de-

termined using the USEPA 8015 method described 

by US EPA [24].  

 

Determination of Extractable Polycyclic Aromatic Hy-

drocarbons (PAHs) 

PAHs were measured using the Microwave extrac-

tion – EPA method 3546 described by US EPA [24].  

 

Determination of Heavy Metals Concentration in Soil 

Samples 

Heavy metals were determined by Atomic Absorp-

tion Spectrometry method described by Haswell 

[25]. 

 

Determination of Soil pH 

 pH of experimental samples was determined by 

the ASTM D4972 method described by ASTM [26]. 

 

Determination of Soil Moisture Content 

Moisture content of the soil samples was deter-

mined by a method described by The Texas De-

partment of Transport (TxDOT Designation: Tex-

103-E) [27]. 

Statistical analysis  

Results in this study are expressed as mean± 

standard deviation. Statistical analysis was carried 

out using analysis of variance (ANOVA). Data be-

tween groups were analyzed using SPSS®: Version 

16.0. P<0.05 versus respective initial value was tak-

en as significant. 

 

3. RESULTS  
 

The various groups involved in the study are de-

fined as in Table I. Effects of the various amend-

ments on Total Petroleum Hydrocarbon (TPH) are 

shown in Figure 1. There were significant (p<0.05) 

decreases in TPH in the groups treated with Guin-

ea corn chaff, Pawpaw parts, Pineapple peels as 

well as the group treated with a combination of 

cassava peels, coconut husk, guinea corn chaff, 

pawpaw substrate and pineapple peels at weeks 8 

and week 12. Control GR2 that received no  

form of amendment showed non-significant 

changes in Total Petroleum Hydrocarbon at the 8th 

and 12th weeks respectively.  

 

While Figure 1a shows TPH Concentrations in the 

soil samples at weeks 8 and week 12, Figure 1b 

shows percentage reduction in TPH in Experi-

mental and control groups. The results showing 

Polycyclic Aromatic Hydrocarbon (PAH) in Exper-

imental and Control groups are presented in Fig-

ure II. Week 8 recorded significant reduction in the 

PAH concentrations in the groups treated with 

pawpaw parts, pineapple peels and a combination 

of all the amendments in this study.  

 

Also, week 12 recorded significant reduction in the 

PAH concentrations in all the treated groups. Fig-

ures 2a & Figure 2b show PAH Concentrations in 

the soil samples at weeks 8 and week 12, and per-

centage reduction in PAH respectively. Figure 3 

shows pH levels in the treatment and control 

groups while results showing moisture content in 

Experimental and Control groups are presented in 

Table 2. 

 

4. DISCUSSION  
 
The result in Figures 1(a & b) & 2 (a & b) shows 
TPH and PAH levels in the test soils and the per-
centage Hydrocarbon degraded respectively, with 
the highest reduction observed in the group treat-
ed with a pineapple peals, followed by the group 
treated with a combination of plant materials; 
73.1% and 72.1% percentage reduction were rec-
orded for both groups respectively. PAHs de-
creased from week 1 to week 12 in the treated 
groups; the highest reduction in PAHs was ob-
served in soil samples treated with a combination 
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of agro wastes which recorded 76.9% reduction; 
this was closely followed by the group treated with 

pineapple peels in which PAHs were reduced by 
70%. These results showed a remarkable significant

 

Table 1 Experimental Groups in the study   
 

Group Soil quantity & status Amendment received 

GR1 1kg unpolluted soil  No treatment 

GR2 1kg polluted soil  No treatment 

GR3 1kg polluted soil  0.1kg of prepared cassava peels. 

GR4 1kg polluted soil  0.1kg of prepared coconut husk 

GR5 1kg polluted soil  0.1kg of prepared guinea corn chaff 

GR6 1kg polluted soil  0.1kg of prepared pawpaw substrate 

GR7 1kg polluted soil  0.1kg of prepared pineapple peels 

GR8 1kg polluted soil  0.02kg each of plant materials (cassava peels, coconut husk, guinea corn 

chaff, pawpaw substrate, pineapple peels) 

 

 

 

 

Fig 1a. Total Petroleum Hydrocarbon (TPH) Concentrations of the soil samples 
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Fig 1b. Percentage reduction of Total Petroleum Hydrocarbon (TPH) Concentrations of the soil samples 

 

Fig 2a. Polycyclic Aromatic Hydrocarbons (PAHS) Concentrations of the soil samples 

 

 

 

Fig 2b. Percentage reduction of Polycyclic Aromatic Hydrocarbons (PAHS) Concentrations of the soil samples IJSER
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Fig 3 pH level of the soil samples  

 

 

Table 2 Moisture content of experimental group 

Experimental Group Moisture Content 

 WEEK1 WEEK 8 WEEK 12 

GR1 16.2 - - 

GR2 17.5 17.1 17.0 

GR3 17.2 17.0 16.5 

GR4 17.5 17.1 16.6 

GR5 17.6 17.2 16.8 

GR6 17.2 16.9 16.3 

GR7 17.3 17.0 16.5 

GR8 17.0 16.3 16.2 

 
 

 
 
 
 

decrease in TPH and PAHs content of the treated crude oil 

polluted soils as compared to the untreated polluted soil. 

Findings in this study of hydrocarbon loss due to agro waste 

amendment is in line with previous research carried out by 

Lee and Trembley [28] and Obasi et al. [29] which revealed that 

agro waste amendments enhance biodegradation by supply-

ing nutrient to the microbial community, thereby increasing 

the microbial count with increasing degradation over time. 

The low percentage of crude oil degraded in the control sam-

ples indicates the possibility of natural degradation happening 

though slowly and this corroborates a previous study by 

Onuoha [30] in which non-treated crude oil polluted soil sam-

ples recorded insignificant TPH and PAHs reduction.  

In the present study, there were little or no changes in pH and 

moisture content of both the unpolluted, polluted but not 

treated and polluted & treated soils. Overall, pH in the exper-

imental group treated with pineapple peels and the group 

treated with a combination of all the plant materials both in-

creased to 5.2 at week 9. Majority of soil microorganisms 

thrive best in the pH range of 6 to 8 and adjustment of pH 

could double the rates of biodegradation. The import of this is 

that the lower pH observed in the groups treated with cassava 

peels and pawpaw parts might be responsible for the lower 

level of TPH reduction recorded for both groups. Physiochem-
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ical characteristic of soil is an indication of its health. A healthy 

soil is required to have normal pH range (close to neutrality), 

high nutrient (nitrate, potassium, phosphate, etc.) contents 

that are required for normal plant growth [31]. 

 

5. CONCLUSION  
 
Findings from this study indicate that plant parts and wastes 
have potentials for bioremediation of crude oil polluted soils 
especially when the various agro materials studied are com-
bined to achieve synergistic effects of bio augmentation and 
bio stimulation. 
 
REFERENCES 
 

[1] J. M. Baker, J. Water Pollut. Control Fed 50 (1978), 

442 – 449.      

[2] J. W. Farrington, Environ. Sci. Policy Sustain. Dev. 

56 (2014) 16 – 31. 

[3] Speight, J. G. (Ed.). The biofuels handbook. Royal Society 

of Chemistry, 2011. 

[4] S. Sonawdekar, Bioremediation: A boon to hydrocarbon 

degradation, International Journal of Environmental 

Sciences, 2 (2010), 2408-2423.  

[5] B. Karabi, P. Dipak, N. S. Sankar, Biological Agents of 

Bioremediation: A Concise Review, Frontiers in Envi-

ronmental Microbiology 1, 3, (2015), 39-43.     

[6] G. M. Gadd, FEMS Microbiol. Rev. 11 (1993), 297 – 

316. 

[7] M. Alexander, Biodegradation and Bioremediation, 2nd 

edition, Academy press, New York 1994. 

[8] S. S. Sunthersan, Remediation Engineering designing 

Concepts, CRC Press 1996. 

[9] P. Agamuthu, Y. S. Tan and S. H. Fauziah, Bioremedia-

tion of Hydrocarbon Contaminated Soil Using Selected 

Organic Wastes, Procedia Environmental Sciences 18 

(2013) 694–702. 

[10] R. M. Hesnawi and F. S. Mogadami, Bioremediation of 

Libyan Crude Oil-Contaminated Soil under Mesophilic 

and Thermophilic Conditions, Apcbee Procedia 5 (2013), 

82–87. 

[11]   Q. Liu, J. Tang, Z. Bai, M. Hecker, and J. P. Giesy, 

Distribution of petroleum degrading genes and factor anal-

ysis of petroleum contaminated soil from the Dagang Oil-

field, China. Scientific Reports 5 (2015) 11068. 

[12] C. Streche, D. M. Cocârţă, I. A. Istrate and A. A. 

Badea, Decontamination of Petroleum-Contaminated Soils 

Using the Electrochemical Technique: Remediation Degree 

and Energy Consumption, Scientific Reports 8 (2018), 

3272. 

[13] N. N. Agbim, Potentials of cassava peels as soil amend-

ments: field evaluation. Journal of Environmental Quali-

ty, 14 (1985), 411-415.  

 

[14] Mbagwu, J. S. C. Improving the productivity of a degrad-

ed ultisol in Nigeria using organic and inorganic amend-

ments. Part 2: changes in physical properties. Bioresource 

Technology, 42 (1992), 167-175.  

[15] C. M. Jidere and F. O. R. Akamigbo, Hydrocarbon deg-

radation in poultry droppings and cassava peels amended 

typic paleustults in southeastern Nigeria. Journal of 

Tropical Agriculture, Food, Environment and Exten-

sion, 8, 1 (2009), 24-31.  

[16] R. B. Agbor, S. P. Antai and A. J. Nkanang Microbial 

degradation of total petroleum hydrocarbon in crude 

oil polluted soil ameliorated with agro-wastes. Global 

Journal of Earth and Environmental Science, 3 (2018), 1-7.   

[17] O. Obire, E. C. Anyanwu and R. N. Okigbo, Sapro-

phytic and crude oil degrading fungi from cow dung and 

poultry droppings as bioremediating agents. Journal of 

Agricultural    Technology, 4, 2 (2008) 81-89.   

[18] E. Hwang, W. Namkoog and J. Park. Recycling of re-

mediated soil for effective composting of diesel con-

taminated soil. Compost Science and Utilization, 4, 3 

(2001), 143 – 149.  

[19] K. K. Wong, C. K. Lee, K. S. Low and M. J. Harron. 

Process Biochem 39 (2003) 437 – 445. 

[20] T. K. Naiya, A.K. Bhattacharya, S. Mandal, S.K. 

Das, J.  Applicability of shrinking core model on the ad-

sorption of heavy metals by clarified sludge from aqueous 

solution Hazar, Mater. 163 (2009) 1254 – 1264. 

[21] S. S Noor and H Rohasliney, Rice Husk as Bio-

sorbent: A Review, Health Environ. J. 3 (2012) 89-95. 

[22] V. Vinas, M. Grifoll, J. Sabate and A. M. Solanas. Bio-

degradation of crude oil by three microbial consortia 

of different origins and metaboilic capabilities. Journal 

of Industrial Microbiology and Biotechnology, 28 (2005) 

252-260.    

[23] K. Venkateswaran and S. Harayama. Sequential en-

richment of microbial populations exhibiting enhanced bio-

degradation of crude oil. Canadian Journal of Microbiol-

ogy, 41 (1995) 767-778.    

[24] United States Environmental Protection Agency (US 

EPA). Method 8015B. Nonhalogenated organics using 

GC/FID.: US EPA, Washington 1996. 

[25] S.J. Haswell, Atomic Absorption Spectrometry; Theory, 

Design and Applications, Elsevier, Amsterdam, 1991.  

[26] American Society of Testing and Materials (ASTM), 

Annual Book of ASTM Standards, Designated D4972 – 

95a: Standard Test Method for pH of Soils, 1995. 

[27] Texas Department of Transportation, XDOT DESIG-

NATION: TEX-103-E: DETERMINING MOISTURE 

CONTENT IN SOIL MATERIALS. Retrieved from 

https://ftp.txdot.gov/pub/txdot-info/cst/TMS/100-

E_series/pdfs/soi103.pdf   

[28] K. Lee and G.H. Trembley (1993). Bioremediation: 

Application of slow-release fertilizers on slow energy 

IJSER

http://www.ijser.org/
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://ftp.txdot.gov/pub/txdot-info/cst/TMS/100-E_series/pdfs/soi103.pdf
https://ftp.txdot.gov/pub/txdot-info/cst/TMS/100-E_series/pdfs/soi103.pdf


International Journal of Scientific & Engineering Research Volume 12, Issue 6, June-2021                                                                 202 

ISSN 2229-5518  

 

IJSER © 2021 

http://www.ijser.org  

shorelines. Proceedings of the 1993 Oil Spill Conference, 

American Petroleum Institute, Washington, D.C. 4:  

449-454.  

[29] N. A. Obasi, E. Eberechukwu, D. I. Anyanwu and U. 

C. Okorie. Effects of organic manures on the physico-

chemical properties of crude oil polluted soils. African 

Journal of Biochemistry Research. 7, 6 (2013) 67-75. 

[30] S. C. Onuoha, Stimulated biodegradation of spent lubri-

cating motor oil in soil amended with animal droppings. 

Journal of Natural Science Research 3, 12 (2013) 106-

116.     

[31] J. Dragun. The Soil Chemistry of Hazardous Materi-

als. 2nd Edition. Amherst Scientific Publishers, Am-

herst, MA 1998. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 IJSER

http://www.ijser.org/



