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ABSTRACT: Bioremediation of soil polluted with palm oil mill 

effluent (POME) was carried out using microorganisms found in 

organic wastes in Anyigba, Kogi State. Pollution and 

bioremediation studies were carried out in the laboratory by 

polluting soil with raw palm oil mill effluent (POME) and 

subsequently amended using 20% of a 1:1 mixture of cow dung 

and chicken droppings. Bioremediation of the polluted soil was 

monitored using gas-chromatography mass spectroscopy (GCMS) 

analysis of the petroleum ether extracts of the POME, unpolluted, 

POME polluted, and bioremediated polluted soil at one and two 

months. Fats and fatty acids and derivatives were found in the 

POME and soil extracts. After one month, the GC-MS analysis 

showed a predominance of fatty acid esters (97%) and the 

presence of squalene. At the end of two months, most of the esters 

were converted to fatty acids, while squalene was probably 

cyclized to give two important triterpenoids, lupeol, and lanosta-8, 

24-dien-3-ol, acetate. Thus, during pollution, there were chemical 

transformations, particularly oxidation of alkanes to carboxylic 

acids, followed by esterification to give esters which were utilized 

by microorganisms in the soil. After bioremediation of the 

polluted soil for 2 consecutive months, the GC-MS analysis showed 

the presence of a large number of alkylbenzenes, constituting 

about 41.52% of the extract at the end of the first month. The 

alkylbenzenes were subsequently degraded or utilized by 

microorganisms in the organic wastes at the end of two months to 

give essentially C-8 aliphatic compounds that are less polluting 

than the long-chain fats, fatty acids, and derivatives. The results 

suggest that chemical transformations that occurred during the 

bioremediation process generated less toxic or non-toxic 

components, which microorganisms in the POME polluted soil 

could consume and therefore, make the soil suitable for plant 

growth. 
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INTRODUCTION 
 
The oil palm (Elaeis guineensis) originated in the tropical 
rain forest region of West Africa (Henson, 2012). 
Processing oil palm fruits for edible oil has been practised 
in Africa for thousands of years, and the oil produced, 
highly coloured and flavoured, is an essential ingredient 
in much of the traditional West African cuisine (Henson, 
2012). Palm oil processing is carried out in mills where oil 
is extracted from the palm fruits. Large quantities of water 
are used during the extraction of crude palm oil from the 
fresh fruits and about 50 % of the water results in palm oil  

 
 
 
 
mill effluent (POME) (Kamyab et al., 2018). It is estimated 
that for every tonne of crude palm oil produced, about 2.5 
- 3.5 metric tonnes of POME is produced (Osman et al., 
2020). It is the POME that is usually discharged into the 
environment, in either a raw or treated state.  

The raw or partially treated POME has an extremely 
high content of degradable organic matter, which is due 
in part to the presence of unrecovered palm oil (Ahmad et 
al., 2003). This highly polluting wastewater can, 
therefore, cause pollution of waterways due   to   oxygen  
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depletion and other related effects (Soleimaninanadegani 
and Manshad, 2014; Islam et al., 2018). Besides, the 
production of effluent from oil mills always constitutes an 
environmental problem. For instance, in Malaysia, POME 
produces 44 million metric tonnes of POME in 2008 and it 
continues to increase every year (COD) (Wu et al., 2009). 
Thus, while enjoying a most profitable commodity, the 
adverse environmental impact from the palm oil industry 
cannot be ignored. In view of the urgent need of an 
efficient environmental biotechnological process, 
researchers have devised the technique of 
bioremediation, which is an emerging approach to 
rehabilitate areas fouled by pollutants or otherwise 
damaged through ecosystem mismanagement.  

Bioremediation can be defined as any process that 
uses microorganisms or their enzymes and green plants 
to return the natural environment altered by contaminants 
to its original condition (Uqab et al.,2016). 
Microorganisms alter and break down the oil into other 
substances (biodegradation). The resulting products can 
be carbon dioxide, water, and simpler compounds that do 
not affect the environment (Ying, 2018). Bioremediation is 
the optimization of biodegradation. This acceleration can 
be accomplished by two forms of technology. These are 
fertilizing (adding nutrients) and/or seeding (adding 
microbes). These additions are necessary to overcome 
certain environmental factors that may limit or prevent 
biodegradation. At present, employing the biochemical 
abilities of microorganisms is the most popular strategy 
for the biological treatment of contaminated soils and 
waters.  

Bioremediation has been successfully used in the 
clean-up of refinery effluents (Ojumu et al., 2005), 
wastewater (Okonko and Shittu, 2007) textile effluents 
(Bako et al., 2008) and petroleum hydrocarbon pollutants 
(Atlas and Hazen, 2011). In an Alaskan oil spill 
bioremediation study, it was estimated that if an oil spill 
would normally take five to ten years for natural 
conditions to return, this could be achieved in as little as 
two to five years through the use of bioremediation 
(Gordon, 1994). The benefits of bioremediation are 
enormous. It saves cost, it is environmentally friendly, 
ecologically simple, destroys contaminants (not moving 
them from one place to another) as well as treating waste 
on site (Nadeau et al., 1993; Gordon, 1994). The 
application of bioremediation will be an important aspect 
of waste management now and into the future as more is 
learned about this technology.  

Microorganisms of the genera Micrococcus, Proteus, 
Enterobacter, Bacillus, Pseudomonas, Bacillus, 
Aspergillus, Penicillium, Rhizopus and Mucor have been 
documented at various times to be bioremediation agents 
especially in oil polluted soils (Obire et al., 2008; Okwute 
and Ijah, 2014a; Okwute and Ijah, 2014b). Some yeasts 
also have potential application in bioremediation of 
polluted sites. The yeast, Yarrowia lipolytica, for example, 
is known to degrade palm oil mill effluent (POME) (Oswal  
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et al., 2002), and other hydrocarbons such as alkanes, 
fatty acids, fats, and oils (Fickers et al., 2005). Other 
moulds and yeasts include Aspergillus sp., Penicillium 
sp., Trichoderma sp., Candida albicans and Rhodotorula 
rubra as reported by Okwute and Ijah (2014a). The 
degradation of hydrocarbons, fatty acids and phenolic 
compounds present in POME by microorganisms has 
also been demonstrated by Islam et al. (2018) and 
Ganapathy et al. (2019). 

Natural soils often contain the microorganisms 
necessary for degrading compounds formed in nature 
(Alexander, 1994), but bio-augmentation of the 
populations may enhance the rate of bioremediation (Kim 
et al., 2005). The remediation of soil polluted with palm oil 
mill effluent (POME) using microorganisms found in 
organic wastes (chicken droppings and cow dung) in 
Anyigba, Kogi State, Nigeria, has been reported (Okwute 
and Ijah, 2014a; Okwute and Ijah, 2014b). This study 
reports on the implications of pollution of soil with POME 
and the use of bioremediation, using organic wastes on 
the volatile organic compounds (VOCs) of the soil, POME 
and the polluted soil using GC-MS analysis. This is 
probably the first investigation of the volatile organic 
compounds (VOCs) of POME, the unpolluted, polluted 
and bioremediated soils in Nigeria.  
 
 
MATERIALS AND METHODS 
 
Sample collection and processing 
 
Palm oil mill effluent (POME) was obtained from an 
established oil mill on the outskirts of Anyigba Town, Kogi 
State, Nigeria. The effluent was obtained after 4 rounds 
of use and reuse in the production of palm oil which 
would normally ensure moderate concentration of the 
effluent. The effluent which is normally contained in a 
metal drum, was mixed thoroughly before being 
transferred into clean plastic containers, tightly screwed 
and transported to the laboratory Sheda Science and 
Technology Complex (SHESTCO), Abuja in an ice box. 
When not in use, the POME was stored in a refrigerator 
at 4°C. 

The soil samples used for analysis were collected from 
a demarcated area within the Kogi State University, 
Faculty of Agriculture farmland at Anyigba using the 
method described by Wollum (1982). A shovel was used 
to carefully collect soil from randomly chosen points (0-15 
cm deep) in each site, bulked into a composite sample, 
poured into properly labeled clean 34 polythene bags and 
transported from the site to the laboratory Sheda Science 
and Technology Complex (SHESTCO), Abuja in an ice 
box. The samples were air-dried, stones and unwanted 
materials were removed and the residue crushed to finer 
particles to ensure passage through a 2 mm sieve before 
use. The chicken droppings were collected fresh from a 
poultry house (deep litter) in Gwagwalada, Abuja-Nigeria  
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while cow dung was collected fresh from Gwagwalada-
Abuja abattoir, Abuja, (Nigeria) in polythene bags and 
transported to the laboratory in Sheda Science and 
Technology Complex (SHESTCO), Abuja. The organic 
wastes were sun-dried for 48 hours before being ground 
and packed in clean polythene bags. The organic wastes 
were stored in the refrigerator at 4°C until required. Gas 
chromatography (GC) analysis of the extracts was carried 
out using GC-MS-QP2010 PLUS (Shimadzu, Japan) to 
determine the number of components in them. The 
injection temperature was 250°C and the total flow was 
6.2 mL/min (Pitipong and Sittiwat, 2003). All solvents and 
chemicals used in this study were of Analar grade and 
BDH, London. 
 
Extraction and preparation of samples  
 
To obtain POME extract, one litre of the POME was 
extracted with one litre of petroleum ether (40-60°

 
C) two 

consecutive times and evaporated to dryness. For the 
soil, polluted and remediated soils at zero time, one and 
two months, 100 g of each was extracted using a Soxhlet 
extractor (Electrothermal) with 500 ml of petroleum ether 
(40-60° C) and evaporated to dryness. The preparation of 
soil and organic wastes, the pollution of soil with POME 
and remediation of polluted soil with organic wastes were 
carried out according to procedures previously described 
(Okwute and Ijah, 2014a; Okwute and Ijah, 2014b). For 
remediation, the chicken droppings and cow dung were 
mixed in 1:1 ratio and 20% of the organic wastes were 
applied to the polluted soil for one and two months in the 
laboratory. 
 
Gas Chromatography-Mass Spectroscopy (GC-MS) of 
Extracts 
 
To monitor the availability and nature of volatile organic 
compounds (VOCs) in POME, the unpolluted, POME-
polluted and bioremediated soils, their petroleum ether 
extracts were subjected to GC-MS analysis. Each of the 
above petroleum ether extracts was subjected to GC-MS 
analysis to determine its volatile constituents in an effort 
to monitor the implications on the chemical constituents 
of the POME on the soil after polluting and 
bioremediating it for one and two months under 
laboratory conditions. 
  
 
RESULTS AND DISCUSSION 
 
The identified chemical constituents based on the 
Standard Computer MS analysis data are shown in 
Tables 1-7. The values in (Table 1) shows that POME 
contains medium to long-chain hydrocarbons, including 
squalene, and their oxygenated derivatives such as fatty 
acids, fatty acid esters, amides and carbonyl compounds. 
This was not unexpected as POME is known to consist of  

 
 
 
 
two major fractions, the soluble and the particulate and 
about 30% of the total solvent-extractable oil in POME is 
free oil droplets (Ho and Wang, 1984). The VOCs found 
in POME in terms of quantity and nature will definitely 
depend on the location of collection of the palm fruit and 
the method of processing. However, GC-MS analysis of 
POME solvent extracts is not common in literature and 
this may represent the first study in Nigeria.  

Table 2 shows the VOCs of the soil under study. They 
constitute a mixture of alkanes, fatty acids and 
derivatives, as well as aromatic compounds such as 
phenols, phthalates and nitro-benzene.  Based on the 
depth of soil sampling (subsurface), some of these 
components might have arisen partly from human 
activities, but mainly from soil microorganisms and plants. 
In fact, the study of soil volatilomics has helped 
tremendously in the categorization of soil 
microorganisms. It is known that some VOCs are usually 
lost between point of sampling and point of analysis 
especially under high temperatures of operations. 
Therefore, in this work, effort was made to refrigerate the 
collected samples during transportation (Heribert and 
Martin, 2010).  

Table 3 has the results of the onset of pollution of soil 
with POME and it was expected that in terms of number 
and nature of chemical constitution, it should be additive. 
From the result, it is obvious that there are 23 identifiable 
constituents from the combination of 13 in the POME and 
9 in the soil. A careful examination of the GC-MS data for 
the individual POME and soil constituents and the 
pollution product at time zero suggests that the pollution 
process may not be a simple physical process, but 
involves probably loss of some components due to high 
volatility and the formation of new products from chemical 
reactions such as hydrogenation, esterification and 
structural rearrangement. This is not unexpected as both 
the POME and the soil media are acidic enough (Nurul et 
al., 2014) to initiate chemical transformations leading to 
the emergence of at least 18 new components most of 
which were fats and fatty acids. However, some 
components such as squalene, octadecanoic acid, 
pentadecane, tetradecane and di-n-octyl phthalate were 
quite stable in the limited time and were retained (Tables 
1-3).  

The results in both Tables 4 and 5 further support the 
fact that the pollution of soil with POME involved some 
complex chemical processes such as polymerization of 
smaller chain hydrocarbons to give long chain 
hydrocarbons, oxidation of the long-chain hydrocarbons 
to the corresponding fatty acids which undergo 
esterification to give commonly their methyl esters. These 
fats and fatty acid esters (Table 4), representing the 
VOCs after1 month of pollution, constitute about 97% of 
the extract. The source of the methyl group in most of the 
esters is however not clear, but may be due to the 
presence of methane gas generated in the system or 
from chemical processes in the MS ionization chamber.  
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Table 1: GC-MS analysis data for petroleum ether extract of palm oil mill 
effluent. 

 
Compound RT MF MW 

Nonane 6.90 C9H20 128 
Hexane, 3-bromo- 7.74 C6H13Br 164 
4-Butoxy-2-butanone 8.34 C8H16O2 144 
Cyclohexanecarboxylic acid 16.11 C7H12O2 128 
Pentadecane 25.13 C15H32 212 
Hexadecanoic acid,15-methyl-methyl ester 27.97 C18H36O2 284 
Octadecanoic acid 28.37 C18H36O2 284 
9-Octadecenoic acid(Z), methyl ester 29.17 C19H36O2 296 
9-Hexadecenal(Z) 29.52 C16H30O 238 
Hexadecanamide 29.77 C16H33NO 255 
9-Octadecenamide,(Z) 30.85 C18H35NO 281 
Squalene 34.50 C30H50 410 
Tetradecane 22.27 C14H30 198 

Key: RT=Retention time (Minutes), MF=Mol. formula, MW=Mol. weight   
 

Table 2: GC-MS analysis data for petroleum ether extract of unpolluted soil. 
 
Component RT MF MW 

Tridecene 21.90 C13H26 182 
1, Phenol,3,5-bis-(1,1-dimethylethyl) 23.70 C14H22O 206 
1-Heptadecene 24.90 C17H34 238 
1-Nonadecene 26.80 C19H38 266 
Docosane 30.20 C22H46 310 
1,Benzene,2-bromo-1,3,5-tris (2,2-dimethylpropyl)4-nitro 30.40 C21H34BrNO 411 
Di-n-octyl phthalate 31.50 C24H38O4 390 
Pentafluoropropionic acid, heptadecyl ester 32.00 C20H35F5O2 402 
Tetratetracontane 32.80 C44H90 618 

 
 

Table 3: GC-MS analysis data on petroleum ether extract of polluted soil at time zero. 
 

 
Key: RT=Retention Time, MF=Mol. Formula, MW=Mol. weight, Area %=% of component 

 
 
A more complex reaction is the formation of triterpenoids 
such as lupeol and lanosta-8, 24-dien, 3-ol, acetate which 
probably arose from cyclisation of squalene after two 
months of pollution (Table 5). The triterpenoids constitute 

about 37% of the extract after two months of pollution 
though the initial quantity of squalene, their probable 
progenitor was only 0.37% at zero time pollution and 
2.78% at one month pollution (Tables 3 and 4).  
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Table 4: GC-MS analysis data for petroleum ether extract of POME polluted soil (one    month) 
 

 
 

Table 5: GC-MS analysis data for petroleum ether extract of POME polluted soil (2 months)  
 

 
Key: RT=Retention time (minutes),MF=Mol. Formula, MW=Mol. Weight, Area%=% of component 

 
 

Tables 6 and 7 present the effects of bioremediation on 
the chemical constituents of POME polluted soil after one 
and two months, respectively. After one month of 
bioremediation (Table 6) a large number of the chemical 
constituents in the extract of two months of polluted soil 
had disappeared except heneicosane, hexadecanoic acid 
and a derivative of octadecanoic acid. This result agrees 
with the findings of Islam et al. (2017) and Ganapathy et 
al. (2019). However, a large number of alkyl benzenes, 
constituting 41.51%, eicosanoic acid and octacosane 
were generated from substrates in the polluted soil by the 
microorganisms present in the organic wastes used for 
the bioremediation or were direct constituents of the 
organic wastes. These microorganisms had previously 
been identified by Okwute and Ijah (2014a, 2014b) as 
species of Pseudomonas, Bacillus, Escherichia, Proteus, 
Micrococcus, Aspergillus, Penicillium, Mucor, Fusarium, 

Trichophyton, Candida and Rhodotorula. The results after 
two months of bioremediation were very dramatic as a 
large number of constituents found in the extract after 
one month of bioremediation were seemingly lost, 
corresponding to appreciable depreciation in the amount 
of chemical contaminants in the soil (Table 7). Thus, all 
the alkyl benzenes and long–chain hydrocarbons except 
hexadecane and eicosane were apparently utilised by the 
microorganisms in the organic wastes, while medium-
chain hydrocarbons of the C8 series emerged as products 
(Table 7). The microorganisms found in the organic 
wastes that significantly carried out bioremediation as 
reported by Okwute and Ijah (2014a and 2014b) are 
Pseudomonas aeruginosa, Bacillus sp. (B. licheniformis 
and B. subtilis), Aspergillus sp., Candiada albicans and 
Rhodotorula rubra. These microorganisms, however, 
were found to be present  in  unpolluted  soil  too  but  the  
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Table 6: GC-MS analysis data for petroleum ether extract of POME soil after one month of bioremediation 
 

 
Key: RT=Retention time(minutes), MF=Mol. Formula, MW=Mol. Weight, Area%=% of component 

 
 
 

Table 7: GC-MS analysis data for petroleum ether extract of POME polluted soil after 2 months of bioremediation. 
 

 
 
 
 
other physicochemical properties of the organic wastes 
as previously been reported in Okwute and Ijah (2014a) 
helped to accelerate the process of bioremediation as 
there was a clear difference between bioremediated soil 
and palm oil mill effluent polluted soil.The positive effects 
of bioremediation on polluted soils by elimination of 
organic chemicals which serve as feedstock for 
microorganisms found in organic wastes have been 
previously reported by some workers (Onuh et al., 2008; 
Adeleye et al., 2010; Adeniyan et al., 2011).  
 
 
Conclusion 
 
Palm Oil Mill Effluent (POME) contains volatile organic 
compounds (VOCs), mainly long-chain aliphatic acids 
and derivatives, which are toxic to plants and are 
therefore soil pollutants. GC-MS analysis has been 
effectively deployed in this work to monitor the chemical 
implications of the polluting activity of POME in soil over 
time and it has been shown that a number of chemical 
reactions occur during pollution as a result of acidity of 
the media and activity of microorganisms found in the 
POME, soil and organic wastes. Microorganisms in 
organic wastes such as chicken droppings and cow dung 
can be effectively used to achieve remediation of polluted 

soils. In this study, microorganisms break down larger 
organic molecules to smaller ones as they used the 
carbon element as feedstock. Thus, soil pollutants that 
are fat and fatty acid based can be effectively removed 
by applying organic wastes such as chicken droppings 
and cow dung which are quite abundant in Nigeria. In 
addition, the fertility of relatively normal soil can be further 
improved by the application of organic wastes instead of 
chemical fertilizers which are persistent and can 
constitute environmental pollutants.     
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