SOCIETY FOR SCIENCE AND EDUCATION 4/
UNITED KINGDOM 9

T M LA I TRANSACTIONS ON Volume 7 No 5
MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE ISSN 2054-7390

Bioremediation of Hydrocarbon Contaminated Soil: Assessment
of Compost Manure and Organic Soap

!Akpokodje, O. I. and 2Uguru, H.
1Department of Civil Engineering Technology, Delta State Polytechnic, Ozoro, Nigeria
2Department of Agricultural and Bio-environmental Engineering Technology, Delta State Polytechnic,
Ozoro, Nigeria
erobo2011@gmail.com

ABSTRACT

This study was carried out to investigate the effect of compost manure and organic soap on hydrocarbon
degradation in petroleum products contaminated soil. 10 kg of top soil collected at a depth of 0-20 cm,
air dried and sieved, were poured into plastic containers. The soil samples were pounded with 1 L of spent
engine oil, 1 L of kerosene, 1 L of petrol and 1 L of diesel daily for five days. The containers were placed
under natural environmental conditions for three weeks to enable full acclimatization of the petroleum
products with the soil. A completely randomized design comprising T1 (Polluted soil without treatment
‘control’); T2 (10 kg contaminated soil + 500 g organic soap); T3 (10 kg contaminated soil + 500 g compost
manure); and T4 (10 kg contaminated soil + 500 g compost manure + 500 g organic soap) was used for
this study. Some physical characteristics (soil porosity and specific gravity) and Total Hydrocarbon Content
(THC) of the soil samples were tested for, after the full acclimatization of the soil samples, and at the end
of the 10 week experimental period, in accordance with standard methods. Results of the study showed
that addition of the compost manure and organic soap to the contaminated soil samples significantly (p
<.0.05) degraded the THC, and improved the soil physical characteristics. The result showed that the
combination of compost manure and organic soap gave the best remediation result (from 957.21 mg/kg
to 154.36 mg/kg), followed by organic soap (from 957.21mg/kg to 203.61 mg/kg), and then compost
manure (from 957.21 mg/kg to 262.03 mg/kg). At the end of the experimental period, vegetative growth
was observed in the treated soil samples; whereas, in the control soil samples vegetative growth was
absent. Results obtained from this study have shown that amending petroleum products contaminated
soils with compost manure and organic soap will enhance remediation of petroleum products
contaminated sites.
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1 Introduction

Environmental pollution has become a problem affecting developed, developing and under-developed
countries, and it is assuming a great threat to the well-being of all life forms [1]. Recently oil exploration
and exploitation in Nigeria has taken a new dimension. Nigeria has the recorded largest natural gas
reserve and the second largest oil reserve in Africa. Ghosh and Singh [2] reported oil exploration and
exploitation, accidental and process spillage, sabotage among others, as major factors responsible for the

DOI: 10.14738/tmlai.75.7013
Publication Date: 10" Sep, 2019
URL: http://dx.doi.org/10.14738/tmlai.75.7013



Akpokodje, O. I. and Uguru, H.; Bioremediation of Hydrocarbon Contaminated Soil: Assessment of Compost
Manure and Organic Soap, Transactions on Machine Learning and Artificial Intelligence, Volume 7 No 5 October,
(2019); pp: 13-23

environmental pollution from petroleum products. Petroleum is a complex mixture, containing significant
amount of saturated alkanes, alkynes, alkenes, napthenes, highly toxic polycyclic aromatic hydrocarbons,
and some heavy metals [3]. Petroleum compounds are toxic to all forms of life, and have adverse effect
on the soil's physical characteristics and biochemical properties [4]. Petroleum hydrocarbon
contamination has become a critical environmental issue due to its immobilization and accumulation [5-
6]; and is now seriously affecting the safety of ecosystems and human health [4; 7]. Peng et al. [8]
observed in their study that population of microorganisms in any soil was highly dependent on the level
of petroleum hydrocarbons contaminants in the soil.

Remediation of petroleum products contaminated soils has become a great concern worldwide, due to
their (petroleum products) reported adverse effects on the environment. Remediation of petroleum-
contaminated soils could be achieved by either physical/mechanical (e.g excavation, burning); chemical
(detergent, surfactant, degreaser), plants (phytoremediation) and biological (bioremediation) methods
[4; 9]. Any remediation method adopted for the cleanup of a contaminated site depends on how suitable
or efficient the method is with prospect to the prevailing site conditions. However, most of these methods
have some drawbacks in completely remediating petroleum hydrocarbon contaminated soil [10]. Detailed
assessment of the advantages and disadvantages of various remediation techniques are reported by
United States Environmental Protection Agency [11]. The harmful effects of oil in different environments,
has led to the need to develop simple adoptable remediation techniques for petroleum polluted sites
using different simple and affordable methods, which may include physical, chemical and biological
processes [9].

Phytoremediation is the use of plants and/or associated microorganisms to remove contain or render
harmful material(s) harmless [12-13]. Phytoremediation has been shown to be effective for broad range
of contaminants like petroleum products, cyanide, heavy metals, etc. Plants used for phytoremediation
should be tolerant to the climatic and soil conditions of the contaminated areas [13-14]. Karenlampi et al.
[15] reported four main characteristics that can make a plant suitable for the phytoremediation of
contaminated soils. These factors are: the plant’s ability to accumulate the extracted contaminant; the
plant should be tolerant enough not only to survive in polluted soils, but to carry pollutants within their
shoots; the plant should be fast growing with an amplified ability to accumulate toxins; and the plant
should be easily harvestable for simple disposal [16].

Bioaugmentation is the applications of indigenous or allochthonous wide type or genetically modified
microorganisms to polluted hazardous waste sites in order to accelerate the removal of undesired
compounds [17-18]. Generally, bioremediation technologies can be classified as in situ or ex situ. In situ
bioremediation involves treating the contaminated material at the site while ex situ involves the removal
of the contaminated material to be treated elsewhere [25]. Tanee and Jude [19] reported that detergent
and sawdust amendment were able to degrade the THC of petroleum contaminated soil to significant
level. Some of the organic products employed are sewage sludge, cow dung, poultry waste, compost
manure etc. Okolo et al. [20] observed increment in the degradation of crude oil in soil samples
augmented with poultry manure; as it helps the plants to release root exudates which helped to break
down the crude oil. Reference [21] suggested that the use of chicken manure to stimulate crude oil
degradation in the soil could be one of the several sought-after environmentally friendly ways of
combating petroleum hydrocarbon pollution in the natural ecosystem. In addition, [22] investigated the
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bioremediation potentials of poultry manure and cow dung on crude oil polluted soil samples. They
observed that the application of poultry manure and cow dung significantly degraded the petroleum
hydrocarbons in the soils. Their results further revealed that poultry manure showed superiority over cow
dung in the remediation of crude oil polluted soils.

However, studies on bioremediation of petroleum products contaminated soils in Nigeria is still in the
preliminary stage. Therefore, the main objective of this study was to evaluate the efficiency of organic
soap formulated from oil palm bunch waste and compost manure in degrading hydrocarbons in petroleum
products contaminated soil, with the ultimate goal of eliminating some toxic substances and improving
the state of the soil, such as the Total Hydrocarbon Content (THC) in the soil.

2 Materials and Methods

2.1 Source of material

The spent engine oil was purchased from a mechanic workshop located at Oleh, Delta State, Nigeria; while
the petrol, diesel and kerosene were obtained from a filling station located at Ozoro, Delta State, Nigeria.

2.2 Soil sample collection and contamination

Top soil (0 — 20 cm) depth was collected from the irrigation station of Delta State Polytechnic, Ozoro,
Nigeria. The collected soil sample was air dried in the laboratory at ambient temperature, and later sieved
with @ 2 mm stainless steel sieve to remove all stones and other debris. The soil samples were
contaminated in accordance with standard methods as stated by [13]. 10 kg of the soil was weighed into
each plastic containers perforated at the bottom and artificially polluted with 1 L of spent engine oil, 1 L
of kerosene, 1 L of petrol and 1 L of diesel daily for five days. The set up was allowed to stand for three
weeks for full acclimatization of the petroleum products with the soil under natural environmental
conditions in an open space.

2.3 Organic soap preparation

Palm fruit bunch waste was collected from the palm oil mill of Delta State Polytechnic, Ozoro, Nigeria. The
waste was sundried and burnt into ashes. After that, the ashes were dissolved in distill water to obtain a
heterogeneous solution. The solution was filtered with whatman No1l filter paper, and the filtrate
obtained evaporated to dryness. Crystals recovered from the dried solution was used to prepare the
organic soap according to standard method.

2.4 Composting of the compost manure

Wood sawdust was obtained from timber sawmill located at Ozoro, Delta state, Nigeria, while the poultry
droppings and cattle dungs were obtained from the animal farm situated at Delta State Polytechnic,
Ozoro. The three constituents (saw dust, poultry waste and cattle dung) were composed using a mixing
ratio of 10%:45%:45% (volume to volume), and composed using the passively aerated static pile method
for a period of three months.

2.5 Remediation set up

The concentration levels (amounts) of compost manure and organic soap used as amendment in the
remediation are presented in Table 1.
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Table 1: Experimental set up

Treatment Concentration

T1 10 kg contaminated soil (Control)

T2 10 kg contaminated soil + 500 g
compost manure

T3 10 kg contaminated soil + 500 g
organic soap

T4 10 kg contaminated soil + 500 g

compost manure + 500 g organic soap

The remediation set up was laid out in a completely randomized design (CRD) with three replicates.

In the compost manure treatment, the compost manure and the soil sample were thoroughly mixed to
obtain a homogeneity mixture. While in the organic soap treatment, the organic soap was divided into
two equal parts. One part was thoroughly mixed with the soil sample to obtain a homogeneity mixture;
while the other part was dissolved in one litre of distil water to form a homogeneity mixture, before it
was poured gently into plastic container containing the soil sample. All the plastic containers (control and
treated) were placed in an open space, under atmospheric conductions (rainfall, sunlight, relative
humidity, temperature, dew, etc.) for an experimental period of ten weeks. At the end of the ten weeks,
another round of physiochemical and THC tests were carried out on the soil samples.

2.6 Determination of the Total Hydrocarbon content
The Soxhlet Extraction Method [23] was used for the determination of Total Hydrocarbon Content (THC)
of the soil samples.

2.7 Soil physical characteristics analysis

The following physical characteristics analysis (porosity and specific gravity) were carried out on the
contaminated (after full acclimatization period), and the remediated soil samples. The soil porosity and
specific gravity were determined by using standard methods [24].

2.8 Statistical evaluation

Data obtained from this study was analyzed using Analysis of variance (ANOVA) according to SPSS data
analysis package (2018 version). The mean separation of parameters investigated was done by using
Duncan’s Multiple Range tests at 95% confidence level.

3 Results and Discussion

3.1 Physicochemical analyses of the compost manure and organic soap

The physicochemical properties of the compost manure and organic soap used for the bioremediation
experiment are presented in Table 2.
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Table 2: Physicochemical Properties of compost manure and organic soap used for bioremediation

Parameter Compost  Organic
manure soap
pH 8.3 9.1
Total nitrogen (mg/kg) 9.23 5.61
Phosphorus (mg/kg) 427.91 3220.56
Potassium (mg/kg) 1687.58 4951.44
Moisture (%) 13.09 21.56

The analysis of variance (ANOVA) results presented in Table 3 showed that the various treatment methods
had significant effect on all the parameters investigated in this study. The results showed that Treatment
4 (contaminated soil + compost manure + organic soap) had the highest remediation impact on the
contaminated soil, followed by Treatment 3 (contaminated soil + organic soap), and then Treatment 2
(contaminated soil + compost manure) while Treatment 1 (contaminated soil ‘control’) had the least
remediation effect.

Table 3: Analysis of variance of treatment methods on the THC, porosity and specific gravity of contaminated

soil
Source of vibration df Sig
THC 4 5.64E-13
Specific gravity 4 2.65E-08
Porosity 4 2.63E-07

3.2 Bioremediation of the THC

The result of biodegradation of THC in the petroleum products contaminated soils at the end of the
experimental period is shown in Figure 1. At the end of the 10 week period, the contaminated soil samples
treated with the combination of 500 g compost manure and 500 g organic soap (T4) gave the best result
with 83% biodegradation, followed by the soil samples treated with organic soap (T3) with 79%
biodegradation, and then the soil treated with compost manure (T2) with 72% biodegradation, when
compared to the un-treated ‘control’ soil that showed 29% biodegradation of the THC. The differences in
the results obtained might be due to different nutrient concentrations of the treatment materials used.
The biodegradation potentials of the treatment materials (compost manure and organic soap) can also be
attributed to the high absorbent material present (from the sawdust) in the compost manure; and the
demulsification effect of the organic soap.

During the bioremediation process, the compost manure provides nutrients that will energize the
hydrocarbons degrading microorganisms. Organic nutrients stimulate degradation capabilities of the
indigenous microorganisms thus allowing the microorganisms to break down the organic pollutants
at a faster rate [26]. Apart from the demulsification of petroleum products by the organic soap during
the bioremediation process, the organic soap provides suitable environment for the soil microorganisms,
by supplying them some essential nutrients (Nitrogen, potassium and phosphorus). Potassium,
phosphorus and nitrogen are some of the chief constituents of the organic soap (Table 2). Nitrogen and
phosphorus compounds help to remediate oil polluted soil, as they accelerate the biodegradation of
the petroleum hydrocarbon in the soil [27]. Similar results were observed in hydrocarbon contaminated
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soils amended with poultry and pig manure compost [28-29]. Ogboghodo et al. [21] observed that chicken
manure was able to degrade hydrocarbons in crude oil contaminated soil by 75% within two weeks, due
to their high nitrogen content.
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Figure 1: Biodegradation of THC in a contaminated soil using compost manure and organic soap.

Columns with the same common latter are not significantly different (p <0.05) according to Duncan’ s
multiple ranges test

3.3 Soil physical characteristics

Porosity

Apart from the degradation of the THC in the soil samples at the end of the experimental period, the
results presented in Figures 2 and 3 showed that the treatments significantly (p <0.05) influenced the
physical characteristics of the contaminated soil samples. The results (Figure 2) showed that the
combination of the organic soap and compost manure had the greatest bioremediation effect on the soil
porosity. Combination of the organic soap and compost manure treatment improved the soil porosity
from 15.33% to 32.40%; the organic soap improved the porosity from 15.33% to 29.01 %; while and the
compost mature improved the soil porosity from 15.33% to 26%, within the 10 week experimental period.
There was no significant (p <<0.05) difference between the porosity of the soil sample treated with organic
soap, when compared with the soil sample treated with compost manure (Figure 2). As seen in Figure 2,
the porosity of the control soil increased significantly (p <X 0.05), when compared to the initial
contaminated soil samples. The significant improvement in the control soil samples porosity can be
attributed to the leaching of the hydrocarbons during downpour, and evaporation of some of the volatile
hydrocarbons, since the experimental set up were kept in the open space, exposed to environmental
conditions. Petroleum products blocked soil air pores (reduced the porosity), thereby lowering the
water holding capacity and aeration in the soil [30]. This deprived the soil its oxygen and water holding
abilities, which are necessary for plant and microbial growth.
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Figure 2: Effect of compost manure and organic soap on the porosity of the contaminated soil samples

Columns with the same common latter are not significantly different (p <0.05) according to Duncan’ s

multiple ranges test
Specific gravity

The results presented in Figure 3 showed that the treatment combination of organic soap and compost
manure had the statistical highest remediation effect on the soil specific gravity. The mean specific gravity
of the soil samples increased from 1.59 to 2.18, after treatment with the combination of organic soap and
compost manure, within the 10 week experimental period. Organic soap was able to increase the specific
gravity of the soil from 1.59 to 2.04; while and the compost manure increased the soil specific gravity from
1.59 to 1.90 within the 10 week experimental period (Figure 3). As shown in the chart presented in Figure
3, there was no significant (p <0.05) difference between the specific gravity of the contaminated soil and
the control soil samples at the end of the experimental period. Similar results were reported by [31-32].
Amadi et al. [32] stated that high hydrocarbon content of soils may affect the physicochemical properties
of the soil which may in turn affect the agricultural potentials and productivities of such soils.
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Figure 3: Effect of compost manure and organic soap on the specific gravity of the contaminated soil
samples
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Columns with the same common latter are not significantly different (p <0.05) according to Duncan’ s

multiple ranges test

3.4 Vegetative growth

As shown in Figure 4, vegetative growth was observed in the treated soil samples, when compared to the
untreated soil sample which showed no form of plant life. Plants growing on the treated soil samples will
further aid the degradation of the THC in the soil and improve the soil’s physical characteristics, as they
have the ability to degrade petroleum products in the soil and in water bodies. Plants root exudates help
to degrade toxic organic chemicals and act as substrates for bacteria in the soil, which improves the plants
phytoremediation potential [4; 33]. Absence of vegetative growth in the control soil sample confirms the
toxicity of petroleum products to soil microbial activity required for effective degradation [34]. Vegetative
growth found in the treated soil was stimulated by the compost manure used as the treatment materials.
Merkl et al. [35] reported higher degradation of petroleum hydrocarbon in vegetated soils compared to
non-vegetated soil. These results are similar to results from previous researchers. Okolo et al. [20]
observed degradation of crude oil in soil amended with poultry manure; [36] reported that organic
manures have the potential of degrading hydrocarbon in contaminated soils by increasing the total
heterotrophic microbial growth and activity. The extent poultry manure degrades crude oil in
contaminated soil depends on the presence of other soil amendments [20]. Addition of compost manure
helps to improve the physicochemical properties of petroleum products contaminated soils; hence,
enhancing the remediation of these contaminants and improving oil biodegradation rates.

Figure 4: Effect of compost manure and organic soap on the vegetative growth of the contaminated soil
samples

4 Conclusion
This study was carried to evaluate the bioremediation potentials of compost manure and organic soap.
Top soil samples were contaminated mixture of petroleum products, and remediated for 10 weeks. The
results of the study showed that the contaminated soil treated with combination of compost manure and
organic soap recorded the highest hydrocarbon biodegradation of 83%, when compared to the single
treatment of compost manure (72%) or organic soap (79%). The different results obtained were due to

URL: hitp://dx.doi.org/10.14738/tmlai.75.7013


http://dx.doi.org/10.14738/tmlai.75.7013

Transactions on Machine Learning and Artificial Intelligence Volume 7, Issue 5, Oct 2019

different nutrients concentration of the treatment materials. In terms of the soil physical characteristics,

results obtained from the study, that both treatment materials significantly improved the soil porosity

and specific gravity. The combination of the organic soap and compost manure had the greatest

bioremediation effect on the soil porosity and specific gravity. At the end of the experimental period,

vegetative growth was found on the treated soil samples; whereas, vegetative growth was absent in the

control soil samples. Results obtained from this study further showed that utilization of organic waste

materials in the bioremediation of contaminated soils. However, more researches involving other organic

waste materials are crucial in order to identify suitable organic waste materials to be used in

bioremediation of hydrocarbon compounds.
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