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ABSTRACT

There is an urgent need to design an effective remediation method(s) to mitigate the impact of
degradation, caused by crude oil spill in the Niger Delta region of Nigeria. This research work was
carried out to determine the remediation potency of combined treatment methods. Virgin soil samples
were contaminated with petroleum products, and left to stabilize for two weeks. The contaminated soil
samples were remediated with elephant grass, and combination of elephant grass and compost manure,
for an experimental period of 24 weeks. Total Petroleum Hydrocarbon (TPH) of the uncontaminated,
contaminated and remediated soil samples was determined in accordance with APHA procedures. Results
obtained from the laboratory tests revealed that the petroleum produced increased the TPH of the virgin
soil sample from 12 mg/kg to 3518 mg/kg. Findings of this study portrayed that all the treatment options
degraded the TPH in the contaminated soil sample; with the cut elephant grass stem options, giving better
results than the uncut elephant grass stem option. Further analysis of this study results depicted that the
combined treatment (elephant grass and compost manure) degraded the TPH in the contaminated soil
better than the single treatment. Additionally, the study results showed that treatment option with cut
elephant grass stem every 6 weeks, combined with compost manure therapy gave the best remediation
result (from 3518 mg/kg to 93 mg/kg). The findings of this study had revealed that combined treatment
option using suitable materials will optimized remediation of crude oil spill sites, than single treatment
option.
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INTRODUCTION

Crude oil is a mixture of hydrocarbons and non-hydrocarbon compounds, which is obtained through
underground exploration. Crude oil spill usually occurred through crude oil exploration and production,
and it is on the increased recently due to increase in crude oil production, criminal activities of crude oil
thieves, etc. (Anderson and Labelle, 2000; Akpomrere and Uguru, 2020). According to National Oil Spill
Detection and Response Agency (NOSDRA), more than 846 crude oil spill incidences occurred within
Nigeria, between 2019 and 2021, spilling about 41,216 barrels of crude oil into the environment
(NOSDRA, 2021). The Shell Petroleum Development Company of Nigeria (SPDC), one of the major
crude oil exploring and production companies, operating in Nigeria accounts for 331 (about 40%) of the
total soil spill incidences. SPDC attributed about 80% of crude oil spill incidences within their
operational areas and facilities to sabotage, while the remaining 20% oil spill incidences was attributed to
others factors such as: operational/maintenance error, missing, equipment failure, mystery spill, etc.
(SPDC, 2021).

Crude oil spill had a lot of negative impact on the ecosystem. Crude oil spill does not only affect the
biotic component of the ecosystem, but also had adverse effect on the abiotic component of the
ecosystem. Akpokodje and Uguru (2019b) reported that petroleum hydrocarbons from petroleum
products significantly altered the geotechnical and geochemical properties of soil samples. According to
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Akpokodije et al. (2019), crude oil spill increased the petroleum hydrocarbons and toxic heavy metals
concentrations in the soils. These contaminants (heavy metals and petroleum hydrocarbons) had been
experimentally proven to have adverse effects on both the aquatic and terrestrial lives of the area. Heavy
metals are persistence in nature; hence, they accumulate in the ecosystems. This leads to their toxicity in
plants and animals, and when consumed in large quantity resulting to the death of the plants and animals
(Ohanmu et al., 2017; Akpomrere and Uguru, 2020a). Apart from heavy metals toxicity of crude oil;
when it is spilled on plants’ body surface, it formed thick and sticky layers around the leaves, which can
either interrupt or completely stop normal biological activities of the plant (Hoff et al., 2014; Idisi and
Uguru, 2020)

Even though the soil acts as a natural reservoir for contaminants, the need for special intervention
programs to reduce the contaminants in the soil body to safe and acceptable levels has become inevitable.
One of these special intervention programs is bioremediation of contaminated soils, which uses green
plants and other organic materials to degrade the toxic compounds present in the soil (Steffen et al.,
2011; Baldissarelli et al., 2019; Akpomrere and Uguru, 2020b). According to Akpokodje et al. (2019)
and Ndimele (2010), fast growing green plants such as groundnut (Arachis hypogaea), which had the
capacity of fixing nitrogen to the soil, had a very good potential of remediating crude oil contaminated
soils. Nitrogen is one the soil amendments that helped to improve soil fertility and microbial activities;
hence, degrading petroleum hydrocarbons pollutants in contaminated soil samples (Margesin et al., 2007,
Walworth et al., 2007; Eboibi et al., 2018).

Apart from bioremediation, other special intervention programs used for remediating crude oil polluted
area include: physical/mechanical method (e.g. excavation, soil washing), chemical method (detergent,
surfactant, solidification), thermal desorption method, etc. (Okoh, 2006; Akpokodje and Uguru, 2019b).
Any intervention program adopted for the remediation of contaminated crude oil spill site, is dependent
on how suitability of the method, and the prevailing climatic conditions (Kumar and Gopal, 2015;
Akpokodje and Uguru, 2019b). Although several studies had been done on the combined application of
green plants and organic materials to remediate the Total Petroleum Hydrocarbon (TPH) in crude oil
contaminated soils; little had been done on the effect of stem cutting and compost manure on the
phytoremediation potential of the green plants. Therefore, the aim of this study is to evaluate the effect of
stem cutting and compost manure on the phytoremediation potential of elephant grass (Pennisetum
purpureum Schumach), growing on petroleum products contaminated soil.

MATERIALS AND METHODS

Materials

The spent motor engine oil, petrol, diesel and kerosene used for this study were obtained from a filling
station located at Oleh, Delta State, Nigeria.

Methods

Soil sample preparation

Virgin topsoil (0 — 15 cm depth) was collected from a corner of the Delta State University of Science and
Technology, Ozoro, research station.

The topsoil was air dried at ambient temperature, and sieved with a 2 mm gauge stainless steel sieve to
remove all debris. 100 kg of the soil was poured into a plastic drum, and contaminated with 10 L of spent
motor engine oil, 10 L of kerosene, 10 L of petrol and 10 L of diesel. The soil inside the drum was
allowed to acclimatize with the petroleum products under natural environmental conditions for a period
of two weeks, before it was poured on a platform and mixed thoroughly to obtain a near homogeneous
mixture.

Remediation Setup

Perforated buckets were filled with 10 kg of this contaminated soil, and were arranged in the manner
shown in Table 1. Two (2) kg of compost manure was incorporated into soil in each the bucket to
enhance its fertility. Then one elephant grass stem (4 eyes per each stem) was planted in each bucket, and
closely monitored for an experimental period of 24 weeks. During the experimental period, weeding was
done by hand picking, and equal volume of water was added to the plants when necessary.
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Table 1: Experimental setup

Row Code Treatment

Row 1 T1 Control

Row 2 T2 Stems cut every 6 weeks

Row 3 T3 Stems cut every 12 weeks

Row 4 T4 Stems cut every 6 weeks + compost manure
Row 5 T5 Stems cut every 12 weeks + compost manure

Summary of the experimental setup is discussed below:

Row 1 (T1): the elephant grass stems were not cut, and were left unhindered during the experimental
period of 24 weeks

Row 2 (T2): The elephant grass stems was cut every 6 weeks, during the experimental period of 24
weeks.

Row 3: (3): The elephant grass stems were cut every 12 weeks, during the experimental period of 24
weeks.

Row 4 (T4): The elephant grass stems were cut every 6 weeks, during the experimental period of 24
weeks. In addition, 1 kg of compost manure was spread on top of the bucket at every four weeks.

Row 5 (T5): The elephant grass stem were cut every 12 weeks, during the experimental period of 24
weeks. In addition, 1 kg of compost manure was spread on top of the bucket at every four weeks.

Note: The elephant grass stems were cut at uniform height of four feet from the base of the plant

Total Petroleum Hydrocarbon (TPH) determination

The Total Petroleum Hydrocarbon of the contaminated and uncontaminated soil samples was determined
by employing the recommended procedures approved by the American Public Health Association
(APHA, 1995) (Udonne and Onwuma, 2014; Uguru et al., 2020).

Statistical evaluation

Raw data obtained from this study will be analyzed by using the Microsoft excel (2015 version).

RESULTS AND DISCUSSION

Impact of petroleum products on the soil petroleum hydrocarbons

Result of the effect of the petroleum products on the virgin soil samples is presented in Figure 1. As
presented in Figure 1, the TPH of the soil sample increased from 12 mg/kg to 3518 mg/kg after the
contamination by the petroleum products. This revealed that the petroleum product adverse effect on the
soil petroleum hydrocarbons content. Similar results were reported by Uguru et al. (2020) and Akpokodije
and Uguru (2019b), when the petroleum hydrocarbons content of uncontaminated soil samples,
drastically increased (above 1000%) after contamination with petroleum products.
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Figure 1: Impact of petroleum products on soil TPH
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Remediation of the contaminated soil TPH

The results of the laboratory results are plotted in Figure 2. As presented in Figure 2, the treatment
options influenced the TPH concentration in the contaminated soil samples. The findings of the study
depicted that both stem cutting enhanced the remediation of the TPH in the contaminated soil samples. It
was observed that treatment option that involved stem cutting every 6 weeks (T2 and T4) had better
remediation potential, when compared to the treatment option that involved stem cutting every 12 weeks
(T3 and T5). This could be attributed to the higher water absorption and transpiration rate of young foliar
(stem and leaves), when compared to older plants stems and leaves. According to Rabas and Martin
(2003), young leaves had greater water absorption, transpiration and photosynthetic rates than older
plants leaves. Hence, the young leaves and stems that regenerated from the cut elephant plant will carry
out higher phytoextraction and phytovolatilization of the TPH from the contaminated soil, when
compared to the old leaves which are still attached to the uncut elephant plant.

Similarly, the study results (Figure 2) depicted that the composted manure further enhanced the
remediation of the TPH in the contaminated soil sample. This showed that combined treatment is a better
intervention (remediation) method than a single treatment option. At the end of the 24 week experimental
period, it was observed that the TPH in the T4 and T5 were lower that the TPH values recorded in the T1,
T2 and T3 treatment options. This could be attributed to the nitrogen and other essential nutrients
presented in the compost manure, which help to facilitates bioremediation of the contaminated soil
samples. Vidali (2001) and Uguru et al. (2020) reported that organic materials (manure) help to enhance
remediation of contaminated soils by creating conducive environmental for microbial growth and
development; hence, permitting microbial degradation of the contaminants to proceed at a faster rate.
This study finding are similar to the results of previous studies by Lee et al. (1995) and Akpokodje and
Uguru (2019b), when organic manures degraded petroleum hydrocarbons in crude oil contaminated soils,
to appreciable levels.

Abioye et al. (2012) and Obah et al. (2020) reported that the rate of petroleum hydrocarbons
biodegradation by soil microbes is highly influenced by the volume/concentration of contaminants in the
soil, and the quality/quantity of organic materials present in the soil. According to ljah and Antai, (2003)
high concentration of petroleum hydrocarbons in soils can be inhibitory to the indigenous
microorganisms; hence, lowing the biodegradation potency of microorganisms. The findings of this study
had revealed that combined treatment and frequent trimming (stem cutting) of the elephant grass will
optimize remediation of the toxic petroleum hydrocarbons from crude oil spill sites.
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Figure 2: The TPH concentrations in the various treatments regime at the end of the experimental period
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CONCLUSION
This study was carried to optimize the remediation potentials of elephant grass, by using compost manure
and stem trimming therapy. From the experimental results, the following conclusions can be drawn:
i.  The petroleum products had adverse effect on the soil TPH content, by increasing the soil TPH
from 12 mg/kg to 3518 mg/kg.
ii.  All the treatment options were able to degrade the TPH in the contaminated soil to an appreciable
level, at the end of the 24 week experimental period.
iii.  The treatment options that involve stem cutting (T2, T2, T4 and T5) had better remediation
results, when compared to the treatment option (T1) that did not involve stem cutting.
iv.  The treatment options that involve stem cutting at every 6 weeks (T2 and T4), generally had
better remediation results than the treatment options that involve stem cutting at every 12 weeks
(T3 and T5).
v.  The combine treatment options (T4 and T5) generally had better remediation results, when
compared to the single treatment options (T1, T2 and T3).
vi.  This study had revealed that combined treatment option using suitable materials will optimized
remediation of crude oil spill sites, than single treatment option
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