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Abstract

The phytoremediation of hydrocarbon impacted soil using selected plant species (Pennisetum
purpureum) in oil producing communities of Akwa Ibom State, Nigeria was investigated using
standard techniques. The selected plant species were cultivated on soils from Mbo, Ikot Abasi
and Esit Eket contaminated with graded concentration (5, 10, 15 and 20%) of crude oil.
Analyses of the crude oil remediating potential of the test plants revealed that at 5%
contamination, the concentration of residual hydrocarbon in the rhizosphere soil of P.
purpureum reduced from between 1928 — 1934 mg/kg to between 114.60 — 114.63 mg/kgafter
90 days. At 10% contamination, the concentration reduced from between 3124 — 3127 mg/kg
and between 482.49 — 482.51 mg/kgafter 90 days. At 15% contamination, the concentration of
the residual hydrocarbon, in the Control as well P. purpureum rhizosphere reduced from
between 5146 — 5151 mg/kg to between 511.60 — 511.59 mg/kgafter 90 days. Similarly, at 20%
contamination, the concentration of the residual hydrocarbon, in the Control as well as P.
purpureum rhizosphere soil reduced from between 6021 — 6025 mg/kg to between 1131.21 —
1133.2 mg/kgafter 90 days. P. purpureum exhibited high hydrocarbon remediating potentials.
Contamination of the soil samples with crude oil increased the organic matter and hydrocarbon
content in the soil while decreasing the soil total nitrogen and phosphorous contents. The pH
of the soil samples tended towards acidity as the concentration of the crude oil increased. The
potentials of P. purpureumto phytoremediate hydrocarbon contaminated soil as reported in this
study can be explored for broader use in remediating crude oil polluted environment.

Keyword: crude oil, oil producing communities, phytoremediation, pennisetum
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INTRODUCTION

Environmental contamination from petroleum hydrocarbons have been an age-long
phenomenon in Nigeria. This was previously considered a relatively rare event with a poor
understanding of its associated impacts (Ndimele et al., 2018; Onwuka et al., 2021). However,
experiences in the last few decades have been so alarming. There have been records of large-
scale contamination, destruction and or disturbance of the environment (i.e. soil, water, air and
biota) (Adegbite et al., 2020). Its challenges on livelihood and the environment have been
highlighted by several authors (lte et al., 2013; Linden & Palsson, 2013; Fentiman & Zabbey,
2015; Tinsley & Farewell, 2015; Elum et al., 2016).

Phytoremediation is an effective, solar driven and low-cost strategy that uses plants for
the removal of contaminants from the soil of large, contaminated area. Plants have the ability
to grow in polluted soil by metabolizing or accumulating the harmful compounds in their roots
or shoots (De Boer & Wagelmans, 2016).
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In-situ phytoremediation strategy exploits natural or genetically engineered plant
species to accumulate toxic substances (heavy metals, radioactive compounds, organic
pollutants) directly from the soil. Partial or complete degradation of organic substances has
been demonstrated in some cases (Doberl et al., 2013). Rhizosphere microorganisms are
especially critical for plant colonization of unfavourable soils since they can alleviate biotic
and abiotic stress of plants. In some cases, rhizosphere microbes are even the main contributors
to the degradation process. Rhizospheres are also stable physically, avoiding the potentially
adverse effects of naturally occurring disturbances on microbial community composition or
activities (Piceno et al., 2000). Several plants that possess phytoremediation capabilities had
been studied (Linden & Palsson, 2013; Fentiman & Zabbey, 2015; Elum et al., 2016).

This research used an indigenous weed species: Pennisetum purpureum, for
phytoremediation cum rhizoremediation. This plant was purposively selected because
Pennisetum purpureumis a robust perennial grass widely naturalized in tropical and
subtropical regions of the world. It is of the Family - Poaceae; Genus — Pennisetum. Common
Name - Elephant grass. This grass is included in the Global Compendium of Weeds where it
was listed as an agricultural and environmental weed as well as an invasive species (Randall,
2012). Pennisetum purpureum is an aggressive grass that grows rapidly, colonizing new areas
and forming dense thickets. Once established, it can change features of ecosystem functions by
altering fire regimes, hydrology cycles, biophysical dynamics, nutrient cycles, and community
composition (D’Antonio & Vitousek, 1992; Nnaji & Egwu, 2020). Pennisetum purpureum is
well adapted to drought conditions and can also dominate fire-adapted grassland communities
(Randall, 2012). This species has the capability to resprout easily from small rhizomes left after
disturbance, resulting in the outcompeting, and smothering of native plant communities
(D’Antonio & Vitousek, 1992; Langeland et al., 2008). P. purpureum is considered one of the
most successful invasive grasses in the world. The aim of this study was to investigate the
phytoremediation of hydrocarbon impacted soil using selected plant species (Pennisetum
purpureum) in oil producing communities in Akwa Ibom State.

MATERIALS AND METHOD

Soil samples were scientifically collected from Ewang Community in Mbo, Ekpene Obo in
EsitEket and Ikpa Ibekwe in kot Abasi LGAS. The test plant: Pennisetum purpureum was first
raised in a nursery, afterwards, transplanted into perforated bottom wooden boxes (height -
17cm by width - 30cm) containing 9kg of soil from the oil producing communities. The levels
of contamination were 0%, 5%, 10%, 15%, 20%, the 0% contamination level served as control.
All contamination levels were in triplicates. The simulation of hydrocarbon contamination was
done using Bonny Light.

The location of study for this experimental set up was the Green House, Department of
Botany and Ecological Studies, University of Uyo, Uyo, Akwa Ibom State. It was monitored
daily for the expected bloom preceding examination of rhizosphere for requisite analyses. In
each perforated bottom wooden box, four to five stands of the test plants were grown. The
experiment ran for five (5) months (February to June 2023). Rhizospheric soil samples were
collected for analyses using the “destructive approach” on once in thirty days bases at the same
interval and period.

Particle Size Analysis was carried out using hydrometer method. Determination of Soil
pH was done using The pH meter (HACH Sension 3). Electrical Conductivitywas determined
according to AOAC (2005). Organic carbon in soil was determined using the dichromate wet
oxidation method of Watkley and Black (1934). For determination of Exchangeable acidity in
soil, titration method was deployed. Calcium in soil was determined using EDTA titration
method. To determine (Calcium + Magnesium), the concentration of Magnesium was
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determined by subtracting the value of calcium from (calcium + magnesium) value and the
result multiplied by the extraction factor normally of EDTA solution and the volume of the soil
extract. The concentration of sodium was determined according to AOAC (2005), using flame
analyzer. Determination of Potassiumwas carried out as described by AOAC (2005). Effective
Cations Exchange Capacity (ECEC) was determined by finding the sum of calcium,
magnesium, sodium, potassium and exchange acidity. Base saturation was determined by
dividing the product of total exchangeable bases and 100 by the effective cations exchange
capacity of the soil sample. The Micro-Kjedahl method was deployed in the determination of
Total Nitrogen. Available Phosphorus was determined using The Bray No. 1 method. Heavy
metals in the soil sample were determined by the Perchloric acid digestion method as described
by Udo (1986).

All qualitative and quantitative data were analyzed using IBM SPSS version 26.
Analysis of Variance (ANOVA) was carried out to test for significant difference in the
treatment. Post hoc test was done using Duncan multiple range - DMR tests. Pearson’s
correlation analysis was used to determine the relationship between microbial densities in the
rhizosphere of test plants.

RESULTS

Changes in the Physicochemical Properties of the Rhizosphere Soils of P. Purpureum
Physicochemical properties such as sand, exhibited a significant difference (p<0.05) while
sand, clay, silt, conductivity, organic matter, total nitrogen, calcium, magnesium, potassium,
sodium, ECEC, exchangeable acidity and base saturation showed no significant difference
(p>0.05) between the samples from the three different locations (Table 1).At day 90, the pH of
the rhizosphere soil of P. purpureum on Mbo, Esit Eket and Ikot Abasi soil with varying crude
oil concentration were 6.70, 6.72 and 6.74 for soil contaminated with 0% crude oil, 6.08, 6.07
and 6.08 for soil contaminated with 5% crude oil and 5.54, 5.59 and 5.60 for soil contaminated
with 20% crude oil respectively. The organic matter content of the P. purpureum rhizosphere
soil samples from Mbo, Esit Eket and Ikot Abasi was 0.050%, 0.051% and 0.050% in soil not
contaminated with crude oil, 0.128%, 0.127% and 0.127% in soil contaminated with 20% crude
oil. The THC concentrations in the P. purpureum rhizosphere soil was 224.63 mg/kg, 224.60
mg/kg and 224.62 mg/kg in Mbo soil, Esit Eket soil and Ikot Abasi soil contaminated with 5%
crude oil and 1131.21 mg/kg, 1133.26 mg/kg and 1132.20 mg/kg in soil contaminated with
20% crude oil respectively. Available phosphorous in the P. purpureum rhizosphere soil from
Mbo, Esit Eket and Ikot Abasi were 44.31%, 44.27% and 44.28% respectively in soil not
contaminated with crude oil, 24.04%, 24.07% and 24.05% in soil contaminated with 5% crude
oil and 10.20%, 10.22% and 10.21% in soil contaminated with 20% crude oil. Similarly, the
concentration of Nitrogen was 0.24%, 0.26% and 0.27% for P. purpureum in uncontaminated
Mbo soil, Esit Eket soil and Ikot Abasi soil respectively, 0.21%, 0.23% and 0.22% for soil
contaminated with 5% crude oil and 0.08%, 0.08% and 0.07% for Mbo soil, Esit Eket soil and
Ikot Abasi soil contaminated with 20% crude oil respectively.
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Changes in the Heavy Metal Concentration of the Rhizosphere Soils of Pennisetum
purpureum
Heavy metal such as copper (Cu), Manganese (Mn), Lead (Pb), Zinc (Zn), Iron (Fe), Cobalt
(Co), Cadmium (Ca) and Nickel (Ni), showed no significant difference (p>0.05) between the
samples from the three different locations for the Rhizosphere Soils of Pennisetum purpureum
for uncontaminated and contaminated soil at 90 days (Table 2).

Analysis of the changes in the concentration of heavy metals Cu, Mn, Pb, Zn, Fe, Co,
Ca and Ni rhizosphere soil of P. purpureum cultivated in the uncontaminated (0% crude oil)
and contaminated (5%, 10%, 15% and 20%) soil samples from Mbo, EsitEket, Ikot Abasi was
monitored for 90 days revealed that the concentration of the heavy metals increased as the
concentration of the crude oil increased and decreased slowly over a period (90 days). The
concentration of Co, Mn, Pb, Zn, Fe, Co, Cd and Ni in the rhizosphere soil of P. purpureum
cultivated in uncontaminated Mbo soil was 2.81 mg/kg, 3.11 mg/kg, 1.07 mg/kg, 2.02 mg/kg,
3.01 mg/kg, 0.01 mg/kg, 0.10 mg/kg and 0.01 mg/kg respectively. However, the concentration
of 2.80 mg/kg, 3.10 mg/kg, 1.07 mg/kg, 2.00 mg/kg, 3.02 mg/kg, 0.02 mg/kg, 0.10 mg/kg and
0.02 mg/kg was observed for Co, Mn, Pb, Zn, Fe, Co, Cd and Ni in P. purpureum rhizosphere
soil cultivated on EsitEket soil and 2.80 mg/kg, 3.11 mg/kg, 1.06 mg/kg, 2.01 mg/kg, 3.02
mg/kg, 0.01 mg/kg, 0.11 mg/kg and 0.02 mg/kg in P. purpureum rhizosphere soil cultivated
on lkot Abasi soil respectively.

Hydrocarbon Accumulating potentials of the P. purpureum.

The potential of the P. purpureum that survived the varying concentration (5%, 10%, 15%,
20%) crude oil after 90 days to accumulate the hydrocarbon contaminants in its tissues was
determined using standard analytical techniques (Table 3). The finding revealed that the plant
accumulated varying concentrations of the pollutant in its tissues.

- 249 -



Journal of Health, Applied Sciences and Management, 7(2), June, 2024

(G00 <d) Wwerip Apueoyibis Jouare puosikans

OU Lpm sanfen 3] W (500 >d) esayip Apueouiliis e (9< < &) SidLossedns Ueieip Lpm SN

G1A)
w0 W0 60 &0 00 OYO TE0  (E0 €0 610  SI0 0Z0 200 100 7100 A m_v_w_mw
0T T 0T &0 260 %0 90 B0 €0 9O 690 0/0 010 600 600 WNLPED

B16)
0 &0 &0 &0 S0 0E0 6I0 610 00 600  OI0 600 7T00  T00 T00  JEPO

B16)
w9 9 &9 DS 005 WS Oy DY T 8y Sy 9% 9% 6T 00F wi|

B141)
®S XS WS DY  9Y PY €T 9E VT 85 9GE T9E 00T 86T 66T uz

G141)
o/¢  WE € € AT 0 0T QT T &€ KT we 0T W1 DT A@_ﬁw
198 (@8 /98 WL  OTL 2L 99 @9 09 10§ 005 005 [0E  80E 60¢F @%ﬁ
€9, @/ T9. 99 09 099 185 (8BS 285 I6E T BT 8 9 g kD
ISe/ Ieqy/ IS0y seqy Sey/

ol BEIS ON 10l BEIS N Dl BEISS ON 1% BHIS N Dl BEIST aA
STVIIN
%60c Nz %601 %S %0 AMVH

06490 1e IS8 10¥| U 18YEIST ‘00 JO [10S PEFEUILLIEILICO U PEFUILLIEILIOOUN
perANO Wnaandind o Jo 110 8Jeydsoziys aup Ut el Aeay 8 JO LOIRALBU0D) 2 B0eL

- 250 -



Journal of Health, Applied Sciences and Management, 7(2), June, 2024

Table 3: Hydrocarbon Accumulation Potentials of P. purpureum(mg/g)

D:Y) o 120 B %

Mo EstHet kot Mo EstHet kot Mo EtHet Ikat Mo EstHet Ikat
0 0 0 0 0 0 0 0 0 0 0 0 0
D 0ot 0ot 0[0¢] Qo7 0 006 Qo4 0® 004 Qo4 0® 0[0¢]
G 08 06 06 08 12 09 09 09 12 a7 06 06
D 10 09 11 11 12 13 14 12 13 08 10 09

DISCUSSION
The findings of this study have shown that the physicochemical properties of soil from the
three study areas (Mbo, lkot Abasi and EsitEket) were altered when contaminated with vary
concentrations of crude oil. Soil pH is fundamental to the understanding of soil systems because
it is an indicator of many reactions in the soils. (Okon and Ogba, 2018). In this study, the
concentrations of Total Nitrogen and Available Phosphorus decreased as the concentration of
the crude oil increased. This corroborates with the reports of (Chukwumati and Abam, 2021,
Nwite and Alu, 2015) who reported significantly higher Total Nitrogen in spent oil
contaminated soil over control. The high Nitrogen content reported in these locations
collaborates with the findings of Ichikogu (2012) who while researching on the total nitrogen
and available phosphorus dynamics in soils regenerating from degraded abandoned rubber
plantation in Orogun area of the rainforest zone of Southern Nigeria reported a mean value of
total nitrogen for the 1-year, 5-year and 10- year fallows and for mature forest are 0.18%,
0.22% 0.34% and 0.53% respectively for the topsoil.

The Phosphorous content in the uncontaminated soil samples ranged from 44.35 to
44.36 mg/kg and decreased with increasing level of contamination by crude oil. The reduction
of the concentration of Phosphorus after contamination may be due to immobilization of this
nutrient by microorganisms (Nwite and Alu, 2015). Available phosphorous contents were
generally moderate in all the location and higher than the findings of Ekundayo (2004) who
reported near mean value of 10 mg/kg for arable soils of South-Eastern Nigeria. The available
phosphorous concentration in the soil samples reported in this study were also higher than those
reported by Moses and Uwah (2015) who while investigating the effect of crude oil pollution
on some soil fertility parameters in Ikot Oboreyin, Ikot Abasi, Akwa Ibom State, reported that
the concentration of phosphorous ranged from 2.28 to 7.13 mg/kg in the studied samples and
8.20 to 10.11 mg/kg in the control. The greater the carbon content, the higher the level of
organic pollutants present (Sharma et al., 2017). The Organic Carbon (OC) content increased
from between 0.050 — 0.051% in uncontaminated soil to between 0.180 — 0.183% in soil
contaminated with 20% crude oil. This implies that contamination of the soil with crude oil
increased the percentage total organic carbon over uncontaminated (control) samples. This
finding agrees with the work of Chukwumati et al., (2019), Chukwu and Udoh, (2014) who
reported higher percentage of Organic Carbon in crude oil contaminated soil over control.

The increase in total Organic Carbon in the contaminated soil over control samples
could possibly be as a result of the carbon substrate which may have been added into the soil
by the crude oil. Ihem et al., (2015) attributed it to high mineralization process in the organic
content of the soil. A similar finding was reported by Okonokhua et al., (2007). This contrasted
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with the observation of Kayode et al., (2009) who adduced a reduction in nitrogen content in
soil treated with spent lubricant oil. The Base Saturation of the soil samples ranged 62.89 to
64.02% in the uncontaminated soil and 60.16 — 63.96% in the contaminated soil. These values
agree with the reports by Okon and Ogba (2018) who reported a percent Base Saturation of 60
to 90 and 55 to 85 for surface and sub-surface soil samples respectively. The impact of crude
oil contamination cannot be overemphasized; several techniques have been developed to
remedy polluted soils. The concentration of THC in the soil samples was observed to decrease
over time. This decrease can be attributed to natural attenuation. Natural attenuation is a passive
remedial approach that depends on natural mechanisms to degrade and remove contaminants
in soil and groundwater (Chen et al., 2010, Declercq et al., 2012, Neuhauser et al., 2009, Dai
et al., 2014). Natural attenuation has been considered a potential method for the cleanup of
petroleum-hydrocarbon contaminated sites because of its economic benefits and low impact on
the environment.

In nature, plants have also been reported to have potential to bioaccumulate heavy
metals. Analysis of the heavy metal concentration in the uncontaminated, contaminated and
plant rhizosphere soils from the contaminated cultivation boxes revealed a variation in the
residual heavy metal concentration. These variations were also observed to vary based on
duration of the study and the concentration of hydrocarbon pollutant. According to Clemens
(2006), plants can resist the effect of heavy metals by either restricting the uptake of the heavy
metal or by accumulation with tolerance mechanism application. The findings of the study also
agree with several reports which have shown that most plants have limits to which they can
tolerate hydrocarbon pollutants.

CONCLUSION

The result of this study has provided information on the phytoremediation of hydrocarbons
impacted soil using Pennisetum purpureum in oil producing communities in Akwa Ibom State.
The contamination of the soil samples with varying concentration of petroleum hydrocarbon
altered the physical and chemical properties of the soil. Residual petroleum hydrocarbon and
organic matter content in the soil samples increased as the concentration of the hydrocarbon
pollutant increased. The concentration of heavy metals increased as the concentration of the
crude oil increased and decreased slowly over a period (90 days). On the other hand, increasing
concentration of the hydrocarbon lead to the decrease in the concentration of available
phosphorus and nitrogen in the soil. The findings also revealed that the P. purpureumwas not
only resistant to hydrocarbons but was able to accumulate hydrocarbons at varying
concentration. Based on the findings of the study, it can be recommended that P. purpureumis
one of the potent plants that can be explored for the phytoremediation of hydrocarbon
contaminated sites.
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