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Abstract

In the Niger Delta region of Nigeria, oil explorations and exploitations ab-
ound, causing environmental pollution with serious consequences on soil
ecosystem and its biodiversity. In spite of the relationship between microbes
and fauna in soil ecosystem, such that both organisms can metabolize certain
range of petroleum hydrocarbon substrates with the fauna influencing the
remediation potentials of bacteria, yet soil fauna is still not fully considered in
bioremediation. The influence of earthworm; Lumbricus terrestris on the re-
mediating potentials of soil bacteria in petroleum hydrocarbon contaminated
soils was investigated. Eighteen pots were filled with 700 g of soil each, with
nine treated with mixture of 3 levels crude oil and remediated with earth-
worm, while the other nine had no earthworm. The total petroleum hydro-
carbon (TPH), soil physical, nutrient compositions, and TPH degrading bac-
teria biodiversity were determined before contamination or commencement
of study and thirty days after. The results showed a decrease in TPH concen-
tration of 55.58%, 62.57% and 67.07% in 1 ml, 2 ml and 3 ml crude oil con-
taminated soil, respectively. Species richness and abundance of bacteria or-
ganisms increased with high relative abundance in soils remediated with
earthworms, hydrocarbon utilizing bacteria increased from less than 0.1 cfu/g
to 0.4 cfu/g, and total heterotrophic bacteria 1.6 cfu/g at the end of the study.
Earthworms increased rate of remediation potentials of bacteria, such that
within 30 days post remediation treatment, 34.14% of reduced concentration
was achieved over soil samples without earthworms at 3 ml, and 25.14% at 2
ml concentration. Reduction in pH levels in remediated soils was between
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6.39 to 6.17 and 6.74 to 6.72 in unremediated soils, while moisture content
was 6.73% to 6.77% unremediated and 5.85% to 6.62% in earthworm reme-
diated soils. Total organic carbon, nitrates in soils inoculated with earth-
worms were lower in concentration than those without earthworms. Reverse
was the case with potassium, phosphate and phosphorous concentrations
which were above those without earthworms. Results indicate statistically,
significant difference between reduction in TPH in earthworm remediated
soils and unremediated soils, pointing out that earthworm is a good candidate
for facilitation of bacteria remediation-petroleum hydrocarbon contamina-
tion.

Keywords

Petroleum Hydrocarbon Contamination, Bacteria Biodiversity, Soil Fauna,
Total Organic Carbon, Nitrates

1. Introduction

Soil micro-organism comprising bacteria and fungi directly initiate chemical de-
composition process of organic matter, however the processes cannot be achieved
without the facilitating activities of soil fauna biodiversity such as micro arthro-
pods, mainly meso fauna and macro fauna. Soil micro-organisms, particularly
bacteria have the potentials to bio-remediate soil ecosystem polluted with hy-
drocarbon contaminants. The presence of micro-organisms with the appropriate
metabolic capabilities is the most important requirement for petroleum oil spill
bio-remediation (Venosa et al., 2002). Atlas (1995) stated that microbial com-
munities adapted to hydrocarbon contaminated ecosystem can respond to the
presence of hydrocarbon pollutants within hours, and exhibit higher biodegra-
dation rates than ecosystem with no history of hydrocarbon contamination
(Leahy and Colwell, 1990). Consequently, the ability to isolate high numbers of
certain oil degrading micro-organisms from an environment is commonly taken
as evidence that those micro-organisms are the most active oil degraders of that
environment (Atlas, 1995), and can be used in bio-remediation of petroleum
polluted ecosystem. Micro-organism that has remediating potentials requires a
mixture of different bacterial groups or consortia functioning to degrade a wider
range of hydrocarbons. This combined effort is efficient for biodegradation of
petroleum hydrocarbon because crude oil is made of a mixture of compounds,
and individual micro-organisms metabolize only a limited range of hydrocarbon
substrates (Al-Saleh et al., 2009; Bordenave et al., 2007).

Hydrocarbon contaminated ecosystem is an ecosystem that contain intolera-
ble concentration of Total Petroleum Hydrocarbon (TPH). Total Petroleum
Hydrocarbon can be defined as the measurable amount of petroleum based hy-
drocarbon in an environment media (ATSDR, 1999). TPH is dependent on

analysis of the medium such as soil in which it is found (Gustafson, 1997).
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Micro-organism that occur in large numbers in oil polluted than uncontami-
nated ecosystem according to Walworth and Reynolds (1995); Okoh (2003) in-
cludes hydrocarbon-degrading species, Pseudomanas, Vibrio, Corynebacterium,
Arthrobacter, Brevibacterium, Flavobacterium, Sporobolomyces, Achromobac-
ter, Bacillus, Aeromonas, Thiobacillus, Lactobacter, Staphylococcus, Penicillium,
and Articulosporium. These hydrocarbon degraders take advantage of cytotoxic
immediate metabolites and flourish in contaminated ecosystem while those that
are sensitive to the contaminant decline in richness and phylogenetic diversity
due to disruption of the nitrogen cycle, with species and functional genes in-
volved in nitrification being significantly reduced (van Dorst et al., 2014).

Bioremediation potentials of micro-organisms is not efficient enough to solely
remediate contaminated ecosystem as it will take a long time, particularly with-
out the participation of other soil fauna that inhabit the soil ecosystem. Fur-
thermore, availability of nutrients in the soil ecosystem is paramount for effi-
ciency of micro-organisms.

Earthworm is a principal soil fauna that influence bio-remediating activities of
soil micro-organism in degrading hydrocarbon contamination, as they are capa-
ble of inhabiting such ecosystem (Eijsackers, 2010). There are three groups of
soil-dwelling earthworms, the epigeic, a red colour type with 0.5 to 5 cm in size,
have poor burrowing capacity and are good tolerant to low pH values; the en-
dogeic, are non-pigmented with body size of 1 to 8 cm, good borrowers and re-
stricts to pH below 5. They make horizontal tunnels. The third group is the red-
dish-brown type with sizes above 5 cm called Anecic. They are excellent bur-
rowers, and make vertical tunnels. While the epigeic occur at superficial layers
of soil, endogeic inhabit the first few centimeters of mineral soils, and anecic
occur in several meters soil depth and tolerates soil with low moisture (Menta,
2012).

The dominance of earthworm in an oil polluted ecosystem has been reported.
Zavala-Cruz et al. (2013) noted that earthworm’s population in a soil contami-
nated with 12,000 mg TPH kg™ of weathered crude oil over a 20 years period
was dominated by Pontosclex corethrurus Gossodrillus sp. and Dichogaster sa-
liens. Pontoscolex corethrurus an earthworm was 75% the most predominant
species depicting about 88% of the total biomass in an environment polluted
with benzo (a) pyrene (Bap) of 39 mg-kg™' (Herndndez-Castellanos et al., 2013).

Earthworms are highly tolerant to different varieties of organic and inorganic
contaminants; insecticides, Polycyclic Aromatic Hydrocarbons (PAH), crude oil
and heavy metals found in soil (Shahmansouri et al., 2005; Patnaik and Reddy,
2011; Dada, 2015). These faunal organisms increase their interactions with con-
taminants and soil micro-organisms due to their activities in the soil (Hickman
and Reid, 2008). For instance, earthworms accelerate the biodegradation of PAH
through the biostimulation of microbial growth and activity in the soil thereby
eliminating them by passive absorption and bioaccumulation (Eijsackers et al.,
2001; Tang et al., 2002). Similarly, Contreras-Ramos et al. (2006) reported that
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earthworm accelerate biodegradation of PAH by bioaccumulating PAHs in their
fatty deposits. For example, 3 - 4 ring PAHs compound are bio-accumulated
from contaminated soils by earthworms (Parish et al., 2006).

The involvement of earthworms on the reduction of concentration of hydro-
carbon contaminant in petroleum impacted soils has been reported by several
studies; Sinha et al. (2010); Ekperusi and Aigbodion (2015), and Njoku et al.
(2016). The earthworm Eudrilus eugeniae has been reported as a viable candi-
date for vermi-assisted remediation of petroleum hydrocarbon-contaminated
mechanic workshop soils (Ameh et al., 2013). The authors reported that earth-
worms introduced to hydrocarbon contaminated soil caused a higher decrease in
TPH concentration after a 35 days period, while the control group recorded a
minimal decrease. The presence of earthworms in hydrocarbon contaminated
soil showed after 28 days a loss in TPH concentration from 17% - 42%, and also
an improvement in soil respiration and microbial biomass (Schaefer et al., 2005;
Schaefer and Juliane, 2007).

Reduction in hydrocarbon concentration in contaminated soils is enhanced by
combining earthworms with compost which showed a higher decrease of about
65% (Hickman and Reid, 2008). Lumbricus terrestris followed by Eisenia fetida
and Allolobophora chlorotica have higher efficiency in the reduction of the con-
centration of hydrocarbon contaminant in soils (Schaefer et al., 2005). Accor-
dingly, L. terrestis reduced 30% - 42%, E. fetida 31% - 37% and A. chloroica 17%
- 18% of 10,000 mg-kg™" TPH.

Earthworms introduced to hydrocarbon contaminated soils increased the rate
of biodegradation and hydrocarbon concentration reduction. Ma et al. (1995)
showed a fast rate reduction of PAHs concentration in soils treated with earth-
worms than soil without earthworms.

Earthworms naturally helps in maintenance of available nutrients in soil eco-
system through its burrowing and production of vermicasts, however, in hydro-
carbon contaminated soil, reduction in nitrogen and phosphate levels occurs and
caused slow pace of biodegradation of oil constituents. The soil pH level is also
affected in hydrocarbon contaminated soils. Studies on role of earthworms in
the improvement of nutrients and pH in hydrocarbon contaminated soils are
scantily reported in literature. Presence of earthworms has been reported to
cause accumulation of organic acids produced in the degradation of petroleum
hydrocarbon, leading to a reduction in pH levels (Alexander, 1999; Eweis et al.,
1998). Manyuchi et al. (2013) reported increase in potassium content in hydro-
carbon contaminated soil with earthworm after 25 days period.

In the Niger Delta region of Nigeria, where oil exploration and associated ac-
tivities are predominant causing environmental pollution with serious conse-
quences on soil ecosystem and its biodiversity, remediation attempts are yet to
involve the role of soil fauna in its strategy. The role of earthworms in remedia-
tion programs is underrated and left in the hands of natural attenuation. Com-

bined efforts of the relationship between soil fauna (earthworms) and mi-
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cro-organisms (bacteria) in bioremediation of hydrocarbon contaminated soil
ecosystem is yet to be investigated and exploited in the region.

A serious gap exists in available literature on the impact of earthworms on the
soil nutrients, pH in hydrocarbon contaminated ecosystem and this has to be
investigated.

It is the concern of this present study to breach up these gaps and provide ne-
cessary information, particularly on the way earthworms influence bacteria in
the bioremediation of hydrocarbon contaminated soil ecosystem. This study is
aimed at evaluating the influence of earthworm Lumbricus terrestris on reme-
diating potentials of soil micro-organisms in hydrocarbon contaminated soil
ecosystem, with objectives to determine:

1) Influence on Bioavailable Hydrocarbon concentration.

2) Influence on Soil Bacteria Biodiversity Dynamics, and

3) Influence on Maintenance of Physicochemical Parameters.

2. Materials and Methods
2.1. The Niger Delta Region

This region in Nigeria is the region of oil exploration and exploitation that ac-
counts for the main source of income of the country. Soil pollution triggered by

oil activities is predominant in the region (Figure 1).

2.2. Experimental Design

The soil used for this study where obtained from the University of Port Harcourt
farm land with the aid of a soil auger. A total of 18 experiment pots made from
plywood measuring about 20 cm in length, 10 cm in width and 15 cm in height
were packed filled with 700 g of loamy soil. These soils were measured with the
aid of an electronic measuring scale, afterwards polluted with crude oil respec-
tively. Each set was divided into three subsets representing 1 ml, 2 ml and 3 ml
of crude oil respectively. Every subset was replicated thrice. The earthworm
(Lumbricus terrestris) were inoculated alive into one of the two sets however the
second set had no earthworms but then it was polluted with same volume of
crude oil as the first set. The inoculations of earthworms (10) into contaminated
soils were carried out two days after pollution. The experimental pots were always
kept moist by the sprinkling of 200 ml of water after every two days. In quality as-
surance, foreign objects such as sticks, leaf litter and rubbish were picked out of
the soil; these soils were subsequently sieved using a 2 mm mesh sized sieve to
achieved better-quality grains. Approximately 25 kg of soil was weighed with an
electric weighing scale for sample preparation. Soil samples were taken before
contamination (initial) and thirty days after contamination (initial) and thirty
days after contamination (final) for laboratory analysis of Total Petroleum Hy-
drocarbon (TPH) content, physicochemical parameter, soil nutrients and mi-
crobial flora. Below are a diagrammatic illustration of the experimental design

and an image of the experiment pots (Figure 2).
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Figure 1. Map of Nigeria showing the Niger Delta region. (Source: Aniefiok et al., 2013).

EXPERIMENTAL DESIGN
POLLUTANTS
1ml ————»| 7009 soil + EW 700g soil + EW 7009 soil + EW
2ml — | 700g soil + EW 700g soil + EW 7009 soil + EW
3mi — | 700g soil + EW 700g soil + EW 700g soil + EW
THE CONTROL GROUPS
c‘;’::f' » [ 700g soil 700g soil 700g soil
Control .
b » | 700g soil ‘ 700g soil ‘ ‘ 700g soil ‘
Control ) ) "
3ml » | 700g soil 700g soil 700g soil

Figure 2. Schematic experimental design. Legend: EW = Earthworm.
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2.3. Breeding of Earthworms Lumbricus terrestris

The earthworm employed for this study was the Lumbricus terrestris. It was
bred for a period of six months under favourable environmental conditions. The
motive for breeding was to ensure that the earthworms were free from inorganic
substances in their body. Earthworms were bred in a wooden frame box mea-
suring about 50 cm in length, 45 cm in width and 70 cm in height. The frame
boxes were filled with about 20 kg of soil. The wood frame was perforated at
the base and on every side to ensure proper aeration and to drain away excess
water. Poultry manure measuring about 5 kg were introduced as feeds to the
earthworms during the breeding period. The soil samples were always kept
moist by sprinkling of water on the soil surface in other to give way for easy

burrowing.

2.4. Soil Contamination with Petroleum Hydrocarbon

The crude oil used for this experiment was obtained from a Shell Petroleum De-
velopment Company (SPDC) located at Obelle, SPDC location, in Emohua Local
Government Area of Rivers State. The volume of crude oil used was measured
with a measuring cylinder into 1 ml, 2 ml and 3 ml concentrations.

Soil contaminated was achieved through the heterogeneous mixture of 700 g
virgin soil and crude oil. Afterwards, the contaminated soils were introduced

into a total of 18 experimental pots.

2.5. Determination of Earthworm Influence on Soil
Physico-Chemical Parameters

2.5.1. Soil Analysis and Moisture Content
The moisture content of the soil was determined by weighing 100 g of soil sam-
ple in an analytical weighing device to obtain the wet weight. The samples were
kept in a flat bowl and then placed in an oven for a period of 9 hours at a con-
stant temperature of 90. Afterwards the sample were removed from the oven,
and weighed again to obtain the dry weight. Moisture content was calculated
using formula similar to Gbarakoro et al. (2010).

Moisture content (%) = Loss in weight (g)/initial weight (g) x 100

Loss in weight = Fresh weight — Dry weight

2.5.2. Analysis of Soil pH

During this process, 20 g of sample was collected into a 50 ml beaker and prop-
erly mixed with 20 ml of distilled water. The mixture was left for 30 minutes in
order to achieve proper equilibration. Occasionally, the mixture was stirred us-
ing a glass rod and thereafter allowed to settle. The electrode in the pH meter
was carefully inserted into the suspension hence the readings. This process was

done in accordance to Bates (1954) procedure.

2.5.3. Analysis of Soil Nutrients
Concentration of nitrates, phosphorus and potassium contained in each soil
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sample were determined using standard methods with spectrophotometer at a
wavelength of 660 nm. Determination of total organic carbon was carried out
using wet oxidation method described by Williams (1969) and Oceanography
International Crop (1970).

2.6. Determination of Earthworm Influence on Bacteria
Biodiversity Count

A direct count method was employed for the microbial count, while the power
plate method was used for the inoculation. This method is similar to the method
used by Mbanaso et al. (2013). Following the APHA method 9215, the inocula-
tion by the pour plate method was done. The Hydrocarbon utilizing bacteria and
Total Heterotrophic bacteria encountered in each sample were identified at the

Research Laboratory of Microbiology, University of Port Harcourt.

2.7. Determination of Earthworm Influence on Bioavailable
Hydrocarbon Concentration

10 g of each soil sample was collected from contaminated, non-contaminated
and mixed or combined contaminated and earthworm treatment and transferred
into a soxhlet thimble. The thimble was then put into the soxhlet apparatus,
connected to a 250 ml boiling flask for extraction. The determination was car-
ried out at Giolee Global Resources Laboratory, Port Harcourt, Nigeria in ac-
cordance with the Environmental Proctection Agency (EPA) method 9071B. The
method employed the utilization of a soxhlet extractor similar to Okop and Ekop
(2012), which uses hexane as the solvent, and a rotary evaporator, which evapo-
rates the hexane and the nickel extracts in the oil after extraction.

At the end of the extraction, the available Total Hydrocarbon level contained
in each of the soil samples, including those treated with earthworm was record-
ed. This is because the amount of TPH found in the soil sample after is remedia-
tion, is useful as a general indicator of impact of remediation on the petroleum
contamination of that soil. Total Petroleum Hydrocarbon (TPH) is the measura-
ble amount of petroleum-based hydrocarbon considered in our study, because it
describes compounds contained in crude oil (ATSDR, 1999).

2.8. Statistical Analysis

The data obtained from the experiment were subjected to statistical analysis us-
ing Analysis of Variance (ANOVA) to determine the difference, if any between

treated samples and the control.

3. Results and Discussion

Earthworms generally influenced both the biodiversity of soil bacteria and their
remediating potentials for the remediation of hydrocarbon contaminants in soil
ecosystem.

In our study, the biodiversity of bacteria increased in both treated and un-
treated soil samples, with higher increase in treated samples (Figure 3 and Table 1).
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Table 1. Percentage of hydrocarbon utilizing bacteria and total heterotrophic bacteria in Treated and untreated hydrocarbon con-

taminated soil samples.

Samples Samples Samples Samples Samples Samples
TPH degrading bacteri
cgracing bacteria 1 MIL + EW 1 MIL + soil 2 MIL + EW 2 MIL + soil 3 MIL + EW 3 MIL + soil
hydrocarbon Utilizing Bacteria 50.14% 49.86% 66.79% 33.21% 22.22% 77.78%
Total heterotrophic Bacteria count x 10 47.35% 52.7% 54.9% 45.1% 68.2% 31.8%

2.50

E 2.00

£

g

3 1.50

3

2 1,00

2

Q

E 0.50 i
0.00 L

Samples Samples Samples Samples Samples Samples
1 MIL + EW 1 MIL + soil 2 MIL + EW 2 MIL + soil 3 MIL + EW 3 MIL + soil

Microbiology parameters

m hydrocarbon Utilizing VAPOUR PHASE
M Total heterotrophic Bacteria count x 10 POUR PLATE

Figure 3. Hydrocarbon utilizing bacteria and total heterotrophic bacteria abundance in
treated and untreated soils.

Hydrocarbon utilizing bacteria organisms (HUB) increased from less than 0.1
cfu/g at the commencement of the study to 0.4 cfu/g at the end of 30 days post
treatment. A similar increased was recorded with the total heterotrophic bacteria
which increased to 1.6 cfu/g at the end of the study. Earthworm treated hydro-
carbon soil samples influenced the bacteria remediating potentials by increasing
the biodiversity of bacteria which was three species of HUB and four species of
total hetrotrophic bacteria (THB). These species occurred in both earthworm
treated and untreated soil hydrocarbon contaminated samples, however, their
species richness was higher in treated than the untreated. The relative abun-
dance of hydrocarbon utilizing bacteria influence by earthworm increased the
rate of remediation potentials of bacteria. It was two times higher than soil sam-
ples where earthworm was absent, such that within 30 day-post remediation
treatment, a 34.14% of reduced concentration was achieved over the soil samples
without earthworm treatments at 3 ml concentration, and 25.14% at 2 ml con-
centration (Table 2). Earthworm in this study increased the number of partici-
pating bacteria species, created more working spaces in the soil and increased
the rate of remediation potentials. The increase in microbial community in-
creases the level of hydrocarbon degradation enhancing microbial remediation
potentials. Our report on creation of working spaces agrees with Dominguez et
al. (2002) that earthworm through its activities increase the superficial area for

microbial activity, thereby increasing remediation. Furthermore, the increased
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Table 2. Impact of earthworm on Bioavailable hydrocarbon concentration in 30 day-post
treatment soil samples.

Total petroleum Initial Final concentrations  Final concentrations
P concentrations  (day 30) with Earth  (day 30) without Earth
hydrocarbon
(day 0) Worm Worm
1121.27 k: 2283.73 k:
3 ml 3405 mg/kg mg/kg mg/kg
(67.07%) (32.93%)
1057.40 k; 1767.6 k;
2 ml 2825 mg/kg mg/kg mg/kg
(62.57%) (37.43%)
627.43 k; 785.35 k;
1 ml 1412.5 mg/kg mg/kg mg/kg
(55.58%) (44.42%)

Legend: TPH; Total Petroleum Hydrocarbon.

microbial community ensures proficiency of microbes in changing the functions
of soil bacteria in degrading contaminants (Azedah and Zarabi, 2015), and our
study agrees with this submission. Working spaces also stimulates accessibility
to contaminants by microbes (Njoku et al., 2016).

Another way, earthworm in our study, showed influence on remediating po-
tentials of bacteria in the remediation of hydrocarbon contaminated soils is the
participatory role played by earthworms. Earthworms, particularly epigeics are
involved in biodegradation, and excrete worm casts which contain micro-organisms
(Pavithra et al., 2017). These micro-organisms are large quantity of non-digested
bacteria which proliferate easily (Zanella et al., 2001). The bacteria excreted in
the worm casts increases the microbial community and consequently enhanced
the remediating potentials of the hydrocarbon utilizing bacteria encountered.
The bacteria contained in the worm casts was not counted separately, however,
increased microbial community recorded included them and was influenced by
the earthworm treatments which accounted for their higher numbers in treated
samples.

The concentration of hydrocarbon is reduced during feeding and production
process of worm casts in the digestive tract of earthworms. According to Rodri-
guez-Campos et al. (2014), microbes prevailing in the digestive tract of earth-
worm caused a reduction in petroleum hydrocarbon concentration. The high
percent reduction in hydrocarbon contaminants in our study do not only sup-
port the report, but also agree with the fact that earthworms are good cleaners of
contaminated soils (Ekperusi and Aigbodion, 2015; Sinha et al., 2010). Our study
indicates that total petroleum hydrocarbon level (TPH) decreased in all the
treatments, including the control in 30 day-post remediation treatment. The de-
creased was higher in soils inoculated with earthworm than untreated soil sam-
ples (Table 2). The percent or degradation contaminant loss was two times higher
in treated soil samples (67.07% 3 ml, 62.57% 2 ml) than untreated (32.93% 3 ml,
37.43% 2 ml), respectively.

In our study, the earthworm; Lumbricus terrestris had great influence on pe-

troleum remediating potentials of bacteria by reducing the TPH from initial
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concentration of 3405 mg/kg to 1121.27 mg/kg (67.07%) against 2283.73 mg/kg
(32.93%) in untreated samples within 30 days-post treatment (Table 2). This
agrees with the report that earthworm has the ability to metabolize TPH to waste
products (Lansdell and McConnell, 2003), and reduce the level of TPH. In 3 ml
hydrocarbon contaminated soil samples for instance, both hydrocarbon utilizing
and total heterotrophic bacteria increased in similar rate, but in earthworm
treated soil samples, THB increased far above HUB as it occurred in all the
treatments (Figure 3), indicating that L. ferrestris improved the growth of hete-
rotrophic bacteria in hydrocarbon contaminated soils than hydrocarbon utiliz-
ing bacteria. Metabolize TPH to waste products (Lansdell and McConnell, 2003),
and thus reduce the level of TPH.

Alexander (1999) and Eweis et al. (1998) stated that hydrocarbon contami-
nated soil that contain earthworms caused a reduction in soil pH levels, due to
the release of acidic intermediates and accumulation of organic acids produced
in the degradation of petroleum hydrocarbon in the guts of earthworm. Our
study agrees with the above submission, as the pH level of untreated soil samples
show a reduction range between 6.74 and 6.72 while earthworm treated conta-
minated soils ranges between 6.39 and 6.17 all within the same 30 days study
(Table 3). The reduction in pH values was 0.55 and 0.35 in earthworm treated
soils that had a TPH reduction of 67.07% and 62.57%, respectively. This is another
evidence to show that earthworms participated in the degradation of petroleum
hydrocarbon contamination which led to organic acids accumulation and release
of intermediates that enhanced pH reduction. The pH values obtained in the
study were all above the soil pH value at the commencement of the study, how-
ever, with the influence of the earthworm treatment, a reduction in the pH val-
ues was obtained but still above the initial pH. The reduction in pH value is
striving towards the initial value which may be attained when remediation is
almost complete. Our study therefore, indicates that earthworm application is
ideal for the restoration of pH values in hydrocarbon contaminated soil ecosys-
tem.

The moisture content was lower than the initial moisture in all the treatments
(Table 3). It ranges between 6.73% and 6.77% (untreated) and 5.85% to 6.62%
(earthworm treated) samples, while initial moisture was 8.77%.

Restoration of physico-chemical parameters of the soil ecosystem is another

way earthworm influence the remediation potentials of bacteria. At the end of

Table 3. Influence of earthworm on physico-chemical parameters of hydrocarbon contaminated soil samples at the end of study.

Sample parameters 1ML+EW 1ML+SOIL 2ML+EW 2ML+SOIL 3ML+EW 3 ML+ SOIL

PH 6.39 + 0.01* 6.74 +0.01° 6.36 £ 0.01° 6.66 +0.01° 6.17 +0.01* 6.72 +0.01°
Temperature 25 + 1.00* 25 + 1.00* 25 + 1.00* 25 + 1.00° 25 + 1.00° 25 + 1.00°
Moisture 6.62 + 0.03* 6.77 +0.02° 6.57 + 0.04° 6.76 £ 0.03° 5.85 + 0.08° 6.73 +0.03°

(p <0.05). a, b, c superscripts indicate whether there is significant difference or not. With the same superscript there is no signifi-
cant difference. With different superscript there is a significant difference.
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the study, the levels of total organic carbon, phosphates, potassium, phosphorus,
nitrates were compared with those collected at commencement of study called
initial values. Increase in levels above initial values was observed in total organic
carbon, phosphates, and nitrates, while potassium and phosphorus levels showed
decrease below the initial values. These were observed in both untreated and
treated earthworm soil samples. Gbarakoro and Ozonma (2019) reported a low
level of phosphorus in petroleum hydrocarbon polluted soil and stated that the
increase in mineral elements, proteins and fats levels in polluted soils over those
of non-polluted was abnormal and hydrocarbon-induced. Therefore, the in-
creased level of nutrients above initial values in our study is in agreement with
the stated reports. However, the increase in nutrients was lower in earthworm-
remediated soil than unremediated soil samples, indicating enhancement of the
bacteria remediation potentials. The total organic carbon, nitrates for instance in
soils inoculated with earthworms were lower than those without any earthworm
(Table 4).

The reduction in TPH is not only because of the ability of the earthworm to
metabolize the petroleum hydrocarbon but also the fact that earthworm and
bacterial utilize petroleum hydrocarbon as energy source. The utilization of TPH
as energy source was higher in the earthworm remediation soil because both
earthworm and bacteria organisms are involved than in unremediated soil sam-
ple where only bacteria is involved. This gives credence to the fact that earth-
worms’ presence and activity influenced remediation potentials of bacteria in
decreasing TPH faster. Our findings align with Schaefer et al. (2005) position,
that the concentration of TPH declines considerably in soils with Zumbricus
terrestris, while intake of large quantities of nitrogen reduces nitrate levels (Ior-
dache and Borza, 2012). The earthworm remediated soil samples showed in-
crease in potassium, phosphate and phosphorus concentrations above those
without earthworms at the end of the study indicating the influence of earth-
worm on the remediation potentials of bacteria particularly in restoring those
soil parameters to normalcy (Table 4) Similarly increase in potassium level in
hydrocarbon contaminated soil with earthworm has been reported (Manyuchi et
al., 2013; Zavala-Cruz et al., 2013).

Table 4. Impact of earthworm treatment on soil nutrients in hydrocarbon contaminated soil samples at the end of study.

Sample parameters 1ML+EW 1ML+SOIL 2ML+EW 2ML+SOIL 3ML+EW 3 ML+ SOIL

Potassium 0.386 +0.001°  0.403 +£0.001° 0.423 +0.001* 0.348 £ 0.001> 0.404 + 0.001*  0.300 + 0.001°
Nitrate 29.87 £0.06°  31.40 £0.10° 2640+ 0.10° 36.13+£0.06°  40.80 +0.10°  40.77 + 0.06
Phosphate 62.40 £ 0.10° 2890+ 0.10°  38.60+0.10°  28.60 £0.02° 4820+ 0.10° 2823 +0.12°
Phosphorus 20.80 £0.10°  9.65+0.01*  12.90 £0.05°  9.54+0.01>  16.10 £0.01*  9.44 +0.01°
TPH 109.8 £0.058* 137.3+0.12>  223.8+0.10° 374.1 £0.01° 287.5+0.01* 585.5+0.01°

Total organic carbon 2.769 £0.00°  3.392 +0.002° 3.452 +0.001°  3.822 % 0.00° 3.686 + 0.00* 3.867 + 0.05°

(p < 0.05). a, b, ¢ superscripts indicate whether there is significant difference or not. With the same superscript there is no signifi-
cant difference. With different superscript there is a significant difference.
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This is in conformity to the findings of Azizi et al., 2013; Ameh et al.,, 2013,
that a loss in total organic carbon was due to the usage of organic carbon by
earthworms and micro-organism as source of energy. Statistical evidence re-
vealed that the reduction in TPH concentrations was significantly different be-
tween earthworm remediated soils and un-remediated soils. The reduction in
TPH concentrations was significantly lower between earthworm remediated and
un-remediated soil samples after 30 days study (p < 0.05). Soil samples without
any earthworm had the lowest percentage loss while the highest percentage loss
in TPH concentration was observed in the soil samples with earthworms (Table 4).
Similarly, there was significant difference between earthworm remediated soils and

un-remediated soils in the physico-chemical parameters.

4. Conclusion

The results showed that micro-organisms that possess petroleum hydrocarbon
remediating potentials requires a mixture of different bacterial group and a com-
bined effort of soil fauna such as earthworms to remediate polluted soils. Earth-
worms influenced the remediation potentials of such micro-organisms (bacteria)
through increase in hydrocarbon utilizing and total heterotrophic bacteria bio-
diversity, reduction in petroleum hydrocarbon-induced carbon, and increased
hydrocarbon-induced reduced potassium and phosphorus levels. The influence
of earthworms on the available nutrients is to normalize their respective con-
tents in the soil ecosystem.

The application of earthworms as bioremediation agent in influencing the re-
mediation potentials of bacteria in a petroleum hydrocarbon contaminated soil

ecosystem is encouraged.
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