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Abstract

Background: Large quantities of spent crankcase oil are disposed into the environment in Nigeria, posing
threats that affect plants, animals and human health. The bioremediation potential of Pleurotus ostreatus spent
substrate was evaluated against spent crankcase oil-contaminated soil.

Materials and Methods: Fixed quantities of 100 g soil samples were mixed with variable amounts of P.
ostreatus spent substrate (15, 15, 30, and 60 g) for the control and Treatments (T) 1-3. Aliquots of 0, 75, 150
and 300 ml water were introduced in the treatments to guarantee the highest possible reduction in total
petroleum hydrocarbon (TPH). Microbiological assessment of soil samples and physicochemical assessment of
the spent mushroom substrate were conducted.

Results: The indigenous hydrocarbon-utilizing bacteria (Bacillus sp., Pseudomonas sp., and Staphylococcus
sp.,) and hydrocarbon-utilizing fungi (Penicillium sp., Aspergillus sp., and Rhizopus sp.) were identified from
the spent crankcase oil-contaminated soil using standard microbiological procedures. The results obtained
showed increases in soil pH, temperature (°C), moisture content (%), total organic carbon (%), total organic
matter (%), and phosphorus (%), while nitrogen (%) showed a decreasing pattern across all the soil treatments.
Initial Total Petroleum Hydrocarbon (TPH) of the spent engine oil-contaminated soil sample was determined to
be 3784 but declined to 3064, 2286.33, 2091.67, 1227.33, and 382 mg/kg for the Control, T1, T2, T3 and T4
respectively. T4 showed better bioremediation effect due to the drastic reduction of the oil when compared with
the control.

Conclusion: This study validates the use of Pleurotus ostreatus spent substrate as an agent for improving soil
health, and as a mineral nutrient source for hydrocarbon utilizing microorganisms.

Keywords: Pleurotus ostreatus, spent crankcase oil, bioremediation, hydrocarbon-utilizing fungi, hydrocarbon-
utilizing bacteria, Nigeria.
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I.  Introduction

The release of used crankcase oil from automobiles into the environment seriously affects the natural
ecosystems. Ideally, used oils are regarded as hazardous wastes because they are poisonous to the health of
humans and/or the natural environment (Duru et al., 2019; Ali et al., 2017).

Approximately one gallon of spent crankcase oil has been reported to pollute a million gallons of water
including fauna and flora (Filho et al., 2017). Similarly, Chin et al., 2012 has reported that one liter of spent
automobile oil can contaminate up to 3,784 m? of soil, rendering it unproductive for agricultural purposes for
nearly a century. Therefore, spent auto oils are either recycled and reused or disposed of in a controlled manner
by adhering to legislation and policies (Dike et al., 2013). Sadly, effective legislations on the management and
disposal of spent oils are lacking in Nigeria. This is bolstered by assertions that in ‘throw away countries’,
recycling of most chemicals is inadequate or absent (Collins et al., 2020). In Makurdi town, like elsewhere in
Nigeria, they are no facilities for recycling chemicals, hence, used crankcase oil, composed of heavy metals and
aromatic hydrocarbons are recklessly dumped as harmful wastes at the automobile sites without any
consideration on the impact to the environment. The improper disposal of such oil carries multiple risks. For
instance, with each rainfall, oil dumped on land is washed and may seep into surface and groundwater leading to
water and soil pollution. Correspondingly, they may also result in adverse health effects in humans through the
food chain (Ojuederie and Babalola, 2017).

Bioremediation, an eco-friendly, inexpensive and cost-effective approach to extracting toxic pollutants
from the soil and wastewater, could be employed to overcome this problem. Bioremediation utilizes living
organisms to remove toxic pollutants from the environment thereby restoring the ecosystem (Ayangbenro and
Babalola, 2017). The key players utilized in bioremediation include earthworms (Bhat et al., 2018; Ekperusi and
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Aigbodion, 2015), plants (Angelova et al., 2016), bacteria (Ameen et al., 2020; Coelho et al., 2015;
Kalaimurugan et al., 2020), and algae (Angulo et al., 2018; Leong and Chang, 2020).

The use of fungi, in a process called mycoremediation has also been documented (Goltapeh et al.,
2013). Mycoremediation utilizes either macrofungi (mushrooms) (Ali et al., 2017; Chatterjee et al., 2017) or
molds (filamentous fungi) (Deshmukh et al., 2016). Members of the white-rot fungi genus Pleurotus possess
wood-decaying characteristics that could result in the decomposition of portions of the cell wall of the host
plant, like, cellulose, lignin, and hemicellulose (Sanchez, 2009). Pleurotus ostreatus is commonly associated
with dead or decaying trees e.g. beech and oaks (Bari et al., 2015; Karim et al., 2016). Besides being edible and
medicinal (Tolgol, 2001), it is useful in several industrial applications. Studies by Purnomo et al., 2008 reported
that P. ostreatus were employed in the degradation of the dichlorodiphenyltrichloroethane (DDT)-contaminated
soil. Similarly, in other studies, P. ostreatus was reported to; sequester heavy metals from soils and metal scrap
sites (Boamponsem et al., 2013; Raj et al., 2011; Vaseem et al., 2017); remove drugs from livestock waste
(Migilore et al., 2012); in wastewater treatment to degrade contaminants like acetaminophen and sulphonamides
(Chang et al., 2018), and petroleum-contaminated soil (Dickson et al., 2020; Robichaud et al., 2019).

According to the National Bureau of Statistics, 2018, the estimated vehicle population in Nigeria was
11.8 million. It can only be imagined the volume of used crankcase oil thrown away in the various automobile
workshops in the country. However, previous data has it that yearly, above 76 million liters of spent crankcase
oil is produced in Nigeria by automobile and generator workshops, besides that spilled unintentionally from
engine exhaust systems during their operation (Faboya, 1997; Osubor and Anoliefo, 2003). The aim of this
study is, therefore, to evaluate the role of P. ostreatus spent substrate in the bioremediation of spent mineral-
based crankcase contaminated soil under different conditions in vitro. The objectives of the study are to; (i)
evaluate the microbial and physicochemical properties of the crankcase oil-contaminated soil sample at Apir
Mechanic Village and (ii) investigate the success of bioremediation by determining some soil parameters after
bioremediation.

Il.  Materials and Methods
Study Area
This study was conducted in Makurdi, Benue State, located in the north-central region of Nigeria. The town is
situated along the River Benue Bank on latitude 7.44°N and longitude 8.32°E.

Study Site

Spent crankcase oil-contaminated soil samples for this work was collected from the Apir Mechanic Village,
Makurdi one of the biggest mechanic sites situated along the Makurdi-Otukpo Road. Several mechanic vendors
specializing in the repair of different automobile brands characterize the automobile village.

Sample Collection

The representative soil samples were collected from four selected polluted points within the site. The Global
following Positioning System (GPS) coordinates were used; Point A (7° 40' 36.732" N; 8° 32' 16.224" E), Point
B (7° 40' 36.732" N; 8° 32' 16.476" E), Point C (7° 40' 34.14" N; 8° 32' 11.652" E), and Point D (7° 40' 34.14"
N; 87 32' 11.472" E). Soil samples were scooped at a tillage depth of approximately 10 cm for each point and
immediately transported, to the laboratory for microbiological analysis within 24 hours of collection. The colour
of the soil samples was noted, and P. ostreatus spent substrate was obtained from the mushroom unit of Oracle
Farms Ltd. Makurdi, Nigeria.

Characterization of Oil-Contaminated Soil and P. ostreatus Spent Substrate

The physical and chemical evaluation of the test soil samples and spent mushroom substrate were
performed using standard procedures. As described by Ogbeh et al., (2019), following, collection, 100 g each of
the soil samples were homogenized manually, filtered through a 2.0 mm sieve and stored for 24 h in a jute bag.
The pH of soil samples, P. ostreatus spent substrate and all treatments were determined using a HANNA
Combo pH Meter in a 1:1 mixture of sample and distilled water as described in AOAC (1990). Moisture content
was determined as described in Gbarakoro and Chukwumati, (2019), using:

Soil moisture content (%) = wet weight (g) —dry weight (g) x 100
wet weight (g)

Percentage nitrogen, organic carbon, and phosphorus were determined using methods previously
described by Association of Analytical Chemists (2009). Percentage organic matter was determined by
multiplying organic carbon (%) with 1.724 as previously described (Gbarakoro and Chukwumati, 2019).
Temperature (°C) was measured using a digital thermometer as described (Gbarakoro and Chukwumati, 2019).
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Estimation of Total Petroleum Hydrocarbon (TPH)
Total petroleum hydrocarbon (TPH) was determined via oil and grease content measurement using the
procedure by Abdulyekeen et al., (2016). Residual oil/grease content was finally determined using the equation
aandb:
Gain in weight of flask mg = w1 — w2 @)
Oil and grease fraction mg kg = wl — w2 x 100 (b)

w

W1 = weight of flask, boiling chips and residue after evaporation of hexane W2 = weight of round flask and
boiling chips W = the weight of the contaminated soil in gramme

Percentage degradation/remediation of total petroleum hydrocarbon (%) was determined using:

Initial TPH-Residual TPH Initial TPH x 100

Enumeration of Aerobic Heterotrophic Bacteria and Fungi
One gram (1.00 g) of soil sample was suspended in 9.00 ml of sterile distilled water and ten-fold serial dilution
of the resulting homogenized mixture was carried out. Aliquots of 1.00 ml were plated unto sterile Petri dishes
containing nutrient agar (HiMedia, Mumbai, India) supplemented with nystatin to suppress fungal growth. The
nutrient agar plates were incubated at 30 °C for 24 - 48 hours. For fungal growth, appropriate dilutions were
plated on potato dextrose agar (PDA) (HiMedia, Mumbai, India) agar supplemented with streptomycin to
suppress bacterial growth. Incubation was for up to a week at 30 °C. The numbers of viable microorganisms
were mathematically determined using the expression below:
CFU/g = average no. of colonies x total dilution factor

volume plated

Enumeration of Hydrocarbon Utilizing Bacteria and Fungi

Mineral salt agar (LSBio, San Diego, USA) was used (Mills et al., 1978; Okpokwasili and
Amanchukwu, 1988). A 10 ml volume of crude oil was amended to 990 ml of mineral salt medium in conical
flasks to serve as carbon source. Incubation was carried out for bacteria at 30 °C for 24 - 48 hours Aliquots were
plated on medium supplemented with nystatin to suppress fungal growth. For Hydrocarbon Utilizing Fungi
(HUF), aliguots were plated unto medium supplemented with streptomycin and gentamycin to suppress bacterial
growth and incubated for up to a week. Numbers of cells/g were enumerated.

Morphological and Biochemical Identification of Isolates

Bacterial isolates were characterized and identified after studying their Gram reaction as well as cell
micromorphology. Catalase, Citrate, Indole, Urease, Oxidase, and Triple Sugar Iron (TSI) agar reaction via
Hydrogen Sulphide (H,S) production were also employed in the characterization and identification of bacterial
isolates as described by Adeoye (2007); Cheesbrough (2005); Holt et al. (1994). Microbial identification was
carried out using guidelines and keys from Holt et al., (1994). Microscopic and macroscopic examination via the
needle mount technique was performed on fungal isolates and their identification was carried out as described
(Barnett et al., 1972; Larone, 1972).

Setup of Bioremediation experiments

The bioremediation experiment was performed in the Microbiology Laboratory, Benue State University
Makurdi, Nigeria from June — July 2019. This experiment was carried out using four (4) treatments, and three
(3) replicates each and was maintained at a constant temperature of 30 °C throughout the bioremediation period.
The following treatment groups (Table 1) were investigated.

Table 1: Experimental Setup

Treatment Number of Replicates Contaminated Soil (g) Pleurotus ostreatus Water (ml)
Number Spent Substrate (g)

01 Three (3) 100.00 15.00 0.00

02 Three (3) 100.00 15.00 75.00

03 Three (3) 100.00 30.00 150.00

04 Three (3) 100.00 60.00 300.00
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I11.  Results and Discussion
Evaluation of Soil and P. ostrearus Spent Substrate Quality
Table 2 shows the results for the key parameters of the oil-contaminated soil and P. ostreatus spent substrate.

Table 2: Characteristics of Oil-contaminated soil and P. ostreatus spent substrate before bioremediation

Measured Parameters Cranckcase oil-contaminated soil ~ P. ostreatus spent substrate
Hydrogen lon Concentration (pH) 6.40 7.30

Moisture Content (% dry weight) 4.69 6.60

TOC (% dry weight) 0.97 35.66

TOM (% dry weight) 1.67 61.48

Nitrogen (% dry weight) 0.39 0.96

Phosphorus (% dry weight) 1.33 1.86

Temperature (-C) 24 27.00

Aerobic Heterotrophic Bacteria (cfu/g)  2.01 x 107 1.88 x 107

Aerobic Heterotrophic Fungi (cfu/g) 8.00 x 10°

Aerobic HUB (cfu/g) 1.4 x 10°

Aerobic HUF (cfulg) 3.00 x 10°

TPH (mg/kg) 3,784 Below Detectable Limit (BDL)
Colour Blackish or dark-brownish Whitish-Brown

TOC: Total Organic Carbon; TOM: Total Organic Matter; HUB: Hydrocarbon Utilizing Bacteria; HUF: Hydrocarbon Utilizing Fungi; Total
Petroleum Hydrocarbon; - : not determined.

Soils in Makurdi automobile workshops are largely polluted, due in part to the improper disposal of
spent crankcase oils in the environment. As suggested by Ramadas et al., (2015) spent oils top the most
hazardous classes of pollutants contaminating the environment. These products permeate the soil resulting to
changes in the physical and chemical qualities of the soil (Griffiths and Philippot, 2013), and thus deterioration
of these soil characteristics (Semrany et al., 2012), as we have observed in our study (Table 2).

The soil samples characterization revealed its state before bioremediation. At a pH of 6.4, the soil
samples were only slightly acidic; while P. ostreatus spent substrate had a neutral pH of 7.3. Studies by Ogbeh
et al., 2019 on the bioremediation of spent engine-oil contaminated soil in Makurdi also measured a similar pH
of 6.25. Next, the moisture content of the soil on a dry weight basis was determined. Low moisture contents in
both the oil-contaminated soil samples (4.69%) and the P. ostreatus spent substrate (6.60%). The total organic
carbon (TOC), a measure of microbial biomass; total organic matter (TOM), the organic component of soil, the
nitrogen, and phosphorus levels, which are vital nutrients in soil fertility were all evaluated.

There were pronounce contrasts between the soil samples versus the P. ostreatus substrate in TOC,
TOM, nitrogen, and phosphorus quantities. Soils lacking in nutrients have been found to have low organic
matter. As such, the low SOM, nitrogen and phosphorus in the soil samples were expected. The numbers of
culturable aerobic heterotrophic bacteria in soil is proportional to the activity of microbes, and also indicates soil
health. Although oil-contaminated soils are unproductive for agricultural purposes since plants grow poorly on
them (Wyszkowska et al., 2015), still, they may serve as sources of energy for certain microbes, especially the
hydrocarbon-utilizers. This may explain why in this study, although other soil physical and chemical parameters
investigated in this study revealed low values, aerobic heterotrophic bacteria were the most abundant microbial
group in the oil-contaminated soil with an average CFU count/g of 2.01 x 10" (Table 2). By colour, the soil at
the mechanic village had a blackish or dark-brownish soil colouration, thus highlighting possible spent oil-
contamination.

Microbiological Diversity of Spent Mineral-based Crankcase Oil-contaminated Soil
Biochemical tests were also conducted on the oil-contaminated soil to identify the indigenous bacteria

(Table 3) and fungi present (Table 4) at the polluted sites.
Table 3 indicates that bacteriological analysis detected the presence of heterotrophic bacteria.
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Table 3: Occurrence of bacteria from crankcase oil-contaminated soil samples

Colony Cell GR CA OX ClI IN UR TS Organism %

Morphology Arrangement Suspected QOccurrence

Smooth colonies with grey tint on Short rods - + o+ + + + H,S  Pseudomonassp. 33.33%

nutrient agar

Raised long rods Straight long + + _ + + - A/G  Bacillus sp. 33.33%

Milky to white colonies Cocci in + + - - - - A Staphylococcus 16.67%
clusters sp.

Large smooth and circular slightly ~ Short rods - + - + - + H,S  Klebsiella sp. 16.67%

raised colonies

Key: GR: Gram Stain; CA: Citrate Test; OX: Oxidase Test; Cl: Citrate Test; IN: Indole Test; UR: Urease Test; TS: Triple Sugar Iron
Reaction; H,S: Hydrogen Sulphide; A: Acid Production; A/G: Acid and Gas Production; +: Positive; - : Negative

Pseudomonas sp., Bacillus sp., Staphylococcus sp., and Klebsiella sp., were isolated from the oil-contaminated
soil samples, however only Klebsiella sp., was not screened as HUB. Staphylococcus, Bacillus and
Pseudomonas sp., have been reported to have the ability to degrade hydrocarbon in diesel-contaminated soil
environment (Nikhil et al., 2013). The percentage occurrence of the detected bacteria reveals that Bacillus and
Pseudomonas had the highest percentage occurrence of 33.33 %, with Staphylococcus and Klebsiella at 16.67%.
Fungi were isolated from the crankcase oil-contaminated soil. As shown in Table 4, Penicillium sp., Aspergillus
sp., and Rhizopus sp., were detected and they were all screened as HUF.

Table 4: Diversity of fungi from crankcase oil-contaminated soil samples

Colony Morphology Microscopic Morphology Identification %
QOccurrence

Olive grey, velvety or cottony Septate hyaline hyphae, branched conidiophores, metulae and conidia ~ Penicillum sp. ~ 50%

Dark grey surface, reverse Non septate, conidiophores terminating in a globus or clarate  Aspergillus 25%

velverty or cottony swelling bearing phialides at the apex sp.

Colony pale brownish grey, Branched rhizoids sporangiospore irregular in shape, globolose and  Rhizopus sp. 25%

reverse brownish black interwoven mass of hyphae

For the percentage occurrence, Penicillium sp., had the highest occurrence at 50 %, while Aspergillus sp., and
Rhizopus sp., had the least occurrence at 25 % each. Studies by Barnes et al., 2018 also identified fungi of the
Aspergillus sp., and Penicillium sp., genus as HUF with bioremediation potentials, so as studies by Adams et al.,
(2014), Eziuzor and Okpokwasili (2009), Obiakalaije et al., (2015) and Vidali, 2001 in their bioremediation
studies.
Physicochemical Analysis of Soil during Mycoremediation

Juwarkar et al., (2010) suggested that in bioremediation, experiments are optimized, by exploiting
factors such as nutrient inclusion, soil structure, moisture, and aeration. With that goal, our bioremediation setup
varied the amounts of spent mushroom substrate and moisture content (Table 1) at a constant temperature of 34
°C.

At the start of the bioremediation experimentation, and throughout the process, the pH, a measure of
the acidity or alkalinity was measured for the control and treatment groups (Figure 1).
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Figure 1: pH versus days of remediation of crankcase oil-contaminated soil
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pH is an important factor influencing biological activities and hence the rate of bioremediation. As
shown in Figure 1, the mean pH values across all treatments ranged from 6.33 — 7.26. Most microbes have been
reported to perform optimally at a neutral pH range (Ajoku and Oduola, 2013). A pH of 6.5 — 7.5 has been
shown for both laboratory and field studies, to be ideal for the performance of hydrocarbon-degrading bacteria
(Eweis et al., 1998; EPA, 1993). This study agrees with these findings, as the observed mean pH values were
within this range.

Bioremediation is an enzymatic process, and the temperature is a critical factor that influences its rate
by controlling the rate of enzyme-catalyzed reaction within the microorganisms. The mean temperature (°C)
values of the soil samples were measured across all the treatments during remediation as indicated (Figure 2).
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Figure 2: Temperature versus bioremediation treatments
Error bars represent mean of three measurements

The results show that a slight temperature increases across the treatments, beginning at 23 °C (control)
to 24.7, 25.3, 27.3 to 29.1 °C for treatment 1 — 4 respectively were observed. Nester et al., 2001, reported that
most soil bacteria including HUB are mesophilic and thrive best at 25 — 45 °C. Therefore, it is not surprising that
treatment 4 that showed the highest temperature of 29.1 °C which is within this range showed the best
bioremediation result. In studies by Gbarakoro and Chukwumati (2019), temperature increase (25.5 °C — 27 °C)
across their treatments was also reported.

Moisture is required by all microorganisms for proliferation and activity, as such moisture content is
another key factor in bioremediation. We evaluated the mean moisture content for all the treatments during
remediation and the results are presented in Figure 3.
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Figure 3: Mean moisture Content (%) versus bioremediation treatments
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Moisture content (%) results from this study indicates a range of 30 %, 36 %, and 39 % respectively
across treatments 2, 3 and 4 to which 75, 150, and 300 ml water (Table 1) were added throughout
bioremediation. The variation of soil moisture content is essential in successful bioremediation on contaminated
sites (Cho et al., 2000), and importantly, two major outcomes are likely; (i) limited quantities of water inhibits
proliferation and microbial activity whereas (ii) excessive water can be restrictive in supplying oxygen in
delivering oxygen to the microbes, hence leading to a decline in decomposition rate of organic matter.
Consequently, the determination of optimum water content is critical for bioremediation. As for the control, no
water was added. However, although only 75 ml of water was added to treatment 1, it is suspected that the
limited water supply prevented the growth of the microbes, resulting in 0% moisture content. Banerjee et al.,
2016 have reported that in the effective bioremediation of oil-contaminated soil, variations of moisture from 30
% — 90 % are required, yet this depends on the type of soil and pollutants amongst other factors. The findings of
this study support this, as when the volume of water was doubled in the treatments to 300 ml, the result was a
decrease in TPH from 3064 mg/kg at the beginning of bioremediation to 382 mg/kg.

The total petroleum hydrocarbon (TPH) was estimated via the oil and grease method and the results are
expressed in mg/kg (Figure 4).
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TPH versus treatments

Figure 4: Total Petroleum Hydrocarbon (mg/kg) versus treatments after 22 days of bioremediation (Percentage
Degradation Remediation Process)

Although the experiment lasted for only 22 days, (which may not seem to be a long time to observe
changes), there was a drastic decline in the TPH, up to 89.9 % by day 22, for treatment 4. As shown in Figure 4,
there was a gradual reduction to 3064 mg/kg, 2286.33 mg/kg, 2091.67 mg/kg, 1227.33 mg/kg, and 382 mg/kg
for Control category, Treatment 1, Treatment 2, Treatment 3 and Treatment 4 respectively. The difference in
percentage degradation (%) across Treatment 1 and Treatment 2 highlights the role played by water in this
study. Treatment 1 had an equal composition of soil sample and P. ostreatus spent substrate, except for water,
which was only added to Treatment 2, yielding a percentage degradation of 44.72 % in Treatment 2 against
39.58 % in Treatment 1. This, therefore, establishes the relevance of moisture in bioremediation processes. The
highest percentage degradation (%) value for this study stands at 89.90 % for Treatment 4 and this is relatively
in agreement with Stanley et al., (2017) and Adenipekun and Ogunjobi, (2011) who also reported a very high
percentage loss of about 90 % of Total Petroleum Hydrocarbon in their studies.

This study investigated the improvement of key soil parameters following bioremediation by
measuring TOM, TOC, Nitrogen, and Phosphorus (Figure 5).
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Figure 5: Key soil parameters for the control and treatment groups following bioremediation

Results showed TOC (%) steadily increased across the control category and treatments following
bioremediation, and this was observed to be directly related to the increasing amounts of P. ostreatus spent
substrate (g) and water (ml). The least TOC was 0.75, observed in the control soil sample, to which no
amendments were made, and the highest TOC was 8.89, shown in Treatment 4, which had the highest amount of
spent mushroom substrate and water amendments. The rise in TOC from this study is in agreement with studies
by Ibiene et al., (2011) and Adenipekun and Ogunjobi (2011), who reported increases in TOC in their
bioremediation studies. The Nitrogen levels declined across all the treatment groups, except in the control where
the highest Nitrogen value of 0.70 was recorded. This value was higher than the initial Nitrogen value of the
contaminated soil sample 0.39 (Table 2). The pattern of Nitrogen decrease in this study (Figure 5) correlates
with Obiakalaije et al., (2015) who also reported a decreasing pattern in Nitrogen levels across treatment
categories. Studies by Adams et al., 2014, and Gbarakoro and Chukwumati, (2019) reported relative increases in
Nitrogen across treatment categories.

Phosphorus levels (%) steadily increased across the treatment groups with a corresponding relationship
to increasing amounts of P. ostreatus spent substrate (g) and water (ml). Hence, the least Phosphorus value;
1.40, was obtained in the control category, to which no amendment was made. The highest value for
Phosphorus; 6.60, was obtained in Treatment 4 which had the highest amount of amendments (P. ostreatus
spent substrate (g) and water (ml) across the treatments. The increasing pattern of Phosphorus from this study
correlates with Gbarakoro and Chukwumati, (2019) who reported an increase in Phosphorus across treatment
categories. Obiakalaije et al. (2015) however reported a pattern of decrease across treatment categories.

IV.  Conclusion

Soil contaminated with crankcase oil-contaminated soil is characterized by low physicochemical
parameters such as moisture content, TOC, TOM, nitrogen, and phosphorus levels, yet a higher count of bacteria
and fungi. Neutral pH of 7.2, the temperature of 29.1 °C, moisture content of 39 % vyielded the best
bioremediation results, with decreases in TPH from 3064 mg/kg at the beginning of bioremediation to 382
mg/kg by the end of experimentation. Except for Nitrogen, there were improvements in soil health for instance
TOC, TOM, temperature, pH, and phosphorus following bioremediation. Overall, the result of this study shows
P. ostreatus spent substrate is an ideal biostimulant in the remediation of spent mineral-based crankcase oil-
contaminated soil.
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