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Abstract 
Rationale: The contamination of soil with crude oil poses significant environ-
mental and ecological threats. Bioremediation, particularly through the use of 
organisms like Pleurotus ostreatus (mushroom) and Eisenia fetida (earth-
worm), has emerged as a promising approach to mitigate crude oil pollution. 
Understanding the effectiveness of these organisms in reducing hydrocarbon 
levels in contaminated soil is crucial for devising sustainable remediation 
strategies. Objectives: This study aimed to evaluate the efficacy of Pleurotus 
ostreatus and Eisenia fetida in remediating crude oil-polluted soil. Specifically, 
it sought to assess the hydrocarbon profiles in soil treated with these organ-
isms across varying concentrations of crude oil pollution. Method: Crude oil 
concentration levels ranging from 0% to 10% were applied to soil samples 
alongside control treatments, including soil only, soil with earthworms, and 
soil with mushrooms. Each treatment was replicated five times using a ran-
domized complete block design. Standard methods were employed to deter-
mine the hydrocarbon contents of the soil. Results: The results indicated a 
significant increase (P < 0.05) in various hydrocarbon parameters, including 
total organic carbon (TOC), total hydrocarbons (TPH), total petroleum hy-
drocarbons (TPH), polycyclic aromatic hydrocarbons (PAH), and total oil and 
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grease (TOG), with escalating concentrations of crude oil pollution. However, 
soil treated with Pleurotus ostreatus and Eisenia fetida exhibited noteworthy 
reductions in these hydrocarbon levels. At the three-month mark, mushrooms 
demonstrated a remarkable ability to reduce hydrocarbon content by 70% - 
90% compared to the pollution treatment. In contrast, earthworms exhibited 
minimal potential for hydrocarbon reduction, particularly at both three and 
six-month intervals. For instance, TOC reduction reached a maximum of 96% 
with mushroom treatment and 85% with earthworm treatment at 5% crude 
oil pollution over six months. Conclusion: The findings highlight the effec-
tiveness of Pleurotus ostreatus in significantly reducing hydrocarbon levels in 
crude oil-polluted soil compared to Eisenia fetida. Mushroom-treated soils 
consistently exhibited substantial reductions in TOC, TPH, TOG, PAH, and 
THC over the study period, suggesting their potential as a viable bioremedia-
tion agent. In contrast, while earthworms showed some capability in reducing 
hydrocarbon content, their effectiveness was comparatively limited. Recom-
mendation: Based on the results, it is recommended to utilize Pleurotus os-
treatus for the bioremediation of crude oil-polluted soils. Further research 
could explore optimizing remediation protocols involving mushroom-based 
treatments for enhanced efficiency. Statement of Significance: This study 
contributes valuable insights into the application of bioremediation tech-
niques for mitigating crude oil contamination in soil. The demonstrated effi-
cacy of Pleurotus ostreatus underscores its potential as a sustainable and eco-
friendly solution for remediating hydrocarbon-polluted environments, offer-
ing a promising avenue for environmental restoration and conservation ef-
forts. 
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1. Introduction 

Research in environmental science, especially focusing on the Niger Delta, has 
thoroughly investigated the increasing rate of human influence on the wetland 
ecosystem of the region, reaching a point where our capacity to adequately address 
its repercussions is surpassed. Environmental pollution emerges as a prominent 
concern among the multifaceted impacts stemming from human technological 
progress [1]-[4]. This pollution, stemming from various industrial activities and 
anthropogenic sources, exerts detrimental effects on ecosystems, endangering the 
well-being of humans, animals, microorganisms, and plants alike [5]-[71]. Crude 
oil, a natural liquid with complex hydrocarbon compositions, exemplifies one of 
the most significant pollutants [28] [29] [39] [63] [72]. Its pervasive contamina-
tion leads to a multitude of environmental challenges, necessitating urgent re-
search attention. In addressing such challenges, the biological remediation ap-
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proach emerges as a promising strategy for rehabilitating polluted areas and re-
storing ecological balance [26] [35] [45] [65] [66] [71] [73]. Within the realm of 
biological remediation, fungi have garnered attention for their remarkable ability 
to degrade hydrocarbons, outperforming conventional methods involving bacte-
ria [74]. Mycoremediation, a form of bioremediation employing fungi, offers a 
promising avenue for restoring petroleum-contaminated sites due to fungi’s ca-
pacity to detoxify pollutants and enrich soil nutrients [75]. Notably, successful 
trials have demonstrated the effectiveness of various fungal species, including 
Pleurotus ostreatus, Ganoderma lucidum, and Trametes versicolor, in remediat-
ing petroleum pollution. Thus, the burgeoning research landscape underscores 
the urgency of addressing environmental pollution and exploring innovative re-
mediation strategies. By harnessing the potential of fungi-based mycoremedia-
tion, this study strives towards sustainable solutions for mitigating the adverse 
impacts of human activities on the environment. Various species of earthworms, 
including Aporrectodea tuberculata, Dendrobaena veneta, Lumbricus terrestris, 
Dendrobaena rubida, Eisenia fetida, Perionyx excavatus, Allobophora chlorotica, 
and Eiseniella tetraedra, have been documented for their remarkable ability to ex-
tract contaminants such as pesticides and heavy metals from soil, including lipo-
philic organic micropollutants akin to polycyclic aromatic hydrocarbons (PAHs) 
[12] [76]-[91]. Additionally, earthworms play a crucial role in soil health by facil-
itating the transformation of approximately one-quarter of organic matter into 
humus, with colloidal humus acting as a “slow-release fertilizer” that enriches soil 
fertility [92] [93]. In recent years, there has been a growing interest in harnessing 
the synergistic potential of fungi and earthworms for remediating soil contami-
nated with crude oil. This emerging area of research holds promise as an econom-
ically viable and environmentally sustainable approach to address the challenges 
of crude oil pollution. Therefore, there is a pressing need to investigate the efficacy 
of utilizing organisms such as Pleurotus ostreatus and Eisenia fetida in reducing 
hydrocarbon concentrations in crude oil-contaminated soil. By exploring the re-
mediation capabilities of these organisms, we can unlock new pathways towards 
mitigating the adverse impacts of petroleum pollution while promoting soil health 
and ecological sustainability. Thus, this study aimed to evaluate the efficacy of 
Pleurotus ostreatus and Eisenia fetida in remediating crude oil-polluted soil. Spe-
cifically, the study sought to assess the hydrocarbon profiles in soil treated with 
these organisms across varying concentrations of crude oil pollution. 

2. Materials and Method 
2.1. Study Area 

The investigation detailed in this study was conducted within the Arboretum of 
Rivers State University, situated in the vibrant city of Port Harcourt, Nigeria, spe-
cifically in the area known as Nkpolu Oroworukwo. The geographical coordinates 
of the study site are approximately 4.7958˚N latitude and 7.0246˚E longitude. This 
region falls within the tropical wet climate zone, characterized by extended peri-
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ods of heavy rainfall interspersed with brief dry spells. The average annual tem-
perature in this locale is recorded at 26.4˚C, while the average yearly rainfall 
amounts to 2629 millimeters, as determined by the Koppen-Geiger system [94]. 

2.2. Sterilization of Materials for the Experiment 

Following a thorough cleaning process involving washing with detergent and sub-
sequent rinsing with distilled water, all glassware items underwent an extensive 
air-drying phase. Subsequently, to ensure sterility, the glassware was individually 
wrapped in aluminum foil and subjected to autoclaving at a pressure of 121˚C for 
a duration of 30 minutes. This meticulous sterilization procedure was essential to 
eliminate any potential contaminants and ensure the integrity of the experimental 
setup. 

2.3. Source of Culture and Spawn Preparation 

Pleurotus ostreatus cultures were sourced from Dilomat and subsequently culti-
vated at the Mushroom Center of Rivers State University, located in Nkpolu 
Oroworukwo. Here, aseptic techniques were employed to isolate and propagate 
pure mycelial cultures. The propagation process involved utilizing sorghum 
grains as the substrate for spawn production. Initially, sorghum grains underwent 
a meticulous preparation process. They were thoroughly rinsed and then soaked 
in tap water for a period of 24 hours. Following this, the soaked grains were boiled 
in an industrial cooker for 15 minutes, employing a 1:1 ratio of sorghum grains to 
water. To optimize the growth environment for the mycelium, additives such as 
4% (w/w) calcium carbonate (CaCO3) and 2% (w/w) calcium sulfate (CaSO4) were 
incorporated, as recommended by Mohammed et al. [95] and Chukunda and 
Simbi-Wellington [96]. Calcium carbonate served to enhance pH levels, while cal-
cium sulfate helped prevent grain aggregation. Once prepared, the sorghum 
grains were filtered to eliminate excess water and subsequently transferred into 
glass bottles, which were meticulously sealed using aluminum foil to maintain ste-
rility. These bottles were then subjected to sterilization at 121˚C for a duration of 
30 minutes in an autoclave. After sterilization, the bottles were allowed to cool to 
room temperature. Subsequently, the pure Pleurotus ostreatus mycelial cultures 
were aseptically inoculated into the prepared sorghum substrate. The inoculated 
cultures were then incubated in darkness at a controlled temperature of 27˚C ± 
2˚C for a period of 10 - 15 days. This incubation period allowed for the complete 
colonization of the sorghum grains by the Pleurotus ostreatus mycelium, ensuring 
robust spawn development, as described by Shyam et al. [97] and Chukunda and 
Simbi-Wellington [96]. 

2.4. Source and Identification of Earthworm Species 

The earthworms utilized in this study were meticulously collected from the rich, 
moisture-laden soil of forest environments employing the meticulous hand sort-
ing method, as outlined by Edwards and Arancon [98]. Once gathered, they were 
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carefully transferred into jars containing a portion of their native soil to maintain 
their natural habitat during transportation to the laboratory. Upon arrival, the 
earthworms underwent a comprehensive preparation process. Firstly, they were 
gently washed to remove any adhering soil particles, ensuring cleanliness for sub-
sequent analysis. Following this, the earthworms were preserved in a 10% dilution 
concentration of formalin, a commonly used preservative solution in biological 
studies, to maintain their structural integrity and prevent decomposition. To pre-
cisely identify the collected earthworm specimens, a combination of morphologi-
cal and anatomical methods was employed. The morphological method described 
by Yousefi, Ramezani, Mohamadi, Mohammadpour, and Nemati [99] facilitated 
the initial classification, while the internal anatomical method devised by Ismail 
[100] provided deeper insights into their physiological characteristics. Addition-
ally, the form and organization of setae, critical structures for earthworm locomo-
tion and environmental interaction were analyzed using the methodology estab-
lished by Malek [101]. Among the various earthworm species identified, Eisenia 
fetida was specifically selected for its well-documented resilience to hydrocarbon 
exposure and other environmental stressors, as reported by Contreras-Ramos et 
al. [102]. Notably, Eisenia fetida is readily available and easily cultivated under 
laboratory conditions, making it an ideal candidate for experimental studies. As 
epigeic earthworms, Eisenia fetida primarily inhabit the upper layers of soil, where 
they play crucial roles in nutrient cycling and soil aeration, thus influencing eco-
system health and function. 

2.5. Multiplication of Earthworms for Experiment 

To establish a conducive environment for the identified species of earthworms, a 
carefully curated mixture of organic materials was prepared and utilized as a sub-
strate for their growth and replication. This process involved a meticulous blend 
of cow dung, banana roots, and garden soil in a precise ratio of 3:1:1. Firstly, an 
appropriate area under plant shade was selected and cleared for the experimental 
setup. Shallow excavations, approximately 3 cm deep, were then carried out using 
a shovel. To prevent the escape of earthworms, each excavation site was lined with 
a polyethylene bag placed directly on the surface, with an additional ring, such as 
an old motor tire, placed securely around the perimeter. Subsequently, a stratified 
layering approach was employed within each excavation site. Initially, clay soil 
was evenly spread over the polyethylene bag to absorb excess moisture and create 
a stable foundation. This was followed by a layer of garden soil, providing a semi-
natural habitat conducive to earthworm activity. Cow dung, rich in microbial 
populations essential for effective organic matter degradation, was then intro-
duced to the setup, followed by fragments of banana roots to serve as a nutrient 
source for the earthworms. Finally, another layer of garden soil was applied to 
cover the surface and provide protection. At the center of each setup, a shallow 
well, approximately 5 cm deep, was carefully dug. The identified earthworm spec-
imens were then buried within these wells, ensuring their secure placement within 
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the substrate. To maintain optimal moisture levels and prevent desiccation or es-
cape of earthworms, the surface was thoroughly moistened with water and cov-
ered with polyethylene sheeting. Throughout the experimental period, diligent 
care was provided to the setups, with watering conducted twice weekly to sustain 
moisture levels and promote earthworm activity. This meticulous methodology 
was implemented over a period of three months, following guidelines provided by 
Anon, Biboss, Rajiv, Shristi, Sharmila, Inisa, Dhurva, and Janardan [103], to facil-
itate the robust growth and replication of the earthworm population within the 
experimental environment. 

2.6. Preparation of Soil for Screening for the Bioremediative  
Potential of P. ostreatus and Eisenia fetida on Crude Oil 

A total of fifty liters of Bonny light crude oil, sourced from the Nigerian National 
Petroleum Corporation (N.N.P.C.) in Port Harcourt, Rivers State, Nigeria, served 
as the primary material for this investigation. This crude oil, renowned for its 
composition and relevance to regional environmental studies, formed the basis 
for evaluating the bioremediative potential of Pleurotus ostreatus and Eisenia fet-
ida. The experimental methodology, adapted from Purnomo et al. [104], was me-
ticulously designed to screen the remediation capabilities of these organisms un-
der controlled conditions. To commence the experiment, three thousand grams 
(3000 g) of agricultural soil were precisely measured using laboratory weighing 
equipment and distributed into rectangular baskets covering a total area of 9.31 
m2. Each basket was lined with a cloth sack to absorb excess moisture and crude 
oil while simultaneously preventing the escape of earthworms. This lining facili-
tated adequate ventilation, which was crucial for the well-being of both earth-
worms and mushrooms throughout the experimental duration. The soil samples 
were deliberately contaminated with Bonny light crude oil at varying concentra-
tions of 5%, 7.5%, and 10%, with each treatment meticulously labeled for identi-
fication. A total of 60 baskets were utilized, with five replicates assigned to each 
treatment group. The experimental setup comprised two amendment treatments 
(mushroom and earthworm), three pollution treatments (varying crude oil con-
centrations), and three control treatments to ascertain the effects of amendments 
and crude oil pollution on soil health. The artificially polluted soil was subjected 
to a two-week ventilation period within the Forestry Laboratory of Rivers State 
University. This ventilation process, inspired by the natural weathering of crude 
oil in native soil, aimed to eliminate volatile toxic components from the crude oil, 
mimicking environmental conditions conducive to microbial activity and reme-
diation processes [105]. Throughout this period, the contaminated soil was peri-
odically mixed to ensure uniform distribution and exposure to ventilation. Fol-
lowing the ventilation phase, 1500 g of coconut coir was evenly spread over the 
contaminated soil and moistened with sterile distilled water. This step aimed to 
create an optimal growth environment for the organisms under study, ensuring 
suitable moisture levels for microbial and fungal activity. Subsequently, 10 g of 
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actively growing mycelium from Pleurotus ostreatus was aseptically inoculated 
into each labeled basket containing the soil-coconut coir mixture. The media were 
then left to incubate under ambient atmospheric conditions and monitored 
closely over a period of three to six months. Similarly, on the 15th day post-setup, 
20 g of clitelated earthworms (Eisenia fetida) were carefully introduced into the 
soil substrate. These earthworms were provided with a weekly diet consisting of a 
3:1 ratio of carrot to cabbage to sustain their growth and activity. Throughout the 
experiment, two control groups were maintained: one comprising artificial soil 
without crude oil but with earthworms to assess background mortality under un-
contaminated conditions, and another consisting of artificial soil with crude oil 
but without earthworms to monitor the natural rate of crude oil degradation in 
the absence of earthworm activity [104]. These control groups provided essential 
benchmarks for evaluating the efficacy of the experimental treatments in promot-
ing remediation and soil health restoration. 

2.7. Effects of Certain Concentrations of Crude Oil Pollution on  
Hydrocarbon Content of Soil Sample 

Following a two-week soil pollution and ventilation period to mimic natural 
weathering, soil samples were carefully gathered from labeled pots with varied 
levels of crude oil pollution (0%, 5%, 7.5%, and 10%). Each soil sample underwent 
thorough analysis to characterize its hydrocarbon properties. Parameters such as 
total petroleum hydrocarbon, total oil and grease, total organic carbon, polycyclic 
aromatic hydrocarbons, and total hydrocarbon content were assessed. All analyt-
ical methods adhered to the Association of Official Analytical Chemists [106] 
standards, which guaranteed methodological precision and reproducibility. In 
terms of statistical analysis, each pollution treatment was replicated five times, and 
the results were reported as the mean and standard error for these replicates. The 
mean (Ẋ) was calculated as the sum of all replicate measurements for each parame-
ter divided by the number of replicates (5), giving the central tendency for each 
treatment. The standard error of the mean (SEM) provided an estimate of the accu-
racy of the mean and was calculated as the standard deviation of the replicate meas-
urements (S) divided by the square root of the number of replicates, specifically, 

  SEM S
n

=  

where n = 5. This statistical approach not only provided an average value for each 
treatment but also indicated the reliability of the mean by quantifying its expected 
variation across the replicates. By comparing mean hydrocarbon content and SEM 
across pollution treatments, the study offered insights into the extent of contami-
nation and the effects of varying pollution levels. These findings further served as 
a basis for evaluating the remediation potential of bioremediators Pleurotus os-
treatus (mushroom) and Eisenia fetida (earthworm) under controlled conditions. 
The precision ensured by calculating the mean and SEM was crucial to under-
standing the effectiveness of these bioremediators in reducing hydrocarbon levels, 
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providing valuable information on soil restoration strategies for crude oil-pol-
luted environments. 

2.8. Determining and Comparing the Effects of Bioremediators on 
the Hydrocarbon Content of Crude Oil Polluted Soil at Three 
to Six Month Intervals 

To ascertain the efficacy of each bioremediation agent, namely Mushroom (rep-
resented by Pleurotus ostreatus) and Earthworm (represented by Eisenia fetida), 
their performance was rigorously evaluated at both three and six months within 
soil environments polluted with crude oil concentrations of 5%, 7.5%, and 10%. 
This comprehensive assessment aimed to validate their capacity to reduce hydro-
carbon content in polluted soil and facilitate a comparative analysis of their reme-
diation capabilities. To provide a baseline for comparison, the hydrocarbon con-
tent of the corresponding polluted soil samples without remediation was utilized 
as a reference point. The hydrocarbon parameters assessed included Total Oil and 
Grease (TOG), Total Petroleum Hydrocarbons (TPH), Total Hydrocarbon Con-
tent (THC), Polycyclic Aromatic Hydrocarbons (PAH), and Total Organic Car-
bon (TOC), with analysis conducted in accordance with established protocols out-
lined in the AOAC [106] guidelines. This standardized methodology ensured the 
consistency and reliability of the results obtained across all testing conditions. By 
examining the evolution of hydrocarbon content over the designated time inter-
vals and across varying pollution levels, valuable insights were gained into the re-
mediation potential of each bioremediation agent. Additionally, comparative 
analyses facilitated the identification of any discrepancies in performance between 
Mushroom and Earthworm treatments. Ultimately, this systematic evaluation 
served to validate the effectiveness of Mushroom and Earthworm in mitigating 
hydrocarbon pollution within soil environments, thus contributing to our under-
standing of their respective roles in environmental remediation efforts. 

3. Results 
3.1. Effects of Certain Concentrations of Crude Oil Pollution on the 

Hydrocarbon Content of Soil Sample 

The findings regarding the impact of varied concentrations of crude oil pollution 
on soil hydrocarbon content are summarized in Table 1. A notable increase in soil 
hydrocarbon content was observed with escalating crude oil concentrations, a 
trend found to be statistically significant (P < 0.05). Specifically, as the concentra-
tion of crude oil in the soil increased, there was a corresponding rise in the levels 
of various hydrocarbon components, including Total Organic Carbon (TOC), To-
tal Hydrocarbon Content (THC), Total Petroleum Hydrocarbon (TPH), Polycy-
clic Aromatic Hydrocarbon (PAH), and Total Oil and Grease (TOG). Compara-
tively, the soil samples with no crude oil contamination (control) exhibited the 
lowest levels of hydrocarbon content across all parameters. For instance, the levels 
of THC, TOG, PAH, TOC, and TPH in unpolluted soil ranged from 0.01, 0.1, 1.28, 
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2.76, to 8.98 milligrams per kilogram (mg/kg), respectively. In contrast, following 
pollution with crude oil, a substantial increase in hydrocarbon content was evi-
dent. The highest mean volume of hydrocarbon was recorded at a concentration 
of 10% crude oil pollution, with TOC registering at 11,274 mg/kg, followed by 
TOG (9824 mg/kg), THC (9219 mg/kg), TPH (7408 mg/kg), and PAH (2274 
mg/kg). Conversely, at a pollution concentration of 5%, the lowest hydrocarbon 
volumes were observed, with PAH exhibiting the least concentration at 874 
mg/kg, followed by TPH (4128 mg/kg), THC (4622 mg/kg), TOG (4698 mg/kg), 
and TOC (5001 mg/kg). These results underscore the direct correlation between 
crude oil pollution levels and soil hydrocarbon content, highlighting the escalating 
impact of contamination on environmental integrity and necessitating effective 
remediation strategies. (Table 1 and Figure 1) 

 
Table 1. Analyses of the effects of certain concentrations of crude oil pollution on the hy-
drocarbon content of soil sample. 

Hydrocarbon content (mg/kg) in polluted soil sample 

Crude Conc. 
(%) 

TOC THC TPHT PAH TOG 

0 2.766 ± 0.69d 0.01 ± 0.00d 8.98 ± 1.15d 1.28 ± 0.58d 0.10 ± 0.00d 

5 5000 ± 01.15c 4622 ± 1.15c 4128 ± 1.15c 874 ± 1.15c 4698 ± 3.71c 

7.5 9870 ± 1.15b 7792 ± 1.15b 6348 ± 1.15b 1974 ± 1.15b 8401 ± 1.15b 

10 11274 ± 1.15a 9219 ± 1.15a 7408 ± 1.15a 2274 ± 1.15a 9824 ± 1.15a 

DMRT shows that the means with various letters differ considerably (P < 0.05). 
 

 

Figure 1. It shows the hydrocarbon content (mg/kg) in polluted soil samples at varying 
crude concentrations, with error bars representing the reported deviations. Each parameter 
(TOC, THC, TPH, TPH (TPHP), and PAH) is plotted for different concentrations, illus-
trating how levels increase as crude concentration rises. 
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3.2. Quantification and Comparison of the Effects of  
Bioremediators on Hydrocarbon Content at 0% Crude Oil  
Polluted Soil at Three to Six Months Interval 

The outcomes of the bioremediation treatments on hydrocarbon content in soil 
samples with 0% crude oil pollution, assessed at three and six-month intervals, are 
summarized in Table 2 and Figure 2. Notably, a statistically significant decrease 
(P < 0.05) in hydrocarbon content was observed following the application of each 
bioremediator (Mushroom and Earthworm) over the designated timeframes. 
Both Mushroom and Earthworm treatments exhibited notable reductions in hy-
drocarbon content, indicative of their remediation efficacy. However, the remedi-
ation treatment involving Mushroom demonstrated a more pronounced decrease 
in hydrocarbon levels, particularly evident at the six-month interval compared to 
 

Table 2. Quantification and comparison of the effect of bioremediators on hydrocarbon 
content at 0% crude oil polluted soil at three to six months interval. 

Hydrocarbon 
content (mg/kg) 

Bioremediators 

Mushroom 
3 Months 

Earthworm 
3 Months 

Mushroom 
6 Months 

Earthworm 
6 Months 

TOC 1.37 ± 0.012b 1.93 ± 0.012a 0.98 ± 0.012d 1.04 ± 0.012c 

THC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

TPH 7.73 ± 0.012b 8.03 ± 0.012a 6.52 ± 0.015d 7.58 ± 0.012c 

PAH 0.07 ± 0.012c 1.17 ± 0.012a 0.53 ± 0.022b 0.96 ± 0.012a 

TOG 0.013 ± 0.009a 0.01 ± 0.006a 0.00 ± 0.00a 0.00 ± 0.00a 

DMRT shows that the means with various letters differ considerably (P < 0.05). 
 

 
Figure 2. Display the hydrocarbon content (mg/kg) in polluted soil treated with different 
bioremediators (mushrooms and earthworms) over 3 and 6 months. Error bars show the 
specified deviations, helping to visualize the effectiveness of each treatment in reducing 
hydrocarbons over time. 
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the Earthworm treatment. Specifically, when soil was remediated with Earth-
worm, the Total Petroleum Hydrocarbon (TPH) content exhibited the highest hy-
drocarbon levels at three months. Conversely, the Mushroom treatment induced 
a more substantial reduction in hydrocarbon content at six months, showcasing a 
64% decrease in Total Organic Carbon (TOC) compared to 63% for Earthworms. 
Additionally, Mushroom treatment resulted in a 27% decrease in TPH compared 
to 15% for Earthworms at the six-month mark. Notably, Polycyclic Aromatic Hy-
drocarbon (PAH) exhibited the most significant reduction in hydrocarbon con-
centration, with Mushroom treatment achieving a remarkable 95% reduction 
compared to 25% with Earthworm treatment after six months. These findings un-
derscore the efficacy of both Mushroom and Earthworm treatments in reducing 
hydrocarbon content in soil samples devoid of crude oil pollution. Moreover, the 
superior performance of Mushroom treatment, particularly in achieving substan-
tial reductions in hydrocarbon content over the extended six-month period, high-
lights its potential as a highly effective bioremediation agent for soil remediation 
purposes. (Table 2 and Figure 2) 

3.3. Determination and Comparison of the Effects of  
Bioremediators on Hydrocarbon Content in Crude Oil  
Polluted Soil at a Three to Six Months Interval 

The outcomes of bioremediation treatments on hydrocarbon content in soil samples 
polluted with varying concentrations (5%, 7.5%, and 10%) of crude oil, evaluated at 
three- and six-month intervals, are detailed in Tables 3(a)-(e). The findings reveal 
a statistically significant decrease (P ≤ 0.05) in hydrocarbon content following the 
application of bioremediators (Mushroom and Earthworm) over the specified 
timeframes. Overall, both Mushroom and Earthworm treatments exhibited a capac-
ity to reduce hydrocarbon content in crude oil-polluted soil, albeit with variations 
in effectiveness. Notably, Mushroom treatment demonstrated a more substantial 
decrease in hydrocarbon content compared to Earthworm treatment, particularly 
evident at the six-month interval. Mushroom treatment displayed remarkable effi-
cacy, achieving nearly 100% reduction in hydrocarbon content irrespective of the 
concentration of crude oil pollution at the six-month mark. Even at the three-month 
interval, Mushroom treatment exhibited a notable ability to reduce hydrocarbon 
content by 70% - 90%. In contrast, Earthworm treatment showed comparatively 
lower potential in reducing hydrocarbon content, with minimal improvements ob-
served over the six-month period. While Earthworm treatment contributed to re-
ductions in hydrocarbon content, its efficacy was notably lower compared to Mush-
room treatment. Specifically, at the six-month interval, Mushroom treatment yielded 
impressive reductions in various hydrocarbon parameters, including TOC (up to 
96%), TOG (up to 94%), TPH (up to 96.5%), PAH (up to 96%), and THC (up to 
98.08%). In contrast, Earthworm treatment achieved lower reductions in hydrocar-
bon content, with maximum reductions ranging from 14% to 90%. These findings 
underscore the superior remediation potential of Mushroom treatment, particularly 
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in achieving significant reductions in hydrocarbon content across varying concen-
trations of crude oil pollution. Conversely, while Earthworm treatment contributed 
to hydrocarbon reduction, its efficacy was comparatively limited, highlighting the 
differential effectiveness of bioremediation strategies in addressing soil contamina-
tion (Table 3(a) and Figure 3; Tables 3(b)-(e) and Figure 4). 

 
Table 3. (a) Determination and comparison of the effects of bioremediators on Total Or-
ganic Carbon (TOC) in crude oil polluted soil at a three to six-month interval; (b) Deter-
mination and comparison of the effects of bioremediators on Total Petroleum Hydrocar-
bon (TPH) in crude oil polluted soil at a three to six-month interval; (c) Determination and 
comparison of the effects of bioremediators on Total Oil and Grease (TOG) in crude oil 
polluted soil at three to six-month interval; (d) Determination and comparison of the ef-
fects of bioremediators on Polycyclic Aromatic Hydrocarbon (PAH) in crude oil polluted 
soil at a three to six months interval; (e) Determination and comparison of the effects of 
bioremediators on Total Hydrocarbon Content (THC) in crude oil polluted soil at a three 
to six-month interval. 

  (a) 

Crude 
conc. (%) 

Polluted 
Soil 

Bioremediators 

Mushroom  
3 Month 

Earthworm 
3 Month 

Mushroom 
6 Month 

Earthworm 
6 Month 

5 5143 ± 80.63a 515 ± 6.96d 4603 ± 6.02b 133 ± 6.02e 4328 ± 5.23c 

7.5 9829 ± 30.88a 2513 ± 78.8d 8423 ± 137b 526 ± 6.92e 7118 ± 12.98c 

10 11220 ± 85.54a 3496 ± 15.98d 10644 ± 3.48b 1529 ± 5.85e 9036 ± 9.52c 

  (b) 

Crude 
conc. (%) 

Polluted 
Soil 

Bioremediators 

Mushroom  
3 Months 

Earthworm 
3 Months 

Mushroom 
6 Months 

Earthworm 
6 Months 

5 4127 ± 10.97a 375 ± 12.12d 3614 ± 109.2b 65.1 ± 1.15e 3348 ± 1.15c 

7.5 6348 ± 1.15a 1074 ± 1.15d 5711 ± 1.15b 88.1 ± 1.10e 4818 ± 1.15c 

10 7411 ± 2.40a 4152 ± 1.15d 6111 ± 1.15b 818 ± 1.15e 5618 ± 1.15c 

  (c) 

Crude 
conc. (%) 

Polluted Soil 

Bioremediators 

Mushroom 
3 Month 

Mushroom 
3 Month 

Mushroom 
3 Month 

Mushroom 
3 Month 

5% 4700 ± 2.08a 440 ± 1.15d 440 ± 1.15d 440 ± 1.15d 440 ± 1.15d 

7.5% 8400 ± 1.45a 1844 ± 1.154d 1844 ± 1.154d 1844 ± 1.154d 1844 ± 1.154d 

10% 9824 ± 1.154a 3744 ± 1.154d 3744 ± 1.154d 3744 ± 1.154d 3744 ± 1.154d 

  (d) 

Crude 
conc. (%) 

Polluted 
Soil 

Bioremediators 

Mushroom 
3 Months 

Mushroom 
3 Months 

Mushroom 
3 Months 

Mushroom 
3 Months 

5 874 ± 1.154a 100 ± 1.154d 100 ± 1.154d 100 ± 1.154d 100 ± 1.154d 
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Continued 

7.5 1574 ± 1.154a 378 ± 1.154d 378 ± 1.154d 378 ± 1.154d 378 ± 1.154d 

10 1874 ± 1.154a 522 ± 1.154d 522 ± 1.154d 522 ± 1.154d 522 ± 1.154d 

  (e) 

Crude  
conc. (%) 

Polluted 
Soil 

Bioremediators 

Mushroom 
3 Month 

Mushroom 
3 Month 

Mushroom 
3 Month 

Mushroom 
3 Month 

5 4622 ± 1.15a 227 ± 1.15d 4174 ± 1.15b 88.43 ± 1.01e 4004 ± 1.15c 

7.5 7792 ± 1.15a 1127 ± 1.15d 7200 ± 1.15b 184 ± 1.15e 6740 ± 1.15c 

10 9219 ± 1.15a 3012 ± 1.15d 8220 ± 1.15b 882 ± 1.15e 7923 ± 1.15c 

DMRT shows that the means with various letters differ considerably (P < 0.05). 
 

 
Figure 3. Illustrating the hydrocarbon content (mg/kg) in polluted soil treated with differ-
ent bioremediators (mushroom and earthworm) over 3 and 6 months at various crude con-
centrations. The error bars represent the deviation in each reading, allowing for a clearer 
comparison of treatment effectiveness across concentrations. 

4. Discussion 
4.1. Analysis of the Effect of Certain Concentrations of Crude Oil 

Pollution on Hydrocarbon Content in Soil 

In this study, TOC. TPH. PAH and TOG significantly increased as the concentra-
tion of the crude oil increased in the soil sample. The hydrocarbons contents of 
the polluted soil with crude oil were much higher than the control. Crude oil con-
tamination in soil influences soil enzymic activities. There is a relationship between 
hydrocarbons and soil enzymic activity. The degree of inhibition increases signif-
icantly with respect to an increase in the levels of hydrocarbons [107]. This implies 
that the significantly high content of hydrocarbons in the crude oil-polluted soil, 
as evidenced in this study, confers an inhibition of enzymic activities on soil 
microbes. This conclusion is comparable to the results of Vasquez-Murrieta 
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Figure 4. Represent each dataset separately. Each line corresponds to a different bioremediator across varying crude concentrations, 
showing how concentrations change over time and treatment method. 
 

et al. [108] that PAH is ubiquitous in oil-based fuel. This is also in accordance 
with the findings of the report of Udoetok and Osuji [109] that TPH, PAHs, BTEX 
and THC were observed at varying concentrations, even above the compliance 
limit in soils affected by crude oil. Osuji and Nwoye [110] also reported the pres-
ence of high extractable hydrocarbon content in crude oil-contaminated soil. Zhu 
et al. [111] observed and reported an elevation in TPH concentration in soil that 
had been contaminated by crude oil. The study of Wang et al. [112] also corrobo-
rates the result from this study that oil contamination significantly increased TPH 
concentration up to 3% in relation to increased content of TOC, while studies by 
Alinnor et al. [113] also reported that soil pollution caused by total petroleum 
hydrocarbons reduced as the depth increases. Furthermore, in a follow-up study 
by Wang et al. [112], a similar finding was revealed that the percentage of TPH in 
oil field marsh sampling soil was substantially greater than that of the control soil. 
Osuji and Onojake [114] support the fact that high hydrocarbon thresholds im-
pact both above and underground plants and animals that are important attrib-
utes in the cycling of nutrients that influence the accessibility of plant nutrients, 
in a review of various studies on the Niger Delta conducted by NDES [115] and 
Raimi and Sabinus [7]; Deinkuro et al. [28] [29]; Ifeanyichukwu et al. [50]; 
Olalekan et al. [39] [40]; Glory et al. [63]. Nevertheless, the increase in total or-
ganic carbon (TOC) in relation to the increase in crude oil pollution in our inves-
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tigation does not corroborate the conclusions of Osuji and Adesiyan [116] who 
discovered a lower total organic carbon content in soil impacted by crude oil when 
particularly in comparison to the control treatment. They hypothesized that this 
was due to the oil spill altering organic carbon metabolic processes of petroleum 
hydrocarbons by limiting the capacity of carbon mineralization of the soil micro-
flora. The resulting effects of soil contamination by petroleum hydrocarbons in-
clude a deterioration in the physical, chemical, and biochemical properties of the 
soil, a restriction in plant growth, a lack of oxygen and water, a lack of phosphorus, 
and nitrogen-based nutrients in the soil [117]. The acidity value and heavy metal 
concentration levels in the soil increase due to the presence of hydrocarbon pol-
lution or contamination [118]. The contamination/pollution of the site adds sev-
eral substances to the soil that differ chemically from the original composition. 
The lighter molecules soak through the soil and contaminate groundwater, whereas 
the volatile components simply evaporate [119]. These contaminants can adhere 
to soil particles and stay there for a long time, while microorganisms in the soil 
can break down some of them through degrading mechanisms. 

4.2. Determination and Comparison of the Effects of  
Bioremediators (Earthworm and Mushroom) on 
Hydrocarbon Content in Crude Oil Polluted Soil  
at Three to Six Months Interval 

Various earthworm species have demonstrated efficacy in remediating herbicides, 
PCBs, PAHs, and other petroleum-derived hydrocarbons, as highlighted by Rafael 
et al. [120]. Building on this body of research, our study underscores the remedi-
ation potential of both earthworms and mushrooms in reducing hydrocarbon 
content resulting from crude oil contamination in soil. The findings reveal the 
remarkable ability of Mushroom and Earthworm bioremediators to significantly 
reduce hydrocarbon content in polluted soils. Specifically, Mushroom treatment 
exhibited the potential to achieve impressive reductions ranging from 94% to 
96.5% in hydrocarbon content, while Earthworm treatment demonstrated a nota-
ble capability to reduce hydrocarbon content by 85% to 90% at concentrations 
ranging from 5% to 10% of maximum crude oil pollution over three to six months. 
These results underscore the promising role of both Mushroom and Earthworm 
bioremediation strategies in mitigating hydrocarbon pollution in soil, suggesting 
their potential as effective and environmentally sustainable approaches for ad-
dressing crude oil contamination and promoting soil remediation. When com-
paring the decrease of all kinds of petroleum hydrocarbons from crude oil pol-
luted soils treated with bioremediators to the control (which did not include bio-
remediators), it is clear that the bioremediators have the ability to eliminate hy-
drocarbon content from polluted soil. The mineralization of crude oil products by 
bioremediators (mushroom and earthworm) could be ascribed to the reduction 
or removal of petroleum hydrocarbons from crude oil contaminated soils, de-
pending on the source of the petroleum hydrocarbon. This is consistent with the 
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findings of other researchers such as Contreras-Ramos et al. [102], Olalekan et al. 
[121], Azizi et al. [122], Tejadas and Masciandaro [123], Raimi and Sabinus [7], 
Deinkuro et al. [28] [29] among others, who have conducted comparable study. 
Following 45 days of earthworm activity, Rajiv et al. [124] obtained results that 
were consistent with those discovered in this study, including a reduction of 30 - 
35 percent organic carbon and 32 - 48 percent phenol content in the soil. Accord-
ing to Rajiv et al. [124], the earthworms used in this study may have aided in the 
reduction of hydrocarbons from soil via their burrowing operations, by acting as 
input points for nutrients and oxygen, both of which have been shown to strengthen 
the operations of aerobic soil microorganisms which are petroleum degraders, as 
well as burrowing activities that can increase the surface area for other potential 
degraders. Mushrooms aid in the decomposition of petroleum mostly in soil, grow 
in both hydrocarbon and non-hydrocarbon polluted plant substrates, and release 
the enzymes lignin peroxidase, manganese-dependent peroxidase, and laccase, all 
of which are employed in remediation [125]. In the same vein, Stamets [126] 
found that mushrooms grow best in the presence of hazardous contaminants, 
while Lau et al. [127] found that mushroom compost may be used to decompose 
PAH-contaminated soil. Barr and Aust [128] delineated an array of white-rot 
fungi with the capability to degrade aromatic compounds. These fungi, special-
ized in lignin decomposition, exhibit exceptional prowess in modifying resilient 
chemical toxins such as polycyclic aromatic hydrocarbons (PAHs), as high-
lighted by Lang et al. [129]. The authors suggested that this distinctive property 
could be harnessed for cleansing oil-polluted soils, emphasizing the requisite of 
lignocellulosic substrates to support fungal survival in soil environments. Mush-
rooms, renowned for their diverse enzymatic capabilities, play a pivotal role in 
the transformation and destruction of a broad spectrum of hazardous environ-
mental pollutants, as elucidated by Lang et al. [129]. Their extracellular mecha-
nisms enable the degradation of insoluble hazardous chemicals and non-polar 
molecules, as noted by Levin et al. [130]. Additionally, mushrooms produce en-
zymes with low specificity, facilitating the breakdown of recalcitrant anthropo-
genic chemicals. In line with these observations, Amodu et al. [131] demon-
strated that after 50 days of cultivation, fungal (mushroom) enzymes effectively 
degrade various PAHs (such as pyrene, phenanthrene, and anthracene) to levels 
below 7% for pyrene, less than 5% for phenanthrene, and below 1% for anthra-
cene. These findings underscore the remarkable potential of mushrooms in re-
mediation efforts, highlighting their capacity to mitigate the impact of hazardous 
pollutants on the environment. 

5. Conclusion 

Crude oil comprises a complex amalgamation of hydrocarbon and non-hydrocar-
bon compounds, exhibiting a diverse range of toxicities to living organisms con-
tingent upon its concentration. The repercussions of crude oil contamination on 
agricultural soils are profound due to its abundance of intricate molecules and 
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persistent nature, posing challenges for effective remediation. Petroleum hydro-
carbons exert detrimental effects on underground drinking, irrigation, and indus-
trial waters, rendering them unsuitable for various purposes. Furthermore, they 
pose risks to human health, the biological environment, vegetation, and can dev-
astate natural habitats. In addressing these challenges, vermiremediation, employ-
ing earthworms to detoxify soil from environmental pollutants, and mycoreme-
diation, utilizing fungi to mineralize, release, and sequester ions, elements, and 
hazardous compounds, have emerged as effective remediation techniques, as 
demonstrated in this study. Notably, the mushroom treatment exhibited superior 
remediation potential compared to earthworm-treated soils across varying levels 
of crude oil pollution. Consequently, this study advocates for the utilization of 
Pleurotus ostreatus and Eisenia fitida as efficacious agents in remediating crude 
oil-polluted soil. 
 

 
Figure 5. Innovative strategies for the remediation of crude oil polluted soil. 
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6. Significance Statement 

The significance of this study lies in its exploration of remediation strategies for 
crude oil-polluted soil, a pressing environmental concern with far-reaching im-
plications. Crude oil contamination not only compromises soil quality but also 
poses risks to underground and drinking water sources, human health, biodiver-
sity, and natural ecosystems. The complexity and persistence of petroleum hydro-
carbons exacerbate the challenges of soil remediation, necessitating innovative ap-
proaches to mitigate their adverse effects. By investigating vermiremediation and 
mycoremediation techniques, this study offers promising solutions to address 
crude oil pollution in agricultural soils. The utilization of earthworms and fungi 
as bioremediators demonstrates their efficacy in detoxifying soil from environ-
mental pollutants, including hydrocarbons. Furthermore, the study reveals the su-
periority of mushroom treatment over earthworm-treated soils in remediation ef-
fectiveness, highlighting the potential of Pleurotus ostreatus and Eisenia fitida as 
key agents in restoring soil health and mitigating the impacts of crude oil contam-
ination. Overall, the findings underscore the importance of exploring alternative 
remediation strategies to combat crude oil pollution effectively. The successful 
application of vermiremediation and mycoremediation techniques not only offers 
hope for restoring polluted soils but also contributes to sustainable environmental 
management practices. This study provides valuable insights into the remediation 
potential of earthworms and fungi, paving the way for future research and practi-
cal applications aimed at addressing the challenges posed by crude oil contamina-
tion in agricultural ecosystems. Thus, graphically, it is represented in Figure 5. 
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