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ABSTRACT

Petroleum hydrocarbons (PHCs) are important energy sources widely used in industries
and daily activities. However, accidental spills from petroleum industries and other huma
n activities have resulted in severe soil contamination, making PHC pollution a major env
ironmental concemn worldwide. The accumulation of these pollutants in soil threatens en
vironmental safety and public health, thereby increasing the need for effective remediati
on strategies. Among the available methods, bioremediation has emerged as an environ
mentally friendly and sustainable approach for restoring PHCcontaminated soils. This s
tudy aimed to evaluate the efficiency of fungal isolates in the bioremediation of PHCo
ntaminated soils. Fungi were isolated from PHC-contaminated soils using Potato Dextro
se agar. The PHC-degrading efficiency of single fungal isolates was compared with fung
al consortium by screening for their hydrocarbon degrading ability using lacto phenol blu
e and Microscope for identification method. Findings revealed that several microbial spe
cies have been successfully applied in the bioremediation of PHCs, highlighting the impo
rtance of diverse microbial communities in hydrocarbon degradation. Among the fungal
isolates studied, Aspergillus spp., Penicillium spp., and Trichoderma spp. Were identified
as the most effective organisms for degrading PHC-contaminated soils.The study is sign
ificant because it provides a comprehensive understanding of the mechanisms involved
in PHC degradation and highlights the potential of fungal bioremediation as a sustainab
le and cost-effective solution to environmental pollution. It also emphasizes the need for
further research, complete degradation of contaminants, and flexible regulations guiding
the safe use of genetically engineered microbes to improve the future application of bior
emediation technologies.
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CHAPTER ONE

INTRODUCTION
1.1 Background of the Study
Hydrocarbon pollution is now one of the biggest environmental problems being faced, e
specially in areas with a lot of industries, oil exploration, and fast-growing cities. Most of
this pollution comes from things like crude oil spills, factory waste, vehicle exhaust, and t
he careless dumping of petroleum products (Tao et al, 2024). Because these substance
s do not break down easily, they stay in the environment for a long time and can damage
soil quality, water sources, ecosystems, and even human health.
One group that is especially dangerous is polycyclic aromatic hydrocarbons, or PAHs. Th
ey are toxic, hard to break down, and can cause cancer (Minwei et al, 2023). With more o
il drilling and other human activities, more of these chemicals keep getting released into
the environment. When they enter soil and water, they change the physical and chemical
nature of the soil, lower its fertility, and interfere with natural biological processes.
Traditional cleanup methods like digging up contaminated soil or using chemicals are us
ually expensive, harmful to the environment, and still do not remove all the pollutants. Th
is is why bioremediation has become popular. It uses living microorganisms to break do
wn or change hydrocarbon pollutants into safer compounds. It's a cleaner and more sust
ainable way to handle pollution (Arif et af, 2024).
Fungi are now getting a lot of attention in bioremediation research. This is because they
can survive in harsh, toxic conditions and they have the enzymes needed to break down

complex hydrocarbons (Tasiu et al, 2022). Through their normal activities, some fungi c
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an even turn petroleumn hydrocarbons into carbon dioxide, water, and simpler organic sub
stances.

The problem is that not all hydrocarbons are easy for one type of microbe to degrade. Lo
ng-chain alkanes and PAHs, for example, often stay in the soil for a long time, especially
in areas affected by drilling or oil spills (Grmasha et al, 2023). Because of this, research
ers are now looking more into using a mix of different funagi, called fungal consortia, to |
mprove hydrocarbon breakdown.

Recent studies suggest that fungal consortia, which are made up of different fungal spe
cies that work together, can make bioremediation more effective in polluted soil and wat
er (Bala et al, 2022). The teamwork between these fungi increases the range of enzymes
they produce, and this helps them degrade pollutants better than when a single fungal is
olate is used alone.

Even with these improvements, there is still limited research on how to optimize fungal c
onsortia, how the species interact with each other, and how they compare to single isolat
esin real performance. Most studies focus only on one fungal species or on mixed micro
bial systems, without directly testing if fungal consortia are more effective than single fu
ngi. As a result, there is not enough strong evidence to confirm whether fungal consortia
are truly better or practical for advanced hydrocarbon cleanup.

1.2 Statement of Problem

Hydrocarbon pollution is still a major environmental problem because petroleum contam
inants can remain in soil and water for a long time. Although using fungi for bioremediat

ion has shown good results, single fungal isolates often struggle when faced with compl

N - |
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ex mixtures of hydrocarbons. Also, while fungal consortia are being suggested as a bette
r option, there are few detailed studies that compare their degradation ability with that of
single fungal species. This gap in knowledge makes it difficult to develop reliable and w

ell-optimized fungal-based bioremediation method.

1.3Aim and Objectives

Aim

Evaluating the efficacy of fungal consortia in hydrocarbon bioremediation

Objectives
1. Isolate and identify fungal strains from hydrocarbon-contaminated soil.
2. Characterize the hydrocarbon-degrading abilities of the isolated fungal strains.
3. Compare the bioremediation potential of fungal consortia with that of single f

ungal isolates in hydrocarbon degradation.



CHAPTER TWO
LITERATURE REVIEW

Petroleum hydrocarbons (PHs) are long lasting, toxic environmental pollutants. They da
mage both land and water organisms (Truskewycz et a/, 2022). Qil pollution extends far
beyond extraction sites due to widespread human activity. Ocean transit spills, vehicular
oil leaks and compromised underground fuel tanks constantly release these toxins, creati
ng an expensive environmental threat that requires urgent mitigation (Lmman et a/, 202
2). Terrestrial oil spills happens when petroleum hydrocarbons accidentally coat the grou
nd. Pipeline ruptures, failing storage tanks and transport crashes drive these events, mak
ing infrastructure failures the primary cause of onshore contamination.

Infrastructure failures cause most land-based oil spills. Extensive research confirms that
these complex petroleum hydrocarbon mixtures heavily drive global soil degradation. Spi
lled ground oil seeps through soil into aguifers endangering ecosystems and human hea
Ith. As the oil migrates, physical and chemical interactions alter soil structures and reduc
e permeability. These persistenttoxins remain in the ground for decades causing prolong

ed damage to plants, microbes and water supplies.

N . |
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Figure 1. Main Reasons behind Major Petroleum Hydrocarbon (PH) Contamination in En
vironmental Incidents

Source: (Guzik et al. 2023)
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2.1 The problem: Hydrocarbon pollution

2.1.1 Sources and environmental fate of petroleum hydrocarbon

Industrial operations joined to the petroleum sector, including exploration, drilling, storag
e, movement, processing, and refining of petroleum are major way s petroleum hydrocarb
ons are released into the environment. These activities continuously cause terrestrial oil
contamination and often involve waterrepellent (Nonpolar compounds that do not mix
well with water), (Chettri et al, 2021). The introduction of petroleum hydrocarbons (PHC
s) into natural environments causes serious ecological threats and may resultin a very s
erious environmental and human health consequences (Guarino et al, 2023). Current est
imates indicate that approximately 0.6 million tons of crude oil are discharged into the e
nvironment each year (Kvenvoldrler et a/, 2023).. Furthermore, high concentrations of re
adily degradable organic matter in surface soils disrupt dissolved oxygen, which reducin
g oxygen availability and slowing its movement into deeper soil layers (Dindar et a/, 202
1). As a result, the remediation of PHC-polluted soils has become a major environmental
challenge, requesting the urgent need for the development of sustainable, ecofriendly, a
nd efficient remediation strategies to maintain healthy soil ecosystems (Cui et a/, 2022).
The process of restoring soil that has been destroyed by polycyclic aromatic hydrocarbo

ns (PAHs) is a global ecological concern due to its damaages for public health. The rehabi
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litation of petroleum-polluted soils is essential for removing hazardous compounds from
the environment and can be achieved through multiple remediation approaches that invo
lve contaminant extraction, containment, or transformation. Basically, a variety of soil re
storation technigques are available, including thermal, chemical, physical, and biological ¢
leanup approaches can be used either directly at the disruptions site (in situ) or after the
material has been excavated and treated somewhere (ex situ) (Table 1)

Table 2.1: Strategies for the remediation of petroleum-affected soils Bioremediation

Strategies for the remediation of petrole References

um- affected soil Bioremediation

Plant-based remediation Lu et al,(2022)
Root-associated remediation Rostami et al (2023)
Mutrient -enhanced bioremediation Wei et a/,(2021)
Microbial inoculation Patel et a/,(2023)

Bio electrochemical remediation systems | Hao et a/.,(2022)

Microbial electrochemical remediation

Plasma -based oxidation processes Lu et af, (2023)

Physicochemical separation Yen et al., (2022)

Physical treatment techniques

Ultrasonic treatment Copik et al, (2023)
Electrokinetic remediation Pourfadakari et a/ ., (2022)
Soil vapor extraction Cao etal, (2021)
Desorption | Wei et al,(2022)

N . |
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Carbonaceous sorbent adsorption

In-situ remediation is carried out directly at the polluted location and presents several be
nefits. This approach is generally associated with reduced operational risks, lower financ
ial costs, and minimal human intervention. In addition, natural environmental conditions
at the site can actively support the remediation process by facilitating the transformatio
n or degradation of contaminants. In contrast, Ex-situ remediation involves digging up co
ntaminated materials and transporting them to another site for treatment. Although this
method is more expensive, it is performed under highly controlled conditions, requires gr
eater human participation, and often results in increased direct exposure to pollutants. E
x-situ remediation is also subject to strict regulatory limitations. Common techniques wit
hin this category include solvent extraction, ultraviolet (UV) oxidation, photochemical or
photocatalytic degradation, as well as biological approaches such as bioremediation an
d phytoremediation. The choice of an appropriate remediation strategy for petroleum-co
ntaminated soils is influenced by several factors, which involves the nature and chemica
| compositions of the pollutant and the intended future use of the affected soil, soil char

acteristics, and available financial resources.
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Figure 2. Strategies employed in the bioremediation of petroleum hydrocarbon-contami
nated soils, adapted and refined from earlier research.
Source: (Chaudhary et al. 2022)
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2.2.2 Ecotoxicology impacts

Aguatic ecosystems are among the most susceptible to environmental damaage, particul
arly those situated close to busy maritime corridors, oil terminals, and offshore drilling fa
cilities. Qil discharges from vessels or drilling operations can spread across extensive wa
ter surfaces, forming a thick layer that restricts the aguatic environment and the exchang
e of gases between the atmosphere. Over time, this disruption can suffocate marine life
by blocking sunlight for phytoplankton photosy nthesis and reducing dissolved oxygen le
vels. Freshwater bodies such as wetlands, ponds, and lakes located near refineries, stora
ge tanks, or pipelines are also at high risk of pollution. Because the water is mostly still,
hydrocarbons can remain and accumulate on the surface. This leads to a decline in wate
r quality, which upsets the balance of freshwater food webs. When oil blocks the exchan
ge of air and water, it causes ecological stress, reduces the number of species, and dama
ges aquatic habitats. In addition, the chance of oil getting into drinking water sources inc
reases, which poses a direct threat to human health. ldentifying where oil spills come fro
m and understanding their environmental effects is important for planning better cleanu
p and control measures, since people can be exposed to these hydrocarbons in different
ways. Often, these medical conditions develop silently over time rather than showing up
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right away which can lead to lasting organ damaage or death. As a result, Figure 3 demon
strates the pathways through which hydrocarbons enter and are absorbed by the human

body, while Figure 4 illustrates the associated short- and long-term health impacts.
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Figure 3: lllustration showing the different routes through which petroleum hydrocarbon
s enter the human body and associated health effects they may cause.

Source: (Mastrangelo, et al. 2022)



2.2.3 Regulatory and economic drivers for remediation

The efficacy of fungal bioremediation is reflected in its ability to decompose persistent
Organic pollutants, such as hydrocarbons derived from petroleum, polychlorinated chemi
cal compounds (PCBs) and multiringed hydrocarbon pollutants (PAHS). Moreover, fungi
can stabilize as well as alter heavy metals through processes such as biosorption and bi
paccumulation. The application of microbial consortia for converting a wide range of co
ntaminates into harmless or less hazardous substances is considered as more effective
strategy (Azubuike et al, 2022). Currently, bioremediation utilizing microbial consortia ha
s become increasingly significant in practical applications and has already been implem
ented in various realworld settings. As illustrated in Figure 4, these microbial communiti
es are capable of breaking down complex substances such as plastics, petroleum-derive
d materials, antibiotics, azo dyes, and a wide array of pollutants commonly present in w
astewater. Moreover, these mixed microbial populations is capable of being employed in
consolidated bioprocessing (CEF), a promising approach for addressing shortages of en
ergy. Petroleum based compounds and plastic waste might likewise serve as feedstock’s
for generating valuable byproducts. Owing to their superior capacity to degrade complex
compounds, microbial consortia are often preferred over individual microbial strains for

environmental cleanup. They effectively decompose persistent pollutants in contaminat

25 |7
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ed soils and wastewater systems. Additionally, soils restored through such remediation c
an sup port the growth of shrubs and trees, while treated wastewater can be safely reuse

d for irrigating commercially grown crops unsuitable for eating, (Biswas et al, 2021).

Figure 4: Biological cleanup that hamesses microbial consortia to reutilize complex com
pounds

Source: (Cui et al, 2022)



2.3 Bioremediation as a remediation strategy

2.3.1 Definition and principles

Fungal bioremediation, often referred to as mycoremediation, is the process of using fun
gi to break down organic waste materials and harmful chemical pollutants in the environ
ment. These fungi secrets multiple enzymes, which includes amylases, lipases, nucleas
es, and proteases, which aid in breaking down cell walls, nucleic acids, and other structur
al elements. The purpose of this technique is to rehabilitate contaminated environments
by converting organic waste into less toxic or chemically stable end products. In additio
n, fungi can process metalloids by releasing enzymes that alter their chemical forms, the
reby affecting the mobility, reactivity, and bioavailability of related contaminants. In addi
tion, fungi are highly resilient and can thrive under diverse environmental conditions, pro
cessing a broad spectrum of compounds within their surroundings and utilizing the resul
ting by-products as nutrients. Through the action of extracellular oxidoreductases, they

mitigate pollution and remove contaminants by decomposing lignocellulosic materials.
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Figure 5: This figure shows the different ways fungi help clean up pollutants, such as br
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o their cell walls, and absorbing and storing pollutants inside their cell

Source: (Kurade et al,. 2022)
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Fungi play a crucial role in cleaning up a wide range of toxic pollutants, including coal by
products, synthetic chemicals from the persistent organic pollutants (POPs), textile dye
s, paper industry, tannery wastes, pharmaceutical residues and other emerging contami
nants (PPCPs), pesticides, and polycyclic aromatic hydrocarbons (PAHs) A growing body
of research shows that fungal species such as Penicillium, alkalophilic white-rot fungi, a
nd Aspergillus, particularly Phanerochaete chrysosporium are highly effective in biorem
ediation processes. These fungi have been successfully applied in the removal and deco
lorization of textile dyes, synthetic compounds generated during kraft pulp production, le
ather tannery effluents, and sugarindustry wastes. Short-term incubation of contaminat
ed soils with Aspergillus niger and Phanerochaete chrysosporium in the presence of petr
oleum hydrocarbons has resulted in marked reductions in total organic carbon (TOC), as
well as significant degradation of diesel and gasoline contaminants. White-rot fungi are
distinguished by their ability to secrete one or several extracellular enzymes, These proce
sses differ depending on the type of fungus involved and the environmental conditions |
n which they operate. Comparative research shows that the production of ligninolytic enz
ymes, For example, enzymes like lignin-degrading peroxidase (LiP), oxidative enzymes ¢
alled laccases, and manganese dependent peroxidase (MnP)., can vary considerably dep
ending on factors like pH, the availability of carbon and nitrogen sources, and the conce
ntration of metal ions. As a result, effective bioremediation relies on the ability of fungi a
nd their enzymes to degrade complex xenobiotic substances, including synthetic dyes, th

rough specific and well-regulated biochemical pathways.

—

[
v



2.3 Bacteria: Traditional workhorse

Bacteria are the dominant microbial agents involved in the degradation of petroleum-der
ived contaminants. These organisms multiply quickly, are simple to grow and breakdow
n and oil more efficiently than fungi or algae (Chunyan et al, 2023). Two main biochemi
cal pathways allow bacteria to destroy Petroleum hydrocarbons (PHs). First, bacteria trig
ger and modify organic pollutants through processes like oxygenation, hydration and car
boxylation to create essential metabolic intermediates. The cells then use these intermed
iate as vital carbon sources within their normal metabolic pathways. Second, bacteria pr
oduce biosurfactants that boost the solubility of hydrophobic materials, making the stick
y hydrocarbons easier to absorb and digest (Victor et a/, 2020) (fig.6). The actual activat
ion steps vary deeply between aerobic and anaerobic microbes because bacteria utilize d
iverse electron acceptors to process Petroleum (fig6). Aerobic breakdown happens much
faster than anaerobic tracks since oxygen functions as an excellent terminal electron acc
eptor. Therefore, aerobic digestion serves as the primary pathways for the biodegradatio

n of petroleum hydrocarbons (Victor et a/ ., 2020).
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Figure 6: Bacterial Pathways for Petroleum Hydrocarbon Degradation. The processes res
ponsible for hydrocarbon activation differ markedly between aerobic (A) and anaerobic
(B) microorganisms, with bacteria utilizing a variety of electron acceptors during the brea
kdown of petroleum hydrocarbons. In addition, bacteria synthesize biosurfactantthat inc
rease the solubility of hydrophobic pollutants and improve the bioavailability and cellular
uptake of hydrocarbon contaminants for effective degradation.

Source: (Khan et al. 2021)
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