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ABSTRACT
Polycyclic aromatic hydrocarbons (PAHs), which are also part of persistent organic pollutants
(POPs), are considered to be especially toxic to humans (carcinogenic), likewise to plants,
microorganisms and other living organisms. PAHs soil contamination occurs by storage leaking,
transport loss, the land disposal of petroleum waste, and accidental or intentional spills. Due to
their ubiquitous occurrence, recalcitrance, bioaccumulation potential and carcinogenic activity,
PAHs are a significant environmental concern. The methods of controlling and repairing PAH-
Exﬁsremedi“i"“ contaminated soils mainly include physical remediation, chemical remediation and
Soil phytoremediation. However, there was an increasing focus on phytoremediation technologies as
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Pollution aresult of their unique advantages, including low cost, lack of secondary pollution and large-area
application. Phytoremediation is therefore one of the soil remediation technologies with the
greatest potential.

INTRODUCTION contaminants on a constant basis [5]. One of sixteen priority

Petroleum-based commodities are the primary source of energy
for manufacturing and everyday living throughout the age of
industrialization. The overtime overdependence on this has led to
the contamination of the ecosystem by hydrocarbons caused by
spills and leaks that occur throughout the process of petroleum
exploration, production, refining, transportation, and storing [1].
Together to manmade actions that discharge hydrocarbon
emissions into the atmosphere (biogenic and geochemical),
natural crude oil leakage contributes to the discharge of 600,000
to 700,000 metric tonnes per year. Benzene, toluene,
ethylbenzene and xylene (BTEX) and Polycyclic aromatic
hydrocarbons (PAHs) are among the most powerful
environmental pollutants among all petroleum hydrocarbon
pollutants, and they are also known as persistent organic
pollutants (POPs) because of their long-term effects on the
environment. PAHs, which have got aromatic rings bonded
together, are found all over the world. In addition to the
operations of the oil and gas industry, volatile hydrocarbons are
generated when firewood, coal, oil, and gas are burned
inefficiently [2-4]. The United States Environmental Protection
Agency (U.S. EPA) has designated sixteen (16) PAHs as
"priority pollutants" and monitors industrial effluents for these

PAHs identified by the EPA is benzo[a]pyrene, which is the most
powerful carcinogen. Because these contaminants are very
lipophilic, they can't be dissolved in water, owing to their
resistive character. Hence, their biomagnification occurs.
Because they have been shown to be immunotoxic, mutagenic,
carcinogenic and teratogenic, PAHs represents a serious threat to
human health as well as the ecosystem. Possible restoration
solutions have been created and used to overcome this worldwide
issue because to rising concern for health of human health and
the ecosystem [6,7]. (10)There are four sorts of remediation
procedures for petroleum hydrocarbon damaged soil:
thermal, chemical, biological and physical.

Existing restoration approaches for petroleum oil damaged
sites suffer from a number of problems, including low efficiency,
increased costs, and the development of significant amounts of
sludge. When contaminants are degraded or transformed into
carbon dioxide, inorganic salts, water or other metabolites by the
employment of microorganisms (mostly fungus and bacteria),
bioremediation is being used as a process [8,9]. Work in the
recent 10 years has concentrated on the application of a mix of
remediation approaches for soils treated by petroleum oil [10].
Remediation solutions for cleaning up contaminated sites caused
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by crude oil, diesel, and gasoline have been studied across the
world.

Oil refinery waste as source of PAH pollutants

Petroleum processing plant turn unrefined petroleum oil to a huge
range of goods, including gasoline, jet fuel, and diesel fuel as well
as lubricating oil, asphalt and waxes, among others. Petroleum-
based compounds such as cycloalkanes, alkanes, PAHs and
BTEX are discharged into the air during the purification process.
As xenobiotic chemicals, benzene and a number of polycyclic
aromatic hydrocarbons (PAHs) are considered POPs or persistent
organic pollutants [11]. Carbon and hydrogen atoms, as well as
N, S, and O atoms, make up PAH. However, due to the low vapor
pressure of PAHs and their limited water solubility, making them
difficult to disperse in the atmosphere and to be absorbed into the
body. Their structure includes two or more aromatic ring fused
together in an angular, linear or clustered configuration. An
angular configuration of PAHs makes them more robust than a
straight one. Molecular weight varies from 166 to 332 for most
PAHs on the market [12].

The PAHs molecule's biological stability is due to the dense
electrons presence on both sides of the ring structure. As a result,
nucleophilic attack to PAHs is more difficult than any other
hydrocarbons found in the atmosphere. The solubility of PAHs
has been found to diminish with the addition of benzene rings
[13,14]. PAHs become more resistant due to a rise in molecular
mass, which enhances hydrophobicity and lipophilicity while
decreasing solubility in water and vapour pressure. To put it
another way, the bioavailability of high-molecular-weight PAHs
are less and more difficult for microorganisms to break down
than PAHs having lower molecular weights. Furthermore, the
high molecular weights PAHs are more carcinogenic, mutagenic
and teratogenic than low molecular weight PAHs [15-17].

Chronic sickness due to PAHs

The threat of aromatic hydrocarbon pollutants to people varies
depending on the kind and quantity of these pollutants in
petroleum refinery effluent. The most common negative effects
of exposure to these toxins include nausea, eye irritation,
vomiting, and diarrhoea. Increased levels of a pollutant mixture
in the workplace produce inflammation and skin irritation.
Anthracene, naphthalene, and benzo[a]pyrene are all skin
sensitizers. Naphthalene is known to cause cancer. They may
cause allergic reactions in both animals and humans [18,19].
Mono- and poly-aromatic hydrocarbon pollution has been found
to irreversibly damage human tissue such as the kidneys, lungs,
and liver. It may also cause respiratory issues such as asthma.
Cataract abnormalities and dermal exposure can produce redness
and skin irritation [20-22]. Red blood cells may deteriorate when
exposed to high concentrations of naphthalene. All tumours,
abnormalities, developmental disorders, and malignancies are
caused by cellular damage [23].

Teratogenicity

Teratogenicity has an impact on the development of an embryo
or foetus. Many aromatic hydrocarbons have been discovered as
extremely harmful, including naphthalene, benzene,
benzo[a]anthracene, and benzo[a]pyrene. Low birth weight and
birth abnormalities have been linked to benzo[a]pyrene exposure
during pregnancy. Pregnant women who are exposed to PAHs
risk having a kid with premature birth, early birth, developmental
delays, and congenital heart abnormalities [24]. PAHs have been
associated to asthma, lower IQ at the age of three, and
behavioural difficulties between the ages of six and eight [25,26].
When a baby is exposed to PAHs, the DNA in his or her cord
blood is harmed [25].

Genotoxicity

Most PAHs discovered in petroleum refining byproducts are not
carcinogenic in and of themselves. However, epoxides and
dihydrodiols are produced when they are digested with other
parts, which may result in a genetic abnormality. The binding of
aromatic hydrocarbon dihydrodiols and epoxides to DNA causes
a "mutation" of the nucleotide codon. PAHs have been proven to
produce genotoxicity in rats and in vitro testing on mammalian
cell lines, including human cell lines [27]. PAH-induced base
pair substitution results in DNA loss, frameshift mutation, s-
phase arrest, and other chromosomal changes. PAH compounds
such as diolepoxides, quinines, and conjugated hydroxyalkyl
may occupy nucleophilic centres in macromolecular structures.
The toxicity of PAHs can be investigated using the
benzo[a]pyrene model chemical [28,29].

Carcinogenicity

Carcinogenic substances and hydrocarbon pollutants can be
found in oil refinery waste. Tumors and malignancies are caused
by their attaching to cellular proteins or DNA. During
metabolism, they are converted into dangerous epoxides and
dihydrodiols, which can lead to cancer [30]. According to the
toxicity levels, two, three, and seven-ring PAHs are less
carcinogenic than four, five, and six-ring PAHs. Aromatic
hydrocarbon pollutants, such as benzene, have been linked to
skin, lung, bladder, and stomach malignancies. An aromatic
amine present in the structure of PAH chemicals is considered to
increase their carcinogenicity. Benzo[a]pyrene is the most
extensively utilised PAH that has been related to cancer in both
people and animals [29].

Dimethylbenz[a]anthracene, for example, is carcinogenic
due to the addition of alkyl groups to the fundamental PAH
structure. The United States Environmental Protection Agency
has classified the seven PAHs listed below as "probable human
carcinogens" (EPA). Epoxide and diol bind to DNA covalently
[31,32]. Long-term exposure to PAHs has been demonstrated to
induce lung cancer in humans. PAHs in food cause colon cancer,
and dermal exposure promotes skin cancer [33-35]. Certain
PAHs have been found in animal studies to cause cancer.
According to animal studies, skin, lung, bladder, liver, and
stomach cancers are on the increase, as are injection-site
sarcomas.

According to animal research, PAHs may also disturb the
haematological and immunological systems, as well as the
reproductive, neurologic, and developmental processes in
animals. Because most exposures to PAH mixtures are present, it
is difficult to ascribe documented health outcomes to specific
PAHs in epidemiological study. The risk of lung, skin, and
bladder cancer increases with PAH exposure. According to
epidemiological research, those who have been exposed to PAH
have a higher chance of developing skin, lung, bladder, and
stomach cancers. The first human PAH-related epidemiological
study, which focused on the deaths of coal carbonization and
gasification workers, was published in 1936 by researchers in
Japan and England. Following further study in the United States,
researchers discovered that coke oven workers had a higher
mortality risk for lung cancer as well as a higher mortality rate
for genitourinary system cancer. According to later experimental
studies, soot PAHs may have been responsible for the greater
prevalence of scrotal cancer observed by Percival Pott among
London chimney sweeps.
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Immunotoxicity

Cancer can be induced directly or indirectly by the immune
system being weakened by aromatic hydrocarbon pollutants
found in the environment, such as MAHs and PAHs. When PAHs
are present in the environment, rats' immunological responses are
suppressed. Immunosuppression has been connected to the
emergence of infectious illnesses. The production of cytokines,
which are inflammatory mediators, increases as a result of this
medication. Under certain conditions, an autoimmune or
hypersensitive reaction can occur [36]. Several experimental
studies have shown that contaminated food, which may contain
PAHs, can cause immunotoxicity. In some cases, PAHs have
been shown to produce DNA adducts in the lungs [26,37].

PAH:s as soil contaminant

Chemicals generated by industry, certain agricultural practices,
and poor waste management all contribute to the introduction of
organic contaminants into the soil. The long-term stability of
these chemicals in soil poses a risk to human and animal health
[38]. PAHs, which are semi-volatile organic molecules
consisting of carbon and hydrogen and organised to form 2 or
higher number of benzene rings [39], come in a variety of forms.
PAHs are organic chemicals that are either volatile or semi-
volatile. Other elements such as nitrogen, chlorine, oxygen, and
sulphur may also be present in aromatic heterocyclic compounds.
PAHs can be found in a wide range of environmental
compartments.

Natural and man-made factors, such as coal, oil, volcanic
eruptions, and industrial operations, as well as automotive traffic
and residential heat sources, all contribute to their continuous
existence. Human activities have increased the amount of these
toxins in all major environmental media (water, air, and soil) over
the last century [40]. Because of their hydrophobic qualities,
PAHs can survive in the environment and accrue in the food
chain [41]. Numerous PAHs were declared to be possible or
likely human carcinogens by the International Agency for
Research on Cancer (IARC) in 1987 [28]. Toxicities,
mutagenicity, teratogenicity, carcinogenicity and teratogenicity,
among other aspects, put biological creatures at danger [42].

Despite the fact that PAHs are photosensitive and
photodegradable, their physicochemical features lead them to
damage the environment for a lengthy period of time after
exposure to light. As a result of their limited water solubility and
intricate structure, the compounds are resistant to microbial
breakdown; nonetheless, some bacteria may metabolize them and
utilise the carbon source they provide for development
notwithstanding this resilience. Gram-positive and gram-
negative bacteria are both capable of degrading PAHs due to the
engagement of intracellular enzymes in their metabolism: In
contrast to Burkholderia (-proteobacteria), Mycobacterium is
capable of degrading PAHs with two or three aromatic rings with
great ease; Mycobacterium, on the other hand, is capable of
degrading PAHs with a greater number of aromatic rings with
relative ease [38].

Lignolytic fungi can perform these metabolising methods as
an alternative for bacteria, and they may be more effective than
some bacteria because this fungus contains special enzymes
(lignin peroxidase, manganese peroxidase, laccase) that play an
important role in the initial attack on high-molecular-weight
polycyclic aromatic hydrocarbons (PAHs) that are found in the
soil. According to Bumpus and colleagues, the earliest
investigations on the utilisation of PAH biodegradation by
ligninolytic fungi date back to 1985, when Phanerochaete
chrysosporium partly decomposed benzo[a]pyrene. Trametes,

Bjerkandera, Phanerochaete, Nematoloma, Irpex, Coriolus, and
Pleurotus have all been implicated with PAH degradation later
on. Extracellular ligninolytic enzymes such as Mn-peroxidase,
lignin peroxidase, Laccase and versatile peroxidase, and laccase
are responsible for these fungi's capacity to breakdown PAHs.

Decomposition of lignin and subsequent xenobiotic
detoxification by fungal laccases and peroxidases has been
hypothesised to play a crucial role in fungi's ability to decompose
wood and litter. Native bacteria in soils and sediments are much
more likely to further degrade polar and water-soluble
compounds, such as quinones, produced by these enzymes.
Understanding the metabolites produced by fungal metabolism is
essential for verifying soil bioremediation. As nutrients for
microbial communities, quinonic intermediates are mineralized
to carbon dioxide in soil. Polymerization and incorporation into
the humic soil pool are further possible outcomes. Fungal
enzymes degrade PAHs at varying rates and in varied amounts
depending on a range of parameters such as oxygen availability,
soil nutrients, pH, temperature, cell transport properties, the
molecule's molecular structure, and chemical breakdown in the
soil [43].

The use of various forms of compost and bio-augmentation
with a range of fungal species for soil bioremediation and bio-
augmentation is currently being researched. Because of their
propensity to degrade polychlorinated biphenyls (PCBs) and
other contaminants, fungal species, in addition to bacteria, may
be utilised in bioremediation approaches [38]. Fungi that can
grow on a variety of substrates and release extracellular
hydrolytic enzymes that can infiltrate polluted soil and extract
hydrocarbons may be successfully employed to break down
particle organic pollutants (PAHs) [43].

Phytoremediation

Despite the fact that the term "phytoremediation" was coined in
1991, the first phytoremediation studies were conducted in the
1950s of the twentieth century. Plants are used in this strategy to
eliminate toxicants from water and soil and render them safe.
This is due to the fact that environmental pollution poses
significant health risks and has an effect on health of human
where numerous PAHs are mutagenic, carcinogenic, teratogenic
and detrimental to children endocrine and neurological systems.
Physicochemical approaches for repairing the various matrices
have been wused, but they have significant limitations.
Conventional procedures, for example, are costly, require
extensive processing, and alter soil conditions, wreaking havoc
on the local vegetation. This publication promotes
phytoremediation as a relatively new approach with low long-
term expenses [42].

Green plants, such as Brassica juncea, Thlaspi
caerulescens, or Helianthus annuus, and including Salix spp. or
Populus, which are woody species. Plants are used in
phytoremediation to remove, uptake, or render harmless various
environmental pollutants in water and soil, such as organic
compounds, heavy metals, and including radioactive compounds
[44]. Other advantages include a lower danger of contamination
dispersal and the possibility to utilise phytoremediation on a wide
range of polluted sites without digging unclean areas [45]. Plant
species, pollutant type, bioavailability, and soil conditions all
have an impact on the processes and performance of
phytoremediation. Plants that are "hyperaccumulators" are
thought to be more effective in phytoremediation procedures.
They can endure and collect metals and organic substances found
in soil, such as PAHs, although their biomass production rate is
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modest [46]. It is also reliant on the amount of biomass produced
by the plant; a big amount of biomass is capable of absorbing a
huge number of metals or organic compounds, including PAHs,
but it will take many harvests to completely eliminate the plants
from the environment. As a result, the number of harvests will
affect the overall cost of the operation, including the incineration,
disposal or composting of waste biomass.

Despite these obstacles, phytoremediation can be used for a
wide range of remediation methods (such as slowness of process
and proximity of affected region to root, as well as the fact that
many species cannot be planted in extremely contaminated
areas). The treated area becomes more desirable to tourists as a
result of the environmental and aesthetic benefits of this
technology. It is a low-cost option due to the fact that it requires
very little work. Resident acceptance is frequently high, and it is
straightforward to carry out. Biomass may be used to generate
energy and reduce waste in industries such as renewable energies
[47] and waste reduction [44].

Phytoremediation is not as frequently employed in Europe,
where sales were less than $300 million in 2007, as it is in the
United States [48]. According to this report, the results of a
rigorous assessment of phytoremediation's potential in practice
strongly illustrate the economic viability of the new method
pushed by the US Environmental Protection Agency (EPA) in
2001[49]. (US Environmental Protection Agency, 2001) A
significant increase in the use of phytoremediation methods in
Europe has occurred as a result of the fact that they are more
ecologically friendly and cost-effective than conventional
environmental remediation processes. Plant-based remediation is
extremely cost-effective when compared to conventional
technologies such as excavation and landfilling, soil washing
with water and solubilizing agents, vitrification of contaminated
soil at high temperatures, solidification using stabilising agents
and electrochemical separation [50], and other methods of
bioremediation.

Phytodegradation

After pollutants have been assimilated by the root system and
deteriorated by enzymes associated with plant metabolic
activities, or after they have been incorporated into plant tissues
[51], phytodegradation takes place. In the phytodegradation
process, enzymes such as dehalogenase degrades chlorinated
compounds, peroxidase degrades phenolic compounds,
nitroreductase which degrades nitrate and explosives
compounds, nitrilase that degrades cyanated aromatic
compounds, and phosphatase that degrades organophosphate
pesticides. Inorganic pollutants such as chlorinated solvents,
herbicides, and polycyclic aromatic hydrocarbons (PAHs) may
be remedied using phytodegradation, and surface and ground
waters can be recovered using phytodegradation [52]. This has
been accomplished by the utilisation of plants from a variety of
different kinds. [53] employed the plant species Lupinus luteus
in combination with endophytic bacteria to restore landfill soils
on the Iberian peninsula that had been contaminated with organic
pollutants such as benzo(a)pyrene. There were two experiments
planned in a greenhouse: (1) growth on a substrate that had been
purposefully contaminated with benzo(a)pyrene, and (2) growth
on waste soil as a growing media, both of which were carried out.
As a result of this, endophytic bacteria were recovered from the
roots and shoots of the plants that were employed in the two
greenhouse experiments. Growth, resistance to organic
contaminants, and deterioration were among the traits observed.
Essentially, the data indicate that when the plants were grown in
the presence of benzo(a)pyrene, they did not display any
evidence of cytotoxicity; yet, when the plants were grown on

waste soil, they did exhibit cytotoxic activity. Others were
vulnerable to benzo(a)pyrene and other chemical compounds,
whilst others spurred plant growth and were resistant to
benzo(a)pyrene and other chemical substances (diesel and
PCBs).

Rhizodegradation

Rhizodegradation is a biodegradation process that happens at the
level of the plant's radical apparatus, which is situated in the
rhizosphere, which is a soil area adjacent to the plant's radical
apparatus. This procedure is referred as rhizodegradation. In the
rhizosphere, the activities of bacteria, fungus, and yeasts
(research has shown that the number of microorganisms present
in the rhizosphere is 100 times more than the number of
microorganisms present on the surface) results in the
accumulation of micronutrients from the plant's root secretions.
Secretions from the roots of plants may be used to help in the
recovery and removal of contaminants [51].

In the rhizosphere, it is thought that microorganisms are
more widespread as a consequence of the availability of
resources such as sugars and amino acids, as well as enzymes and
other substances generated by plants, which promote their
growth. Moreover, roots give a higher surface area for microbial
development as well as a sufficient amount of oxygen to the
plant's environment. Taken together, the partnership of
microorganisms and plants is beneficial to both parties in the long
run. Mycorrhizal fungi are among the many different types of soil
microorganisms that may connect with host plants and develop a
symbiotic relationship with the plants they contact with. It is at
the root system level that the interaction takes place, and there
are two forms of mycorrhizae; endomycorrhizae, which occur
when the fungus is contained inside the root tissue, and
ectomycorrhizae, which occur when the fungus is contained
outside the root tissue [54].

Rhizodegradation has both advantages and disadvantages,
as is obvious. In addition to its many advantages,
rhizodegradation is a process that occurs in the natural
environment. Rhizodegradation is less likely than other
phytoremediation procedures to cause chemical transfer to other
parts of the plant or into the environment. Rhizodegradation may
result in toxicant mineralization in certain cases. The next point
to mention is that installation and upkeep are inexpensive. In
addition to being a slow and ineffective process,
rhizodegradation is confined to the surface of the contamination
(20-25 cm depth), where the roots' ability to penetrate deeper into
the soil may be restricted by the physical structure of the soil. As
a result of this, unless a nitrogen fixer, such as Cajanus cajan, is
used, the plants may need more fertiliser [55].

For soil remediation, rhizodegradation is especially helpful
because it enhances the soil's physical and chemical properties
and can be used to remove a wide range of pollutants, such as
polycyclic aromatic hydrocarbons, pesticides, polychlorinated
biphenyls, and benzene-related chemicals (BTEX compounds)
(benzene, toluene, ethylbenzene, xylene). Kandelia candel [56]
and Avicennia marina [57] have been studied for their capable of
degrading phenanthrene and pyrene through the process known
as rhizodegradation. The presence of rhizosphere has been shown
to be successful in stimulating the deterioration of PAHs. Before
the plants were collected, 10 mg/kg of phenanthrene and 10
mg/kg of pyrene were sprayed to the rhizosphere of Kandelia
candel plants in a greenhouse. During the first 60 days of the
plant's growth, it was found that polluted sediment degraded
phenanthrene and pyrene more rapidly (by 47.7% and 376.9%,
respectively). The highest PAH degradation rates were found to
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be 3 mm away from the root zone (56.8 percent phenanthrene and
47.7 percent pyrene). There are three distinct soil zones in the
near rhizosphere: the root compartment, the distant rhizosphere,
and soil zones (Lu et al., 2011).

A study found that the breakdown of phenanthrene and
pyrene in rhizosphere sediments was much higher than in non-
rhizosphere sediments. There's also a substantial association (R2
>0.91) between dissolved organic matter and residual PAHs in
both the rhizosphere and nonrhizosphere sediments after 120
days of growth. Soil contaminated with organic pollutants has
already been used successfully to grow plants in certain
situations. Flavonoids and polyphenols, compounds that activate
enzymes in PAH-degrading organisms, were studied for their
ability to be produced by several trees at numerous refinery
sites. Microorganisms that are naturally present in the
rhizosphere aid in the growth of plants. Because of the presence
of organic materials, such as root exudates, the rhizosphere has a
high level of microbial activity. As a result, the plant's root
exudates help microorganisms absorb a nutrient, which in turn
improves the plant's performance and the quality of the soil [58].

Plants' interactions with microbes have been shown to have
considerable degradative capacity for several organic chemicals,
including PAHs. Glutathione (GSH), sugars, or organic acids are
conjugated with organic compounds to increase their solubility
and enable them to be carried into vacuoles, where they can be
further transformed to Carbon dioxide and water by the process
of oxidation, reduction, and hydrolysis [59]. Enzymes may aid in
the decomposition of contaminants in a number of ways. Mono-
and dioxygenases, dehydrogenases, hydrolases, peroxidases,
nitroreductases, dehalogenases, phosphatases, carboxylesterases,
and other enzymes fall under this category. Nature produces these
enzymes in the soil, where they could aid in the degradation of a
broad spectrum of organic contaminants [48]. Proteomics
technologies have been used with appropriate transgenic species
of plants to assess the potential for phytoremediation [60]. To
illustrate this point, [61] carried out a transgenic test on tobacco
plants, which showed a considerable increase in TNT and GTN
degradability. Plants designed to resist herbicides, PCBs,
nitroaromatic compounds, and other environmental contaminants
may be utilised to restore soil that has been harmed by these
pollutants.

CONCLUSION

In conclusion, PAHs toxicity is a well-known fact especially its
ability to cause cancer and other diseases on the long term. The
removal of PAHs from the environment requires the action of
microorganisms and plants in a symbiotic relationship that is able
to remediate better than individual organisms alone. The toxicity
of other components of PAHs especially heavy metals is a
challenge to remediation technology as these toxic ions are
known to inhibit the process of bioremediation.
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