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Abstract

The emergence of several industrial activities has arguably led to hydrocarbon
contamination of all aspects of the environment. The resultant effect of the increased
dependence on crude oil is the hydrocarbon pollution via the exploration, transport and
waste disposal. Crude oil is a complex mixture of aliphatic, aromatic and heterocyclic
compounds. The impact of the crude oil spills, pesticides, fossil fuels and other organic
pollutants, which majorly contains these hydrocarbons is that the natural heavy metal
content of the soil is drastically rising, resulting in high concentration of heavy metals,
thereby limiting the microbe’s activity, rendering it unsuitable for degradation and
reduced effectiveness. This menace has hereby brought the dire need for adequate
environmental remediation technique, putting into consideration the achievement of the
Sustainable Development Goals (SDGs’). Variety of techniques exist for remediation
depending on the media (e.g. air, water, or soil) and contaminant (e.g. heavy metals, PCB
etc.). Some of the techniques adopted in the last several decades are physical/mechanical,

chemical or biochemical remediation methods.

1. Introduction

Although, there are recent advancements in the use of renewable energies, the
harnessing of crude oil is still a necessity for several countries. However, the incidence of
facilities sabotage (theft and bunkering), operational failures (corrosion of pipeline,
human error and equipment failure), pipeline vandalization and leakage, accidental
discharges as well as the inappropriate handling and disposal of petroleum wastes has
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been of great harm to environmental safety, protection and sustainability [1,2].
Contamination of hydrocarbon occurs due to petroleum, pesticides, fossil fuel, and other
toxic organic substances. However, of all these sources, contamination caused by
petroleum hydrocarbon, is most common due to its extensive use and its related
accidental spills and waste disposal process. Petroleum consists of a large range of high
and low molecular weight hydrocarbons. These complex mixtures consist of saturated
and branched alkanes, alkenes, homo and heterocyclic napthtenes, aromatics consisting
of heteroatoms such as heavy metal complexes, N, S and O, hydrocarbons consisting of
different functional groups such as ethers, carboxylic acids, asphaltenes, resins and
naphteno-aromatics. Based on the hydrocarbon composition of the products of the
fractrional distillation of crude oil, light end fractions e.g. naphta, diesel, kerosene etc.
have a lower percentage of aromatic compounds and lower molecular weight saturated
and unsaturated hydrocarbons while the heavy end fractions e.g. asphaltenes and lube oil
consists of higher percentage of aromatic compounds and higher molecular weight
saturated and unsaturated hydrocarbons and organometallics [3].

Concentration of heavy metal is on a steady rise in the soil due to these human
activities. There is a large impact of higher heavy metal and metalloid concentration in
some areas [4]. Crude oil and petroleum products form a waterproof film on water that
prevents the oxygen exchange between environment and water causing damages to
plants, animals, and human beings.

2. Common Pollutants in Water, Air and Soil
Hydrocarbon pollution

This is caused mainly by accidents on oil platforms and ships used for hydrocarbon
transportation but also by discharging water into the sea which is used to wash tanks of
tanker vessels. Crude oil and petroleum products form a waterproof film on water that
prevents the oxygen exchange between environment and water causing damages to
plants, animals, and human beings [2].

Organic pollutants

Major sources which are responsible for organic contaminants are anthropogenic
activities including the use of fuels, solvents, and pesticides. Various organic compounds
are harmful and are related to health concerns globally. Diverse sources are responsible
for the generation of hydrocarbons in sediments which are categorized below [5,6]:
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* Anthropogenic sources

* Petroleum inputs

* Partial burning of fuels

* Fires of forest and grass

* Biosynthesis of hydrocarbons by marine or terrestrial organisms

* Diffusing from the petroleum source rocks, reservoirs, or mantle
Organic pollutant is responsible for environmental and health-related problems
Polycyclic aromatic hydrocarbons (PAHs)

PAHs are considered to be ubiquitous contaminants. There are 100 diverse
compounds of polycyclic aromatic hydrocarbons present. PAHs are seldom used for the
industrial purpose, but only few are used for the manufacturing of pesticides, dyes and
plastics and for the production of medicines. Polycyclic aromatic hydrocarbons are
produced on partial burning of organic matters [7]. PAHs due to carcinogenic and
mutagenic nature are highly poisonous to organisms. The degradation of PAHs is
predominantly slow with high molecular weights because due to low hydrophobicity and
water solubility it has a tendency to accumulate in sediments [8].

Polychlorinated biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) due to carcinogenicity, toxicity, and slow
biodegradation in the nature are well thought-out to be the worst pollutants [9] of
commercial PCBs of about hundreds of thousands of metric tons are persevere in aquatic
sediments [10]. In adhesives and lubricants, dielectric fluids in flame retardants,
transformers, hydraulic fluids, and plasticizers, PCBs are widely used. PCBs are released
from disposal and spillage [11].

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs)

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are still present in
deep sediment layers which are deposited decades ago. Toward biotic and abiotic
degradation processes, PCDD/Fs are often well-thought-out to be recalcitrant [12].
PCDD/Fs are the most notorious pollutants present in nature [13].
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Inorganic pollutants

Human sources are mainly responsible for the heavy metal contamination, but
contamination due to natural and biological processes are also common. Cellular binding
sites of microbes are responsible for the absorption of heavy metals. By various
mechanisms, heavy metals can be complexed with extracellular polymers of microbes.
Organic contaminants can be mineralized by these microorganisms and convert into
metabolic intermediates which can be utilized as primary substrates for growth of the
cell. Heavy metals can be eliminated from the metal-polluted soil by microbes which can
change the heavy metal oxidation state by immobilizing them [14]. Research on
bioremediation of heavy metals by microbes is on the increase of recent.

3. Sources and Effects of Hydrocarbon-Contaminated Wastewater Effluents

Numerous sources such as pesticides, petroleum, or different harmful organic
substances which are discharged into the water streams as effluents are responsible for
the hydrocarbon pollution into the wastewater. Water contaminated with hydrocarbons is
known to be carcinogenic, neurotoxin, and mutagenic to flora and fauna [15]. Increased
use of vehicles and automobiles leads to increase in utilization of automobile oil, which is
the major cause of hydrocarbon contamination in water. This type of contamination
occurs when oil from the car drops onto the ground and leaks; it could be washed into
water streams by runoffs [17].

Pesticides are another source of hydrocarbon contamination in water. Pesticides
include herbicides, fungicides, and insecticides. Only small amount of pesticide is able to
achieve the target, while the major proportion stays in the soil, and it can be washed away
by the rain in the water stream [18]. Herbicides, out of all the pesticides, are most
hazardous because it is directly applied on the soil in order to kill the weed and can be
washed away during rainfall into the water streams.

One of the main sources of hydrocarbon pollution is the discharge of urban storm
water [19]. In urban communities, car parks and roads are frequently polluted by gasoline
and oil from the vehicles, and during rainfall, these pollutants are washed into water
streams and hence can contaminate them [19]. Wastewater contaminated by
hydrocarbons has an adverse effect in nature, animals, human beings, and plants. Lack of
oxygen, decrease in crop yield, and effects on aquatic plants are various effects of
hydrocarbon contamination in nature. There would be decrease in the crop yield and
available food for household due to inappropriate crop’s growth when the farmland is
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irrigated by water contaminated with hydrocarbon [20,21]. Soil fertility can be decreased
to an extent due to the presence of oil in water due to the reason that most of the vital
nutrients are no longer accessible for crop consumption which results in the decrease of
the crop yield. The reduction in the yield of crop results in the decrease of the farmer’s
earnings [22,23]. Oxygen shortage is another environmental effect of hydrocarbon
contamination. The main source of oxygen in nature is the economic trees which rely on
rainfall or on the water steams for their growth. Oil spills can inhibit root penetration due
to hydrocarbons which can block the pores of the soil, thereby removing water and air
[24]. This results in the death of such plant or distortion in the growth and hence causes
oxygen shortage for human utilization [25]. Hydrocarbon contamination in water avoids
the penetration of light into the water and the exchange of gases for consumption by
aquatic plants. This leads to the death of the plant because plant becomes incapable to
photosynthesize and hence can affect the food chain. Plants consume the pollutants from
the contaminated water which can be passed to humans and animals through the food
chain [26].

Polycyclic hydrocarbons are toxic and found to have serious effects on human
beings. The immune system, liver, respiratory system, reproductive system, circulatory
system, kidney, etc. are the organs which are affected due to the hydrocarbon ingestion
[21]. Individual’s susceptibility and level of exposure are the factors on which the degree
of damage depends [16]. Cancer risk and hormonal problems that can disturb
developmental and reproductive processes are the other effects of effluents polluted by
hydrocarbons on human beings [27].

Discharge of wastewater contaminated with hydrocarbon into the water streams
poses risk to animals through absorption, breathing, and ingestion. Sea birds are the most
exposed to the hydrocarbon pollutant because it spends majority of its time near the water
bodies [28]. There is unusual decrease in the temperature due to the destruction of the
protective layer of the feathers in sea birds as a result of the presence of oil in water [29].

4. Sustainable Development Goals

The Sustainable Development Goals (SDGs) or Global Goals are a collection of 17
interlinked global goals designed to be a “blueprint to achieve a better and more
sustainable future for all” [30]. The SDGs were set up in 2015 by the United Nations
General Assembly and are intended to be achieved by the year 2030. They are included in
a UN Resolution called the 2030 Agenda or what is colloquially known as Agenda 2030
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[31]. The SDGs were developed in the Post-2015 Development Agenda as the future
global development framework to succeed the Millennium Development Goals which
ended in 2015.

The 17 SDGs are: (1) No Poverty, (2) Zero Hunger, (3) Good Health and Well-being,
(4) Quality Education, (5) Gender Equality, (6) Clean Water and Sanitation, (7)
Affordable and Clean Energy, (8) Decent Work and Economic Growth, (9) Industry,
Innovation and Infrastructure, (10) Reducing Inequality, (11) Sustainable Cities and
Communities, (12) Responsible Consumption and Production, (13) Climate Action, (14)
Life Below Water, (15) Life On Land, (16) Peace, Justice, and Strong Institutions, (17)
Partnerships for the Goals.

5. Remediation Techniques

Remediation is the process of returning soil, water or air functionality that existed
prior to contamination. Variety of techniques exist for remediation depending on the
media (e.g. air, water, or soil) and contaminant (e.g. heavy metals, PCB etc.) [32]. This
could be by physical/mechanical, chemical or biochemical remediation method [33,34].
Remediation strategies are decided after knowing the oil composition and
physicochemical nature of the polluted site. Physical and chemical properties and pH of
the polluted water/soil are the different factors on which the crude oil degradation
depends.

Physical/mechanical remediation approach

While physical method principally involves soil replacement and thermal desorption,
the method is labor intensive, expensive and suitable for small contaminated sites [35].
This implies it could be unsuitable for large-scale contamination.

An illustration of this is the Capping method, in which a contaminated sediment bed
is isolated with a clean layer or “cap” commonly consisting of sand, gravel, silt or
crushed rock debris, is also a physical remediation method. The passive cap made of
unreactive materials mainly rely on containment rather than treatment. The cap cut down
bio availability of contaminants by physically separating sediments from the aquatic
environment, confining bioturbation to the top clean layer and limiting the possibility of
re-suspension of contaminated sediments [35]. This method and other physical
remediation methods, on stand-alone basis, are not suitable for the large-scale
contamination.
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Chemical remediation approach

Chemical method involves washing contaminated soil using clean water, reagents,
and solvents that can leach the contaminants from the oil [33,34]. These chemicals have
the capability of altering the contaminant’s chemical and physical properties. This
method could be achieved through chemical leaching, chemical fixation, electrokinetic
remediation, vitrify technology, chemical immobilisation, oxidation, chemical fluid
extraction and photodegradation among others. The method is expensive and has the
potential to contaminate other environmental media including air and water bodies
through the introduction of solvents and reagents during remediation [34]. Specifically,
the approach is fast at clean-up of contaminants, however, harmful wastes generated in
the process include carbon dioxide and other greenhouse gases which are emitted into the
surrounding environment [36]. The method is expensive and has the potential to
contaminate other environmental media including air and water bodies through the
introduction of solvent and reagents during remediation [34].

Dispersants, solidifiers, and chemical oxidants are the three categories in which the
chemical remediations are grouped [16,37].

Dispersants

Slick of oil can be broken down into smaller droplets by surfactants which are
present in dispersants, and these droplets undergo rapid dilution by transferring it into the
water and can be effortlessly degraded [81]. Chemical dispersants can raise the oil droplet
surface area which results in an increased rate of natural biodegradation, and this process
makes the oil less sticky to the surface by slowing down the development of oil-water
emulsions and allows fast treatment [39]. This method makes oil spills less harmful for
living organisms and the marine life. This is achieved by converting oil slicks into
droplets which in turn can be degraded by bacteria [16,38]. Nokomis 3-F4, Slickgone NS,
Finasol OSR 52, SPC 1000™, Neon AB3000, ZI-400, Corexit 9500, Corexit 8667, and
Saf-Ron Gold are some of the examples of chemical dispersants [40].

Solidifiers

In this method oil is removed by physical method which involves the interaction of dry
granular materials with the oil and converts its liquid state into rubberlike solid state. Dry
particulate and semisolid substances such as balls, pucks, sponge, etc. are the various
forms in which the solidifiers can be applied. Solidification can be enhanced by using the
solidifiers in the seas because mixing energy is provided by the seawater. Solidifiers are
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difficult to recover after solidification and it is less efficient, which are the major
drawbacks for the use of the solidifiers [39].

Chemical oxidation

This technique involves the usage of chemical agents which are capable of oxidizing
the organic pollutants [41]. These chemical agents are introduced by the help of the
mixing apparatus and injection in water or soil at the contaminated site. The usefulness of
the process is found to depend upon oxidant quality, efficient contact between pollutant
and oxidant, geological conditions, and oxidant’s residence time [42]. This process is
rapid and can be applied in all-weather situations which are some of the advantages of
this process.

Biological Remediation approach

Biological remediation approach (e.g. Phytoremediation and Bioremediation)
Phytoremediation

The biological methods (e.g. bioremediation and phytoremediation) have become of
great research interest in the last decade due to their various advantages.

Phytoremediation involves the use of living green plants or their roots to fix or
absorb contaminants from soil. This approach uses enzymes present in plant roots to aid
degradation of contaminants. It reduces contaminant concentration in soil and
consequently reduces risk posed by such contaminants to the environment and human
health. For example, [43] used Mirabilis jalapa L. to remove 63.2% of petroleum from
contaminated soil. Phytoremediation has five approaches which include phyto-
stabilisation, phyto-volatilisation, phyto-extraction, phytodegradation and
rhizodegradation [44,33]. Phyto-stabilisation is the use of plant roots to absorb and
precipitate contaminants thereby fixing them to a point and reducing their bioavailability
and migration to other ecological systems such as food chain and underground water
[34]. Phytovolatilisation is the transfer of contaminants (e.g. mercury) to a gaseous state
by the use of special matters secreted by plant roots. Phyto-extraction on the other hand
involves the use of tolerant and accumulating plants to absorb contaminants from soil,
which are transferred and stored in over-ground parts [34]. The breakdown of
contaminants through the metabolic processes of the plant is described as
phytodegradation. Plant roots in such cases release catalytic enzymes such as
dehalogenase and laccase, to accelerate the contaminant breakdown process [33].
Rhizodegradation entails the degradation of contaminants through enhanced microbial
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activity in the rhizosphere zone (1-5 mm) of the soil. In this case, soil microbes benefit
the soil by supplying the needed nutrients such as vitamins and amino acids to increase
plant growth, while the plant roots provide habitat for microbes that degrade
hydrocarbons [33]. Generally, the different approaches of phytoremediation have peculiar
characteristics that make them appropriate for different soil contaminants. For example,
phytovolatilisation is only appropriate for compounds with volatilisable properties.
Phytoremediation provides an approach that allows for low maintenance cost, easily
implemented on-site and in areas that generally support plant growth. However, specific
phytoremediation prescription could not be applicable to diverse site conditions, as
concentration levels could be toxic to the intervention plants [45]. Phytoremediation is a
slow remediation strategy and could only be considered for long-term clean-up. In
addition, the approach is affected by external parameters which include type and
concentration of contaminants, water content, soil chemical properties and plant
resistance to phototoxic effects [33], and prevailing ecological and climatic conditions.

Bioremediation is a cost-efficient method used for the treatment of soil polluted with
oil and wastes of petroleum consisting of biodegradable hydrocarbons and indigenous
microbes. The management of suitable levels of nutrient fertilizer addition, moisture
control to optimize soil degradation by microorganisms, aeration and mixing, and pH
amendment are required for the process of land treatment [46]. Enzymes attack on some
inorganic compounds and on most of the organic compounds through the activities of
living organisms. Bioremediation is the technique which involves the productive use of
the biodegradative process for the elimination or detoxification of pollutants from the
environment. Oil spill causes contamination of soil which is considered as the chief
worldwide concern [3]. Pollution of soil due to petroleum causes a serious effect to
human being, affects the groundwater, decreases the agricultural production of the soil,
and causes economic loss and ecological problems. Plants, animals, microorganisms, and
humans are affected by the toxicity of the petroleum hydrocarbons. Oil spill and
accidents occur due to the transportation of crude oil which is generally through tankers
on water or through land pipeline.

Certain microorganisms are accountable for the petroleum hydrocarbon degradation
and are used as the resource of carbon and energy for growth and maintenance [3]. Soil
contamination can be remediated by many ways including both physicochemical and
biological techniques. Biological techniques are more economical and proficient than
physicochemical techniques. The degradation rate of petroleum products is increased by
developing several remediation methods. Bioremediation through microorganism is
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considered to be the most effective method in comparison to other biological methods,
but the high molecular weight hydrocarbons with low adsorption and solubility limit their
accessibility to microorganisms [3].

The technique was developed in the 1940s and has since been tested on different spill
sites. For example, in 1994, the effectiveness of a biosurfactant called PES-51 for the
removal of weathered crude from contaminated sand was investigated in Exxon Valdaz
oil spill in La Touche Island. The results indicated 70% of the semivolatile components
was removed from the sample [47]. Usually, the biological methods are environmentally
friendly and retain the quality of environments (soil or water) during the remediation
process. Besides, these methods are cheaper than physical and chemical techniques used
for remediation.

Three distinctive approaches are adopted in the context of bioremediation, namely,
bioaugmentation, biostimulation and bioventilation.

Bioaugmentation is used to enhance the performance of the microbial population
through the addition of bacterial with specific catabolic activities, strains or enrichment
consortia to increase the rate of contaminant degradation [33]. One challenge of this
approach is that there is no single strain of bacteria that has the requisite metabolic
capacity to degrade all oil components. Thus, studies recommend diverse types of
bacteria strains and fungi for the remediation of hydrocarbon contaminants [33].

The adjustment of environmental parameters such as nutrient introduction,
biopolymers and biosurfactants is described as biostimulation [48]. The adjustment of
these parameters could stimulate the growth of oil degrading microbes and thus the rate
of responsive degradation by the microbes. The influence of nutrient amendments had
been demonstrated [49].

Bioventilation on the other hand involves the addition of oxygen to the soil voids to
stimulate the growth of microbes. Oxygen is a necessity and often the limiting factor in
the process of biodegradation as it enhances microbial metabolism of organic matter and
generate more energy [33]. Bioventing has been shown to be effective and efficient in the
remediation of a blend of diesel and biodiesel fuel with a higher remediation rate
compared to natural attenuation [50]. They reported 85% contaminant degradation
efficiency compared to 64% observed in natural attenuation after 60 days.

Generally, bioremediation has been researched extensively with success in
hydrocarbon removal from soil in laboratories and a field [33]. Bioremediation has been
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shown to degrade oil contaminants permanently and successfully and leaves little or no
adverse effects on the environment. It is also cost effective and eliminates wastes safely
without threatening the wider environment [33]. However, bioremediation requires
longer treatment durations (up to several years) to achieve satisfactory contaminant

removal.
Principle of bioremediation

Composite mixture of diverse chemical substances makes up the crude oil. Oil and its
component are recognized by microbes using bioemulsifiers and biosurfactants and then
they join themselves; hydrocarbon is used as the resource of carbon and energy [3]. High
molecular weight hydrocarbons due to their low adsorption and solubility limit their
accessibility to microorganisms. Oil biodegradation rates are improved by the
biosurfactant’s addition which increases the elimination and solubility of these pollutants.
The oil constituents vary particularly in susceptibility, volatility, and volubility to
biodegradation. A number of substances are easily degraded, some are non-biodegradable
and some oppose degradation. Diverse species of microbes preferentially attack diverse
compounds due to this biodegradation of petroleum that occurs at different rates but
concurrently. Enzymes produced by microorganisms in the presence of sources of carbon
are accountable for attacking the hydrocarbon molecules. Hydrocarbon present in the
petroleum is degraded by different enzymes and metabolic pathways. Hydrocarbon
degradation is prevented by the lack of suitable enzyme [51]. Bioremediation process
involves the utilization of natural microorganisms for the decontamination of atmosphere
[52]. This process converts pollutants into useful or nontoxic substances by using
bacteria, fungi, and yeast which are the naturally occurring microorganisms [27]. This is
also a process in which microorganisms restore the quality of the environment by
degrading and metabolizing the chemical substances [37].

Application of bioremediation

1. Ecologically sound, natural process; there is an increase in the number of the
existing microorganisms when the contaminants are present, and the microbial population
decreases naturally when the contaminants are degraded. The residues such as water,
carbon dioxide, and fatty acids obtained as a result of the biological treatment are usually
non-hazardous product, and the obtained CO, can be used for the photosynthesis process
by the plants.
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2. Bioremediation is responsible for destroying the target chemicals in place of
transferring the contaminants from one place to another.

3. Other techniques which are used for the cleanup of harmful waste are costlier than
bioremediation. For example, through the cleanup of the Exxon Valdez spill, the cost of
1-day physical washing is more than bio remediating 120 km of shoreline.

4. Bioremediation deals with in situ treatment and does not involve the transfer of a
large amount of the polluted wastes off-site, and the risk due to the transportation can be

overcome.

5. Microbe efficiency can be enhanced by using nutrient formulation in the
bioremediation process.

Hydrocarbons due to their different solubility from polar compounds such as methanol
have lower polarity and hence have low solubility. Degradation of hydrocarbons is not
only determined by solubilization. Many microorganisms are responsible for increasing
the surface area of the substrate by excreting emulsifiers including Bacillus licheniformis,
Pseudomonas putida, Bacillus cereus, Pseudomonas aeruginosa, Bacillus subtilis, and
Bacillus laterosporus. Absorption of hydrophobic substance is facilitated by change in
the cell surface by microorganisms. The behavior of individual hydrocarbons as well as
mixtures can be changed by changing the physicochemical character of hydrocarbons
[53].

6. Conclusion

Hydrocarbon pollutants have a widely applicable consequence on land, aquatic, as
well as atmospheric ecosystem. This has been a problem ever since the use of fossil fuels
and industrial revolution started. The unparalleled growth in populations with frequent oil
spills, leakages in pipelines, and rampant use of pesticides contribute to substantial
increase in pollution. These together are threatening the lives of animals and native
microbiological population in land, air, and water surfaces and subsurfaces. Thus
environmental remediation is the most important aspect of human survival. Studies and
researches taking into consideration the limitations and advantages, indicate that
bioremediation is the most suitable technology for the clean-up. This is considered
because of the cost of remediation, acceptability, environment friendliness of the
technology.

You cannot end poverty in an area where people means of lively hood and revenue

http://www.earthlinepublishers.com



A Review of the Petroleum Hydrocarbons Contamination of Soil, Water and Air... 109

earning is severely destroyed. Healthy lives and well-being cannot also be achieved in
area where the only source of drinking water is significantly polluted; rivers and ponds
fishes are contaminated. It is cheap, effective, efficient ecofriendly, requires just
inexpensive equipment, has high public acceptability and therefore it is a strategic and
sustainable technique for the achievement of the Sustainable Development Goals most
especially in low-income countries.
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