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1. Introduction

Contamination of soil environment by hydrocarbons (mostly petroleum hydrocarbons) is
becoming prevalent across the globe. This is probably due to heavy dependence on
petroleum as a major source of energy throughout the world, rapid industrialization,
population growth and complete disregard for the environmental health. The amount of
natural crude oil seepage was estimated to be 600,000 metric tons per year with a range of
uncertainty of 200,000 metric tons per year (Kvenvolden and Cooper (2003). Release of
hydrocarbons into the environment whether accidentally or due to human activities is a
main cause of water and soil pollution (Holliger et al., 1997). These hydrocarbon pollutants
usually caused disruptions of natural equilibrium between the living species and their
natural environment. Hydrocarbon components have been known to belong to the family of
carcinogens and neurotoxic organic pollutants (Das and chandran, 2010).

Heavy metals contaminated soil from industrial waste; electronic wastes etc. on the other
hand pose a serious threat to both man and animals in the environment if not properly
remediated to the innocuous level. Environmental pollution by heavy metals which are
released into the environment through various anthropogenic activities such as mining,
energy and fuel production, electroplating, wastewater sludge treatment and agriculture is
one of the world’s major environmental problem. Heavy metals or trace metals refer to a
large group of trace elements which are both industrially and biologically important.
Initially, heavy metals are naturally present in soils as natural components but as of now,
the presence of heavy metals in the environment has accelerated due to human activities.
This is a widespread problem around the world where excessive concentration of heavy
metals such as Pb, Zn, Cr, Cu, Cd, Hg, and As can be found in soils.

Soil contamination by heavy metals is consequently the most critical environmental
problems as it poses significant impacts to the human health as well as the ecosystems. The
contaminants are able to infiltrate deep into the layer of underground waters and pollute the
groundwater as well as the surface water. Heavy metals in the soil subsequently enter the
human food web through plants and they constitute risk to the ecosystem as they tend to
bioaccumulate and can be transferred from one food chain to another. Heavy metals are
discovered in various food chains where the results are usually detrimental to micro-
organisms, plants, animals and humans alike.
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128 Soil Contamination

Many techniques of remediation of contaminated soil have been developed, such as
physical, chemical degradation, photodegradation. However, most of these methods have
some drawbacks in completely remediating hydrocarbon contaminated soil. Some of these
methods leave behind daughter compounds which are more toxic to the environment than
the parent compounds. Biological treatment offers the best environmental friendly method
for remediating hydrocarbon and heavy metal contaminated soil because it utilized the
capability of the indigenous microorganisms in the soil environment to break down the
hydrocarbons and heavy metals into innocuous substances.

Biological remediation, a process defined as the use of microorganisms or plants to detoxify
or remove organic and inorganic xenobiotic compounds from the environment is a
remediation option that offers green technology solution to the problem of environmental
degradation. This process relied upon microbial enzymatic activities to transform or
degrade the contaminants from the environment (Philp et al., 2005). It offers a cost effective
remediation technique, compared to other remediation methods, because it is a natural
process and does not usually produce toxic by-products. It also provides a permanent
solution as a result of complete mineralization of the contaminants in the environment
(Perelo, 2010). Advantages of biological remediation compared to other treatment methods
include (Okoh and Trejo-Hernandez, 2006):

i.  Destruction rather than transfer of the contaminants to another medium.

ii. Minimal exposure of workers to the contaminants.

iii. Longtime protection of public health.

iv. Possible reduction in the duration of the remediation process.

2. Impact of hydrocarbon and heavy metals contamination on environment
and human health

Hydrocarbon spills in the form of petroleum products both on land and in water, have been
a problem since discovery of oil as a fuel source. They can have devastating effects on the
biota of an environment. Oil spills and oil waste discharged into the sea from refineries,
factories or shipping contain poisonous compounds that constitutes potential danger to
plants and animals. The poisons can pass through the food web of an area and may
eventually be eaten by humans (Gibson and Parales, 2000).

Environmental contamination by hydrocarbons and petroleum products constitute nuisance
to the environment due to their persistent nature and tendency to spread into ground and
surface waters. Environmental pollution with petroleum and petrochemical products has
attracted much attention in recent decades. The presence of various kinds of automobiles
and machinery vehicles has caused an increase in the use of motor oil. Oil spillages into the
environment have become one of the major problems. Used motor oils such as diesel or jet
fuel contaminate natural environment with hydrocarbon (Husaini, et. al 2008). The
hydrocarbons spread horizontally on the groundwater surface thereby causing extensive
ground waters contamination (Plohl et al. 2002). Hydrocarbon contamination of the air, soil,
freshwater (surface water and groundwater) especially by PAHs has drawn public concerns
because many PAHs are toxic, mutagenic, and carcinogenic (Bumpus 1989; Clemente et al.
2001; Cerniglia and Sutherland 2001). Aromatic hydrocarbons are considered to be the most
acute toxic component of petroleum products, and are also associated with chronic and
carcinogenic effects (Anderson, et al.,, 1974). Aromatics are often distinguished by the
number of rings they possess, which may range from one to five (Anderson, et al., 1974).
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Lighter, mono-aromatics (one ring) compounds include benzene, toluene, ethylbenzene, and
xylenes (NOAA, 1995). Aromatics with two or more rings are referred to as polycyclic
aromatic hydrocarbons (PAHs) (Anderson, et al., 1974). Used lubricating oil contains several
toxic components including up to 30% aromatic hydrocarbons, with as much as 22 ppm
benzo(a)pyrene (a PAH). Upshall et al (1992) reported that motor oil had a density of 0.828
g/ml and contained 14% aromatics and 65.4% aliphatics (by weight). In their study, the sum
of 26 individual PAHs represented 0.17% of the oil, or 1.2% of the aromatic fraction.

The main threats to human health from heavy metals are related with exposure to lead,
cadmium, mercury and arsenic (arsenic is a metalloid but is usually classified as a heavy
metal). Heavy metals have been utilised by humans for thousands of years. Exposure to
heavy metals continues although several adverse health effects of heavy metals have been
known for a long time. For example, mercury is still used in gold mining in many parts of
Latin America. Arsenic is still common in wood preservatives, and tetraethyl lead remains a
common additive to petrol, although this use has decreased dramatically in the developed
countries. Waste-derived fuels are especially prone to contain heavy metals which should be
a central concern in the consideration for their use. Since the mid 19th century, production
of heavy metals increased abruptly for more than 100 years, with associated emissions to the
environment, particularly in less developed countries though emissions have lessened in
most developed countries over the last century.

Some heavy metals are dangerous to health or to the environment (e.g. mercury, cadmium,
lead, chromium), some may cause corrosion (e.g. zinc, lead), some are harmful in other ways
(e.g. arsenic may pollute catalysts). Some of these elements are actually necessary for
humans in minute amounts (cobalt, copper, chromium, manganese, nickel) while others are
carcinogenic or toxic, affecting, among others, the central nervous system (manganese,
mercury, lead, arsenic), the kidneys or liver (mercury, lead, cadmium, copper) or skin,
bones, or teeth (nickel, cadmium, copper, chromium). One of the largest problems
associated with the persistence of heavy metals is the potential for bioaccumulation and
biomagnification causing heavier exposure for some organisms than is present in the
environment alone. Through precipitation of their compounds or by ion exchange into soils
and muds, heavy metal pollutants can localize and lay dormant. Unlike organic pollutants,
heavy metals do not decay and thus pose a different kind of challenge for remediation.

3. Remediation techniques for hydrocarbon and heavy metal contaminated
soil

Internationally, petroleum contamination is widespread, posing serious environmental risks
including surface and groundwater contamination (Balasubramaniam et al. 2007). The
environment can potentially be affected by numerous operations in petroleum exploration,
production and transportation, with common sources of contamination being leaking
underground storage tanks (Nadim et al, 2000). Contamination poses serious
environmental risks, including surface and groundwater contamination, and risks to human
health and safety (Balasubramaniam et al. 2007). Remediation of contaminated soil is an
essential practice. Some of the different techniques used in remediating contaminated soil
are discussed below.

3.1 Physical and chemical remediation techniques

3.1.1 In situ soil vapour extraction

Volatile and some semi-volatile organic compounds (VOCs and Semi-VOCs) can be
removed from unsaturated soils by a process known as soil vapour extraction (SVE). SVE as
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130 Soil Contamination

an in situ clean-up process allows contaminated soil to be remediated without disturbance
or excavation (Nadim et al. 2000).

Soil vapor extraction (SVE) is an in situ unsaturated (vadose) zone soil remediation
technology in which a vacuum is applied to the soil to induce the controlled flow of air and
remove volatile and some semi-volatile contaminants from the soil. The gas leaving the soil
may be treated to recover or destroy the contaminants. The drawback in the use of SVE for
remediation of contaminated site is that SVE can not remove heavy oils, metals, PCBs, or
dioxins from contaminated soil; it is only effective for remediation of soil contaminated with
VOCs and Semi-VOCs. Because the process involves the continuous flow of air through the
soil, however, it often promotes the in situ biodegradation of low volatility organic
compounds that may be present.

3.1.2 In situ steam injection vapour extraction

Cold soil vapour extraction is a common technique for remediating volatile organic
compounds from the unsaturated subsurface. Limitations in efficiency can be overcome by
using thermal enhancement, e. g. steam as a fluid heat transport medium to speed up the
process (Sleep and Ma, 1997).

In situ steam extraction is a new technology and has had limited use across the globe. Steam
extraction can be used in two different systems; mobile and stationary. The mobile system
has a unit that volatilizes contaminants in small areas in a sequential manner by injecting
steam and hot air through rotating cutter blades that pass through the contaminated
medium. The stationary system uses steam injection as a means to volatilize and displace
contaminants from the undisturbed subsurface soil. In both systems, steam (at 200°C) and
compressed air (at 1350C) are forced through the soil medium and the mixture of air; vapor
and chemicals are collected by extraction wells (Nadim et al. 2000).

3.1.3 Air sparging

Air sparging is an in situ technology in which air is injected through a contaminated aquifer.
Injected air traverses horizontally and vertically in channels through the soil column,
creating an underground stripper that removes contaminants by volatilization (EPA, 2001).
Air sparging can also be explained as a method of site remediation that introduces air (or
other gases) into the saturated zone contaminated with VOCs. In addition to volatilization
of VOCs, air sparging promotes the growth of aerobic bacteria in saturated zones and may
oxidize reduced chemical species (Nadim et al 2000). Air sparging has been shown to be
effective in removing several types of contaminants such as the lighter petroleum
compounds (C3-Cyg) and chlorinated solvents (Marley et al. 1992; Reddy et al. 1995).

3.1.4 Excavation

Excavation (removal) is a fundamental remediation method involving the removal of
contaminated soil/media, which can be shipped off-site for treatment and/or disposal, or
treated on-site when contaminants are amenable to reliable remediation techniques.
Excavation is generally utilized for localized contamination and point source and is also
used for the removal of underground structures that are out of compliance or have been
identified as a potential or actual point source of contamination. The limiting factor for the
use of excavation is often represented by the high unit cost for transportation and final off-
site disposal. EPA (1991) further stated some limiting factors that may limit the applicability
and effectiveness of the process to include:
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i.  Generation of fugitive emissions may be a problem during operations.

ii. The distance from the contaminated site to the nearest disposal facility will affect cost.
iii. Depth and composition of the media requiring excavation must be considered.

iv. Transportation of the soil through populated areas may affect community acceptability.
In this respect, the on-site removal and treatment can often yield significant savings and, in
addition, the treated soil may have beneficial secondary use (e.g. as construction fill or road
base material) at the same site.

3.2 Bioremediation techniques

Bioremediation is one of the most viable options for remediating soil contaminated by
organic and inorganic compounds considered detrimental to environmental health.
Bioremediation is a process defined as the use of microorganisms/plants to detoxify or
remove organic and inorganic xenobiotics from the environment. It is a remediation option
that offers green technology solution to the problem of hydrocarbon and heavy metals
contamination. The main advantage of bioremediation is its reduced cost compared to
conventional techniques. Besides cost-effectiveness, it is a permanent solution, which may
lead to complete mineralization of the pollutant. Furthermore, it is a non-invasive technique,
leaving the ecosystem intact (Perelo, 2010). Bioremediation can deal with lower
concentration of contaminants where the cleanup by physical or chemical methods would
not be feasible. For bioremediation to be effective, microorganisms must enzymatically
attack the pollutants and convert them to harmless products. Bioremediation can be
effective only where environmental conditions permit microbial growth and activity, its
application often involves the manipulation of environmental parameters to allow microbial
growth and degradation to proceed at a faster rate (Vidali, 2001).

Hydrocarbon considered to be one of the major sources of energy supply across the world
usually constitutes major contaminants to both aquatic and terrestrial ecosystems. Various
techniques has been employed to remediate soil environment contaminated by
hydrocarbons, ranging from physical, to chemical and mechanical forms of treating or
removing the contaminants. Bioremediation offers a better technique for treatment and
removal of these contaminants into an innocuous substance. Effective bioremediation of
hydrocarbons in the soil environment can be achieved by either or both of the following
techniques: Biostimulation and Bioaugmentation.

Microorganisms play a significant and vital role in bioremediation of heavy metal
contaminated soil and wastewater. Though when microorganisms especially bacteria are
exposed to higher concentration of metal, it may have cidal effects on them. Hence,
microorganisms are effective only at low metal concentration in the soil. Microorganisms are
usually used for the removal of heavy metals. Microorganisms can interact with metals and
radionuclides via many mechanisms, some of which may be used as the basis for potential
bioremediation strategies (Lloyd et al., 2005). Mechanisms by which microorganisms act on
heavy metals includes biosorption (metal sorption to cell surface by physiochemical
mechanisms), bioleaching (heavy metal mobilization through the excretion of organic acids
or methylation reactions), biomineralization (heavy metal immobilization through the
formation of insoluble sulfides or polymeric complexes) intracellular accumulation, and
enzyme-catalyzed transformation (redox reactions) (Lloyd, 2002). Biosorption seems to be
the most common mechanisms (Haferburg and Knothe, 2007). It is the only option when
dead cells are applied as bioremediation agent. However, systems with living cells allow
more effective bioremediation processes as they can self-replenish and remove metals via
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different mechanisms (Malik et al., 2004). On the other hand, living cells shows higher
sensitivity to environmental conditions and demand nutritional and energetic sources.
Many genera of microbes like Bacillus, Enterobacter, Escherichia, Pseudomonas and also some
yeasts and moulds help in bioremediation of metal and chromium-contaminated soil and
water by bio-absorption and bioaccumulation of chromium (Kotas and Stasicka, 2000). The
heavy metal removal by the bacteria Pseudomonas was attributed to the cellular growth of
these organisms (Ray and Ray, 2009).

3.2.1 Biostimulation

Biostimulation of indigenous microbes is a bioremediation strategy mostly used for
remediation of contaminated soil. This involves addition of nutrients, either organic or
inorganic, to enhance the activities of indigenous microbes. Input of large quantities of
carbon sources such as crude oil, used lubricating oil, diesel oil etc. tends to result in a rapid
depletion of the available pools of major inorganic nutrients such as N and P. Levels of N
and P added to stimulate biodegradation at contaminated sites are often estimated from
C/N ratios (Sang-Hwan et al. 2007).

Biostimulation aims at enhancing the activities of indigenous microorganisms that are
capable of degrading pollutant from soil environment, it is often been applied to the
bioremediation of oil-contaminated soil. Nutrient enrichment, also called fertilization is a
bioremediation approach in which fertilizer similar to phosphorus and nitrogen that are
applied to plant in farms are added to contaminated environment to stimulate the growth of
indigenous microorganisms that can degrade pollutants (Thieman and Palladino 2009).
Microorganisms need an abundance of key elements such as carbon, hydrogen, nitrogen,
oxygen and phosphorus for building macromolecules, addition of fertilizer provides these
microbes with essential elements to reproduce and thrive. In some instances, manure, wood
chips and straw may provide microbes with the sources of carbon as a fertilizer. The concept
of biostimulation is that, by adding more nutrients, microorganisms replicate, increase in
number and grow rapidly and thus increase the rate of biodegradation (Thieman and
Palladino 2009). Addition of inorganic nutrients do act as fertilizer to stimulate
biodegradation by autochthonous microorganisms in some cases; in other cases, it is the
intentional stimulation of resident xenobiotic-degrading bacteria by use of electron
acceptors, water, nutrient addition, or electron donors (Widada, et al., 2002). Combinations
of inorganic nutrients often are more effective than single nutrients (Sutherland, et al., 2000).
Laboratory-based respiration experiments by Liebeg and Cutright (1999) showed that a low
level of macronutrients and a high level of micronutrients were required to stimulate the
activities of indigenous microbes. The greatest stimulation was recorded with a solution
consisting of 75% sulphur, 3% nitrogen and 11% phosphorus.

Addition of a carbon source as a nutrient in contaminated soil is known to enhance the rate
of pollutant degradation by stimulating the growth of microorganisms responsible for
biodegradation of the pollutant. It has been suggested that the addition of carbon in the
form of pyruvate stimulates the microbial growth and enhances the rate of PAH
degradation (Lee, et al., 2003). Biostimulation can also be achieved by the use of composting
bioremediation technologies. Composting bioremediation strategy relies on mixing the
primary ingredients of compost with the contaminated soil, such that as the compost
matures, the pollutants are degraded by the active microflora within the mixture (Semple, et
al., 2001). Mushroom compost and spent mushroom compost (SMC) are also applied in
treating organopollutant contaminated sites (Eggen, 1999, Trejo-Hernandez et al., 2001).
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Addition of SMC results in enhanced PAH-degrading efficiency (82%) as compared to the
removal by sorption on immobilized SMC (46%). It was observed that the addition of SMC
to the contaminated medium reduced the toxicity, added enzymes, microorganisms, and
nutrients for the microorganisms involved in degradation of PAHs (Lau, et al., 2003).
Organic wastes like banana skin, spent mushroom compost and brewery spent grain in
earlier studies were found to enhance the biodegradation of used lubricating oil up to 90%
loss of oil within the period of 3 months (Abioye, et al., 2009b, 2010). Also the results of our
studies revealed the potential of melon shell to stimulate 75% crude oil degradation in soil
contaminated with crude oil within the period of 28 days (Abioye, et al., 2009a).

Depending on the nature of the contaminated soil, some of these nutrients could become
limiting, hence the additions of nutrients are necessary to enhance the biodegradation of oil
pollutants (Choi et al., 2002; Kim et al., 2005). Pelletier et al. (2004) assessed the effectiveness
of fertilizers for crude oil bioremediation in sub-Antarctic intertidal sediments over a one-
year and observed that chemical, microbial and toxicological parameters demonstrated the
effectiveness of various fertilizers in a pristine environment. Frederic et. al., (2005), observed
that addition of commercial oleophilic fertilizers containing nitrogen and phosphorus to
hydrocarbon contaminated soil increased the hydrocarbon-degrading microbial abundance
and total petroleum hydrocarbon degradation, and also reported 77 - 95% loss of total
alkanes and 80% of PAHSs in hydrocarbons contaminated soil within the period of 180days.
In another study using poultry manure as organic fertilizer in contaminated soil,
biodegradation was reported to be enhanced in the presence of poultry manure alone, but
the extent of biodegradation was influenced by the incorporation of alternate carbon
substrates or surfactants (Okolo et al., 2005). However, excessive nutrient concentrations can
inhibit the biodegradation activity (Challain et al., 2006), and several authors have reported
the negative effect of high NPK levels on the biodegradation of hydrocarbons (Oudot et al.,
1998; Chaineau et al., 2005) and more especially on the aromatics (Carmichael and Pfaender,
1997).

3.2.2 Bioaugmentation

This is an approach that involves introduction of microorganisms that possessed
biodegradation potential into the contaminated environment to assist the indigenous
microbes with biodegradative processes. This may sometimes involved addition of
genetically engineered microorganisms suited for biodegradation of the hydrocarbon
contaminants into the contaminated soil. Bioaugmentation is a promising and low-cost
bioremediation strategy in which an effective bacterial isolate(s) or microbial consortium
capable of degrading xenobiotics is administered to contaminated sites (Gentry et al., 2004).
Successful bioremediation of soil contaminated with hydrocarbon sources through
bioaugmentation has been reported by various authors. Bagherzadeh et al., (2008) evaluated
the efficiency of pollutant removal by selected microorganisms and reported thus: Five
mixed cultures and 3 single bacteria strains, Pseudomonas sp., Arthrobacter sp. and
Mycobacterium sp. were isolated from hydrocarbon-contaminated soils by enrichment on
either crude oil or individual hydrocarbons, as the sole carbon sources. The strains were
selected based on their ability to grow in medium containing crude oil, used engine oil or
both. Their ability to degrade hydrocarbon contaminants in the environment was
investigated using soil samples contaminated with used engine oil. The mixed starter
culture #1 degraded 66 % of aliphatic compounds in the engine oil, after 60 days of
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incubation. The mixed starter culture #5 removed 47 % of aromatic compounds during 60
days of incubation. Bento et al. (2005) reported 72.7% light TPH fraction and 75.2% heavy
TPH fraction degradation in diesel contaminated soil bioaugmented with bacterial
consortium of Bacillus cereus, Bacillus sphaericus, Bacillus fusiformis, Bacillus pumilus
Acinetobacter junii and Pseudomonas sp. Ying et al. (2010) augmented a PAH-contaminated
soil with Paracoccus sp. strain HPD-2 and observed 23.2% decrease in soil total PAH
concentrations after 28 days, with a decline in average concentration from 9942 to 7638 pg
kg1 dry soil. They discovered percentage degradation of 3-, 4- and 5(+6)-ring PAHs was
35.1%, 20.7% and 24.3%, respectively.

The soil environment is very complicated and the degrading ability of exogenously added
microorganisms tends to be affected by the physicochemical and biological features of the
soil environment. Sometimes, the administration of petroleum degrading microorganisms
leads to a failure of bioaugmentation (Vogel 1996; Gentry et al., 2004). Bioaugmentation is
not always an effective solution for remediation of contaminated soil because in some cases
laboratory strains of microorganisms rarely grow and biodegrade xenobiotics compared to
the indigenous microbes (Thieman and Palladino 2009). Also Bioaugmentation is yet to gain
public acceptance, most especially the use of genetically engineered microbes due to the
believe that these microbes when seeded into contaminated soil may alter the ecology of the
environment as well as pose risk to the environmental health if they persist after the
remediation of the contaminated soil.

3.3 Phytoremediation of hydrocarbon and metal-contaminated soil

Phytoremediation is a remediation method that utilizes plants to remove, contain or
detoxify environmental contaminants (Palmroth, 2006). Phytoremediation appears attractive
because in contrast to most other remediation technologies, it is not invasive and, in
principle, delivers intact, biologically active soil (Wenzel, 2009). Some major advantages and
disadvantages of phytoremediation are shown in Table 1. The most common plant species
used in phytoremediation of organic and inorganic compounds includes willows, poplar
and different types of grasses. Comprehensive list of plants that has recorded positive
results in remediation of organic compounds are listed in Table 2.

On-site phytoremediation of petroleum hydrocarbons and heavy metals can be enhanced by
employing a combination of common agronomic practices (e.g. fertilizer application, tillage
and irrigation), this is because available nutrient reserves can be quickly depleted as the
microbial community begins to degrade the contaminants (Farrell and Germida, 2002).
Therefore fertilizer applications may enhance the degradation of petroleum hydrocarbons in
soil by reducing competition for limited nutrients. Cutright (1995) reported that increasing
the amount of nitrogen and phosphorus in soil under aerobic conditions increased the
degradation of PAHs by the soil fungus Cunninghamella echinulata var. elegans. Brown, (1998)
also observed loss of 2- and 3- rings of aromatic hydrocarbons from soil contaminated with
weathered petroleum compounds when the soil was amended with sludge compost high in
nitrogen compared to no amendment or low nitrogen amendment. Palmroth et al. (2002)
recorded 60% loss of diesel fuel in 30 days in diesel-contaminated soil planted with pine tree
and amended with NPK fertilizer. Also, Vouillamoz and Milke (2009) observed that
compost addition combined with phytoremediation, increases the rate of removal of diesel
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fuel in soil. Agamuthu et al., (2010) recorded appreciable degradation of used lubricating oil
in soil when the growth of Jatropha curcas was enhanced with brewery spent grain.

Advantages Disadvantages
Relatively low cost Longer remediation time
Easily implemented and maintained Climate dependent
Several mechanisms for removal Effects to food web might be unknown

Environmentally friendly Ultimate contaminant fate might be

unknown
Aesthetically pleasing Results are variable
Reduces landfilled wastes
Harvestable plant materials
Costs 10 - 20% of mechanical treatments Slower than mechanical treatments

Only effective for moderately hydrophobic

Faster than natural attenuation
compounds

Toxicity and bioavailability of

High public acceptance biodegradation products is not known.

Contaminants may be mobilized into the

Fewer air and water emissions
ground water

Influenced by soil and climate conditions
of the site.

(Susarla et al., 2002; Kamath, et al., 2004)

Conserves natural resources

Table 1. Advantages and disadvantages of phytoremediation over traditional technologies.

3.3.1 Mechanisms of phytoremediation

Variety of pollutant attenuation mechanisms possessed by plants makes their use in
remediating contaminated land and water more feasible than physical and chemical
remediation (Glick, 2003; Huang et al., 2004, 2005; Greenberg, 2006; Gerhardt et al., 2009). As
a result of their sedentary nature, plants have evolved diverse abilities for dealing with toxic
compounds in their environment. Plants act as solar-driven pumping and filtering systems
as they take up contaminants (mainly water soluble) through their roots and
transport/translocate them through various plant tissues where they can be metabolized,
sequestered, or volatilized (Greenberg et al., 2006; Abhilash, 2009). Plants utilize different
types of mechanisms for dealing with environmental pollutants in soil. The mechanisms of
phytoremediation include biophysical and biochemical processes like adsorption, transport
and translocation, as well as transformation and mineralization by plant enzymes (Meagher,
2000). Plants have been shown to be able to degrade halogenated compounds like TCE by
oxidative degradation pathways, including plant specific dehalogenases (Nzengung, et al.,
1999). Dehalogenase activity was observed to be maintained after the plants death. Enzymes
can become bound to the organic matrix of the sediment as plants die, they decay and they
are buried in the sediment, thus contributing to the dehalogenase activity observed in
organic-rich sediments (Nzengung, et al., 1999).
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Table 2. Examples of plants used for phytoremediation of organic contaminants.
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Variety of contaminant-degrading enzymes can be found in plants. These include
peroxidases, dioxygenases, P450 monooxygenases, laccases, phosphatases, dehalogenases,
nitrilases, and nitroreductases (Susarla et al., 2002; Singer et al., 2004 Chaudhry et al., 2005).
Phytoremediation is based upon the basic physiological mechanisms taking place in higher
plants and associated microorganisms, such as transpiration, photosynthesis, metabolism,
and mineral nutrition. Plants dig their roots in soils, sediments and water, and roots can take
up organic compounds and inorganic substances; roots can stabilize and bind substances on
their external surfaces, and when they interact with microorganisms in the rhizosphere
(Marmiroli et al., 2006). Uptaken substances may be transported, stored, converted, and
accumulated in the different cells and tissues of the plant. Finally, aerial parts of the plant
may exchange gases with the atmosphere allowing uptake or release of molecules
(Marmiroli et al., 2006). A series of six phytotechnologies have been identified by Interstate
Technology and Regulatory Cooperation (ITRC, 2001) which may address different
contaminants in different substrates, and which rely on one or more of the plant properties.
Phytotransformation, ideal for organic contaminants in all substrates

Rhizosphere bioremediation, applied to organic contaminants in soil

Phytostabilisation, for organic and inorganic contaminants in soil

Phytoextraction, useful for inorganic contaminants in all substrates

Phytovolatilisation, which concerns volatile substances

Evapotranspiration, to control hydraulic flow in the contaminated environment

SRR

4. Conclusion

Remediation of hydrocarbon contaminated soil is a necessity in order to have a safe and
healthy environment that will in turn results in healthy lifestyle across the globe. Biological
remediation of hydrocarbon and metal contaminated soil offers a better and more
environmentally friendly technique that if properly and thoroughly explored can bring our
environment into a better place for both plant and animals well being due to its enormous
advantages over other treatment methods. However, despite these enormous advantages of
biological treatment method, its potential is yet to be fully utilized in restoration of
contaminated soil. This is possibly due to the fact that it takes a longer period of time for the
complete restoration of the environment; this limitation can however be overcome through
nutrient addition and introduction of microbes with biodegradative capability to degrade
hydrocarbon and heavy metals in the environment. Future research and developments will
requires focus on the use of cheap, environmental friendly and widely available nutrients
that can be used to enhance the microbial and plant activities in mineralizing hydrocarbons
and heavy metals in soil environment.
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