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Abstract
There are various ways in which agricultural soil become polluted with hazardous compounds some of which are through the
use of farm inputs such as herbicides and pesticides which may persist for a very long period in the soil or through the disposal
of industrial waste as effluent discharge or through house hold discharge arising from the use of detergent and other wastes
which causes tremendous consequences on the soils. It’s therefore necessary to remove these dangerous compounds that
accumulate in the soil. The techniques nowadays employ to detoxify the soil of toxic waste is by the application of microorganism,
which is known as bioremediation. The microbes use this toxic substrate as their energy source thereby degrading it into a
harmless substance and restoring the soil to its original form. Some of the microorganisms are genetically modified to enhance
their performance effectively. The process adopted in bioremediation technology is divided into two aspects namely ex situ and
In situ bioremediation. In ex situ the techniques involves excavation of the contaminated soil and treating it elsewhere, while In
situ bioremediation the contaminated soil is treated on site without transporting it to another place. The systems make use of
microbes inhabiting that area of the contaminated site or they may be brought to the environment elsewhere for the remediation.
For remediating pesticides contaminated soils the methods adopted are biostimulation and bioaugmentation. The techniques of
In situ bioremediation include bioventing, Airsparging, Bioslurping, pump and treat, percolation and permeable reaction
barriers and phytoremidiation. Ex situ bioremediation consist of Land farming, biopiling, windrow and bioreactor. Some of the
factors affecting bioremediation are Microbial population, availability of contaminant, temperature, pH nutrients availability,
water activity and osmaotic pressure among others. Another aspect of remediation is composting which are rich sources of
xenobiotic-degrading microorganisms including bacteria, actinomycetes and lignolytic fungi, which can degrade pollutants
to harmless compounds such as carbon dioxide and water.
KEY WORDS, Bioremediation, bioventing, Airsparging, Bioslurping, pump and treat and composting

INTRODUCTION

The contamination of Agricultural Soils as a result of indiscriminate use of farming inputs such as pesticides and herbicides and
dumping of other industrial toxic substances on the soil and the impact of oil spillage is hindering the productivity of crops as a
result of the accumulation of non degradable substances which tend to persist for a longer period in the soil. After utilization some
of these agricultural compounds enter into the soil, water and plant tissue (Mcguiness et al.,2009). Some of these compounds like
dichloro diphenyl trichloro ethane (DDT),dieldrin,benzene,polyaromatic hydrocarbon (PAHS) and many others persist very long in
soils (Diez, 2010). Their persistent in soil, water and plant affect human and animal (Kanann et al., 1999).Therefore there is an
urgent need to eliminate them. The best method adopted nowadays is bioremediation which employ microbial strain to achieve the
desire objective. The introduction of bioremediation techniques is a well come development in clearing and detoxifying xenobiotics
compounds in our soils thereby returning it to its original nature making it viable for production. Bioremediation is the process of
using living organisms to absorb nutrients in order to restore an ecosystem to its natural condition. The process involves the use of
organism obtained from the environment of interest or imported from other system or specially modified genetically in the
laboratory and exposing it to a target contaminant so as to reduce or remove the toxic component (Srinivasan et al., 2014). Ruchita,
et al., (2015) observed that “bioremediation technology has limitations; several microorganisms cannot break toxic metals into
harmless metabolites, and these have inhibitory effects on microbial activity. Modification in the outer membrane proteins of
bacteria with potential bioremediation properties for improving metal binding abilities is the likely way to enhance their capacity
for biotransformation of toxic metals. Some genetically modified microorganism which are capable of enhanced degradation of
chemicals contaminants are shown on (Table 1).

In Nigeria the activities of oil exploration and spillage have destroy agricultural land and fishing activities in the region. The negative
impacts on Agricultural practices by oil extraction activities have contributed to the abject poverty of the inhabitant of that
community (Effiong, et al., 2012). Nnabuenyi (2012) observed the effects of oil spill on agriculture and lamented that most of the
destroyed farm land and polluted rivers have contributed to the frustration and lack of livelihood for farmers and fisher men. Dighal
et al., (2017) reported concentration of some heavy metals and Total hydrocarbon content (THC) at hazardous levels as a result of
oil spillage and the activities of illegal oil bunkering in some area of river state southern Nigeria, (Table 2 and3). They adopted
Descriptive statistics to explain the presents of heavy metals and THC in surface and subsurface soils of the study area, They went
further to demonstrate that the THC as recorded during their investigation was above the standard limit for soil quality as
recommended by petroleum industries in Nigeria (EGASPIN), the outcome of their work clearly shows that the soil is heavily
loaded with THC and heavy metals especially the subsurface soil (Table 3 and 4).They proffer a quick intervention scheme to
reclaim the contaminated soil, hence the need for urgent bio remediation.

Table 1 Genetically Engineered Bacterium for Remediation of Heavy Metals
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Heavy Initial Removal Genetically Expressed Gene
Metal Conc. Efficiency Engineered Bacteria
(ppm) (%)

As 0.05 100 E. coli strain Metalloregulatory
protein ArsR

Cd? - - E .coli strain SpPCS

Cré* 1.4-1000 100 Methylococcus capsulatus CrR

Cr - - P. putida strain Chromate
reductase (ChrR)

Cd?*,Hg - - Ralstonia eutropha CH34,

Deinococcus radiodurans merA

Hg - - E. coli strain Organomurcurial
lyase

Hg 7.4 96 E. coli IM109 Hg2+ transporter

Hg - - Pseudomonas K-62 Organomercurial
lyase

Hg - - Achromobacter sp A022 Mer

Ni 145 80 P. fluorescens 4F39 Phytochelatin
synthase (PCS)

(Source Ruchita, et al 2015)

Table 2 Concentration of heavy metals on oil spilled soils southern Nigeria

Location Depth Cr Fe Zn Mn
Kpoi 0-15cm 5.20 636 59.73 37.65
15-30cm 5.10 524 60.19 37.80
Kdere 0-15cm 4.40 636 58.89 26.35
15-30cm 4.40 644 58.82 36.95
Biara 0-15cm 5.20 636 62.53 26.35
15-30 5.10 644 62.77 36.95
Bdere 0-15cm 4.0 652 60.20 26.30
15-30cm 4.10 605 60.19 27.60

(Source Digha et al., 2017)

Table 3: Descriptive statistics of heavy metals in surface and sub-surface oil spilled oil

Heavy metals Depth X (Mean) S.D C.V (%)

Chromium (cr) Surface 4.68 0.53 11.32
Sub-surface 4.68 0.44 9.40

Iron (Fe) Surface 635.75 27.02 4.25
Sub-surface 547.75 83.54 15.20

Manganese Surface 29.21 4.87 16.67
Sub-surface 32.20 5.20 16.15

Zinc (Zn) Surface 60.34 1.35 2.24
Sub-surface 60.49 1.43 2.36

(Source Digha et al., 2017)

Table 4: Total hydrocarbon content (THC) in oil spilled soils

Location Depth THC
Kpoi 0-15cm 85512
15-30cm 40541
Kdere 0-15cm 69515
15-30cm 40275
Biara 0-15cm 68217
15-30cm 35192
Bdere 0-15cm 48764
15-30cm 18576

(Source Digha et al., 2017)
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Variable Depth X —value S.D (X-X)2 C.V (%)
T.H.C Surface 68002.0 425.80 0.63
Sub-surface 33645.5 7575.83 22.5

(Source Digha et al., 2017)

In India the rapid industrial development is causing the release of toxic chemical in the soil and water. Nagajyoti (2010) lamented
that large areas of land can be contaminated by heavy metals released from smelters, waste incinerators, industrial wastewater, and
from the application of sludge or municipal compost, pesticides, and fertilizers. Saha and Panwar(2013) noted that waste water for
irrigation has resulted in buildup of heavy metals in soils of agricultural land near cities and towns of India. Irrespective of their
sources in the soil, accumulation of heavy metals can degrade soil quality, reduce crop yield and the quality of agricultural products,
and thus negatively impact the health of human, animals, and the ecosystem. According to estimate of CSSRI (Central Soil Salinity
Research Institute) Karnal (2010-11) 6.73 m ha of soil in India is salt affected. Not only fertilizers, pesticides which are soil drenched
or applied as aerial sprays also remain to be active for a long time which ultimately affects soil microclimate and animals too for a
long time. Yoshizawa et al.,(2004) lamented that annually Asia generated 4.4 billion tones of solid waste and MSW comprises 790
millions tones of which about 48 (6%) million tones is generated in India. All these constraint needs an urgent urge of amendments
of the soil and the only promising solution appears to be bioremediation (Anupam et al., 2015)

Microorganism plays a significant role in detoxification of toxic chemicals in the soil. The process of using microorganism to
remove toxic contaminants especially heavy metals is known as bioremediation. It is an innovative and promising technology
available for removal of heavy metals and recovery of the heavy metals in polluted water and lands. It uses naturally occurring
bacteria and fungi or plants to degrade or detoxify substances hazardous to human health and the environment. The microorganisms
may be indigenous to a contaminated area or they may be isolated from elsewhere and brought to the contaminated site. Contaminant
compounds are transformed by living organisms through reactions that take place as a part of their metabolic processes (Vidali,
2001 ) The process of bioremediation involves converting the toxic materials into harmless substances specifically water and carbon
dioxide. This can be carried out on site or offsite by taking advantage of indigenous microorganisms or introduction of bacteria or
fungal strains to achieve the desire aim of detoxification of hazardous compound (Gibson and Saylor 1992). Microorganisms are
distributed in large numbers everywhere and their systems are capable of utilizing toxic substances as source of energy for growth
via aerobic and anaerobic respiration or fermentation. They have enzymes that are capable of degrading toxic compounds, (Ahlet
and Peters 2001).Since microorganisms have developed various strategies for their survival in heavy metal-polluted habitats, these
organisms are known to develop and adopt different detoxifying mechanisms such as biosorption, bioaccumulation,
biotransformation and biomineralization, which can be exploited for bioremediation either ex situ or in situ ( Lin and Lin, 2005).

Microorganisms uptake heavy metals actively (bioaccumulation) or passively (Hussein et al., 2001). The microbial cell walls, which
mainly consist of polysaccharides, lipids and proteins, offer many functional groups that can bind heavy metal ions, and these
include carboxylate, hydroxyl, amino and phosphate groups (Scott and Karanjkar, 1992). Fungi of the genera Penicillium,
Aspergillus and Rhizopus have been studied extensively as potential microbial agents for the removal of heavy metals from aqueous
solutions (Volesky,and Holan 1995 ; Huang, and Huang 1996). Biodegradation can be enhanced by use of contaminated adapted
microorganism or genetically impaired bacteria at contaminated sites, this is referred to as bioaugmentation (Quan et al., 2004).
Bioremediation can also be enhance by adding essential nutrients to stimulate growth of indigenous bacteria, this techniques is
known as biostimulation (Trindade et al., 2005).

BIOREMIDATION TECHNIQUES

Basically bioremediation techniques are classified into two viz: (1) in situ and (2) ex situ (Vidali, 2000). In situ remediation
techniques involve leaving the soil in its original place and bringing the biological mechanisms to the soil. Ex situ remediation
techniques involve removing the soil from the subsurface to treat it (Vidali, 2000).In situ remediation includes techniques such as
bioventing, Airparging, bioslurping , Pump and treat , Percolation and Permeable reactive barriers. In situ remediation is less costly
due to the lack of excavation and transportation costs, but these remediation techniques are less controllable and less effective.
(Koning, et al., 2000).

1.0 INSITU BIOREMEDIATION

1.1 Bioventing: These techniques involve controlled stimulation of airflow by delivering oxygen to unsaturated zone in order to
increase bioremediation, by increasing activities of indigenous microbes. In bioventing, amendments are made by adding nutrients
and moisture to enhance bioremediation with the ultimate goal being to achieve microbial transformation of pollutants to a harmless
state (Philp and Atlas 2005 ; Ho hener and Ponsin 2014). The development and application of venting and bioventing for in situ
removal of petroleum from soil have been shown to remediate approximately 800 kg of hydrocarbons by venting, and approximately
572 kg by biodegradation (Saadoun et al., 2005)
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Figure 1 Illustration of bioventing system. (Source: Held and Dorr, 2000).

1.2 Airparging or biosparging: It involves the injection of air into the saturated zone of a contaminated soil, at low flow rates (<5
mé/h per point) to transfer volatiles compounds to the unsaturated zones for biodegredation (Fingerman and Nagabhushanam,
2005).The air injected below the water table increases oxygen concentration and enhances the rate of biological degradation of
organic contaminants by microorganism. The addition of bioremediation process makes application of air sparging more favourable
for the remediation of less volatile contaminants like diesel fuel wastes oil (Anderson and Ward, 1995).

A case study performed in the Damodar Valley in Eastern India showed that biosparging was effective at removing 75% of
contaminants present within a one year time period. The first results were obtained in the field, but these results were enumerated
using a laboratory tests and computer programs. The results from the study were used to set the optimum conditions for remediation
including: proper moisture content, pH, temperature, nutrients, and carbon sources. The field tests used six separate tests sites.
Different parameters were tested in each site in order to investigate the optimum conditions. (Gogoi et al.,2002). Bioslurping is a
unique in situ treatment technique in that it also treats free product phases floating on top of the groundwater. This technique applies
a vacuum to extract, soil vapor, water, and free product from the subsurface. Each of those products is separated and then treated.
This technique is cost effective because only a small amount of groundwater and soil vapor are pumped at a time, therefore the
treatment plant used to treat the vapor and free product can be small (Held and Dérr, 2000). (Figure 2).
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Figure 2 Biosparging system used with soil vapor extraction ( EPA, 2006)

1.3 Bioslurping: This is an in situ technology that combines vacuum-enhanced free-product recovery with bioventing of subsurface
soils to simultaneously remediate petroleum hydrocarbon-contaminated groundwater and soils. Vacuum-enhanced recovery utilizes
negative pressure to create a partial vacuum that extracts free product and water from the subsurface. The technology is portable
and uses a single pump to extract free product, groundwater, and soil gas from multiple wells. Groundwater and soil gas may require
treatment before being discharged. Bioslurping is used at petroleum spill sites and has proven most effective in fine-to-medium
textured soils or fractured rock in areas with a low water table (Lehr et al., 2004 and Lehr, 2004) Figure 3.
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Figure 3. Bioslurping technology (EPA, 2006)

1.4 Pump-and-treat systems Pump-and-treat systems are applied to saturated-zone remediation the removal of any contaminated
water from the ground, treatment either at an on-site or offsite plant and return it back to the contaminated soil zone, (Figure 3)
(MacKay and Cherry 1989; EPA 2007 Lehr et al., 2004). This is one of the most traditional methods of remediation, but it is not
the most effective method for all contaminants because it is costly in investment maintenance and very time consuming (Lehr et
al., 2004). However, the advantage of this method is that the contaminant is actually removed entirely from this system if it is water
soluble. For example in the cases of methyl tertiary-butyl ether (MTBE), which is a fuel additive very soluble in water, chlorinated
solvents and hydrocarbons in groundwater, the pump and treat method combined with carbon adsorption and air stripping is very
effective (Singh and Stapleton 2002; Lehr et al., 2004). However, for contaminants that bind very closely to the soil, such as
polycyclic aromatic hydrocarbon (PAHSs), desorption of the contaminant from the soil to the groundwater is very slow.
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Figure 4. A simplified pump and treat scheme. Treated water is usually returned back in the ground water.(EPA,2001)
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When the groundwater is pumped out of the system, the contaminant present in the aqueous phase is also removed, but a significant
portion of the contaminant still remains present in the ground. In order for pump and treat to be effective, it must be done over a
long period, in order to give the contaminant sufficient time to desorbs from the soil. However, this option becomes much more
cost efficient and timely with the addition of mobility agents such as cosolvents (e.g. alcohols), surfactants (e.g. amphiphilic
polyurethane nanoparticles, extracellular polymers, and cyclodetrins) and steam that will loosen the bond of the contaminant to the
soil particles and increase the apparent solubility of the contaminant (Tungittiplakorn et al., 2004 and Talley, 2005).

1.5 Percolation Percolation consists of applying water, containing nutrients and possibly a microbial inoculum, to the surface of
a contaminated area and allowing it to filter into the soil and mix with the ground water (Blackburn and Hafker 1993).

1.6 Permeable reactive barrier (PRB) .This is a physical method for remediating contaminated groundwater, due to its design
and mechanism of pollutant removal. Researchers (Thiruvenkatachari et al., 2008; Obiri-Nyarko et al., 2014) reported that
biological reaction is one of the several mechanisms (degradation, precipitation and sorption) of pollutant removal in PRB
technique. Although alternative terms such as biological PRB, passive bio reactive barrier, bio-enhanced PRB have been proposed
to accommodate the bioremediation or biotechnology aspect of the technique, the role of microorganisms have been reported to be
mostly enhancement rather than an independent biotechnology (Philp and Atlas 2005). PRB is an in situ technique used for
remediating groundwater polluted with different types of pollutants including heavy metals and chlorinated compounds. In this
technique, a permanent or semi-permanent reactive barrier (medium) mostly made up of a zero-valent iron (Garci’a et al., 2014;
Zhou et al. 2014) is submerged in the trajectory of polluted groundwater. As polluted water flows through the barrier under its
natural gradient, pollutants become trapped and undergo series of reactions resulting in clean water in the flow through
(Thiruvenkatachari et al., 2008; Obiri-Nyarko et al., 2014).

1.7 Phytoremediation Phytoremediation is an in situ technique that uses plants to remediate contaminated soils. Phytoremediation
is most suited for sites where other remediation options are not costs effective, low-level contaminated sites, or in conjunction with
other remediation techniques. Deep rooted trees, grasses, legumes, and aquatic plants all have application in the phytoremediation
field. Phytoremediation has been used to remove TPH, BTEX, PAH, 2,4,6-trinitrotoluene (TNT), and hexahyro-1,3,5-trinitro-1,3,5
triazine (RDX). (Schnoor, 2000).

Plants are able to remove pollutants from the groundwater and store, metabolize, or volatilize them. Also,roots also help support a
wide variety of microorganisms in the subsurface. These microorganisms can then degrade the contaminants. The roots also provide
organic carbon sources to promote cometabolism in the rizosphere. The rizosphere is the soil in the area of the vegetative roots.
Figure 4 illustrates different phytoremediation techniques.
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Figure 5: Illustration of phytoremediation. (Source: Schnoor, 2000.)

2.0 Ex-situ treatment systems

These techniques involve excavating pollutants from polluted sites and subsequently transporting them to another site for treatment.
Ex situ bioremediation techniques are usually considered based on: the cost of treatment, depth of pollution, type of pollutant,
degree of pollution, geographical location and geology of the polluted site. Performance criteria, which also determine the choice
of ex situ bioremediation techniques, have been described (Philp and Atlas 2005). Examples of ex-situ techniques include land
farming, Biopiling, windrow and bio reactor (Blackburn, 1993).
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2.1 land farming: Land farming is a process in which the soil is excavated and mechanically separated via sieving. The polluted
soil is then place in layers no more than 0.4 meters thick. A synthetic, concrete, or clay membrane is then used to cover the
contaminated soil layer. Oxygen is added and mixing occurs via plowing, harrowing, or milling. Nutrients and moisture may also
be added to aid the remediation process. The pH of the soil is also regulated (keeping it near 7.0) using crushed limestone or
agricultural lime. (Van Deuren, et al., 2002). (Nikolopoulou et al., 2013). Biodegradation of pollutant is by autochthonous
microorganisms (Philp and Atlas 2005; Paudyn et al., 2008; Volpe et al., 2012; Silva-Castro et al., 2015) Figure 5 illustrates the
land farming technique.
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Figu5: Land farming Technique (Source: United States Environmental Protection Agency, 2004)

2.2 Biopiling Biopiling involves above-ground piling of excavated polluted soil, followed by nutrient amendment, and sometimes
aeration to enhance bioremediation by basically increasing microbial activities. The components of this technique are: aeration,
irrigation, nutrient and leachate collection systems, and a treatment bed (Whelan et al., 2015). The first step in the biopiling process
is to perform laboratory tests that will determine the biological degradation capabilities of the soil sample. The next step involves
the mechanical separation of the soil, which will homogenize the sample and remove any disruptive material such as plastics, metals,
and stones. The stones will then be crushed into smaller pieces and then depending on the degree of contamination will either be
added to a pile or sent out for reuse. The soil is then homogenized, meaning that the pollution concentration is averaged out across
the entire soil sample. Homogenization allows for biopiling to be more effective. (Schulz-Berendt, 2000). Once the soil is piled,
nutrients, microbes, oxygen, and substrate are added to start the biological degradation of the contaminants.; it can also be used
effectively to remediate polluted extreme environments such as the very cold regions (Dias et al., 2015; Gomez and Sartaj 2014;
Whelan et al., 2015). Biopiling is most effective in treating pollutants such as BTEX, phenols, PAHs with up to 4 aromatic rings,
and explosives such as TNT and RDX. (Schulz-Berendt, 2000, VVan Deuren, et al., 2002). Once the soil is piled, nutrients, microbes,
oxygen, and substrate are added to start the biological degradation of the contaminants. The results of the initial laboratory tests
indicate to the operators which substrates such as bark, lime, or composts needs to be added to the soil. Nutrients such as mineral
fertilizers may also be added. Additionally, microorganisms such as fungi, bacteria, or enzymes could be added. (Schulz-Berendt,
2000.) A diagram for the heap techniques is shown in Figure 5.
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Figure 5: Heap Technique Diagram.

(Source: Schulz-Berendt, 2000).
2.3 Windrow: Windrows rely on periodic turning of piled polluted soil to enhance bioremediation by increasing degradation
activities of indigenous and/or transient hydrocarbon oclastic bacteria present in polluted soil. The periodic turning of polluted soil,
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together with addition of water bring about increase in aeration, uniform distribution of pollutants, nutrients and microbial
degradative activities, thus speeding up the rate of bioremediation, which can be accomplished through assimilation,
biotransformation and mineralization (Barr, 2002).

2.4 Bioreactor: Bioreactor, as the name implies, is a vessel in which raw materials are converted to specific product(s) following
series of biological reactions. There are different operating modes of bioreactor, which include: batch, fed-batch, sequencing batch,
continuous and multistage. Conditions in a bioreactor support natural process of cells by mimicking and maintaining their natural
environment to provide optimum growth conditions. Polluted samples can be fed into a bioreactor either as dry matter or slurry; in
either case, the use of bioreactor in treating polluted soil has several advantages compared to other ex situ bioremediation techniques.
Excellent control of bioprocess parameters (temperature, pH, agitation and aeration rates, substrate and inoculum concentrations)
is one of the major advantages of bioreactor-based bioremediation. The ability to control and manipulate process parameters in a
bioreactor implies that biological reactions within can be enhanced to effectively reduce bioremediation time. It can be used to treat
soil or water polluted with volatile organic compounds (VOCs) including benzene, toluene, ethyl benzene and xylenes (BTEX).
The applications of different bioreactors for bioremediation process have resulted in removal of wide range of pollutants .The
flexible nature of bioreactor designs allows maximum biological degradation while minimizing abiotic losses (Mohan et al., 2004)

FACTORS AFFECTING BIOREMEDIATION

The control for bioremediation processes is a complex system of many factors. These factors

include the existence of a microbial population capable of degrading the pollutants, the availability of contaminants to the microbial
population and the presence of oxygen, others factors are temperature, pH nutrients availability, water activity and osmotic pressure
(Madhavi et al.,2012). Table 8 summarized factors affecting bioremediation.

8 Major factors affecting Bioremediation (Boopathy, 2000)

Microbial

Growth until critical biomass is reached
Mutation and horizontal gene transfer

Enzyme induction

Enrichment of the capable microbial populations
Production of toxic metabolites

Environmental
Depletion of preferential substrates
Lack of nutrientsnhibitory environmental conditions

Substrate

Too low concentration of contaminants

Chemical structure of contaminants

Toxicity of contaminants Solubility of contaminants

Biological aerobic vs anaerobic process
Oxidation/reduction potential
Availability of electron acceptors
Microbial population present in the site

Growth substrate vs co-metabolism

Type of contaminants

Concentration

Alternate carbon source presence

Microbial interaction (competition, succession, and predation)

Physico-chemical bioavailability of pollutants
Equilibrium sorption

Irreversible sorption

Incorporation into humic matters

Mass transfer limitations

Oxygen diffusion and solubility
Diffusion of nutrients
Solubility/miscibility in/with water

Some Other Bioremediation Processes for Degradation of Pesticides
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Bio-Stimulation

This refers to addition of specialized nutrients and suitable physiological conditions for the growth of the indigenous microbial
populations. This promotes increased metabolic activity, which then degrades the contaminants (Trindade, et al., 2005). Bio
stimulation has been used to remove pesticides contamination in the environment. In this process, the activity of the indigenous
microorganisms is stimulated by adding the organic and/or inorganic additives such as N or P, etc. The modifications added would
be used by the indigenous microorganisms for cell growth to increase cell number as well as their activities to degrade the pesticides.
In addition, the amendments could be necessary as the enzyme-inducers and/or the co-metabolic substrates in the pesticide
degradation pathways (Robles-et al., 2008).

Bio-Augmentations

Bio-augmentation is the introduction of exogenous microorganisms with specific catabolic abilities into the contaminated
environment or into a bioreactor to initiate the bioremediation process. This can be an in situ or ex situ treatment process in which
naturally occurring microbes are added to contaminated sites to eliminate toxic contaminants (Head and Oleszkiewicz, 2004; Perelo,
2010). The technique is reported to be an effective bioremediation approach for improving pesticide degradation in contaminated
soil and water that lack indigenous microbial activity (Dams et al., 2007; Plangklang and Reungsang, 2010).1t has been employed
to degrade a wide range of chemical contaminants such as ammonia, hydrogensulphide, insecticides, petroleum compounds, and a
growing number of toxic organic chemicals present in soil and water (Hwang and Cutright, 2002; Jianlong, Xiangchun, Libo, Yi
and Hegemann, 2002; Quan, et al.,2004).

Composting

Semple et al., (2001) reported that ~~Composting matrices and composts are rich sources of xenobiotic-degrading microorganisms
including bacteria, actinomycetes and lignolytic fungi, which can degrade pollutants to innocuous compounds such as carbon
dioxide and water. These microorganisms can also biotransform pollutants into less toxic substances and/or lock up pollutants
within the organic matrix, thereby reducing pollutant bioavailability.” Stegmann, (1991 and Hupe, 1996). documented the effects
of mature compost on hydrocarbon degradation in soil-compost mixes in laboratory reactors, best results were achieved by mixing
mature, 6-month-old compost with TPH-contaminated soil. They found degradation rates of about 375 mg TPH/kg/day, values
much higher than those reported for in situ biodegradation—40 mg/kg/day (Atlas, 1991).

Table 9 Removal of chlorophenols from contaminated soils using different composting regimes
Time Total chlorophenol

week
Soil + bark chips Soil + straw compost Soil+
remediated soil
mgkg?tsoil % remaining mgkg? soil % remaining mgkg? %
remaining

0 43 100 45 100 43 100

1 19 44.2 23 51.1 21 48.8

3 16 37.2 21 46.7 18 41.9

5 10 23.3 13 28.9 11 25.6

7 9 20.9 10 22.2 9 20.9

9 7 16.3 10 22.2 7 16.4

Introduction of highly contaminated soil

0 771 100 683 100 1108 100

4 203 26.3 288 34.1 585 52.8

8 35 4.5 42 6.1 103 9.3

12 g8 4.3 44 6.4 53 4.8

16 34 4.4 42 6.1 67 6.0

42 29 3.8 38 5.6 49 4.4

(adapted from Laine and Jurgensen (1997)
CONCLUSION

Soil and water are being polluted by various organic and inorganic pollutants due to rapid industrialization and use of agrochemicals
in imbalanced proportions. There is an urgent need to explore cheaper ways of cleaning up the polluted soils. Bioremediation is a
unique and cost-effective technique for cleaning up pollution by intensifying the natural biodegradation processes. Therefore there
is an urgent need to intensify research on bioremediation playing more emphasis on the behavior and characteristics of various
microorganisms in various habitats.
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