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ABSTRACT

Sustainable development requires the progress and preferment of environmental management
and a persistent exploration and improvement for green technologies to treat a wide range of
habitats contaminated by disorganized anthropogenic activities. Bioremediation is an excellent
and effective cleaning technique to remove toxic waste from contaminated environment.
Bioremediation is vastly involved in degradation, eradication, immobilization, or detoxification
of diverse chemical wastes andphysical hazardous materials from the surrounding through the
all-embracing with the help of microorganisms and plants. Bioremediation technique is widely
used to treat wastewater and to removeagricultural chemicals (pesticides and fertilizers) that
leach from soil into groundwater. Certain toxic metals, such as mercury, selenium and arsenic
compounds, can also be removed from water by bioremediation. Thus, bioremediation is a
research and solution oriented technology that needs a priorthorough understanding of different
types of available processes for improvisation and clean-up of contaminated sites. In this
review, impact agricultural pollution, principle of bioremediation process and, different types of
in-situ and ex-situ bioremediation techniques have been discussed.
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INTRODUCTION

Environmental pollution is being the burning challenge of current living organisms on the
earth. Pollution is the introduction of contaminants into an environment, may also defined
as an unwanted alteration in the physical, chemical and biological characteristics of air, water
and soil which affect human life, lives of other useful living plants and animals, industrial
progress, living conditions and cultural assets (Sands, 2003). Pollution can take the form of
chemical substances, or energy, such as noise, heat, or light energy. Pollutants as the main,
element of pollution can be foreign substances or energies, or naturally occurring, they are
considered contaminants when they exceed natural levels. Air, water and soil are being
polluted differently. Soil being a “universal sink” bears the utmost burdenof environmental
pollution (Ashraf et al., 2014).

The different agricultural sources of soil pollutants include agrochemical sources, such as
fertilizers and animal manure, and pesticides. Trace metals from these agrochemicals, such
as, Cu, Cd, Pb and Hg, are also considered soil pollutants as they can disturb plant
metabolism, thus crop productivity declines. Entry of pollutants directly (release of effluents
on land) or indirectly (use of polluted water as irrigation to crops) has been reported to
contaminate vast areas of soil resources and groundwater bodies, affecting crop production
as well as human and animal health through food contamination (FAO & ITPS, 2015).

The report found that soil pollution has an adverse impact on food security in two ways — one
is, it candecrease crop yields due to toxic levels of contaminants and second is, crops grown
in polluted soils are unsafe for intake by animals and humans. It insisted government to
reverse the damage and encourage better soil management practices to limit agricultural
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pollution.

Bioremediation is an alternate, cost-effective and eco-friendly technology that provides
sustainable ways to clean-up contaminated environments (Dados et al., 2015; Silva-Castro
et al., 2015). Recently,a wide variety of organisms such as bacteria, fungi, algae, and plants
with efficient bioremediating properties were successfully employed for effectual elimination
of toxicants from the polluted sites (Vidali, 2001; Leung, 2004).

In addition, bioremediation helps to conserves soil texture and characteristics (Vidali, 2001,
Adams &Guzman-Osorio, 2008). Though bioremediation has many advantages, the success
of its application depends two major groups, namely, nature of pollutant (degree of pollution,
aggregate, and oxidation state of crude oil) and environmental conditions (temperature,
oxygen concentration, climatological conditions, pH, moisture content, presence of alternate
carbon sources and microbes with degradation capability, soil property, and nutrient
availability) (Agarry & Jimoda, 2013; Nwogu et al., 2015). Overall, bioremediation technique
depends on having the right microorganisms/plants in the right placeunder the suitable
environmental conditions in order for the degradation process to occur successfully.In order
to select a clean-up technique, it is essential to understand mechanism of bioremediation
processes in detail. Understanding of remedial processes supports to choose appropriate
method for degradation of specific pollutant. It is required to understand that under which
environmental conditions the pollutant possibly will be degraded or converted into non-
toxic form. This paper provides the insight view about impact of agricultural practice on
environment and different types of bioremediation techniques available for improvisation of
contaminated sites. Recent bioremediation technologies and methods for removal of
pollutants are also discussed.

EFFECT OF AGRICULTURE ON ENVIRONMENT

Modern agricultural practices use many kinds of chemicals such as fertilizers, pesticides,
cleaners, croppreservatives to produce and keeping large amount of high-quality food. But
every single of these chemicals has hazardous and unforeseen side-effects as like toxicity to
non-target organisms which leads to ecological imbalance (Onder et al., 2011; Gangadhar et
al., 2015).

Pesticides are applied to eliminate harmful insects, microorganisms and other pests which
coalesces with soil, water, air and food, and contaminate the agricultural foods which in turn
affect both human health and disturb the balance of ecosystem. Pesticide runoff is an
important contributor to surface- water contamination (Onder et al., 2011). Additionally
fields, streams, lakes, ground water and sea altered to a kind of poison storage in time. They
have the capacity of contaminating waters and plantsand kills soil microorganisms as well
as beneficial insects. Other harmful chemicals such as heavy metals can damage vital body
organs, the immune system, and can terminate the working of nervous system. Parasites and
bacteria from farm waste may also pollute water, contributing to diseases and fatality.

Excessive or wrong usage of the fertilizer which are used to improve plant growth, could be a
reason environmental pollution. Using high amounts of nitrogen fertilizer contaminates ground
water, drinkingwater, stream and sea. This distresses the water organisms and when that
kind of waters used to somewhere they break the natural balance of environment.
Unconscious using of phosphorus fertilizersalso affects natural balance due to increasing
phosphate value in water (Onder et al., 2011). Increased levels of chemical nutrients in
aquatic systems, nitrogen and phosphorus, from manure and fertilizers give expansion to
eutrophication when washed into nearby surface waters by rain or irrigation. Eutrophication
is the dense growth of plant life and algae on the water surface and mainly leads to high
occurrences of algal blooms. Eutrophication extensively depletes dissolved oxygen which can
kill fishand other aquatic biota. It is also linked to increased rate of paralytic shellfish
poisoning in humans, leading to death (Kremser & Schnug, 2002).

In arid and semi-arid regions, irrigation is a vital part to grow enough agricultural yield and
quality. Incorrect irrigations cause to environment glitches. Rising of ground water, salinity,
fertilizers and chemical additives remains go to deep with irrigation water, trace elements
collect in water sources andcause to soil erosion and these polluted waters make disease and
are harmful on the whole living organisms and problematic for environment. In agriculture,
extreme irrigation leads to high salinity anddesertification of the land. It can be said, as
agricultural policies affect land use, they have impact on the amount of soil erosion in
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agricultural regions through changes of the economic conditions of agricultural production
(Schuler & Sattler, 2010).

The persistent use of agro-chemical products degrades and destroys the soils, animals,
plants, waters, and wildlife, gradually altering the ecosystems which support biodiversity.
Furthermore, pesticides cankill beneficial insects, soil microorganisms, birds and some rare
small species like butterflies which

have far-reaching effects on biodiversity. Since these chemicals remain in the soils for many
years, therepercussions to biodiversity are massive (Gill & Garg, 2014).

Wrong soil tillage with regards of without any concern field location, soil structure and climate
conditions cause to soil moving with rain in other words cause erosion (Luo et al., 2010).
Agricultural applications which are without rotation due to lack of information or economic
reasons entail to one-way consumption of soil plant nutrition elements, decrease to soil
fertility, degradation, increasing of disease and harms in the soil and it also cause to erosion
(Pellegrino et al., 2011). It is clear that stubble burning cause serious environment problems.
It cause to wind and water erosion, product lose when it made uncontrolled applications,
breaks the natural vegetation and makes the soilunfertile by destroying vitality on the top
side of soil. For these harms on the environment, stubble burning prohibited with laws in
many countries (Onder et al., 2011).

Taken together, agriculture, forestry and land-use change account for about one-fifth of
global GHG emissions. Carbon dioxide emissions from agriculture are largely attributable to
losses of above and below ground organic matter, through changes in land use, such as
conversion of forests to pasture or cropland, and land degradation such as caused by over-
grazing. The bulk of direct emissions of methaneand nitrous oxide, two potent GHGs, are the
result of enteric fermentation in livestock, rice productionin flooded fields, and the application
of nitrogen fertilizer and manure, all of which can be reduced through the implementation of
better management practices to avoid consequences of climate change. (FAO, 2016).

Another issues include genetic, species and ecosystem diversity. The intensification of
agriculture has directed to widespread reduction of species and habitats. Overgrazing
particularly in mountain zones has led to the erosion of vegetation cover with the consequent
loss of soil, the silting of rivers, etc. (Mishra, 2013).

Chemical pesticides, herbicides and agrochemicals used to control pests, diseases and weeds
normallycontaminate the soil and can persist for years. As a result, it gradually alters the soil
microbial activitiesand soil chemistry, depleting soil fertility by killing soil microorganisms.
Reports determine that millions of fertile soils are lost annually because of the use of synthetic
fertilizers, pesticides, and herbicides combined with other farm practices (Donkova &
Kaloyanova, 2008; Mahmood et al., 2016).

PRINCIPLES OF BIOREMEDIATION

Bioremediation is the use of microorganisms for the degradation of hazardous chemicals in
soil, sediments, water, or other contaminated materials. Often the microorganisms metabolize
the chemicalsto produce carbon dioxide or methane, water and biomass. Alternatively, the
contaminants may be enzymatically transformed to metabolites that are less toxic or
innocuous (Joutey et al., 2013; Azubuikeet al., 2016). In bioremediation, living organisms,
such as microorganisms (bacteria, fungi, and algae)or plants, are used to degrade and
detoxify the hazardous pollutants present in the environment and convert them into CO2,
H20, microbial biomass, and metabolites (by-products which are less toxic thanthe parent
compound) (Shah, 2014; Parte et al., 2017).

These microorganisms can be indigenous to that contaminated site or may be isolated and
brought fromoutside to that contaminated site for bioremediation (Das & Adholeya, 2012).
Microorganisms degradeand transform these pollutants through their metabolic reactions
and utilize them for their growth.

Complete degradation of a pollutant needs the action of several microbes, so sometimes
potential microbes can be added to the contaminated site for the effective degradation process
and this process is called bioaugmentation (Tyagi et al., 2011). The biodegradation process
depends on favourable environment conditions, the pollutant type and solubility, and the
bioavailability of the pollutant to the microbes, thus the environmental conditions are
controlled or manipulated to let sufficient microbial growth and thus fast and effective
biodegradation of the pollutant (Chandra et al., 2013; Raj et al., 2014; Alin et al., 2016).
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TYPES OF BIOREMEDIATION

The bioremediation process is broadly categorized into ex situ remediation and in situ
bioremediation, based on the origin, transportation, and removal of pollutants from
contaminated sites (Soccol et al., 2003; Dadrasnia et al., 2013; Azubuike et al., 2016).

In situ bioremediation:

In situ bioremediation is considered as the most appropriate option as it involves the
treatment of pollutants in actual contaminated sites deprived of any excavation or
disturbance (Vidali, 2001; Azubuike et al., 2016). It is divided into intrinsic in situ
bioremediation (without any practice of enhancement) or enhanced in situ bioremediation
(bioventing, biosparging, and phytoremediation). Although the in situ method is economically
feasible, as there is no extra cost needed for any excavationand transportation processes (only
the cost of designing and installing the equipment set-up used for the enhancement of
microbial activity is required), it is less controllable and less effective than ex situ
bioremediation methods. This method is used for effective treatment of sites contaminated
with dyes, chlorinated solvents, heavy metals, and hydrocarbons (Kim et al., 2014).

In situ bioremediation techniques have been successfully used to treat chlorinated solvents,
dyes, heavymetals, and hydrocarbons polluted sites (Frascari et al., 2015; Roy et al., 2015).
Notably, the status of electron acceptor, moisture content, nutrient availability, pH and
temperature are amongst the importantenvironmental conditions that need to be suitable for
a successful in situ bioremediation to be achieved (Atlas & Philp, 2005). Some in situ
bioremediation techniques might be enhanced (bioventing, bioslurping, biosparging and
phytoremediation), while others might proceed without any form of enhancement (intrinsic
bioremediation or natural attenuation) (Azubuike et al., 2016).

Intrinsic in situ bioremediation: This technique of bioremediation is also recognized as
naturalattenuation and it is one of the recognised in situ bioremediation methods. This
method involves the unassisted and passive remediation of contaminated sites without any
human interference. This technique includes both aerobic and anaerobic microbial processes
for the treatment of biodegradableand recalcitrant pollutants. To form a successful and
sustainable process, systematic monitoring is required in spite of the absence of any external
forces in this process, therefore it is also termed as monitored natural attenuation (Azubuike
et al., 2016).

Enhanced in situ bioremediation:

This type of in situ bioremediation involves the enhancement of polluted sites by excavation
or the addition of nutrients, air, and microbes to enhance microbial growth for the
biodegradation process. Techniques such as bioaugmentation, biostimulation, bioslurping,
biosparging, and bioventing are examples of the enhanced in situ bioremediation method
(Tiwari & Singh, 2014).

Bioaugmentation: In this process, a group of indigenous microbes, microbes from other
sites,or genetically engineered microbes are added to the contaminated site to improve the
biodegradation process. This method is very efficacious when the native microorganism is
unable to degrade the pollutants (Abatenh et al., 2017). This method is mostly used to treat
municipal wastewater and soil contaminated with aromatic and chlorinated hydrocarbons
(Nzila et al., 2016). It is also observed that non-indigenous microbes compete with indigenous
ones for the growth of their population and therefore proper management of the land
treatment unit is required (Sharma, 2012; Azubuike et al., 2016).

Biostimulation: In this method of in situ bioremediation, indigenous microbial population
growth is stimulated by providing necessary nutrients in contaminated soil or groundwater
for the effective treatment of pollutants. This is a beneficial method for the treatment of
hydrocarbons and metal-contaminated sites (Kao et al., 2008). In most highly hydrocarbon-
contaminated coastal systems,nutrient availability is the limiting factor for biodegradation
(Lang, 2016; Mapelli et al., 2017).

Bioventing: In the bioventing bioremediation method, air (oxygen) and nutrients are supplied
in a controlled way through wells to the contaminated soil to stimulate microbial activity for
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the decayprocess. In this method, very low oxygen is given with low air-flow rates to the
contaminated soil thatis sufficient for effective microbial biodegradation and to minimize the
volatilization and release of pollutants to the atmosphere (Atlas & Philp, 2005). This technique
has been used successfully in the remediation of soils polluted by oil products (Brown et al.,
2017). This technique can be effectively used for the removal of pollutants from deep below
the surface (vadose zone). It is mostly used for thebiodegradation of low-molecular-weight
hydrocarbons, absorbed fuel residuals, spilled light petroleum, and volatile pollutants from
the soil (Hohener & Ponsin, 2014).

Bioslurping: The technique of bioslurping combines many of processes, such as vacuum
enhanced pumping, bioventing, and soil vapour extraction, for the removal of soil and
groundwater pollutants using an indirect supply of oxygen and stimulating microbial
biodegradation (Gidarakos & Aivalioti, 2007). It is a useful way to remove products floating in
the water table, also called light non-aqueous phase liquids (LNAPLs), which are low-density
water-insoluble groundwater contaminants. It works like a tube that slurps LNAPLs from a
tank and carries pollutants upwards. Bioventing is alsoused to biodegrade air and water
contaminants after they are removed from the surface (Kim et al., 2014; Azubuike et al.,
2016). The limitation of this technique is the low permeability of soil which reduces the oxygen
transfer rate and further decreases the microbial activity. These techniques generally are
fruitful for the removal of volatile and semivolatile organic contaminants from soil and liquid
(Vidali, 2001). The bioslurping system should only be installed if the contaminants are at
most 7m below the soil surface because the vacuum pump is inefficient in sucking LNAPLs
(light non- aqueous phase liquids) at greater depth (Johnston, 2010; Azubuike et al., 2016).

Biosparging: Unlike the bioventing process, in the biosparging process air is supplied into
thesoil subsurface (i.e., saturated zone) which can cause the upward movement of volatile
organic pollutants to the surface area for the biodegradation process and also augments
pollutant removal fromthe polluted site by stimulating the microbial activity (Atlas & Philp,
2005; Waudby & Nelson, 2004).This process is facilitated by two main factors, that is, soil
permeability and pollutant biodegradability(Bennett, 1999; Simpanen et al., 2016). The
biosparging process has been extensively utilized for the treatment of aquifers polluted with
hydrocarbons (benzene, xylene, toluene, and ethylbenzene) and petroleum products (Banerjee
et al., 2016).

Ex situ bioremediation

As the name suggests, the ex situ bioremediation method involves the excavation and
transportation ofpollutants from the actual polluted site to another site and then the removal
of pollutants using several bioremediation techniques (Aktas, 2013). The ex situ
bioremediation techniques are further classified into different categories, such as
landfarming, composting, biopiling, bioreactors, and biofilters, basedon the pollutant types,
depth and degree of pollution, treatment cost, and the geographical and geological features
of the polluted site (Koning et al., 2001; Atlas & Philp, 2005). Further details aboutthese
techniques are given below. After treatment with ex situ remediation techniques, the
decontaminated soil could be useful for landscaping purposes (Shah, 2014; Azubuike et al.,
2016; Oyetibo et al., 2016).

Biopiling: Biopiling or heap technique is a combination of landfarming and composting
methods. The elements of this technology are watering, aeration, and leaching. Its usage is
increasingly taken into consideration thanks to its construction characteristics and the
favourable cost-benefit proportion that allow functional bioremediation process, provided that
adequate control of nutrients, temperature and aeration is ensured. This process involves the
lab testing of the contaminated soil sample to check the degradation potential, mechanical
separation of the soil sample for the homogenization of the soil, piling of excavated polluted
soil, additional amendment of soil with nutrients, and forced aeration to boost microbial
degradation. Similarly, potent microbes could be added to the biopile for the effective
remediation of the pollutant. The whole arrangement of this system includes a treatment bed
and nutrient, aeration system, irrigation system buried under the soil, and a leachate
collection system. The biopiling method is mostly used for treating soil contaminated with the
low-molecular-weight pollutants and petroleum hydrocarbons, such as BTEX, PAHs, and
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phenols, and could be effectively used in the remediation of an enormously contaminated
environment such as in cold regions (Dias et al., 2015). This technique is used increasingly
for bioremediation due to its cost-effectiveness, and the temperature, pH, and nutrient
condition can be controlled for bioremediation (Whelan et al., 2015).

Landfarming: In the landfarming technique, contaminated soil is excavated, spread, and
tilled from time to time over the fixed soil layer support above the ground to let the aerobic
biodegradation of pollutants by autochthonous microbes. Tillage provides the aeration,
nutrients, and irrigation to increase the microbial activity during landfarming (Volpe et al.,
2012). It is seen that landfarming canbe done only for the treatment of 10-35 cm of surface
soil (USEPA, 2006). A neutral pH can be upheldusing agricultural lime. While landfarming is
considered to be an ex situ bioremediation method, in a rare cases it can be considered to be
an in situ bioremediation method (Sanscartier et al., 2009). This technique is mostly used in
the treatment of aliphatic and polycyclic aromatic hydrocarbon and PCBs contaminated sites
(Silva-Castro et al., 2015). This technique is considered as the simplest and cheapestoption as
less equipment, low cost, and low maintenance is required for its operation, and therefore it
is gaining the greatest consideration as an alternative dumping method (Carriger et al., 2006;
Azubuikeet al., 2016).

Bioreactors: In this method, usually a reactor or container is used to degrade the
contaminant under controlled conditions. Engineered containment systems, such as slurry
or aqueous reactors, are utilized for the treatment of contaminated solid material (soil, sludge,
and sediment) and water (Vidali,2001). There are different operating modes of bioreactor,
which include: batch, fed-batch, sequencingbatch, continuous and multistage. Factors such
as controlled bioaugmentation, supplementation of nutrients, mass transfer, bioavailability
of pollutants, and optimized reaction conditions make the bioreactor centered bioremediation
technique most effective (Mohan et al., 2004). The bioreactor technique is used for the
treatment of soil or water contaminated with volatile organic pollutants such as benzene,
toluene, ethylbenzene, and xylene (BTEX) (Li & Goel, 2011; Azubuike et al., 2016).

Biofilters: In this technique, columns embedded with microbes are used for the removal of
gaseous pollutants (Boopathy, 2000). Before the treated waste stream can be discharged, it
must be clarified so that the number of present microorganisms in the discharge meets
regulations. It is used totreat contaminated gas streams. For this form of treatment to be
effective, the contaminant must be volatile (Frazar, 2000).

Phytoremediation: Phytoremediation is an emerging bioremediation techniques that utilizes
plants and their roots for the remediation of contaminated soil and water (Tangahu et al.,
2011). Most of the research studies have reported that, at the contaminated site, the pollutant
removal mechanism by plants involves the uptake of pollutants by a passive process,
translocation of the pollutant from rootto shoot by xylem flow, and accumulation in the shoot
(San Miguel et al., 2013). Vegetation-based bioremediation methods have enormous potential
to degrade, accumulate, immobilize, and transform the persistent contaminants by acting as
a biofilter and metabolizing the pollutant (Ismail, 2012). It is considered to be an innovative
and cost-effective alternative bioremediation method to treat unsafe contaminated sites. The
phytoremediation method involves various techniques depending on the pollutant type, such
as elemental (toxic heavy metals and radionuclides) and organic (hydrocarbons and
chlorinated compounds), and their fate (accumulation, degradation, stabilization,
volatilization, transformation, filtration, and the combination of these processes) (Dhankher
et al., 2012; Malik et al.,2016).

Depending on the kind of pollutant, it occurs through different mechanisms, namely
biodegradation, vaporization, filtration, among others. Elemental contaminants like heavy
metals or radioactive elements are mainly extracted, transformed and sequestered, while
organic contaminants are eliminated mainly through rhizodegradation, biodegradation,
vaporization or stabilization (Kuiper et al., 2004; Azubuike et al., 2016).

Phytoextraction: This mechanism involves removal of the contaminant from the soil and its
accumulation in various parts of the plant (e.g., root, stem or leaf) (Dhankher et al., 2012). It
refers to theability of plants to accumulate pollutants in their aboveground tissue, which is
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then harvested to eliminatethe contaminants (Mclntosh, 2014). Plants may accumulate
pollutants into the roots, shoots, and leaves and produce a mass of plants containing
pollutants (metals) that are further transported for disposal and recycling (Meagher, 2000).
This technique is also known as the phytoaccumulation or rhizoaccumulation method of
phytoremediation.

- Phytotransformation or Phytodegradation: After the absorption of the
contaminant by the plant, it istransformed into a less toxic form. Such a transformation can
also occur on the plant’s own surface (Parket al., 2011). The phytodegradation of organic
compounds can take place inside the plant or within the rhizosphere of the plant (Pivetz,
2001; Newman & Reynolds, 2004).

- Phytovolatilization: It refers to the plants’ ability to uptake contaminants that are
water soluble and eradicate them through transpiration of water into the atmosphere (Batty
& Anslow, 2008; Ferro et al., 2013; Masciandaro et al., 2013). The use of this technology
works with low molecular weight pollutantsin the soil such as single-chain hydrocarbons that
are more soluble (Gerhardt et al., 2009).

- Phytostimulation: Plant roots release substances (exudates) that can accelerate
degradation of certain pollutants. When microorganisms contribute to degradation, the whole
process is called phytostimulation (Dhankher et al., 2012). Rhizodegradation, sometimes
called phytostimulation, rhizosphere biodegradation or plant assisted bioremediation, is the
enhanced breakdown of a contaminant by increasing the bioactivity using the plant
rhizosphere environment to stimulate the microbial populations(Prasad & Prasad, 2012; Patil
et al., 2013). This method is useful in removing organic contaminants, suchas pesticides,
aromatics, and polynuclear aromatic hydrocarbons (PAHs), from soil and sediments.
Chlorinated solvents also have been targeted at demonstration sites (Miller, 1996).

- Phytostabilization: It is stabilizing process for contaminated soils and sediments
in place using plants,thus preventing the lateral or vertical migration of toxic metals by
leaching. This technique is best applicable in phytostabilizing metal contaminants of waste
landfill sites (e.g. Pb, Cd, Zn, As, Cu, Cr, Se,and U) where the best option is to immobilize
them in situ (Faerber & Herzog, 2010)

- Rhizofiltration: The technique is a form of phytoremediation which uses plant
roots to remove target species from water. Through absorption and eventual sequestering of
specified contaminants in the leavesor roots, toxic solutes can be easily and efficiently
removed from water making it suitable for consumption. Specific removal of heavy metals such
as Cu?+, Cd?+, Cro*, Ni2*, Pb2*, and Zn?* have alreadybeen demonstrated in current research
(Dushenkov et al., 1995).

CONCLUSION

Biodegradation is very productive and environmentally friendly option to remediating,
cleaning, managing and recovering technique for solving contaminated ecosystem. A
working mechanismof bioremediation is to reduce, detoxify, degrade, mineralize or transform
more toxic pollutants to a less toxic. It is obvious that bioremediation can treat a wide range
of compounds. The leading step to asuccessful bioremediation is site description, which helps
create the most appropriate and promising bioremediation technique (ex-situ or in-situ). Ex-
situ bioremediation techniques tend to be more expensive due to excavation and
transportation from archaeological site. The outcome of each degradation process depends
on microbial (biomass concentration, population diversity, enzyme activities), substrate
(physico-chemical characteristics, molecular structure, and concentration), and a range of
environmental factors (pH, temperature, moisture content, EC, availability of electron
acceptors and carbon and energy sources). It is important to examine geological
characteristics of polluted sites like soil, pollutant type and depth, human habitation site for
selection most appropriate and operative bioremediation technique to get better results and
successfully treatment of polluted sites.To increase the effectiveness of remediation the
combined use of multiple techniques should also be considered, which makes it possible to
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minimize the individual disadvantages of each of the techniques. Studies and planning must
be conducted before implementing it on a large scale which helps to select the most suitable
technique of bioremediation technique.

REFERENCES

1) Abatenh, E., Gizaw, B., Tsegaye, Z., & Wassie, M. (2017). The Role of Microorganisms in
Bioremediation- A Review. Open Journal of Environmental Biology, 2(1), 038-046.
https://doi.org/10.17352/0jeb.000007

2) Adams, R. H., & Guzman-Osorio, F. J. (2008). Evaluation of land farming and chemico-
biological stabilization for treatment of heavily contaminated sediments in a tropical
environment. International Journal of Environmental Science & Technology, 5(2), 169-178.
https://doi.org/10.1007 /BF03326010

3) Agarry, S. E., & Jimoda, L. A. (2013). Application of Carbon-Nitrogen Supplementation
from Plant and Animal Sources in In-situ Soil Bioremediation of Diesel Oil: Experimental
Analysis and Kinetic Modelling. Journal of Environment and Earth Science, 3(7),
S1.https://www.iiste.org/Journals/index.php/JEES/article /view /6359

4) Aktas, F. (2013). Bioremediation techniques and strategies on removal of polluted
environment. Journal of Engineering Research and Applied Science, 2, 107-115.

S5) Alin, 1., Prisecaru, M., Stoica, I., Calin, M., & Cristea, T. (2016). Biological remediation of
soil polluted with oil products: an overview of available technologies. Studii si cercetari
stiintifice universitatea bacau seria biologie, 101.

6) Ashraf, M. A., Maah, M. J., & Yusoff, I. (2014). Soil Contamination, Risk Assessment and
Remediation. InEnvironmental Risk Assessment of Soil Contamination. IntechOpen.
https://doi.org/10.5772 /57287

7) Atlas, R. M., & Philp, J. (2005). Bioremediation. Applied microbial solutions for real-world
environmental cleanup. Bioremediation. Applied Microbial Solutions for Real-World
Environmental Cleanup. https://www.cabdirect.org/cabdirect/abstract/20053104523

8) Azubuike, C. C., Chikere, C. B., & Okpokwasili, G. C. (2016). Bioremediation techniques-—
classification based on site of application: Principles, advantages, limitations and
prospects. World Journal of Microbiology and Biotechnology, 32(11), 180.
https://doi.org/10.1007/s11274-016-2137-x

9) Banerjee, A., Dutta, S., Mondal, S., & Roy, A. (2016). Bioremediation of hydrocarbon — A
REVIEW.International  Journal of Advanced  Research, 4(6), 1303-1313.
https://doi.org/10.21474 /IJARO1 /734

10) Batty, L. C., & Anslow, M. (2008). Effect of a Polycyclic Aromatic Hydrocarbon on the
Phytoremediation of Zinc by Two Plant Species (Brassica Juncea and Festuca
Arundinacea). International Journal of Phytoremediation, 10(3), 236-251.
https://doi.org/10.1080/15226510801997549

11) Bennett, K. (1999). In-Situ Treatment of Soil Contaminated by Benzene (A BTEX
Compound). Restoration and Reclamation Review- Student On-Line Journal, 5(2),
9.https:/ /conservancy.umn.edu/bitstream/handle/11299/59450/1/5.2.Bennett.pdf

12) Boopathy, R. (2000). Factors limiting bioremediation technologies. Bioresource
Technology, 74(1), 63-67. https://doi.org/10.1016/S0960-8524 (99)00144-3

13) Brown, L. D., Cologgi, D. L., Gee, K. F., & Ulrich, A. C. (2017). Bioremediation of Oil Spills
on Land. In Oil Spill Science and Technology (pp. ©99-729). Elsevier.
https://doi.org/10.1016/B978-0-12-809413- 6.00012-6

14) Carriger, J. F., Rand, G. M., Gardinali, P. R., Perry, W. B., Tompkins, M. S., & Fernandez,
A. M. (2006). Pesticides of Potential Ecological Concern in Sediment from South Florida
Canals: An Ecological Risk Prioritization for Aquatic Arthropods. Soil and Sediment
Contamination: An International Journal, 15(1), 21-45.
https://doi.org/10.1080/15320380500363095

15) Chandra, S., Sharma, R., Singh, K., & Sharma, A. (2013). Application of bioremediation
technology in the environment contaminated with petroleum hydrocarbon. Annals of
Microbiology, 63(2), 417-431. https://doi.org/10.1007/s13213-012-0543-3

16) Dados, A., Omirou, M., Demetriou, K., Papastephanou, C., & loannides, I. M. (2015).
Rapid remediation of soil heavily contaminated with hydrocarbons: A comparison of
different approaches. Annals of Microbiology, 65(1), 241-251.
https://doi.org/10.1007/s13213-014-0856-5

17) Dadrasnia, A., Shahsavari, N., & Emenike, C. U. (2013). Remediation of Contaminated

7ur8I0°paoqer//sdiny

Volume I Issue I Page 152
January-March 2022


https://iabcd.org.in/
http://www.iiste.org/Journals/index.php/JEES/article/view/6359
http://www.cabdirect.org/cabdirect/abstract/20053104523

INTERNATIONAL ASSOCIATION OF BIOLOGICALS AND COMPUTATIONAL DIGEST

_ 0
() QBCD International & Peer-Reviewed Journal

E-ISSN: 2583-3995

> T 2ad

Sites. In Hydrocarbon. IntechOpen. https://doi.org/10.5772/51591

18) Das, M., & Adholeya, A. (2012). Role of Microorganisms in Remediation of Contaminated
Soil. In Anil Prakash, T. Satyanarayana, & B. N. Johri (Eds.), Microorganisms in
Environmental Management (Pp- 81- 111). Springer Netherlands.
https://doi.org/10.1007 /978-94-007-2229-3_4

19) Dhankher, O. P., Pilon-Smits, E. A. H., Meagher, R. B., & Doty, S. (2012). Biotechnological
approaches for phytoremediation. In Plant Biotechnology and Agriculture (pp. 309-328).
Elsevier. https://doi.org/10.1016/B978-0-12-381466-1.00020-1

20) Dias, R. L., Ruberto, L., Calabro, A., Balbo, A. L., Del Panno, M. T., & Mac Cormack, W.
P. (2015). Hydrocarbon removal and bacterial community structure in on-site
biostimulated biopile systems designed for bioremediation of diesel-contaminated
Antarctic soil. Polar Biology, 38(5), 677-687. https://doi.org/10.1007/s00300-014-1630-
7

21) Donkova, R., & Kaloyanova, N. (2008). The Impact of Soil Pollutants on Soil Microbial
Activity. In L. Simeonov & V. Sargsyan (Eds.), Soil Chemical Pollution, Risk Assessment,
Remediation and Security (Pp- 73-93). Springer Netherlands.
https://doi.org/10.1007 /978-1-4020-8257-3_6

22) Dushenkov, Viatcheslav., Kumar, P. B. A. Nanda., Motto, Harry., & Raskin, Ilya. (1995).
Rhizofiltration: The Use of Plants to Remove Heavy Metals from Aqueous Streams.
Environmental Science & Technology, 29(5), 1239-1245.
https://doi.org/10.1021/es00005a015

23) Faerber, T., & Herzog, J. (Eds.). (2010). Solid waste management and environmental
remediation. Nova Science Publishers.

24) FAO (Ed.). (2016). The state of food and agriculture climate change, agriculture and food
security. FAO.

25) FAO, & ITPS. (2015). Status of the world’s soil resources: Main report. FAO: ITPS.
http:/ /www.fao.org/3/i5199e/i5199e.pdf

206) Ferro, A. M., Adham, T., Berra, B., & Tsao, D. (2013). Performance of deep-rooted
phreatophytic trees at a site containing total petroleum hydrocarbons. International
Journal of Phytoremediation, 15(3), 232-244.
https://doi.org/10.1080/15226514.2012.687195

27) Frascari, D., Zanaroli, G., & Danko, A. S. (2015). In situ aerobic cometabolism of
chlorinated solvents: A review. Journal of Hazardous Materials, 283, 382-399.
https://doi.org/10.1016/j.jhazmat.2014.09.041

28) Frazar, C. (2000). The Bioremediation and Phytoremediation of Pesticide-contaminated
Sites. USEPA, Technology Innovation and Field Division, Contaminated Site- Lea-up
Information, 55. https:/ /clu- in.org/download/techdrct/tdfrazar.pdf

29) Gangadhar, B., Ravi, V., & Munichandran, M. (2015). Effect of Modern Agricultural
Practices and the Use of Toxic Pesticides on Environment. Journal of Applicable
Chemistry, 4(6), 1691-1699. http://www.joac.info/ContentPaper/2015/5-7.pdf

30) Gerhardt, K. E., Huang, X.-D., Glick, B. R., & Greenberg, B. M. (2009). Phytoremediation
and rhizoremediation of organic soil contaminants: Potential and challenges. Plant
Science, 176(1), 20-30. https://doi.org/10.1016/j.plantsci.2008.09.014

31) Gidarakos, E., & Aivalioti, M. (2007). Large scale and long term application of bioslurping:
The case of a Greek petroleum refinery site. Journal of Hazardous Materials, 149(3), 574-
581. https://doi.org/10.1016/j.jhazmat.2007.06.110

32) Gill, H. K., & Garg, H. (2014). Pesticides: Environmental Impacts and Management
Strategies. In Pesticides—Toxic Aspects. IntechOpen. https://doi.org/10.5772/57399

33) Hohener, P., & Ponsin, V. (2014). In situ vadose zone bioremediation. Current Opinion in
Biotechnology, 27, 1-7. https://doi.org/10.1016/j.copbio.2013.08.018

34) Ismail, S. (2012). Phytoremediation: A green technology. 567-576.

35) Johnston, C. D. (2010). Selecting and assessing strategies for remediating LNAPL in soils
and aquifers, CRC CARE Technical Report no. 18, CRC for Contamination Assessment and
Remediation of the Environment, Adelaide, Australia.

36) Joutey, N. T., Bahafid, W., Sayel, H., & E1 Ghachtouli, N. (2013). Biodegradation: Involved
Microorganisms and Genetically Engineered Microorganisms. In Biodegradation—Life of
Science. InTech. https://doi.org/10.5772/56194

37) Kao, C. M., Chen, C. Y., Chen, S. C., Chien, H. Y., & Chen, Y. L. (2008). Application of in
situ biosparging to remediate a petroleum-hydrocarbon spill site: Field and microbial

7ur8I0°paoqer//sdiny

Volume I Issue I Page 153
January-March 2022


https://iabcd.org.in/
http://www.fao.org/3/i5199e/i5199e.pdf
http://www.joac.info/ContentPaper/2015/5-7.pdf

INTERNATIONAL ASSOCIATION OF BIOLOGICALS AND COMPUTATIONAL DIGEST

_ 0
() QBCD International & Peer-Reviewed Journal

E-ISSN: 2583-3995

> T 2ad

evaluation. Chemosphere, 70(8), 1492—- 1499.
https://doi.org/10.1016/j.chemosphere.2007.08.029

38) Kim, S., Krajmalnik-Brown, R., Kim, J.-O., & Chung, J. (2014). Remediation of petroleum
hydrocarbon- contaminated sites by DNA diagnosis-based bioslurping technology. The
Science of the Total Environment, 497-498, 250-259.
https://doi.org/10.1016/j.scitotenv.2014.08.002

39) Koning, M., Hupe, K., & Stegmann, R. (2001). Thermal Processes, Scrubbing/Extraction,
Bioremediation and Disposal. In Biotechnology Set (pp. 304-317). John Wiley & Sons, Ltd.
https://doi.org/10.1002/9783527620999.ch12m

40) Kremser, U., & Schnug, E. (2002). Impact of fertilizers on aquatic ecosystems and
protection of water bodies from mineral nutrients. Landbauforschung Volkenrode, 52.

41) Kuiper, 1., Lagendijk, E. L., Bloemberg, G. V., & Lugtenberg, B. J. J. (2004).
Rhizoremediation: A beneficial plant-microbe interaction. Molecular Plant-Microbe
Interactions: MPMI, 17(1), 6-15. https://doi.org/10.1094/MPMI.2004.17.1.6

42) Lang, S. (2016). The Effect of Nutrients on the Degradation of Hydrocarbons in Mangrove
Ecosystems by Microorganisms. Int. J. Environ. Res., 10.

43) Leung, M. (2004). Bioremediation: Techniques for Cleaning up a mess. 2, 18-22.
https://www.bioteach.ubc.ca/Journal/V02I101 /bioremediation.pdf

44)Li, L., & Goel, R. (2011). Biodegradation of Naphthalene, Benzene, Toluene, Ethyl
Benzene, and Xylene in Batch and Membrane Bioreactors. Environmental Engineering
Science, 29(1), 42-51. https://doi.org/10.1089/ees.2010.0362

45) Luo, Z., Wang, E., & Sun, O. J. (2010). Soil carbon change and its responses to
agricultural practices in Australian agro-ecosystems: A review and synthesis. Geoderma,
155(3-4), 211-223. https://doi.org/10.1016/j.geoderma.2009.12.012

46) Mahmood, I., Imadi, S. R., Shazadi, K., Gul, A., & Hakeem, K. R. (2016). Effects of
Pesticides on Environment. In K. R. Hakeem, M. S. Akhtar, & S. N. A. Abdullah (Eds.),
Plant, Soil and Microbes (pp. 253-269). Springer International Publishing.
https://doi.org/10.1007 /978-3-319-27455-3_13

47) Malik, S., Andrade, S., Mirjalili, M., Arroo, R., Bonfill, M., & Mazzafera, P. (2016).
Bioremediation book chapter-1.

48) Mapelli, F., Scoma, A., Michoud, G., Aulenta, F., Boon, N., Borin, S., Kalogerakis, N., &
Daffonchio, D. (2017). Biotechnologies for Marine Oil Spill Cleanup: Indissoluble Ties with
Microorganisms. Trends in Biotechnology, 35(9), 860-870.
https://doi.org/10.1016/j.tibtech.2017.04.003

49) Masciandaro, G., Macci, C., Peruzzi, E., Ceccanti, B., & Doni, S. (2013). Organic matter—
microorganism— plant in soil bioremediation: A synergic approach. Reviews in
Environmental Science and Bio/ Technology, 12(4), 399-419.
https://doi.org/10.1007/s11157-013-9313-3

50) McIntosh, P. (2014). Bioremediation and Phytoremediation Systems for Breaking down
Total Petroleum Hydrocarbons (TPH) in Contaminated Sandy Soil. UCONN Library, 150.
https://opencommons.uconn.edu/cgi/viewcontent.cgi?article=1763&context=gs_theses

51) Meagher, R. B. (2000). Phytoremediation of toxic elemental and organic pollutants.
Current Opinion in Plant Biology, 3(2), 153-162. https://doi.org/10.1016/s1369-5266
(99)00054-0

52) Miller, R. (1996). Miller, R., Phytoremediation, Technology Overview Report, Ground-Water
Remediation Technologies Analysis Center, Series O, Vol. 3.

53) Mishra, M. (2013). Role of eco-friendly agricultural practices in indian agriculture
development. International Journal of Agriculture and Food Science Technology (IJAFST),
4(2), 5.

54) Mohan, S. V., Sirisha, K., Rao, N. C., Sarma, P. N., & Reddy, S. J. (2004). Degradation of
chlorpyrifos contaminated soil by bioslurry reactor operated in sequencing batch mode:
Bioprocess monitoring. Journal of Hazardous Materials, 116(1-2), 39-48.
https://doi.org/10.1016/j.jhazmat.2004.05.037

55) Newman, L. A., & Reynolds, C. M. (2004). Phytodegradation of organic compounds.
Current Opinion in Biotechnology, 15(3), 225-230.
https://doi.org/10.1016/j.copbio.2004.04.006

56) Nwogu, T. P., Azubuike, C. C., & Ogugbue, C. J. (2015). Enhanced Bioremediation of Soil
Artificially Contaminated with Petroleum Hydrocarbons after Amendment with Capra
aegagrus hircus (Goat) Manure. Biotechnology Research International, 2015, 1-7.

7ur8I0°paoqer//sdiny

Volume I Issue I Page 154
January-March 2022


https://iabcd.org.in/
http://www.bioteach.ubc.ca/Journal/V02I01/bioremediation.pdf

INTERNATIONAL ASSOCIATION OF BIOLOGICALS AND COMPUTATIONAL DIGEST

_ 0
() QBCD International & Peer-Reviewed Journal

E-ISSN: 2583-3995

> T 2ad

https://doi.org/10.1155/2015/657349

S57) Nzila, A., Razzak, S. A., & Zhu, J. (2016). Bioaugmentation: An Emerging Strategy of
Industrial Wastewater Treatment for Reuse and Discharge. International Journal of
Environmental Research and Public Health, 13(9).
https://doi.org/10.3390/ijerph13090846

58) Onder, M., Ceyhan, E., & Kahraman, A. (2011). Effects of Agricultural Practices on
Environment. International Conference on Biology, Environment and Chemistry IPCBEE,
24. /paper/Effects-of- Agricultural-Practices-on-Environment-%C3%96nder-
Ceyhan/dd03baa261c38955332561e5d21e7ac35137d57f

59) Oyetibo, G., Miyauchi, K., Huang, Y., Chien, M.-F., Ilori, M., Amund, O., & Endo, G.
(2016). Biotechnological remedies for the estuarine environment polluted with heavy
metals and persistent organic pollutants. International Biodeterioration & Biodegradation,
119.

60) https://doi.org/10.1016/j.ibiod.2016.10.005

61) Park, S., Kim, K. S., Kim, J.-T., Kang, D., & Sung, K. (2011). Effects of humic acid on
phytodegradation of petroleum hydrocarbons in soil simultaneously contaminated with
heavy  metals. Journal of Environmental Sciences, 23(12), 2034-2041.
https://doi.org/10.1016/S1001-0742(10)60670-5

62) Parte, S. G., Mohekar, A. D., & Kharat, A. S. (2017). Microbial degradation of pesticide: A
review. African  Journal of  Microbiology  Research, 11(24), 992-1012.
https://doi.org/10.5897 /AJMR2016.8402

63) Patil, Y., Shukla, K. P., Sharma, S., Kumar, N., Singh, V., Bisht, S., & Kumar, V. (2013).
Rhizoremediation: A Promising Rhizosphere Technology. In Applied Bioremediation—
Active and Passive Approaches. InTech. https://doi.org/10.5772 /56905

64) Pellegrino, E., Di Bene, C., Tozzini, C., & Bonari, E. (2011). Impact on soil quality of a 10-
year-old short- rotation coppice poplar stand compared with intensive agricultural and
uncultivated systems in a Mediterranean area. Agriculture, Ecosystems & Environment,
140(1-2), 245-254. https://doi.org/10.1016/j.agee.2010.12.011

65) Pivetz, B. E. (2001). Phytoremediation of Contaminated Soil and Ground Water at
Hazardous Waste Sites. EPA Ground Water Issue. 1, 36.

66) Prasad, M. N. V., & Prasad, R. (2012). Nature’s cure for cleanup of contaminated
environment — a review of bioremediation strategies. Reviews on Environmental Health,
27(4). https://doi.org/10.1515/reveh-2012- 0028

067) Raj, R., Das, S., Mangwani, N., Dash, H., & Chakraborty, J. (2014). Microbial
Biodegradation and Bioremediation (pp. 23-54).

68) Roy, M., Giri, A. K., Dutta, S., & Mukherjee, P. (2015). Integrated phytobial remediation
for sustainable management of arsenic in soil and water. Environment International, 75,
180-198. https://doi.org/10.1016/j.envint.2014.11.010

09) San Miguel, A., Ravanel, P., & Raveton, M. (2013). A comparative study on the uptake
and translocation of organochlorines by Phragmites australis. Journal of Hazardous
Materials, 244-245, 60-69. https://doi.org/10.1016/j.jhazmat.2012.11.025

70) Sands, P. (2003). Principles of International Environmental Law (2nd ed.). Cambridge
University Press. https://doi.org/10.1017/CB0O9780511813511

71) Sanscartier, D., Zeeb, B., Koch, 1., & Reimer, K. (2009). Bioremediation of diesel-
contaminated soil by heated and humidified biopile system in cold climates. Cold Regions
Science and Technology, 55(1), 167- 173.
https://doi.org/10.1016/j.coldregions.2008.07.004

72) Schuler, J., & Sattler, C. (2010). The estimation of agricultural policy effects on soil
erosion—An application for the bio-economic model MODAM. Land Use Policy, 27(1), 61—
69. https://doi.org/10.1016/j.landusepol.2008.05.001

73) Shah, M. P. (2014). Environmental Bioremediation: A Low Cost Nature’s Natural

75) Silva-Castro, G. A., Uad, 1., Rodriguez-Calvo, A., Gonzalez-Lopez, J., & Calvo, C. (2015).
Response of autochthonous microbiota of diesel polluted soils to land-farming treatments.
Environmental Research, 137, 49-58. https://doi.org/10.1016/j.envres.2014.11.009

Biotechnology for Environmental Clean-up. 5(4), 12. .-2:
74) Sharma, S. (2012). Bioremediation: Features, Strategies and applications. Asian Journal T3
of Pharmacy and Life Science, 2(2), 12. N
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1086.2035&rep=rep 1 &type :.“—
=pdf e

2

)

E

Volume I Issue I Pagel 55
January-March 2022


https://iabcd.org.in/

INTERNATIONAL ASSOCIATION OF BIOLOGICALS AND COMPUTATIONAL DIGEST

,:f | 5
] < ,' QBCD International & Peer-Reviewed Journal

E-ISSN: 2583-3995

76) Simpanen, S., Dahl, M., Gerlach, M., Mikkonen, A., Malk, V., Mikola, J., & Romantschuk,
M. (2016). Biostimulation proved to be the most efficient method in the comparison of in
situ soil remediation treatments after a simulated oil spill accident. Environmental Science
and Pollution Research International, 23(24), 25024-25038.
https://doi.org/10.1007/s11356-016-7606-0

77) Soccol, C. R., Vandenberghe, L. P. S., Woiciechowski, A. L., Thomaz-Soccol, V., Correia,
C.T., & Pandey,A. (2003). Bioremediation: An important alternative for soil and industrial
wastes clean-up. Indian Journal of Experimental Biology, 41(9), 1030-1045.

78) Tangahu, B. V., Sheikh Abdullah, S. R., Basri, H., Idris, M., Anuar, N., & Mukhlisin, M.
(2011). A Review on Heavy Metals (As, Pb, and Hg) Uptake by Plants through
Phytoremediation. International Journal of Chemical Engineering, 2011, e€939161.
https://doi.org/10.1155/2011/939161

79) Tiwari, G., & Singh, S. (2014). Application of Bioremediation on Solid Waste Management:
A Review. Journal of Bioremediation & Biodegradation, 05(006).
https://doi.org/10.4172/2155-6199.1000248

80) Tyagi, M., da Fonseca, M. M. R., & de Carvalho, C. C. C. R. (2011). Bioaugmentation and
biostimulation strategies to improve the effectiveness of bioremediation processes.
Biodegradation, 22(2), 231-241. https://doi.org/10.1007/s10532-010-9394-4

81) USEPA. (2006). In Situ and Ex Situ Biodegradation Technologies for Remediation of
Contaminated Sites. United States Environmental Protection Agency, Engineering issue.
https:/ /frtr.gov/matrix/documents /Multiphase-Extraction /2006-In-Situ-and-Ex-Situ-
Biodegradation- Technologies-for-Remediation-of-Contaminated-Sites.pdf

82) Vidali, M. (2001). Bioremediation. An overview. Pure and Applied Chemistry, 73(7), 1163-
1172. https://doi.org/10.1351/pac200173071163

83) Volpe, A., D’Arpa, S., Del Moro, G., Rossetti, S., Tandoi, V., & Uricchio, V. F. (2012).
Fingerprinting Hydrocarbons in a Contaminated Soil from an Italian Natural Reserve and
Assessment of the Performance of a Low-Impact Bioremediation Approach. Water, Air, &
Soil Pollution, 223(4), 1773-1782. https://doi.org/10.1007/s11270-011-0982-7

84) Waudby, J. G., & Nelson, Y. M. (2004). Biological Feasibility and Optimization of
Biosparging at a Hydrocarbon-Contaminated Site. Battelle Press, Columbus, OH, 8.

85) https://core.ac.uk/download/pdf/19137877.pdf

86) Whelan, M. J., Coulon, F., Hince, G., Rayner, J., McWatters, R., Spedding, T., & Snape,
I. (2015). Fate and transport of petroleum hydrocarbons in engineered biopiles in Polar
Regions. Chemosphere, 131, 232-240.
https://doi.org/10.1016/j.chemosphere.2014.10.088

7ur8I0°paoqer//sdiny

Volume I Issue I Page 156
January-March 2022


https://iabcd.org.in/

