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ABSTRACT

Bioremediation is a biological mechanism that recycles waste that can be reused and reused by
other organisms. Nowadays, the world is facing the problem of different environmental
pollution. Microbes are essential to an important alternative solution to overcoming challenges.
Microbes live everywhere in the biosphere because their metabolic function is astonishing;
Environmental conditions are present in all. The nutritional potential of microorganisms is
completely different, so it is used as a biofilm of environmental pollutants. Bioremediation is
highly involved in the decomposition, elimination, immobilization or toxicity of various
chemical wastes and physically hazardous substances from the surrounding all-encompassing
and functional microorganisms. The main policy is to degrade and replace pollutants such as
hydrocarbons, oil, heavy metal, pesticides, and dyes. It is carried out in an enzymatic way by
metabolism, so it has a role to play in solving many environmental problems. There are two
types of factors that determine the rate of deterioration of biological and agiotic conditions.
Currently, different methods and techniques are used in different parts of the world. For
example, biostimulation, bioaccumulation, bioventilation, biopiles and bioautenuation are
common. All biological techniques have their own advantages and disadvantages because it has
its own specific application.

INTRODUCTION

The ability to metabolize is so interesting that microorganisms are widely distributed in
biology and they can easily grow in a wide range of environmental conditions. The nutrient
diversity of microorganisms can also be applied to the biodegradability of pollutants. This type
of process is called bioremediation It continues to be based on the ability of certain
microorganisms to modify, modify, and use toxic pollutants in order to obtain energy and
biological production in the process [1]. Instead of simply collecting and storing the
contaminant, biology is a microbiologically well-organized process that minimizes contaminants
or Used to break down or transform into non-toxic base and compound forms. Bioremediators



are biological agents used for bioremediation to clean contaminated sites. Bacteria, archaea and
fungi are the usual major biologists [2].

The use of bioremediation as a biotechnological process involving microorganisms to solve and
eliminate the hazards of many pollutants through biodegradation from the environment. Biology
and biodegradable terms are interchangeable terms. Microbes act as significant pollutants in soil,
water and sediment; Often due to their advantage over other solution practical protocols.
Microbes restore the original natural environment and prevent further pollution [3]. The purpose
of the review is to reveal the current trend, the use / role of microorganisms on biology and to
provide an appropriate background to identify gaps within this thematic area. Currently, this is a
hot topic of research because microbes are a valuable genetic material to solve eco-friendly and
environmental threats.

FACTORS AFFECTING MICROBIAL BIOREMEDIATION

Bioremediation involves the decontamination, removal, modification, sterilization or
detoxification of various chemicals and body wastes from the environment through the action of
bacteria, fungi and plants. Microbes act as biochemists through their enzymatic pathways and
facilitate the development of biochemical reactions that reduce the desired pollution. Microbes
work against pollutants, which only when they have access to compounds of various substances
that they help to produce energy and nutrients to make more cells. The effectiveness of biology
depends on many factors; Including the chemical nature and concentration of pollutants, the
physicochemical properties of the environment and their availability to microorganisms [4]. The
reason for the rate of degradation is that the bacteria are infected and the contaminants do not
interact with each other. Apart from these, microorganisms and pollutants do not spread evenly
in the environment. Controlling and improving biosynthesis processes is a complex system for
many factors. These factors are included here: the presence of a microbial population capable of
degrading pollutants, the availability of contaminants to microbial populations and
environmental factors (soil type, temperature, pH, oxygen or other electron receptors and
nutrients).

BIOLOGICAL FACTORS

A biological factor influences the degradation of organic compounds through microbial
competition for limited carbon sources, conflicting interactions between microorganisms, or the



predation of microorganisms by protozoa and bacteriophages. The rate of contaminant
degradation largely depends on the concentration of the contaminant and the level of the
"catalyst". In this context, the amount of "catalyst™ indicates the number of organisms that can
metabolize the contaminant and the amount of enzymes produced by each cell. Exposure to
specific enzymes by cells can increase or decrease the rate of contaminant degradation.
Furthermore, specific enzymes involved in polluting metabolism must participate and their
“contact” with the contaminant and availability of the contaminant are often required. Key
biological factors are included here: mutation, horizontal gene transfer, enzyme activity,
interaction (competition, succession and hunting), its own growth until it reaches vital biomass,
population size and composition [5,6].

ENVIRONMENTAL FACTORS

The metabolic properties of microorganisms and the physicochemical properties of target
contaminants determine potential interactions during operation. A truly successful relationship
between the two; However, the contact depends on the environmental conditions of the site. PH,
temperature, humidity, soil structure, water solubility, nutrients, site properties, redox capacity
and oxygen content, lack of trained human resources in this field and physico-chemical
bioavailability of contaminants (contaminant concentration, type, solubility, chemical
composition and toxicity) . These factors listed above determine the dynamics of degradation
[5,7]. Biodegradability can occur under a wide range of pH; However, a pH of 6.5t0 8.5 is
generally optimal for biodegradation in most aquatic and terrestrial systems. Moisture affects the
rate of pollutant metabolism because it affects the type and quantity of soluble substances
available and the osmotic pressure and pH of the terrain and aquatic systems [8]. Most
environmental factors are listed below.

AVAILABILTY OF NUTRIENTS

Addition of nutrients adjusts the essential nutrient balance for microbial growth and
reproduction, as well as influencing the rate and efficiency of biodegradation. Nutrient balance
can improve biodegradable performance by improving the C: N: B ratio, especially by providing
essential nutrients such as N and P. Microbes need many nutrients such as carbon, nitrogen and
phosphorus to continue and maintain their microbial functions. It also controls the amount of



hydrocarbon decay at small concentrations. Adding the appropriate amount of nutrients is a
favorable strategy to increase the metabolic activity of microorganisms, thus increasing the rate
of decomposition in cold environments [9,10]. Biodegradability in the aquatic environment is
defined by the availability of nutrients [11]. Just like the nutritional needs of other organisms,
oil-eating microorganisms need nutrients for optimal growth and development. These nutrients
are available in the natural environment, but occur in small quantities [12].

TEMPERATURE

Temperature is one of the most important factors in determining the survival of microorganisms
and the composition of hydrocarbons [13]. In colder climates such as the Arctic, oil
decomposition through natural processes is much slower and microbes can be used to clean up
spilled petroleum. Subject to high pressure. The sub-zero temperature of the water in this region
causes the transport pathways within the microenvironment to close or freeze the entire
cytoplasm, making most oleophilic microorganisms inactive [12,14]. Biological enzymes
participate in the degradation path at an optimal temperature and there will not be the same
metabolic return at each temperature. Furthermore, the degradation process for a particular
compound requires a specific temperature. Temperature accelerates or slows down the biological
process because it greatly affects the physiological properties of microorganisms. The rate of
microbial activity increases with temperature and reaches its maximum at optimum temperature.
The temperature rises or falls further and then drops abruptly, eventually stopping after reaching
a certain temperature.

CONCENTRATION OF OXYGEN

Different organisms need oxygen, while others do not need oxygen based on their need, which
facilitates the decomposition rate in the best possible way. Biological decomposition is carried
out in an aerobic and anaerobic state because oxygen is a gas that most organisms need. In most
cases the presence of oxygen can improve hydrocarbon metabolism [12].

MOISTURE CONTENT

Microbes need enough water to complete their growth. Soil moisture has a detrimental effect on
biodegradable agents



PH

The composition of the pH is acidic, basic and alkaline, which has its own influence on the
microbial metabolic process and enhances and slows down the elimination process.
Measurement of soil pH indicates the potential for microbial growth [15]. High or low pH values
showed poor results; Metabolic processes are susceptible to even small changes in pH [16].

SITE CHARACTERIZATION AND SELECTION

Adequate solution testing tasks should be performed before proposing a biological solution to
adequately classify the amount and level of contaminants. This task should include at least the
following factors: Complete determination of horizontal and vertical levels of pollution,
modeling of parameters and locations and list the rationale for their selection and describe the
methods to be used for sample acquisition and analysis.

METAL IONS

Metals are important to bacteria and fungi in small amounts, but in large quantities inhibit the
metabolic activity of cells. Metal alloys have a direct and indirect impact on the rate of
degradation.

TOXIC COMPOUNDS

When the toxicity of certain contaminants is high, it can produce toxic effects on
microorganisms and slow down decontamination. The extent and mechanisms of toxicity vary
with specific toxins, their concentration and exposure to microorganisms. Some organic and
inorganic compounds are toxic to targeted lifestyles [5].

PRINCIPLE OF BIOREMEDIATION
Biochemistry is defined as the process by which organic wastes under controlled conditions are

biologically degraded to a biologically harmless state or below concentration concentrations
established by regulatory authorities. Microbes are best suited for the task of decontamination



because they contain enzymes that allow them to use environmental contaminants as food. The
purpose of biosynthesis is to encourage them to work by providing optimal amounts of nutrients
and other chemicals needed for their metabolism in order to degrade / poison substances that are
harmful to the environment and organisms.

All metabolic reactions are mediated by enzymes. These belong to the group of oxidorectases,
hydrolases, lysates, transplants, isomerases and ligases. Many enzymes have significant
degradation potential due to their specific and specific substrate relationship. For biology to be
effective, microorganisms must ferment pollutants and turn them into harmless substances.
Because biology is only effective where environmental conditions allow for microbial growth
and function, its application often involves dealing with environmental parameters, allowing
microbial growth and degradation to proceed at a rapid rate [17].

Biology occurs naturally and is promoted in addition to organisms and fertilizers. Biotechnology
technology is mainly based on biodegradability. It refers to the complete removal of organic
toxins from harmful or naturally occurring compounds, such as carbon dioxide, water, and
minerals that are safe for human, animal, plant, and aquatic life [18]. Several mechanisms and
pathways to the biodegradability of various organic compounds have been clarified; For
example, it is completed in the presence and absence of oxygen.

THE ADVANTAGE OF BIOREMEDIATION

It is a natural process, an acceptable waste treatment process for contaminants such as soil,
which takes some time. Microbes that can reduce contamination and increase numbers when
contaminated. As pollution increases, the biodegradable population declines. The residue of the
treatment is usually a harmless product including water carbon dioxide and cell bio.

This requires very little effort and can often be carried out on site without causing major
disruption to normal operations. This eliminates the amount of waste leaving the site and poses a
threat to human health and the environment during transportation.

It is used in less costly operation as it has less loss than other conventional methods
(technologies) used to clean hazardous waste. An important method of treating oil-contaminated
sites [19].



It helps to completely eliminate contaminants, many hazardous compounds can be converted into
harmless products, and this feature also eliminates the possibility of future liability related to
treatment and removal of contaminants.

It does not use any hazardous chemicals. Nutrients especially fertilizers add active and fast
microbial growth. Commonly used in meadows and gardens. Harmful chemicals are completely
destroyed as biochemistry converts harmful chemicals into water and harmless gases [20].

Natural is simpler, less labor intensive and cheaper due to its natural role in the environment.
Eco-friendly and sustainable [21].

Environmental pollutants are destroyed and they are not transferred to different environmental
media.

It allows continuous, continuous use of the site.

Implementation Implementation is relatively easy [17].

Natural Pollution is the best way to fix the natural ecosystem from a number and acts as eco-
friendly options [22].

THE DISADVANTAGE OF BIOREMEDIATION

It is limited to those compounds that are biodegradable. Not all compounds undergo rapid and
complete degradation.

There are some concerns that biodegradable products may be more persistent or toxic than
biodegradable compounds.

Biological processes are often very specific. Microbial populations with metabolic potential,
appropriate environmental growth conditions and appropriate amounts of nutrients and
contaminants are essential site factors for success.

It is difficult to expand from bench and pilot scale surveys to full scale field operations.

Research is needed to develop and engineering biotechnology technologies suitable for sites with
complex compounds of pollutants that are not evenly dispersed in the environment.
Contaminants can be solids, liquids and gases.

This often takes longer than other treatments, i.e. excavation and soil removal or incineration.
There is regulatory uncertainty regarding acceptable performance criteria for biodegradation.
There is no accepted definition of “pure” and it is difficult to assess biological efficacy.



MICROORGANISMS AND POLLUTENTS (TABLES 1-5)

Table 1: Microorganisms and Hydrocarbon (organic compound) interaction.

Microorganisms

Penicillium chrysogenum

P. alcaligenes P. mendocina and P. putida P. veronii,
Achromobacter, Flavobacterium, Acinetobacter

Pseudomonas putida

Phanerochaete chrysosporium

A. niger, A. fumigatus, F. solani and P. funiculosum

Coprinellus radians

Alcaligenes odorans, Bacillus subtilis, Corynebacterium
propinquum, Pseudomonas aeruginosa

Tyromyces palustris, Gloeophyllum trabeum, Trametes
versicolor

Candida viswanathii

cyanobacteria, green algae and diatoms and Bacillus
licheniformis

Compound Reference

Monocyclic aromatic

hydro carbons, benzene,

toluene, ethyl benzene [23,24]
and xylene ,phenol

compounds

Petrol and diesel
polycyclic aromatic [25,26]
hydrocarbons toluene

Monocyclic aromatic
hydrocarbons, e.g. [25,27]
benzene and xylene.

Biphenyl and
triphenylmethane [28]

Hydrocarbon [29]

PAHS,
methylnaphthalenes, and [30]
dibenzofurans

phenol [22]
hydrocarbons [31]
—
naphtalene [33,34]



Acinetobacter sp., Pseudomonas sp., Ralstonia sp. and

Microbacterium sp,

Gleophyllum striatum

Acinetobacter sp., Pseudomonas sp., Ralstonia sp. and

Microbacterium sp,

Gleophyllum striatum

Acinetobacter sp., Pseudomonas sp., Ralstonia sp. and

Microbacterium sp,

Gleophyllum striatum

aromatic hydrocarbons

striatum Pyrene,
anthracene, 9- metil
anthracene,
Dibenzothiophene
Lignin peroxidasse

aromatic hydrocarbons

striatum Pyrene,
anthracene, 9- metil
anthracene,
Dibenzothiophene
Lignin peroxidasse

aromatic hydrocarbons

striatum Pyrene,
anthracene, 9- metil
anthracene,
Dibenzothiophene
Lignin peroxidasse

Table 2: Groups of microorganisms important for oil bioremediation.

Microorganisms

Fusariumsp.

Alcaligenes odorans, Bacillus subtilis, Corynebacterium
propinquum, Pseudomonas aeruginosa

Bacillus cereus A

Aspergillus niger, Candida glabrata, Candida krusei and
Saccharomyces cerevisiae

Compound

oil

oil

diesel oil

crude oil

[35]

[36]

[35]

[36]

[35]

[36]

Reference

[37]

[22]

[38]

[39]



B. brevis, P. aeruginosa KH6, B. licheniformis and B.

sphaericus crude oil [40]
Psel_Jdomonas aeruginosa, P. putida, Arthobacter sp and diesel oil [41]
Bacillus sp

Pseudomonas cepacia, Bacillus cereus, Bacillus diesel oil, crude oil [42]

coagulans, Citrobacter koseri and Serratia ficaria

Table 3: Representative examples of most dominate microorganisms in the involvement of dyes
bioremadation.

Microorganisms Compound Reference
B. subtilis strain NAP1, NAP2, NAP4 oil-based based paints [43]
Myrothecium roridum IM 6482 industrial dyes [44-46]
Pycnoporus sanguineous, Phanerochaete chrysosporium industrial dyes [47]
and Trametes trogii
Penicillium ochrochloron industrial dyes [48]
Mlcro_coccus luteus, Listeria denitrificans and Nocardia Textile Azo Dyes [49]
atlantica
Textile Dye (Remazol
Bacillus spp. ETL-2012, Pseudomonas aeruginosa, Black B), Sulfonated di- [50-52]
Bacillus pumilus HKG212 azo dye Reactive Red
HE8B, RNB dye

Emguobacterlum |nd|c1_1m, Emguobacterlur_r! aurantiacums, azo dyes effluents [88]
Bacillus cereus and Acinetobacter baumanii
Bacillus firmus, Bacillus macerans, Staphylococcus aureus vat dyes, Textile

: [53]
and Klebsiella oxytoca effluents
Table 4: Microorganisms serve for utilizing heavy metals.
Microorganisms Compound Reference
Saccharomyces cerevisiae Heavy metals, lead, [55-57]

mercury and nickel



Cunninghamella elegans

Pseudomonas fluorescensand Pseudomonas aeruginosa

Lysinibacillus sphaericusCBAM5

Microbacterium profundi strain Shh49T

Aspergillus versicolor, A. fumigatus, Paecilomyces sp.,
Paecilomyces sp.,

Terichoderma sp., Microsporum sp., Cladosporium sp.
Geobacter spp.

Bacillus safensis (JX126862) strain (PB-5 and RSA-4)
Pseudomonas aeruginosa, Aeromonas sp.
Aerococcussp., Rhodopseudomonas palustris

Table 5: Potential biological agents for pesticides.
Microorganisms

Bacillus, Staphylococcus

Enterobacter

Pseudomonas putida, Acinetobacter sp.,
Arthrobacter sp.

Acenetobactor sp., Pseudomonas sp.,
Enterobacter sp. and Photobacterium sp.

Compound

Endosulfan

Heavy metals

Fe 2+, Zn2+, Pb2+,
Mn2+ and Cu2

cobalt, copper,
chromium and lead

Fe

cadmium

Fe (111), U (VI)
Cadmium
U, Cu, Ni, Cr

Pb, Cr, Cd

Chlorpyrifos

Ridomil MZ 68 MG, Fitoraz WP 76,
Decis 2.5 EC, malation

chlorpyrifos and methyl parathion

[58]

[59]

[60]

[61]

[62]

[63]
[64]
[65]

[66,67]

Reference
[68]

[69]

[70,71]

[72]

Heavy metals are not biodegradable ("no degradation™, changes occur in the atomic structure of

the element), but are only transferred from one oxidation state or organic compound to another.

Besides, bacteria are capable of biodegrading heavy metals. Microbes have developed the ability

to protect themselves from heavy metal toxicity by various means such as absorption, uptake,

methylation, oxidation and reduction. Microbes take heavy metals actively (bioaccumulation)

and / or passively (absorption). Microbial methylation plays an important role in the biosynthesis



of heavy metals because methylated compounds are often volatile. For example, Mercury, HG
(11) et al Alkalogenes faecalis, Bacillus pumilus, Bacillus sp., B. Aeruginosa and previbacterium
iodine can be biodegraded with mercury [54] from the first gas.

TYPES OF BIOREMIDIATION

There are different types of treatment techniques or techniques under biological processes. Basic
biochemical methods: stimulation, awareness, multiplication, venting and piles.

BIOSTIMULATION

This type of strategy is incorporated by injecting specific nutrients into the site (soil /
groundwater) to stimulate the activity of native microorganisms. It is a native or naturally
occurring bacterium And focuses on the stimulation of the fungal community. First, by finding
fertilizers, growth supplements and minerals. Second, by providing other environmental
requirements such as pH, temperature, and oxygen to accelerate their metabolic rate and pathway
[7,17].

The presence of small amounts of contaminants can act as a catalyst by activating opioids for
biological enzymes. This type of strategic pathway often continues with the addition of nutrients
and oxygen to help native microorganisms. The presence of small amounts of contaminants can
act as a catalyst for the activation of opioids into biological enzymes. This type of strategic path
is often followed by the addition of nutrients and oxygen to help the native microbes. These
nutrients allow the basic building blocks and microorganisms of life to create the basic need, for
example, energy, cell biology and enzymes to reduce pollution. They all require nitrogen,
phosphorus and carbon [5].

BIOATTENUATION (NATURAL ATTENUATION)

Bioautenization or natural awareness is the destruction of surrounding pollutant concentrations.
It is carried out in biological processes (aerobic and anaerobic compost, plant and animal
growth), physical events (Adsorption, dispersion, dilution, diffusion, evaporation, suction /
disorption) and chemical reactions (ion exchange, complex, azotic transformation). Terms such
as intrinsic solution or biotransformation are included within the most common definition of
natural awareness [73].



When polluted by environmental chemicals, nature can act in four ways to clean [74]: 1) Small
bugs or microorganisms that live in soil and groundwater use certain chemicals for food. When
they fully digest the chemicals, they can be converted into water and harmless gases.

2) Chemicals can stick or crumble in the soil and keep them in place. It does not clean the
chemicals, but it does prevent groundwater contamination and leaving the site. 3) As the
contaminant moves through the soil and groundwater, it can mix with clean water. It reduces or
dilutes the pollution. 4) Some chemicals such as oil and solvents can evaporate, They change
from liquids to gases in the soil. If these gases escape into the air at the ground surface, sunlight
can destroy them. If natural awareness is inadequate or inadequate, bioremediation can be
enhanced by biostimulation or bioaccumulation.

BIOAUGMENTATION

It is one of the mechanisms of biodegradation. These processes are called biochemistry, the
addition of polluting degraded microorganisms (natural / foreign / engineering) to increase the
biodegradability of the native microbial population in the contaminated area. To rapidly increase
the population growth of natural microorganisms and to improve the priority degradation at the
site of contaminants. Microbes are collected from the site of treatment, cultured individually,
genetically modified and returned to the site. Believe it or not, all essential microorganisms are
found in areas where soil and groundwater are polluted by chlorinated ethyns such as
tetrachloroethylene and trichlorethylene. It is used to ensure that in situ microorganisms
completely remove these contaminants into non-toxic ethylene and chloride [75].

Bioaccumulation is the process of adding embedded microorganisms into a system that acts as
aphoridometers to quickly and completely remove complex contaminants. Furthermore,
genetically modified microorganisms show and demonstrate that they can enhance the
degradation efficiency of a wide range of environmental pollutants. Because it has a different
metabolic profile to be converted into less complex and harmless end products [76-78]. Natural
species are not strong enough to break down some compounds, so genetic modification must be
done by DNA manipulation; Genetically engineered microorganisms break down pollutants
much faster than natural organisms and are highly competitive with native species, predators and
various agiotic factors. Genetically engineered microorganisms have demonstrated the potential
for biosynthesis of soil, groundwater, and activated sludge, revealing enhanced degradation
capabilities of a wide range of chemical and physical pollutants [79,80].



GENETICALLY ENGINEERED MICROORGANISMS (GEMs)

Genetically engineered microorganisms are microorganisms whose genetic material has already
been altered, either by natural or synthetic genetic transfer between microorganisms. By using
inspired genetic engineering techniques. This kind of artwork and a scientific practice is mainly
called restorative DNA technology. Genetic engineering has improved the use and disposal of
hazardous waste under laboratory conditions by creating genetically modified organisms [81].
Regenerative organisms that can be regenerated by DNA techniques or by natural genetic
material transfer between organisms. A gene suitable for the production of a specific enzyme that
can mutate various enzymes can now be inserted [82].

Genetically engineered microorganisms (GEMSs) have demonstrated potential for biological
applications in soil, groundwater and activated sludge environments, and exhibit enhanced
degradation capabilities involving a wide range of chemical contaminants. Recently, there are
many opportunities to improve degraded performance using genetic engineering techniques. For
example, rate-controlling steps in known metabolic pathways can be manipulated genetically to
produce increased degradation rates, or completely new metabolic pathways can be linked to
bacterial strains for the degradation of previously remodeled compounds. Four functions /
strategies to be performed in GEMs: (1) Enzyme specification and relationship modification,(2)
The essential genes of bacteria are carried on a chromosome, but the genes that represent the
enzymes needed for the catabolism of some of these abnormal substrates can be carried in
plasmids. Plasmids are subject to catabolism. Therefore, GEMs can be used effectively for
biodegradable purposes and lead to represent / mark a research frontier with broad implications
in the future [83].

Advantages of GEMs in biosynthesis: Accelerate the recovery of waste contaminated sites,
increase subatomic degradation of the substrate, exhibit high catalyst or utilization capacity with
small cell mass, Great safe and purified environment by purifying or neutralizing any harmful
substances.

Deficiency of GEMs in biosynthesis: Conventional practice never causes major defects, in some
cases cell death occurs, there is a challenge associated with their release, growth and subatomic
degradation at a certain level, seasonal variation and other aziotic factor fluctuations have a
direct and indirect impact on microbial function ; Finally, foreign modified strain is not



introduced into the system and has an immeasurable adverse effect on the social structure and
occurrence of natural structural and functional microorganisms.

BIOVENTING

Expelling oxygen through the soil to stimulate the growth of natural or introduced bacteria and
fungi in the soil by providing oxygen to existing soil microorganisms Biovending is involved; In
fact, it acts on aerobically degradable compounds. Biovending uses low air flow rates to provide
only enough oxygen to sustain microbial activity. Oxygen is usually supplied by direct air
injection to residues in the soil through wells.Injected fuel residues are biodegradable, and
volatile compounds are biodegradable as the volatiles move slowly through the biologically
active soil. The effective biology of petroleum contaminated soil using bioventilation has been
demonstrated by several researchers [84,85]

BIOPILES

Biophiles are a form of excavated soil contaminated with excavable hydrocarbons that can be
treated in “biopiles”. Biophiles (also known as biocells, biohypes, biomounds and compost piles)
are used to reduce the concentration of petroleum pollutants in the soil excavated during
bioremediation. In this process, air is supplied to the biofilm system during piping and pumps,
which force air into the pile under positive pressure or attract air through the pile under negative
pressure [86]. Microbial activity is enhanced by microbial respiration, followed by increased
degradation of adsorbent petroleum pollution [87].

CONCLUSION

Biodegradability is the most effective and attractive option for repairing, cleaning, managing and
restoring the technique of resolving the polluted environment by microbial activity. The rate of
decomposition of unwanted wastes is determined by their ability to compete with biological
agents, essential nutrients, adequate external aerodynamic conditions (ventilation, humidity, pH,
temperature) and low bioavailability of the pollutant. Due to these factors, biodegradability in the
natural state is not very successful, which is less favorable. Biology is only effective where



environmental conditions allow microbial growth and function. Bioremediation is used within
different levels of success worldwide within different levels of success.

Importantly, the advantages outweigh the disadvantages, which is evident from the number of
sites that choose to use this technology and its growing popularity over time. In general, different
species are explored from different sites and are useful in the control mechanism.
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