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DESCRIPTION

Microbial bioremediation is an environmental management
approach that uses microorganisms to reduce, transform,
immobilize, or remove contaminants from soil, water, sediments
and industrial environments. Bacteria, fungi, archaea and
selected algae possess diverse metabolic abilities that allow them
to interact with petroleum compounds, pesticides, solvents, dyes,
heavy metals and other pollutants. Their natural biochemical
activities can be used to support the recovery of environments
affected by industrial activities, agricultural chemicals, accidental
releases and  improper disposal.  Contaminated
environments often contain complex mixtures of chemical
substances. The behavior of each contaminant depends on its
chemical structure, concentration, solubility, temperature, pH,
moisture and interaction with soil particles. Microorganisms
respond to these conditions through different metabolic
pathways. Some pollutants can serve as sources of carbon or
energy, while others are transformed as secondary reactions occur
during microbial metabolism. The effectiveness of microbial
bioremediation therefore depends on both the properties of the
contaminant and the biological characteristics of the
microorganisms present.

waste

Petroleum contamination is one of the important areas where
microbial activity can be useful. Crude oil contains hydrocarbons
with different molecular structures, including alkanes, aromatic
compounds and larger hydrocarbon molecules. Certain bacteria
and fungi can use some of these compounds as carbon and
energy sources. During microbial degradation, hydrocarbons may
be converted into smaller molecules and, under suitable
conditions, eventually into carbon dioxide, water and microbial
biomass. The rate of degradation varies according to oxygen
availability, nutrient supply, temperature, moisture and the
structure of the petroleum compounds. Soil microorganisms are
naturally involved in the breakdown of organic pollutants. When
a contaminant enters soil, native microbial communities may
respond to its presence. Some microorganisms already possess
enzymes capable of transformingthe chemical, while others may

become active after environmental conditions change. This
natural process can be supported through biostimulation, in
which nutrients, oxygen, moisture, or other suitable conditions
are provided to encourage microbial activity. The objective is to
the conditions
microorganisms to function effectively.

improve required for mnaturally occurring

Bioaugmentation represents another approach in which selected
microorganisms introduced
environment. These organisms may possess specific metabolic
abilities that are useful for transforming a particular pollutant.
Their successful establishment depends
conditions and interactions with existing microbial communities.

are into a contaminated

on environmental

Introduced microorganisms may face competition for nutrients,
changes in temperature, unsuitable pH, predation, or other

factors that influence their survival. Therefore, selecting
compatible  microorganisms and  maintaining  suitable
environmental conditions are important considerations. Fungi
also  contribute significantly to bioremediation. Certain
filamentous fungi produce extracellular enzymes that can act on
complex organic compounds. Enzymes such as laccases,

peroxidases and other oxidative enzymes can transform various
pollutants, including some dyes, aromatic compounds and
industrial chemicals. Fungal hyphae can spread through soil and
organic materials, increasing contact with contaminated particles.
Agricultural residues and other organic materials may sometimes
be used as substrates to support fungal growth during treatment
processes.

Industrial wastewater can contain dyes, phenolic compounds,
hydrocarbons, solvents and other chemical substances. Microbial
treatment systems can reduce selected contaminants before
treated water is released or reused. Aerobic microorganisms can
metabolize biodegradable organic matter when sufficient oxygen
is available. Anaerobic microbial communities can function in
oxygen-limited environments and transform organic substances
into simpler compounds. Different treatment systems can
therefore be selected according to wastewater composition and
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treatment objectives. Heavy metals require a different approach
because microorganisms cannot destroy metallic elements.
However, microbial cells can interact with metals through
adsorption, precipitation, transformation and accumulation.
Cell surfaces may contain chemical groups capable of binding
metal ions. Some microorganisms can also alter the oxidation
state of metals, affecting their mobility and availability. Fungal
biomass, bacterial cells and microbial products have therefore
been examined as biological materials for removing or
immobilizing selected metals from contaminated environments.

Pesticide contamination is another area where microbial
processes can contribute to environmental management.
Agricultural soils may receive repeated inputs of herbicides,
insecticides, fungicides and other crop-protection chemicals.
Certain  microorganisms capable of

possess  enzymes
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transforming pesticide molecules into less complex compounds.
The rate and extent of degradation depend on pesticide
chemistry, soil characteristics, microbial composition,
temperature, moisture and previous exposure to the chemical.
Microbial bioremediation can be performed directly at
contaminated locations or after contaminated material has been
transferred to controlled treatment systems. In situ treatment
involves biological activity within the affected soil or
groundwater, reducing the need for excavation. Ex situ
approaches involve removing contaminated material and
treating it under controlled conditions. The selection between
these approaches depends on contamination depth, pollutant
concentration, site accessibility, soil properties, groundwater

movement and treatment objectives.
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