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DESCRIPTION

Environmental microbiology examines microorganisms and
their  activities within natural and human-influenced
environments. Bacteria, archaea, fungi, algae, protozoa and
viruses occur in soil, freshwater, marine systems, sediments, air,
wastewater and  contaminated sites. Although  many
microorganisms are microscopic, their collective activities
influence nutrient cycling, organic matter transformation,
pollutant removal, greenhouse gas production and ecosystem
stability. Understanding these microbial processes provides an
important basis for managing environmental quality and
biological resources. Soil contains highly diverse microbial
communities that participate in the transformation of carbon,
nitrogen, phosphorus, sulfur and other elements. Bacteria and
fungi decompose plant residues, animal remains and other
organic materials, releasing nutrients that can become available
to plants and other organisms. During decomposition, complex
compounds such as cellulose, hemicellulose, proteins and lipids
are converted into simpler substances. Microbial activity
therefore affects soil fertility, organic carbon storage and the
availability of nutrients required for plant growth [1-4].

Nitrogen cycling is strongly influenced by microorganisms.
Certain bacteria convert atmospheric nitrogen into forms that
plants can use, while other microbial groups convert ammonia
into nitrite and nitrate. Denitrifying microorganisms can
subsequently reduce nitrate to gaseous nitrogen compounds,
returning nitrogen to the atmosphere. These processes affect
agricultural productivity and atmospheric emissions. Excess
nitrogen from fertilizers and wastewater can also alter microbial
communities and contribute to nitrate contamination of
groundwater and nutrient enrichment in aquatic ecosystems.
Aquatic environments contain microorganisms that regulate the
transformation of dissolved organic matter and nutrients. In
rivers, lakes, wetlands and oceans, microbial communities break
down organic substances and participate in carbon cycling.
Photosynthetic microorganisms, including cyanobacteria and

microscopic algae, contribute to oxygen production and carbon
fixation. However, excessive nutrient inputs can encourage rapid
algal growth, sometimes followed by oxygen depletion when
microbial decomposition increases. Such changes may reduce
water quality and place aquatic organisms under stress [5,6].

Microorganisms also have an important role in wastewater

treatment. Biological treatment systems use microbial

communities to remove organic compounds, nitrogen,
phosphorus and other substances from wastewater before
discharge. Aerobic microorganisms consume biodegradable
organic matter in the presence of oxygen, while anaerobic
communities convert organic materials into gases and simpler
products. Proper control of oxygen availability, temperature, pH
and nutrient conditions can improve treatment efficiency and
reduce the release of harmful substances into receiving waters.
Environmental microbiology is also closely connected with
pollution management. Certain microorganisms can transform
petroleum hydrocarbons, pesticides, solvents, dyes and other
contaminants. This biological process, commonly known as
bioremediation, may occur naturally or can be supported by
adding suitable nutrients or microorganisms to contaminated
environments. Microbial degradation can convert complex
pollutants into simpler compounds, although the outcome
depends
conditions, microbial composition and the chemical structure of

the pollutant (7,8].

on contaminant concentration, environmental

Heavy metals present a different challenge because they cannot
be destroyed through microbial degradation. Nevertheless,
microorganisms can influence their chemical form, mobility and
availability. Some bacteria and fungi can bind metals to cellular
surfaces or produce compounds that alter metal solubility. These
activities can affect whether metals remain in soil or sediment,
enter groundwater, or become available to plants and animals.
Microbial interactions with metals are therefore important when
managing industrially contaminated locations. The atmosphere
also contains microorganisms. Bacteria, fungal spores and other
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biological particles can become suspended in air and move
between terrestrial and aquatic environments. Atmospheric
microorganisms may originate from soil, vegetation, oceans,
wastewater facilities and urban surfaces. Their presence can
influence the movement of biological material and certain
through the Weather
conditions, humidity, temperature, wind and particulate matter
can affect microbial survival and distribution [9,10].

chemical substances environment.

CONCLUSION

Climate
Temperature and moisture affect decomposition rates, nutrient

conditions influence microbial activity as well.
transformations and the production or consumption of gases
such as carbon dioxide, methane and nitrous oxide. Wetland
sediments, agricultural soils, forests and oceans contain
microbial communities involved in processes that influence the
global carbon cycle. Changes in temperature, rainfall, flooding,
drought and land use can modify these microbial processes and
alter ecosystem functions. Modern environmental microbiology
increasingly uses Deoxyribonucleic Acid (DNA) sequencing,
microscopy, chemical analysis and computational methods to
characterize microbial communities. These approaches can
identify microorganisms that are difficult to cultivate under
laboratory conditions and can reveal changes in microbial
composition across different environments. Functional analysis
can also indicate which metabolic pathways are active under
Combining microbial
information with measurements of soil chemistry, water quality,
temperature and nutrient availability can provide a broader

understanding of environmental processes

particular environmental conditions.
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