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Biofilms are complex communities of
microorganisms that form
surfaces, including rocks, pipes, and living
organisms. They consist of bacteria, fungi,
algae, and other microorganisms embedded
in a self-produced matrix of extracellular
polymeric substances (EPS). While biofilms
are commonly associated with negative
impacts, such as the formation of dental
plaque or infections in medical devices, they
also have the
potential to be
used as eco-
remediators  for

on various

pollution
abatement in
contaminated
environments.

Biofilms offer several advantages

as eco-remediators
« Enhanced pollutant degradation:
Biofilms can promote the degradation
of wvarious pollutants, including
organic compounds, heavy metals,
and hydrocarbons. The

microorganisms within the biofilm
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possess diverse metabolic capabilities
and can work synergistically to break
down complex pollutants into less
harmful substances.

Increased resistance and resilience:
Biofilms provide microorganisms
with protection and stability, enabling
them to  survive in  harsh
environmental conditions. The EPS
matrix shields the microorganisms
from compounds,
temperatures, and desiccation. This

toxic extreme
resilience allows biofilms to persist
and  continue - their  pollutant
degradation activities over extended
periods.

Surface adherence and
immobilization: Biofilms have the
ability to adhere to different surfaces,
including contaminated ~ soil or
sediments. This characteristic allows
them to establish a presence in
polluted environments and
concentrate their pollutant-degrading
capabilities at specific sites. The
immobilization = of microorganisms
within the biofilm prevents their
dispersal and increases their contact
with pollutants.

Nutrient cycling and bioavailability:
Biofilms create microenvironments
within.  their  structure,  which
facilitates nutrient cycling and
bioavailability. They can retain and
recycle essential nutrients, ensuring a
sustainable microbial community
capable of pollutant degradation.
Versatility and adaptability: Biofilms
are highly adaptable and can respond
to changes in
conditions. They can adjust their
microbial composition and metabolic
activities in response to varying
pollutant concentrations, pH levels,

environmental

21| Page




SABUJEEMA

g — ) $ABU
Volume 3 - Issue 10— October,2023 An International Multidisciplinary e-Magazine s

13377

8 Morc. Gro

and temperature. This adaptability

makes  biofilms  valuable in
remediating  diverse  types  of
pollution.

The application of biofilms as eco-
remediators requires careful engineering and
optimization to enhance their efficiency.
Strategies such as biofilm selection, biofilm
reactor design, and the addition of specific
microbial strains or enzymes can be
employed to enhance | rameasl &
pollutant degradation

capabilities. While
biofilms show promise
in pollution
abatement, further

research is needed to
understand their
complex interactions and optimize their
performance in different contaminated
environments. Nevertheless, biofilm-based
remediation approaches hold significant
potential for sustainable and eco-friendly
solutions to address environmental pollution.

Role of biofilms in sewage water
treatment

Biofilms play a crucial role in sewage
water treatment processes. Sewage water
contains a complex mixture of organic and
inorganic  matter, including  various
microorganisms. When these
microorganisms come into contact with a
suitable surface, such as the walls of
treatment tanks or pipes, they can form
biofilms. A biofilm 1s a structured
community of microorganisms embedded in
a self-produced matrix of extracellular
polymeric substances (EPS). Biofilms can
consist of bacteria, fungi, algae, and
protozoa, among other organisms. In the
context of sewage water treatment, biofilms
primarily consist of bacteria.
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Treatment Efficiency: Biofilms
enhance the treatment efficiency of sewage
water. The bacteria within the biofilm form a
diverse microbial community that works
synergistically to degrade and remove
organic and inorganic pollutants present in
the water. These bacteria have various
metabolic  pathways that enable the
breakdown of complex organic compounds
into simpler, more stable forms.

! o Nutrient Removal:
Biofilms aid in the removal
of nutrients, such as nitrogen
and - phosphorus, from
sewage water. Certain
bacteria in the biofilm can
convert ammonia to nitrate
through nitrification.
denitrifying  bacteria  in

Additionally,
anaerobic regions of the biofilm can convert
nitrate to nitrogen gas, thereby reducing the
concentration of nitrogen compounds in the

treated water. Similarly, phosphorus-
accumulating  bacteria can  sequester
phosphorus within the biofilm, reducing its
concentration in the effluent.
Physical Filtration: Biofilms act as
filters by physically trapping
suspended - solids ~and  particulate matter
present in the sewage water. The EPS matrix
produced by the biofilm helps to immobilize
and retain these solids, preventing their
release into the treated effluent.

Biological Oxygen Demand (BOD)
Reduction: Sewage water typically contains
high levels of organic matter that contribute
to the biological oxygen demand. Biofilms

natural

facilitate the degradation of organic
compounds, thereby reducing the BOD of
the water. This process is especially

important in biological treatment methods,
such as activated sludge systems, where
biofilms form on the surfaces of aeration
tanks.
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Sludge Management: Biofilms can
also be beneficial in sludge management. In
wastewater treatment plants, biofilms can
form on the surfaces of sludge particles,
promoting the breakdown of organic matter
and reducing the volume of sludge produced.
This can lead to more efficient dewatering
and reduce the need for sludge disposal.

Biofilms can be formed by both
bacteria and fungi, and while there are some
similarities between bacterial and fungal
biofilms, there are also notable differences in
their composition, structure, and functions.

Bacterial biofilms are primarily
composed of bacterial cells embedded in a
self-produced ‘extracellular matrix (ECM)
consisting of  polysaccharides, proteins,
DNA, and other molecules. The matrix
provides structural support and protection for
the bacteria. In contrast, fungal biofilms
contain a network of fungal cells, hyphae
(filamentous structures), and an ECM
composed of polysaccharides, proteins, and
other biomolecules specific to fungi.

Bacterial biofilms typically exhibit a
stratified structure with different layers or
zones, such as the outermost layer for
attachment and the inner layers for nutrient
diffusion. Fungal biofilms, on the other hand,
often display a more complex architecture
with intricate hyphal networks and channels
for nutrient transport.

Bacterial biofilms can grow. and
expand by dividing and incorporating new
cells into the existing matrix. The bacteria
within the biofilm can also disperse and
colonize new areas. Fungal biofilms grow
through the extension of hyphae, which
elongate and branch to form a network.
Fungi can also produce spores that detach
and disperse, contributing to the colonization
of new surfaces.

Bacterial biofilms are known for their
ability to adapt to changing environmental
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conditions. The bacteria within the biofilm
can communicate and coordinate their
behavior through a process called quorum
sensing, allowing them to collectively
respond to stimuli. Fungal biofilms also
exhibit adaptive behavior, but they may rely
on different signaling mechanisms and
responses.

Both bacterial and fungal biofilms
can be associated with infections and pose
challenges in medical settings. Bacterial
biofilms are commonly linked to chronic
infections, such as those related to dental
plaque, urinary tract infections, and device-
associated infections  (e.g., catheters,
implants). Fungal biofilms are often
associated with infections such as candidiasis
(caused by Candida  species) and
aspergillosis (caused by Aspergillus species)
and can be particularly problematic in
immunocompromised individuals.

While these are some general
differences between bacterial and fungal
biofilms, it's important to note that biofilms
are diverse and complex communities, and
there can be variations in their characteristics
even within the same microbial = group.
Hence, biofilms play a vital role in sewage
water treatment by improving treatment
efficiency, nutrient removal, physical
filtration, BOD reduction, and sludge
management. Understanding and harnessing
the power of biofilms can contribute to the
development of more effective and
sustainable sewage treatment processes.
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