
Effect Of Algal Biofilm And Operational
Conditions On Nitrogen Removal In Waste
:

Nitrogen pollution, primarily in the form of nitrates and ammonia, poses a
significant threat to aquatic ecosystems and human health. Wastewater
treatment plants (WWTPs) play a crucial role in mitigating this issue by
removing nitrogen from wastewater. Algal biofilm, a consortium of
microorganisms and extracellular polymeric substances (EPS) that forms
on surfaces in WWTPs, has emerged as a promising tool for nitrogen
removal.
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Understanding Algal Biofilm:

Algal biofilm is a complex ecosystem composed of various microorganisms,
including algae, bacteria, and fungi. The EPS matrix produced by these
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microorganisms provides a protective environment and facilitates nutrient
exchange. In WWTPs, algal biofilm can develop on submerged surfaces,
such as biofilters and membrane bioreactors.

Mechanism of Nitrogen Removal by Algal Biofilm:

Algal biofilm plays a crucial role in nitrogen removal through several
mechanisms:

1. Assimilation: Algae in the biofilm assimilate nitrogen into their
biomass during photosynthesis.

2. Nitrification: Specialized bacteria in the biofilm convert ammonia into
nitrite and nitrate.

3. Denitrification: Other bacteria in the biofilm carry out denitrification,
converting nitrate to nitrogen gas, which is released into the
atmosphere.
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Impact of Operational Conditions on Nitrogen Removal:

The efficiency of nitrogen removal by algal biofilm depends heavily on
operational conditions within the WWTP, including:

Hydraulic Retention Time (HRT): The time that wastewater spends in
contact with the biofilm influences the extent of nitrogen removal.

Organic Loading Rate (OLR): The amount of organic matter entering
the biofilm affects the growth and activity of microorganisms involved
in nitrogen removal.

Temperature: The optimal temperature range for algal biofilm growth
and nitrogen removal is typically between 15-35°C.

pH: The pH of the wastewater can impact the activity and survival of
microorganisms in the biofilm.

Optimization Strategies:

Optimizing operational conditions is critical to maximize nitrogen removal
efficiency by algal biofilm. Optimization strategies include:

1. HRT Optimization: Adjusting HRT to provide sufficient time for
nitrogen removal while preventing biofilm overgrowth.

2. OLR Control: Maintaining an appropriate OLR to ensure adequate
organic matter for microbial growth while avoiding overloading that
could lead to biofilm detachment.

3. Temperature Management: Controlling temperature within the
optimal range for algal biofilm activity.



4. pH Adjustment: Maintaining a pH within a suitable range for microbial
activity and biofilm stability.

Challenges and Future Research:

Despite the promising potential of algal biofilm for nitrogen removal,
challenges remain:

Biofilm detachment: Excessive biofilm growth can lead to
detachment, resulting in reduced nitrogen removal efficiency.

Substrate selection: The type of substrate used for biofilm growth
can influence its performance and longevity.

Long-term stability: Maintaining biofilm stability and activity over
extended periods is crucial for sustained nitrogen removal.

:

Algal biofilm holds immense potential as a sustainable and efficient method
for nitrogen removal in wastewater treatment. Optimizing operational
conditions and addressing the challenges associated with biofilm growth
are essential for maximizing nitrogen removal efficiency. Further research
and development efforts are needed to overcome these challenges and
refine the application of algal biofilm for wastewater treatment. By
embracing this innovative technology, we can contribute significantly to
mitigating nitrogen pollution and safeguarding aquatic ecosystems.
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