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ABSTRACT

Biofilm technology has become a key technique for treating wastewater by utilizing 
the microbial communities' inherent activities to improve the removal of pollutants. 
An extensive review of biofilm processes is given in this chapter, along with infor-
mation on their historical background and current uses in wastewater treatment. 
Biofilms, which consist of microorganisms adhering to surfaces, can significantly 
improve treatment efficiency by facilitating the breakdown of organic matter and 
nutrients. The chapter discusses various biofilm reactor designs, such as moving 
bed biofilm reactors (MBBRs) and trickling filters, highlighting their operational 
advantages over traditional activated sludge systems. This chapter seeks to close 
the knowledge gap between theoretical concepts and actual wastewater treatment 
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solutions by fusing fundamental principles with real-​world applications. This will 
ultimately lead to the adoption of more sustainable water management practices.

INTRODUCTION

Biofilm technology represents a cutting-​edge and sustainable approach to 
wastewater treatment, leveraging the natural processes of microbial communities 
to efficiently remove contaminants. This technology has been rapidly gaining pop-
ularity due to its ability to enhance treatment outcomes, reduce operational costs, 
and address environmental challenges (Singh, Gupta, & Sharma, 2022). Unlike 
traditional chemical-​based treatment methods, biofilm technology uses microorgan-
isms to degrade pollutants, offering an environmentally friendly and cost-​effective 
solution for wastewater management.

The principle behind biofilm technology is the formation of biofilms—complex 
communities of microorganisms that adhere to surfaces and are encased in a self-​
produced matrix of extracellular polymeric substances (EPS). The dynamic and 
multifaceted nature of biofilm communities allows for the removal of a wide range 
of contaminants, including organic matter, nitrogenous compounds, and phosphates, 
making it an attractive option for various industrial and municipal wastewater treat-
ment applications.

Understanding Biofilms

Biofilms are intricate clusters of microorganisms, including bacteria, fungi, 
algae, and protozoa, that form on surfaces submerged in water. These communities 
are held together by a matrix of extracellular polymeric substances (EPS), a sticky 
material primarily composed of polysaccharides, proteins, lipids, and nucleic acids 
(Khan, Smith, & Brown, 2017). This biofilm matrix not only supports microbial 
cell attachment but also provides protection against environmental stresses such as 
desiccation, toxins, and antimicrobial agents.

Biofilm formation begins when microorganisms adhere to a surface, where they 
proliferate and secrete EPS, creating a dense and protective structure. Over time, the 
biofilm matures and becomes more organized, exhibiting a high degree of spatial 
structure that allows for the efficient exchange of nutrients and waste products among 
the microbial cells. The spatial arrangement within the biofilm also enables the 
differentiation of microbial subpopulations, each specialized in different metabolic 
functions, thereby enhancing the biofilm's overall treatment capacity.
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