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Anti-biofouling experimental approaches to evaluate potential effective control strategies. Biofouling is
Biofilm driven by microorganisms and their associated extra-cellular polymeric substances (EPS)
Biological-based and microbial products. Microorganisms and their products convene together to form
Holistic control matrices that are commonly treated as a black box in conventional control approaches.
Management Biological-based antifouling strategies seem to be a promising constituent of an effective
Membrane bioreactors integrated control approach since they target the essence of biofouling problems. However,
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biological-based strategies are in their developmental phase and several questions should
be addressed to set a roadmap for translating existing and new information into sustain-
able and effective control techniques. This paper investigates membrane biofouling in
MBRs from the microbiological perspective to evaluate the potential of biological-based
strategies in offering viable control alternatives. Limitations of available control methods
highlight the importance of an integrated anti-fouling approach including biological stra-
tegies. Successful development of these strategies requires detailed characterization of
microorganisms and EPS through the proper selection of analytical tools and assembly of
results. Existing microbiological/EPS studies reveal a number of implications as well as
knowledge gaps, warranting future targeted research. Systematic and representative
microbiological studies, complementary utilization of molecular and biofilm character-
ization tools, standardized experimental methods and validation of successful biological-
based antifouling strategies for MBR applications are needed. Specifically, in addition,
linking these studies to relevant operational conditions in MBRs is an essential step to
ultimately develop a better understanding and more effective and directed control strategy
for biofouling.
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Biofouling problem in MBRs quantity) (Wang et al., 2009; Kimura et al., 2009). Fouling re-

sults in a lower permeate flux, higher trans-membrane pres-

Membrane bioreactors (MBRs) are now broadly applied as
wastewater treatment technology that combines membrane
processes and suspended growth bioreactors. Compared to
other technologies e.g. activated sludge processes (Kim et al.,
2010; Judd, 2008; Visvanathan et al, 2000), MBRs allow
smaller footprints, higher-quality effluents, less sludge and
complete solid—liquid separation; however, membrane
fouling remains in most cases a persistent problem
(increasing operating costs and reducing the water quality and

sure (TMP), frequent membrane cleaning or replacement and
overall degraded membrane performance (Mahendran et al.,
2011; Liao et al., 2004). Fouling can be organic, inorganic or
biological, although the boundary between these classifica-
tions is not rigid and the definitions of different fouling types
may overlap. For example, inorganic deposition can be a direct
consequence of biologically-induced mineralization between
biopolymers and salts (Wei et al., 2007; Herrera-Robledo et al.,
2011) and internal fouling caused by the adsorption of
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