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ABSTRACT

Biofouling on membrane surfaces creates major operational difficulties and expenses
in desalination and wastewater reuse applications. Ultraviolet (UV) light offers a way to
control biofilms while lowering chemical consumption and the formation of disinfection
by-products; however, delivering light to membrane surfaces within spiral wound
geometries has remained a major challenge. Thin, flexible nano-enabled side-emitting
optical fibers (SEOFs) are emerging light delivery devices that can radiate UV light from
light-emitting diodes (LEDs) to support disinfection or photocatalytic oxidation. In this
study, SEOFs are proposed as an active membrane spacer to reduce biofilm formation
on reverse osmosis (RO) membranes. Using a lab-scale RO membrane apparatus
integrated with SEOFs, the effects of UV-A, which enables photocatalysis, were
compared with those of UV-C, which provides direct photolysis disinfection. Relative to
systems without light exposure, UV-C-treated systems developed thinner but denser
biofilms, avoided permeate flux declines caused by biofouling, and sustained the highest
salt rejection. These findings were supported by in-situ optical coherence tomography as
well as ex-situ analyses of biofilm growth on the membranes. Transcriptomic analysis
further revealed that UV-C SEOFs down-regulated quorum sensing and surface
attachment genes. By contrast, UV-A SEOFs upregulated quorum sensing, surface
attachment, and oxidative stress genes, leading to greater extracellular polymeric
substances (EPS) accumulation on membrane surfaces. Overall, SEOFs delivering low-
fluence UV-C light to membrane surfaces represent a promising chemical-free strategy
for mitigating biofouling formation on RO membranes.
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