Desalination Membranes; Biofouling detection using bacterial enzyme activity in an at-line sensor
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Abstract: The advent of advanced membranes for water desalination over the past several decades have greatly improved water purification processes. Biofouling is a major recurring cost driver for membranes used in desalination. A number of methods have been developed to detect bacterial growth and provide cleaning guidance, but most suffer from either being unviable in-situ or are not capable of early biofouling detection. 
A prototype at-line sensor was devised and paired with a seawater based flow cell to inject fluorogen bound bacterial substrates (fluorogen-substrates) at discreet time points and measure fluorescence from the liberated fluorogen to determine bacterial extracellular enzyme activity. Planktonic and biofilm bacteria in aquatic systems produce extracellular enzymes to catalyze large molecules into assimilable molecules during growth. Results demonstrate the capability to track bacterial biomass from initiation of colonization to biofouling on the membrane surface. Additionally, Optical Coherence Tomography (OCT) was used to visualize the surface in real-time to validate biomass accumulation.
[bookmark: _GoBack]This approach has the advantage of indirectly measuring bacterial abundance on membranes not readily adaptable for direct visualization (RO membrane modules), without the need for sophisticated techniques found in other molecular approaches (Flow cytometry). Our results indicate that extracellular enzyme activity can be used in early biofouling detection as a prognostic tool to guide cleaning protocols in aqueous systems.
In this study, fluorogen-substrate cleavage by bacterial extracellular enzymes was used to monitor bacterial colonization proximal to the surface of membrane filtration systems non-invasively. Biofouling is a major impediment to the lifecycle of membranes, measuring enzymatic activity by fluorogen-substrates cleavage can be utilized to monitor membrane health for guiding anti-biofouling practices, extending membrane lifespan.
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