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	Project Name: PFAS Removal using Ceramic Membrane Filtration and Superfine Powdered Activated Carbon on Brackish Groundwater
	Project Dates: January - September, 2020
	Organizations: Aqua-Aerobic Systems, Inc.
	Project Lead: Terence Reid is the Director of Research and Development for Aqua-Aerobic Systems, Inc. He provides over 30 yearsof experience in the conception, design, testing, assessment and support of biological processes, membranes, filtration, and integrated control strategies. Terence holds several patents, is a registered Professional Engineer and is a member of many organizations such as: Water Environmental Federation, National Ground Water Association and American Membrane Technology Association. Terence has a B.S. in Civil & Environmental Engineering from University of Wisconsin-Madison and an M.S. in Product Design and Development from Northwestern University.
	Information: Tel: 815-639-4509Email: treid@aqua-aerobic.com 
	Project Lead Name and Title: Terence K. Reid, P.E.Director of Research & Development
	Project Abstract: Emerging public concern for eliminating per- and polyfluoroalkyl substances (PFASs) is accelerating the advancement of new treatment approaches.  Granular activated carbon (GAC) is an effective PFAS adsorbent, but primarily on the longer, 8-carbon chained compounds such as Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA). Limited capabilities removing short-chained PFAS and high disposal costs have driven the need for new, more effective solutions.  Superfine powdered activated carbon (SPAC) has demonstrated specific PFAS adsorption rates of 480 times greater than the most effective GAC products when tested on the same contaminated water source (Murray, et al 2018).  The high effective surface area and smaller diameter offers greater penetration to internal micro- and mesopores permitting high reductions in both long and short-chained PFAS compounds.  The SPAC medium is maintained in a closed-loop system as treated water is separated using high-strength ceramic membranes in an innovative batch carbon conservation and recovery process. The process uses a wood based powdered activated carbon (PAC) finely ground to a mean particle diameter (MPD) below 1 micrometer (μm).  Compared to conventional PAC and GAC which have respective ~45 and ~1600 μm MPDs, SPAC presents a significantly higher surface area per unit mass.  While Brunauer-Emmett-Teller (BET) analyses have confirmed this increase in specific surface area of SPAC compared with GAC, this alone is not responsible for the elevated sorption capacity.  Particle size has shown to be a key attribute in adsorption capacity due to diffusion-limited pore transport (Pelekani and Snoeyink, 1999).   Small molecules are able to adsorb faster to smaller particles because transport within pores, which is a diffusion limiting process, has been shortened (Partlan, 2017).  The Shell Adsorption Model (SAM) suggests that only a certain penetration depth is reached in activated carbon and when particle size is reduced, a larger percentage of the particle can be used (Matsui, et al 2011).   A novel technology employs cross-flow ceramic membrane microfiltration (CMF) to generate a highly concentrated SPAC suspension and has shown to produce superior removals of broad-spectrum PFAS compounds from contaminated water.  Specific adsorption rates of 2-4 mg of quantifiable PFAS per g carbon were exhibited prior to breakthrough and were dependent upon the PFAS concentration, species and carbon slurry concentration and matrix interferences due to co-contaminants. Direct comparison of the SPAC-CMF system performance with that of GAC has demonstrated exceptional removal efficiencies while demanding significantly less carbon.  The SPAC-CMF system's rapid adsorption kinetics and higher loading capacity prior to breakthrough offers an improved PFAS removal solution for both drinking water and site remediation applications.   A representative prototype system was developed to evaluate the SPAC-CMF technology and the impacts of varying water types on PFAS adsorption.  The Brackish Groundwater National Desalination Research Facility (BGNDRF) offered an ideal venue to validate the system performance in a pre-commercial study to evaluate treatment capabilities on brackish and PFAS impaired groundwater.  Initial trials targeted a conservative SPAC reactor concentration of 200 to 500 mg C/L and exhibited the potential to achieve high PFOA and PFOS removals of 90 to 99%.  Specific adsorption rates were negatively influenced by total dissolved solids and an elevated scaling potential as measured using Langelier Saturation index (LSI).   While preliminary adsorption rates were considerably lower than observed in other non-brackish groundwater, they remain higher than values commonly cited for GAC systems.  Initial operation of the pilot system showed reliable system performance at membrane flux rates of 100 to 200 liters/m2-hour (lmh) and 60-minute back-pulse intervals.  The cross-flow operation produced a specific flux of 3 to 6 lmh/kPa over a 28-day operational period without waste discharge.   The removal of PFASs by water utilities using activated carbon technologies will have increasing importance in the future if more stringent regulatory levels are introduced and as contaminated sites are continually identified. Continued efforts in lowering treatment costs while evaluating short chained and precursor PFAS removal performance in complexed matrices will be critical steps in future applications. Further work is also needed to quantify and compare the economics associated with SPAC-CMF against conventional granular activated carbon and resin technologies.  These preliminary data generated at the BGNDRF are important in establishing superfine powdered activated carbon and ceramic membrane filtration technology as a viable, economic alternative to solve current and emerging PFAS removal concerns.          


