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Treatment and remediation of groundwater sites impacted by use of aqueous film-
forming foam (AFFF) at fire training areas has proven to be especially challenging 
due to recalcitrant and poorly sorbing nature of per- and polyfluoroalkyl 
substances (PFAS). This presentation describes recent efforts at the Colorado 
School of Mines to develop economical and sustainable treatment trains that (1) 
remove PFAS from contaminated groundwater, and (2) destroy PFAS within the 
concentrate byproduct stream. Separation is accomplished through the use of 
either anion exchange (including highly “PFAS-selective” resins) or nanofiltration, 
both technologies that can achieve efficient separation and meet stringent health 
advisory levels set by the EPA (70 ng/L for PFOS and PFOA combined). The resulting 
PFAS concentrate streams are then destroyed using either UV photochemical or 
hydrothermal destruction technologies. The hydrothermal processing technology 
shows especially promising efficacy for destroying the full diversity of PFAS in AFFF. 

Subcritical hydrothermal water (e.g., 300-350C, 10-20 MPa) creates a uniquely 
reactive environment that promotes chemical reactions that are not favorable at 
ambient conditions. Evidence from high resolution mass spectrometry and 19F-
NMR demonstrates rapid and complete destruction of a wide range of PFAS within 
AFFF by exposing the concentrates to hydrothermal water together with low-cost 
alkaline amendments (e.g., NaOH, Ca(OH)3). We will finish with a discussion of 
demonstration activities currently underway for hybrid PFAS treatment trains.  

Accomplishing Removal and Destruction of Per- and Poly-fluoroalkyl 
Substances (PFAS) In Contaminated Groundwater 

 Dr. Timothy J. Strathmann 
Ph.D. Civil and Environmental Engineering, Johns Hopkins University 

Professor, Department of Civil and Environmental Engineering, Colorado School of Mines 

Abstract 

EWRE Seminar Committee Members: Leah Huling, Eddie Tiernan, Greg Hendrickson, Matt Frankel, and Jacob Troutman 

Supervising Faculty: Dr. Howard Liljestrand 

Background 

Timothy Strathmann is a Professor in the Department Civil and Environmental Engineering at 
the Colorado School of Mines, and holds a joint appointment at the National Renewable 
Energy Laboratory (NREL). He is also a member of the Re-inventing the Nation’s Urban Water 
Infrastructure (ReNUWIt) Engineering Research Center. His research focuses on the 
development sustainable technologies for water treatment and waste valorization, and the 
study of redox transformation mechanisms for contaminants of emerging concern (CEC). Dr. 
Strathmann is the recipient of a National Science Foundation CAREER Award, and his research 
is sponsored by DoD-SERDP, AFCEC, NSF, USDA, and DOE. Prof. Strathmann is also currently 
serving as an Associate Editor for Environmental Science & Technology. Dr. Strathmann’s 
formal training includes a PhD in environmental engineering from Johns Hopkins, BS and MS 
degrees from Purdue, and postdoctoral training at Princeton University. 


