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Project Title: Permeation of Fluorotelomer Alcohols through Landfill Covers and Liners

TAG Members: Joseph Dertien (Florida Department of Environmental Protection), Walsta Jean-
Baptiste (Florida Department of Environmental Protection), Shanin Speas-Frost (Florida
Department of Environmental Protection), Owete S. Owete (WSP USA), Chao Zhou (Geosyntec
Consultants), Bruce Marvin (Geosyntec Consultants), Kevin M. Warner (Geosyntec Consultants),
Terry Johnson (Waste Management Inc.), Xia Cao (GCP Applied Technologies Inc.), Sterling
Carroll (Florida Rural Water Association), Mike Chase (Florida Rural Water Association), Peyton
Piotrowski (Florida Rural Water Association), Paul E. Seaver (Palm Beach Springs Water
Company Inc.), Natalia Soares Quinete (Florida International University), Timothy G. Townsend
(Hinkley Center for Solid and Hazardous Waste Management), Steven J. Laux (Hinkley Center for
Solid and Hazardous Waste Management), Hannah Sackles (Hinkley Center for Solid and
Hazardous Waste Management)

Principal Investigator: Youneng Tang

In Attendance: Dennis Ssekimpi (FAMU-FSU College of Engineering), Youneng Tang (FAMU-
FSU College of Engineering), Maeve Storm (FAMU-FSU College of Engineering), Bruce Marvin
(Geosyntec Consultants), Joseph Dertien (Florida Department of Environmental Protection),
Timothy G. Townsend (Hinkley Center for Solid and Hazardous Waste Management), David
Gregory (Orange County Utilities), Benjamin Yoakum (Orange County Utilities), Steven Laux
(University of Florida), Chao Zhou (Geosyntec Consultants), Natalia Soares Quinete (Florida
International University), Shanin Speas-Frost (Florida Department of Environmental Protection),
Sam Levin (S2L, Inc.), Selcuk Karaer (FAMU-FSU College of Engineering), Sunandan Naha
(FAMU-FSU College of Engineering), Sheila Apio.

Presentation by Dennis Ssekimpi and Maeve Storm:
Maeve Storm started the presentation at 12:30 PM. She provided background information about the
project and overview of FTOHs (fluorotelomer alcohols) as a dominant volatile PFAS (per- and
polyfluoroalkyl substances) group detected in landfills and HDPE (high-density polyethylene) as
the most common geomembrane used in landfill liners.
Then, she summarized the four tasks of the project:

Task 1 - Permeation experiments (98% completed)

Task 2 - Permeation modeling (100% completed)

Task 3 - Low FTOH concentration experiment (100% completed)

Task 4 - Vapor-phase experiment (100% completed)
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She continued to present Task 1. Task 1 used a diffusion cell consisting of two chambers
connected with an HDPE membrane between the chambers. The source contains 4:2, 6:2, 8:2, and
10:2 FTOHs in deionized water, and the receptor contains deionized (DI) water. Four experiments
were carried out at four temperatures of 40°C, 50°C, 60°C, and 70°C, respectively. The FTOH
concentration was 500 pg/L. One additional experiment was conducted with an impermeable
membrane as the control membrane.

Maeve shared results from Task 1, using 6:2 FTOH as an example. The concentration in the source
chamber decreased over time as FTOH permeated through the membrane. She compared the results
of 6:2 FTOH at 40°C, 50°C, 60°C and 70°C. As temperature increased, the rate of permeation through
the geomembrane increased. She also reviewed the effects of FTOH chain length on permeation.
The long-chain FTOHs decreased faster in the source chamber. The short-chain FTOHs permeated
faster into the receptor chamber. Long-chain FTOHs have higher affinity for the membrane.

Dennis Ssekimpi took over the presentation and presented the other three tasks.

He presented the major results of Task 2, including breakthrough times, partition coefficients,
diffusion coefficients, and permeation coefficients. The research team found no breakthrough
under the test conditions, following the breakthrough time defined by ASTM. Then, Dennis
compared the coefficients (diffusion, partition, and permeation) in figures. He summarized that in
higher temperatures he got higher coefficients. He then compared the diffusion, partition and
permeation coefficients between FTOHs and other compounds such as other PFAS and TCE, and
highlighted that short chain volatile FTOHs are very critical for landfills due to their high diffusion
and partition coefficients. Following that, he showed practical implications of this study on
landfills. Through the models, he predicted that PFOA as a common transformation product of
FTOH, in the groundwater surrounding the landfills could exceed the EPA drinking standard after
73 years.

He moved on to Task 3, which included the low FTOH concentration experiment at 50°C, for
which the FTOH concentration was 10 ng/L. He showed a comparison of the 6:2 FTOH
permeation at the high and low concentrations. At the low concentration, FTOHs were quickly
sorbed to the membrane and needed long time to permeate through membrane.

Lastly, he explained that Task 4 included studying FTOH permeation in the gas phase (100 pg/L
FTOH at 50°C) to evaluate HDPE in the final cover for preventing emission of FTOHs. Trends were
similar to the previous experiments with the liquid phase.

Dennis then made conclusions:
1) Permeation ranking: 6:2 FTOH > 4:2 FTOH > 8:2 FTOH > 10:2 FTOH.
2) Model predicted the transport parameters at a wide range of temperatures. Short-chain
volatile PFAS are the most critical PFAS class in landfills based on transport parameters.
3) Low concentration of FTOHs took longer time to permeate through the HDPE
membrane compared to the high concentration.
4) Gas-phase FTOHs permeate at comparable rates to the liquid-phase FTOHs.

Group Discussion:
Major questions, comments, suggestions, and discussion from the TAG:
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e Youneng Tang provided background on the TAG meeting and its purposes. He also
informed he would send the draft final report to the TAG in early October. After
collecting the review comments, the final report will be submitted at the end of October.

e Tim Townsend suggested talking about the follow-up project funded by the Hinkley
Center. Youneng Tang briefed the TAG on the new project: The new project will start
right after the current project is completed in September. It also studies volatile PFAS
permeation through landfill liners. The difference is that the current project studied PFAS
permeation through one membrane while the new project will study a composite barrier
consists of an HDPE membrane and a geosynthetic clay liner. He invited the audience to
participate in the new TAG for the new project.

e Samuel Levin commented in the chat box: The most common top cap liner is LDPE
instead of HDPE. Tim Townsend continued: LDPE can be more common because of its
flexibility. Dennis commented: Studies have shown that PFAS transport through LDPE
is much faster than HDPE. The research team will review the literature to further
understand the use of various types of membranes in landfill covers.

e David Gregory commented that bubbles or humps sometimes are formed under the
landfill covers due to the gas pressure build up. What is the impact of this on chemical
permeation? This may be a potential opportunity for research in the future. Tim
Townsend added: What if there is vacuum? How would advection (due to cracks) affect
the permeation? The research team did not consider pressure or advection in the current
project. This is a research need in this area.

The meeting was adjourned at 1:20 PM. The minutes were taken by Selcuk Karaer, and edited by Sunandan
Naha and Youneng Tang.
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