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Project summary: The objective of this project is to determine the permeability of representative

volatile per- and polyfluoroalkyl substances (PFAS) (i.e., fluorotelomer alcohols (FTOHs))
through high-density polyethylene (HDPE) membrane, which is widely used in landfill liners and
sometimes used in landfill covers. Task 1 (i.e., Permeation experiments) of this project will
experimentally study the permeation of four FTOHs in water (i.e., 4:2, 6:2, 8:2, and 10:2 FTOH)
through HDPE at four temperatures (i.e., 40, 50, 60, and 70 °C). Task 2 (i.e., Permeation modeling)
of this project will mathematically determine the four permeation parameters by fitting the
experimental data from Task 1 with two mathematical models. Four permeability parameters
include permeation, diffusion and partition coefficients and breakthrough time. Task 3 (i.e., Low
FTOH concentration experiment) will evaluate the permeation of FTOHs through HDPE
membrane at an environmentally relevant concentration. Task 4 (i.e., Vapor-phase experiment)

will evaluate the permeation of vapor-phase FTOHs.



Work Accomplished during this Reporting Period:
During this reporting period, completed approximately 60% of Task 1, 25% of Task 2, 60% of
Task 3 and 60% of Task 4.

Project Website: https://webl.eng.famu.fsu.edu/~ytang/FTOH permeation.html

TAG #2: Technical Awareness Group Meeting #2

The second TAG meeting was held on June 10, 2025. The corresponding meeting minutes, TAG
information, and recording can be found on the project website above. The third TAG meeting is

planned to be held in September 2025.

Task 1: Permeation experiments
In Task 1, we evaluate the permeation of four FTOHs (i.e., 4:2, 6:2, 8:2, and 10:2 FTOH) in water
through an HDPE membrane at four temperatures (i.e., 40, 50, 60, and 70 °C). During the third

quarter of this project, we completed the evaluation of the permeation of four FTOHs (i.e., 4:2,
6:2, 8:2,and 10:2 FTOH) at 60 °C and began to evaluate the permeation of these FTOHs at 40 and
50 °C. The permeation experiment followed the close-loop setup in the American Society for
Testing and Materials (ASTM) Method F739-20 with modification for long-term test. We
conducted the permeation experiment in two-chamber diffusion cells separated by an HDPE

membrane.

Results are shown in Figure 1. The first main observation was that the rate of permeation through
the HDPE membrane increased when the temperature increased. The second main observation
was that long-chain FTOHs had high affinity to the HDPE membrane and sorbed to the membrane
rapidly due to their high octanol-water partition coefficients (Kow) while short-chain FTOHs

reached the receptor cell quickly. More details are described below for each temperature.

We conducted the permeation experiment at 60 °C for 90 days. After 90 days, the FTOHs

concentrations in the source chamber decreased from approximately 500 pg/L to 204 and 101 pg/L

for 4:2 FTOH and 6:2 FTOH, respectively (See Figure 1). The FTOHs concentrations in the

receptor chamber increased from below the detection limit of 1 pg/L to 11 and 19 pg/L for 4:2

FTOH and 6:2 FTOH, respectively. The concentrations of the long-chain FTOHs (i.e., 8:2 FTOH
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and 10:2 FTOH) in the source chamber reached below the detection limit of 1 pg/L after 5 days.
This can be explained by the fact that long chain FTOHs have high octanol-water partition
coefficients and adsorption rates (Carmosini and Linda, 2008). The concentrations of long chain
FTOHs were below the detection limit in the receptor chamber during the 90 days. Short-chain
FTOHs permeated faster into the receptor chamber, as shown in Figure 2.

We have conducted the permeation experiment at 40°C for 33 days so far. The FTOH
concentrations in the source chamber decreased from approximately 500 pg/L to 353, 245, and 14
pg/L for 4:2 FTOH, 6:2 FTOH, and 8:2 FTOH, respectively. After 7 days, the concentration of
10:2 FTOH in the source chamber reached below the detection limit of 1 pg/L. The concentration
of all FTOHs in the receptor chamber remained below the detection limit of 1 pg/L within this

testing period.

We conducted the permeation experiment at 50°C for 70 days so far, the FTOH concentrations in
the source chamber decreased from approximately 500 pg/L to 246 and 120 ug/L for 4:2 FTOH
and 6:2 FTOH, respectively. For the long-chain FTOHs, 8:2 FTOH in the source chamber reached
below the detection limit of 1 pg/L after 8 days, and 10:2 FTOH reached below the detection limit
after 5 days. The FTOHs concentrations in the receptor chamber increased from below detection
limit to 2.0 pg/L for 6:2 FTOH, and remained below the detection limit for all other FTOHs (4:2,
8:2, 10:2 FTOHs) within this period.
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Figure 1. The permeation of FTOHs a) 4:2, b) 6:2, ¢) 8:2, d) 10:2 through high-density
polyethylene membrane (HDPE) at 40, 50, and 60 °C.



Task 2: Permeation modeling

During the third quarter of this project, we completed the modeling for the permeation experiment
at 60 °C. Figure 2 shows the simulated and experimental concentrations of 4:2 FTOH and 6:2
FTOH in both source and receptor chambers across the HDPE membrane at 60 °C over 78 days.
By fitting the model-simulated data with the experimental data in Figure 2, we determined the
diffusion coefficients, partition coefficients, and permeation coefficients (Table 1). 6:2 FTOH has
higher diffusion coefficient, partition coefficient, and permeation coefficient than 4:2 FTOH. This
is consistent with faster permeation of 6:2 FTOH through the membrane in the experiments: 6:2
FTOH reached a higher concentration than 4:2 FTOH in the receptor chamber. This behavior
likely reflects differences in molecular size and octanol water partition coefficient between the two
FTOHs.

Table 1. The diffusion coefficient, partition coefficient, and permeation coefficient of 4:2
FTOH and 6:2 FTOH at 60 °C

Estimated Parameters 4:2 FTOH 6:2 FTOH
Diffusion coefficient (m%/s)  3.44 x 1071 7.94x 10713
Partition coefficient (-) 200.22 399.57

Permeation coefficient (m%/s)  6.89x 10! 3.18x 10710
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Figure 2. Simulated source and receptor concentrations at 60°C for 4:2 FTOH and 6:2 FTOH




Task 3: Low FTOH concentration experiment

In Task 3, we evaluate the permeation of the four FTOHs (i.e., 4:2, 6:2, 8:2, and 10:2 FTOH) at a

low concentration. This permeation experiment follows the same procedure as the permeation
experiments in Task 1, with two-chamber diffusion cells separated by an HDPE membrane. In
this permeation experiment, the FTOH concentration in the source is 10 ug/L, and the temperature

is 50 °C.

The FTOH concentrations in the source chamber decreased in order of increasing chain length:
The long-chain FTOHs (8:2 and 10:2 FTOH) decreased faster than the short-chain FTOHs (4:2
and 6:2 FTOH) (See Figure 3). After 22 hours, the concentrations of the long-chain FTOHs in the
source chamber reached below the detection limit of 1 pg/L. The concentrations of short-chain
6:2 FTOH and 4:2 FTOH in the source chamber reached below the detection limit of 1 ug/L after
3 days and 18 days, respectively. All FTOHs were below the detection limit of 1 pug/L in the

receptor chamber during this experiment.
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Figure 3. The permeation of FTOHs at 10 pg/L through HDPE membrane at 50 °C.



In comparison to the permeation experiment conducted in Task 1 with an FTOH concentration of
500 pg/L at 50 °C, this low concentration experiment (10 pg/L at 50 °C) resulted in a faster

sorption of FTOH to the membrane and a slower permeation rate.

Task 4: Gas-phase experiment

In Task 4, we evaluate the permeation of the four FTOHs (i.e., 4:2, 6:2, 8:2, and 10:2 FTOH) in

the gas phase. This permeation experiment follows the same procedure as the permeation
experiments in Tasks 1 except for the following difference: In this permeation experiment, the
FTOH in the source is in the vapor phase at a concentration of 100 pg/L, and the temperature is

50 °C.

The findings are similar to those in Tasks 1 and 3, with the source concentration decreasing in
order of increasing chain length (See Figure 4). After 35 days, the FTOHs concentrations in the
source chamber decreased from approximately 100 nug/L to 21, 17, 7, and 4 pg/L for 4:2 FTOH
and 6:2 FTOH, 8:2 FTOH and 10:2 FTOH, respectively. All FTOHs were below the detection

limit in the receptor chamber during this test.
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Figure 4. The permeation of gas-phase FTOHs at 100 pg/L through HDPE membrane at 50 °C.
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Metrics:

1. Summarize input provided by the TAG during this period.

There is a suggestion about changing “permeation parameters” to “transport
parameters.

There is a question about how the team ruled out FTOH escaping from diffusion cells.
Answer from the research team: The team plans to have a control experiment in which the
HDPE membrane will be replaced with a barrier preventing permeation.

There is a suggestion that the team sample the water bath to see if any FTOH is escaping
from the diffusion cell.

There is a question about why the team thinks the coefficients for FTOHs and TCE are
similar.

Answer from the research team: The coefficients are within the same order of magnitude,
not necessarily similar. Possible reason: The FTOH coefficients are lower than that of
TCE because the molecular weight is twice that of TCE, meaning permeation through the
membrane will be slower.

There is a suggestion to list the actual numbers for the FTOH coefficients for viewers to
compare FTOH and TCE coefficients.

Answer from the research team: Actual numbers will be presented in the final report..
There is a question about the competition between FTOH and TCE in landfills and the
expected result of an experiment conducted using both FTOH and TCE.

Answer from the research team: Based on the literature, coefficients in an experiment
with one compound tend to be slightly higher than for mixed compounds, due to
competition, however, they are not an order of magnitude different. Expect to see TCE
breakthrough before FTOH breakthrough; FTOH adsorbs quickly to membrane, but TCE
permeates faster.

There is a suggestion to include a close-up figure of the HDPE membrane/the site of
permeation to show possible sources of losses.

All the above suggestions and questions will be considered in future experiments and report.

2. List research publications resulting from THIS Hinkley Center project.

None in this reporting period.

3. List research presentations resulting from (or about) THIS Hinkley Center project.

None in this reporting period.

4. List who has referenced or cited your publications from this project.
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None in this reporting period.

5. How have the research results from THIS Hinkley Center project been leveraged to secure
additional research funding? What additional sources of funding are you seeking or have you
sought?

None in this reporting period.

6. What new collaborations were initiated based on THIS Hinkley Center project?
The FSU team initiated a new collaboration with a research team at the University of Florida,
including Dr. Timothy Townsend, Dr. Ashley Lin and their collaborators. The collaboration

centered on measurement and treatment of PFAS in landfill leachate.
7. How have the results from THIS Hinkley Center funded project been used (not will be used) by

the FDEP or other stakeholders?

None in this reporting period.

12



PICTURES:

None in this reporting period.
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