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WORK ACCOMPLISHED DURING THIS REPORTING PERIOD:
Summary: During this reporting period, we completed ~50% of Task 1.

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 a barrier that consists of a geomembrane layer (HDPE) and a GCL layer (bentonite) at
four temperatures (i.e., 40, 50, 60, and 70 °C). Two additional GCLs are tested at 50°C. The
permeation experiments follow American Society for Testing and Materials (ASTM) Method
F739-20 with modification for various temperatures and long testing periods. It is conducted in
two-chamber diffusion cells separated by an HDPE membrane and GCL. As shown in Figure 1,
two cells are separated by the permeation barrier and placed in a heated water bath. Table 1 shows

the list of all experiments in Task 1. Figure 2 shows how the two cells are connected.
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Figure 1. Set-up of permeation experiments in Task 1
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Figure 2. Exploded view of permeation cell connection

Table 1. Permeation experiments in Task 1.

Experiment #

Explanation

1

Permeation of FTOHs at 500 pg/L in source at 40 °C through GCL 1 + HDPE

2

Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 1 + HDPE

Permeation of FTOHs at 500 pg/L in source at 60 °C through GCL 1 + HDPE

Permeation of FTOHs at 500 pg/L in source at 70 °C through GCL 1 + HDPE

Permeation of FTOHs at 500 pg/L in source at 50 °C through control membrane

Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 2 + HDPE

Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 3 + HDPE




During the second quarter of this project, we evaluated the permeation of four FTOHs (i.e., 4:2,
6:2, 8:2, and 10:2 FTOH) at four temperatures 40, 50, 60 and 70 °C using GCL 1. For the
experiment at 40°C using GCL 1, after more than 50 days, the FTOHs concentrations in the source
chamber decreased from approximately 500 pg/L to 362 and 180 pg/L for 4:2 FTOH and 6:2
FTOH, respectively (See Figure 3). The concentrations of the long-chain FTOHs (i.e., 8:2 FTOH
and 10:2 FTOH) in the source chamber reached below the detection limit of 1 ug/L after ~20 days.
The concentrations of all FTOHs in the receptor chamber remained below the quantification limit
of ~1 pg/L. For the experiment at 50°C using GCL 1, after more than 50 days, the FTOHs
concentrations in the source chamber decreased from approximately 500 pg/L to 300 and 90 ng/L
for 4:2 FTOH and 6:2 FTOH, respectively (See Figure 4). The concentrations of 8:2 and 10:2
FTOH in the source chamber reached below the quantification limit after ~20 days. The
concentrations of all FTOHs in the receptor chamber remained below the quantification limit of

~1 ng/L.

For the experiment at 60°C using GCL 1, after ~ 40 days, the FTOHs concentrations in the source
chamber decreased from approximately 500 pg/L to 250 and 100 pg/L for 4:2 FTOH and 6:2
FTOH, respectively (See Figure 5) while 8:2 FTOH and 10:2 FTOH reached below the
quantification limit after ~5 days. The FTOHs concentrations in the receptor chamber increased
from below the detection limit of 1 pg/L to 1.5 and 5.5 pg/L for 4:2 FTOH and 6:2 FTOH,
respectively while 8:2 and 10:2 FTOH remained below the quantification limit. For the
experiments at 70 °C, after ~ 50 days, the FTOHs concentrations in the source chamber decreased
from approximately 500 pug/L to 140 and 54 png/L for 4:2 FTOH and 6:2 FTOH, respectively (See
Figure 6) while 8:2 and 10:2 FTOH reached below the quantification limit after ~5 days. The
FTOHs concentrations in the receptor chamber increased from below the detection limit of 1 pg/L
to 10 and 16 pg/L for 4:2 FTOH and 6:2 FTOH, respectively while 8:2 and 10:2 FTOH remained

below the quantification limit.

As temperature increases the transport of FTOHs to the receptor chamber increases as seen by the
faster breakthrough of FTOHs at higher temperatures of 70 and 60 °C (see Figure 5b and 6b). The

fast decrease of long chain FTOHs in the source chamber at all temperatures can be explained by



the fact that long chain FTOHs have high octanol-water partition coefficients and adsorption rates

(Carmosini and Lee, 2008).
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Figure 3. FTOH concentration changes for the experiment with HDPE and GCL 1 at 40°C: a)

source chamber and b) receptor chamber
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Figure 4. FTOH concentration changes for the experiment with HDPE and GCL 1 at 50°C: a)

source chamber and b) receptor chamber



a) Source chamber at 60°C b) Receptor chamber at 60°C
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Figure 5. FTOH concentration changes for the experiment with HDPE and GCL 1 at 60°C: a)

source chamber and b) receptor chamber
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Figure 6. FTOH concentration changes for the experiment with HDPE and GCL 1 at 70°C: a)

source chamber and b) receptor chamber



We compared the preliminary results from the experiments with the combination of HDPE and
GCL 1 to the results from the experiments with only HDPE in Figure 7. When HDPE was used
as the only permeation barrier, the receptor concentrations were approximately two and three-fold
higher for 6:2 FTOH and 4:2 FTOH, respectively, than the concentrations when the combination
of HDPE and GCL 1 was used. The concentration of long chain FTOHs (i.e., 8:2 and 10:2 FTOHs)

remained below the quantification limit in both scenarios.
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Figure 7. Comparison of HDPE and the combination of HDPE and GCL 1 for permeation of
FTOHs at 60°C: a) 4:2 FTOH and b) 6:2 FTOH



We also compared the hydration of the three GCL products in Figure 8. While Figure 8a shows
the GCL thickness change duration the first 20 days after hydration, Figure 8b shows the
corresponding change when normalized to the GCL’s initial thickness. The three types of GCL are
similar in that they reached steady-state thickness within approximately 10 days. Based on the

normalized thickness change, the swelling of GCL 3 was smaller than that of GCL 1 and 2.
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Figure 8. Change of GCL thickness after dehydration: a) effective thickness and b) normalized
thickness



We also began testing GCL 2 and GCL 3 at 50 °C and observed no significant difference among

the three GCL products in the preliminary experiments, as shown in Figures 9 and 10.
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Figure 9. Results from experiments with HDPE and GCL 2 at 50°C: a) source chamber and b)

receptor chamber
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Figure 10. Results from experiments with HDPE and GCL 3 at 50°C: a) source chamber and b)

receptor chamber

To address the comments from the first technical awareness group (TAG) meeting, we evaluated

the presence of FTOHs in the permeation materials used in this in this study, including the three



GCL products and HDPE. We used solvent extraction as described by Goukeh et al. (2023), which
involved placing the test material (0.14 g) in pure methanol (2 mL) for 1 hour to extract FTOHs.
All FTOHs were found below the method quantification limit of ~ 60, 40, 43 and 110 ng of FTOH
per gram of solid sample (ng/g), suggesting that there are likely no FTOHs in the test materials.
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TAG MEETINGS:
We did not hold TAG meeting during this period.

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

None in this reporting period.

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.

Dennis Ssekimpi, Maeve Storm, Mojtaba Nouri Goukeh, Sabrina Clark, Youneng Tang.
Permeation of Fluorotelomer Alcohols (FTOHs) through HDPE Membrane in Landfill Covers
and Liners. 2026 SWANA FL Winter Conference: Fort Myers, FL, 2026.

4. List who has referenced or cited your publications from this project.

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?

None in this reporting period.
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.
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PICTURES:

None in this reporting period.
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