PFAS Immobilisation in Soil:
How Long is Long Enough?
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What is Immobilisation?

Sorbent

Immobilisation is a remediation @
technique that uses sorbents to s, 4
lock up PFAS to prevent

leaching into the environment.

Also known as ‘stabilisation’

Can incorporate cement to further
reduce leaching and to improve
soll strength.

Does not reduce fotal PFAS

Contaminated water Clean water
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Treatment/Disposal Options for PFAS in Soil

available technologies

>

Stabilization is rated as
“field implemented”
technology by the ITRC (US)

https://pfas-1.itrcweb.org/12-
treatment-technologies/

N Landfilling Most effective and
@ The width of the box Engineered Containment
o reflects the range of
E potential effectiveness Soil Washing
E Stage of Development
e reflects scale of * Soil Stabilization
E & deployment and
= 8 commercial availability HT Incineration
g' Cement Kilns
T Injected Activated Carbon
>
3 Thermal Desorption
— Soil Leaching / Flushing
o Smoldering
g
K "% Phytoremediation Ball Milling
» s
% Effectiveness broadly reflects the ability of the
technology to holistically manage environmental risks
~ Biodegradation E-Beam from PFAS via relevant mechanisms
Less Effectiveness More
Adsorption Separation Destruction Containment

CONCAWE Report 8/24. PFAS Soil Treatment Processes — A Review of Operating Ranges and Constraints
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PFAS Data - The ‘Sweet Spot’ for Stabilisation

To achieve a 99% @ To achieve a 99.9%

PFAS NEMFP 3.0 -
Common Total PFAS NEMP leachable leachable Intermediate | Intermediate Health | Casel Convention
Conce ion PFAS NEMP 3.0 nin concentrations concentration Value — For Value— For ' igation Low Persistent
MNon-Detect _ - | Drinking Water . & reduction to < PFAS | reduction to < PFAS Organic Pollutant
Analytical Limit o Ecological s . Reference Reference Level D - L
of con *10 Guideline indirect o NEMP 3.0 Drinking | NEMP 3.0 Drinking Pu only | Pu Only mercial / Content Limit
I water guideline Water Guideline I I industrial (LPCL)
(0.07 pg/i ) (0.07 pg/L )
Soil Concentration PFOS (mg/kg) 0.001 0.0014 0.03 0.14 138 5 10 20 50

Water Concentration or Implied I
Leachability PFOS (L) 0.05 0.15 7 70 500 1000 2500

Do Nothing

Immobilisation/Stabilisation

Soil Washing
Containment

Destruction

“Askeland, M. (2025). Reframing the efficiency spectrum of PFAS soil treatment technologies beyond conventional "source" and "diffuse"

classifications (Unpublished short scientific communication manuscript). ADE Consulting Group. ‘*‘ Rem Bind‘E‘



How PFAS Sorbents Works

Hydrophobic Backbone Charged Head

PFOS

o] 11 e

Tyt

Carbon, Clays,
Aluminum Oxyhydroxides

RemBind
‘Mixed Mode’
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Bench-Scale Feasibility Testing

RemBind

« Compare different sorbents
« Determine the optimal dosage rate

« |dentify matrix interferences.
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1. Screen soil, dose reagents (0% to 5%) 2. Add water, mix, 3. PFAS leachate analysis
fix for 24 hours (e.g. TCLP, LEAF)

> ° ®
¢ > RemBind



Typical Lab Trial Results — Airport Site, USA

Unamended Condition ( 38700 RemBind (1%) RemBind (5%) RemBind (10%)
ZLE+06 | LE+D4 : Freom
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- - -
- Compare the effectiveness of soil amendments in sequestering £ LED2 E 1eam Eimm ok
e Il [ s s |
- For different soil mixtures (100/0, 50/50, 0/100 topsoil/clay) w 1E+01 w LE+OL w LE+01
- For different amendments (RemBind vs. FluoroSorb 200) % ‘ | g i I
; ; 1.E+00 1.E+0D 1.E+DD
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HAEL W SE2 WSE3 W 5E4 H 5ES H5ES HSE1 WSE2 W5E3 W 5E4 H5ES [ 143 m5EL H5E2 mSE3 W 5SE4 HSES mAER

= Experimental design:

- Simple batch experiments

 PFAS-free” rainwater Increased PFAS sequestration with No unintended consequences
- Serial dilution approach
- Simulated wetting & drying cycles (6 times) EMEﬂdMEHt dﬂSHgES because Df treatment

CDM_ Jeff Bamer, Dung Nguyen, Chris Gurr, Jill Greene. In-situ soil stabilization to mitigate PFAS transport > . ®
via stormwater at an AFFF source area. CDM Smith, 2024 Battelle Chlorinated Conference. ‘ * Rem BI nd
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Field Scale Implementation




Soil Mixing — Key Success Factors

Sorbent

> > , X/
( ]
1. Particle size reduction 2. Uniform sorbent addition = .
o
o °
Soil /)
Water

Avoid the ‘lamington effect’
where large soil particles are
coated on the surface only!

> ° ®
¢ > RemBind



Soil Mixing Examples

CARMANS ib; | P&i }

= e W ~ Trommel Screen




Long Term Stability of PFAS Immobilisation

Inherently difficult to prove. What does
perpetual actually mean?

 We can only simulate in the lab (decades) or
monitor in the field (few years)

« Metals & PAHs have been stabilised in soil for
decades, why is PFAS any different?

 We need practical solutions built on quality
iIndependent data

PER
QUATERNARY

 PFAS is leaching as we speak!
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Lab Simulations — Long Term Stability

Contents lists available at ScienceDirect Contents lists available at ScienceDirect

Science o Science o
Total Environment Total Environment

Science of the Total Environment Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitaotenv

journal homepage: www.elsevier.com/locate/scitotenv

Durability of sorption of per- and polyfluorinated alkyl substances in soils
immobilised using common adsorbents: 1. Effects of perturbations in pH

Shervin Kabiri **, Marc Centner®, Michael J. McLaughlin **

@ School of Agriculture, Food and Wine, The University of Adelaide, PMB 1, Waite Campus, Glen Osmond, SA 5064, Australia
b ALS, Life Sciences Division, 277 Woodpark Road Smithfield, NSW 2164, Australia

Durability of sorption of per- and polyfluorinated alkyl substances in soils
immobilized using common adsorbents: 2. Effects of repeated leaching,
temperature extremes, ionic strength and competing ions

Shervin Kabiri *, Michael ]. McLaughlin *

School of Agriculture, Food and Wine, The University of Adeloide, PMB 1, Waite Campus, Glen Osmond, SA 5064, Australia

HIGHLIGHTS GRAPHICAL ABSTRACT

+ Systematic study on leaching of PFASs
from remediated and unremediated soil
« PFASs desorption from soil depended to
their C-chain length and chemical struc-

Eluent pH
METaTaTaTaTaTaTmllel 2l sl TaTaTaT s Tl

HIGHLIGHTS GRAPHICAL ABSTRACT

ture

« Short-chain PFASs desorption form soil
was not pH dependent

* In- situ stabilisation of PFASs in soil re-
markably decreased their desorption.

.....

.....

ol P ]
002 4 6 B W 12 W
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+ Short-chain PFASs desorbed completely
and quicker than long-chain com-
pounds during column leaching.

+ Long-chain PFASs did not desorb
completely using repeated or column
leaching.

= No effect of temperature and ionic
strength on PFASs leaching from
remediated soils.

+ No effect of HA and competing ions on
PFASs leaching from remediated soils.

Column leaching [ | Unremediated soil d soil

2l Laacheel PrAS

Multiple extraction

™y
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Lab Simulations — Long Term Stability

Multiple extraction

f’-
[

Modified US EPA Method 1320,
simulates 1,000 years of stability using
worst case scenario repetitive leaching
using DI water as the leaching fluid

Soil 1 (clay, 35 mg/kg, ~600 ug/L PFAS)

Soil 2 (sand, 0.7 mg/kg, ~60 ug/L PFAS)

Column leaching

Simulates field conditions over
~17 years of precipitation in the
region where Soil 1 was sourced

Simulates durability over a wide range
of environmental conditions:
 pH2-12

* Temperature -15°C to 45°C

* Salinity ECOto 17 dS/m

* Phosphate 3x10-4 to 3x10-2 P

* SOM 50-200 mg organic C per L
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MEP — Simulating 1,000 Years of Stability

Concentration of leached PFAS from untreated soil

15 PFAS=35mg/kg
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MEP — Simulating 1,000 Years of Stability

% of leached PFSAs [cumulative]

% of leached PFSAs [cumulative]
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Conclusions:

PFOS=0.15%

Only 4/15 PFAS species found in treated soil leachate
After 1,000 yr simulation, 0.15% of PFOS has leached
PFOS leaching has plateaued, PFBA predicted to

plateau at <2%
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Lab Simulations — pH Stability

Eluent pH

|2 |3]|]4|5|6|8|9|10[11|12]2]|3|4|5]|6]|8|9][10]11]12] o

e

Unremediated Soil

Total PFAS ~35 mg/kg
* Soil treated with 5% RemBind

e &  24-hour ASLP bottle leach across pH
Remediated Soil

"W\, .\% b S~ ,\/\/\" range 2 - 12
Y4 {} :
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Conclusions from Kabiri Lab Studies

“...these results provide site owners and regulatory
authorities with a high level of confidence that
PFASs binding by RemBind is predicted to be
persistent in the long term”.

“However, to give the greatest level of confidence,
these simulations should be validated under field

conditions for at least several years”
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Long Term Stability Study 2023 Germany

Jurgen Buhl, Cornelsen. Sorbed PFAS under Weather Conditions: Resilient Enough?
Battelle Chlorinated Conference 2024

Stress test at Eurofins/D

« Durability of sorption process
* Idea: Weathering / Landfill / Chemical
* Eluate 2:1 & 10:1

_pyY
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a ?
%
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Long Term Stability in the Field — 2018 USA

A ARCADIS
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McDonough et al. ACS Omega 2022 7 (1), 419-429

nous "> RemBind’
https://doi.org/10.1021/acsomega.1c04789 “’ em In



https://doi.org/10.1021/acsomega.1c04789

Summary of Results (Log Scale)

A ARCADIS
Leaching Concentration of PFOS, PFOA, PFHxA and Total PFAS
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Theresa Guillette, Arcadis.

In Situ Stabilization and Solidificati
on for PFAS Remediation in Soils.
2024 Battelle Chlorinated
Conference, Denver, CO, USA
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Long Term Stability in the Field — 2023 USA
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Divine et al. 2025. Field Demonstration of In Situ Stabilization ,.* o o
A (ISS) of PFAS in Soil with RemBind. J. Haz Mat., in review. 4.’ RemBlnd




Full-Scale Global Project Examples
with Regulatory Signoff

e Commercial airport, Canada (full-scale, 2025)

Residential development, Australia (full-scale 2024)
 Commercial airport, USA (pilot 2024)

* Aged care home, New Zealand (full-scale 2023)

* Military base, Sweden (full-scale 2023)

* 3 Airforce bases, USA (pilots 2022-24)

* Space base, USA (full-scale 2022)

* Metal plating site, Sweden (full-scale 2021)

 Airforce base, Australia (full-scale 2021)
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Take Home Messages

Immobilisation is an acceptable remediation method
for PFAS contaminated soill

Peer reviewed studies using RemBind simulate:

« 1,000 years of long-term stability

« Durability across a wide range of conditions
Independent field data validates durability for >5 years

We don’t need to reinvent the wheel!
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