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• Research and dissemination regarding investigation 

and remediation methods for PFAS

• Laboratory studies and pilot-scale projects

• Cooperation with Geological Survey of Sweden and 

Swedish EPA as well as other government authorities 

in the implementation of pilot projects

• Strengthen knowledge about PFAS-contaminated 

areas

• Reporting to the Ministry of Climate and Enterprise 

on Sept 1st 2026

GOVERNMENT ASSIGNMENT
Finns i 
DiVA



REMEDIATION METHODS WITHIN RU PFAS

Remediation of soil

Limit spreading of PFAS in groundwater

STABILIZATION WITH ACTIVATED CARBON

Remediation of soil

Remediate PFAS in soil and groundwater

AIR SPARGING

THERMAL TREATMENTSOIL WASHING
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Introduction to PFAS

Background Aim Experimental Design Results Challenges and prospects

▪ What are PFAS?

• PFAS stands for per- and polyfluorinated alkyl 

substances (also called highly fluorinated 

substances)

• PFAS are persistent environmental pollutants 

("Forever Chemicals")

▪ Why are they a problem ?

• PFAS are highly resistant to degradation

• Highly mobile in soil and water

• Adverse health effects due to bioaccumulation 

(e.g., cancer, immune system issues) 

Source: https://www.pfasfacts.com/

Surfactants

Perfluorooctane sulfonate 

(PFOS)

Rajneesh Gautam
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Introduction to PFAS

Sources of PFAS

Source: https://riversideca.gov/press/understanding-pfas

Ehsan.et.al, (2024)

Rajneesh Gautam

Background Aim Experimental Design Results Challenges and prospects
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Characteristics of PFASs 
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Overview of In-situ PFAS remediation using air sparging

▪ What is air sparging?

o Air sparging is a remediation technique where air is injected into the 
groundwater to desorb and mobilize contaminants

o It is commonly used for removing volatile organic compounds (VOCs) like 
LNAPLs

o While PFAS are not volatile, air sparging has been explored for PFAS removal 
in this study

▪ Potential benefits?

o Enhanced desorption: Bubbles formed increase surface contact between 
air and PFAS-contaminated soil/water.

o Promotes PFAS mobility: PFAS have surfactant-like properties—can attach 
to bubbles and migrate upwards.

▪ Limitations?

o Originally designed for VOCs; results are still uncertain due to fewer studies

o Soil type, profile: Porosity, organic content, and grain size can affect PFAS 
desorption.

Rajneesh Gautam

Background Aim Experimental Design Results Challenges and prospects
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Applying air sparging in the field

Rajneesh Gautam

Background Aim Experimental Design Results Challenges and prospects

From Newell et al. 2022
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Background Aim Experimental Design Results Challenges and prospects

Objectives of the study

Rajneesh Gautam

• Investigate the impact of in-situ air sparging on PFAS desorption from soil

• Is it possible to move PFAS up through the groundwater zone and 

concentrate PFAS in the upper part of the groundwater zone ?

• Compare sparged vs. non-sparged columns under controlled conditions

• Assess compound-specific behaviors:

▪ Short-chain vs long-chain PFAS

▪ Precursors (6:2 FTSA, 6:2 FTAB)

• Determine the role of foam fractionation in PFAS remediation

10
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Rajneesh Gautam

Challenges and prospects
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Background Aim Experimental Design Results Challenges and prospects

Sampling 

AFFF Site

Sampling location: Sundsvall Timra Airport – AFFF training site

Sampling conducted : 2 m depth

Sieved with 0.2 um sieve

Processed soil

• Samples were from an aqueous film-forming foam 

(AFFF) training site at Sundsvall Timra, Sweden

• A total of half a ton of soil was collected and 

processed

• The samples were analyzed for a baseline reference

Rajneesh Gautam
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Rajneesh Gautam

Trial Column* Sparging 

Rate 

(L/min)

Flow Rate 

(mL/min)

Soil 

Height 

(cm)

Effective 

Porosity

Soil 

Volume 

(L)

Pore 

Volume 

(L)

Duration Foam 

Collection

1 1* 0 50 40 0.38 12.56 4.90 3 hours No

1 1 1 50 40 0.38 12.56 4.90 3 hours Yes

2 1 0 50 80 0.38 25.12 9.0 3 hours No

2 2 1.5 50 80 0.38 25.12 9.0 3 hours Yes

3 1 1.5 2.0 80 0.38 28.31 9.7 5 days No

3 2 1.5 2.0 80 0.38 28.31 9.7 5 days No

Short-term

Long-term

Focus of the presentation

Experimental Conditions

Background Aim Experimental Design Results Challenges and prospects
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Rajneesh Gautam

Experimental Conditions

Trial 1: Columns 
operated half-bed 

condition

Trial 2: Columns 
operated in full-bed 

condition

Background Aim Experimental Design Results Challenges and prospects
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Trial 3 (Long Term): Columns operated for 5 days
(Not included in this talk)



Background Aim Experimental Design Results Challenges and prospects

Rajneesh Gautam

Compound (ng/L) Abbreviation
Perfluorobutanoic acid PFBA
Perfluoropentanoic acid PFPeA
Perfluorohexanoic acid PFHxA
Perfluoroheptanoic acid PFHpA
Perfluorooctanoic acid PFOA
Perfluorononanoic acid PFNA
Perfluorodecanoic acid PFDA
Perfluoroundecanoic acid PFUdA
Perfluorododecanoic acid PFDoA
Perfluorotetradecanoic acid PFTeDA
7H-Perfluoroheptanoic acid HPFHpA
Perfluoro-3,7-dimethyloctanoic acid P37DMOA
Perfluorobutanesulfonic acid PFBS
Perfluoropentanesulfonate PFPeS
Perfluorohexanesulfonic acid PFHxS
Perfluoroheptanesulfonic acid PFHpS
Perfluorooctanesulfonic acid PFOS
Perfluorononanesulfonate PFNS
Perfluorodecanesulfonic acid PFDS
Perfluorotridecanoic acid PFTrDA
Perfluorododecanesulfonate PFDoS
4:2 Fluorotelomer sulfonate 4:2 FTSA
6:2 Fluorotelomer sulfonate 6:2 FTSA
8:2 Fluorotelomer sulfonate 8:2 FTSA
6:2 Fluorotelomer betaine 6:2 FTAB
Perfluorooctanesulfonamide FOSA
N-
methylperfluorooctanesulfonamide

MeFOSA

N-ethylperfluorooctanesulfonamide EtFOSA
N-
methylperfluorooctanesulfonamide-
ethanol

MeFOSE

N-ethylperfluorooctanesulfonamide-
ethanol

EtFOSE

Perfluorooctanesulfonamide-acetic 
acid

FOSAA

N-
methylperfluorooctanesulfonamide-
acetic acid

MeFOSAA

N-ethylperfluorooctanesulfonamide-
acetic acid

EtFOSAA

Targeted PFAS in pore water and foam

Compound (ng/L) Abbreviation
Perfluorobutanoic acid PFBA
Perfluoropentanoic acid PFPeA
Perfluorohexanoic acid PFHxA
Perfluoroheptanoic acid PFHpA
Perfluorooctanoic acid PFOA
Perfluorononanoic acid PFNA
Perfluorodecanoic acid PFDA
Perfluoroundecanoic acid PFUnDA
Perfluorododecanoic acid PFDoDA
Perfluorotridecanoic acid PFTrDA
Perfluorobutanesulfonic acid PFBS

Perfluoropentanesulfonic acid PFPeS

Perfluorohexanesulfonic acid PFHxS

Perfluoroheptanesulfonic acid PFHpS

Perfluorooctanesulfonic acid PFOS

Perfluorononanesulfonic acid PFNS

Perfluorodecanesulfonic acid PFDS

Perfluorododecanesulfonic acid PFDoS

Perfluorotridecanesulfonic acid PFTrDS

Perfluoroundecanesulfonic acid PFUnDS

Perfluorooctanesulfonamide FOSA
Methylperfluorooctanesulfonamide MeFOSA

Ethylperfluorooctanesulfonamide EtFOSA

Methylperfluorooctanesulfonamidoetha
nol

MeFOSE

Ethylperfluorooctanesulfonamidoethan
ol

EtFOSE

Perfluorooctanesulfonamidoacetic acid FOSAA

Methylperfluorooctanesulfonamidoacet
ic acid

MeFOSAA

Ethylperfluorooctanesulfonamidoacetic 
acid

EtFOSAA

Fluorotelomer sulfonate (4:2) 4:2 FTSA

Fluorotelomer sulfonate (6:2) 6:2 FTSA

Fluorotelomer sulfonate (8:2) 8:2 FTSA

Fluorotelomer betaine (6:2) 6:2 FTAB

Targeted PFAS in soil

13 compounds were above the limit of 

quantification (LOQ)  in water, foam, and soil

Short-chain Perfluorocarboxylic acids 

PFBA, PFPeA, PFHxA

Long-chain PFCAs 

PFHpA, PFOA, PFNA

Short- and Long-chain Perfluorosulfonic acids 

PFBS, PFPeS, PFHpS, PFHxS, PFOS

Precursor compounds 

6:2 FTS, 6:2 FTAB

15



Background Aim Experimental Design Results Challenges and prospects

Short-term

Experimental Conditions – Trial 1

Trial Design Label Air rate 

(L/min)

Water 

flow 

(mL/ 

min)

Soil 

height 

(cm)

Effective 

porosity

Soil 

volume 

(L)

Run 

duration 

(h)

Foam 

collecte

d

1 Single 

column, 

sequenti

al

Baseline 

(water-only)

0.0 50 40 0.38 12.6 3 No

1 Single 

column, 

sequenti

al

Sparging 

(air+water)

1.0 50 40 0.38 12.6 3 Yes

Rajneesh Gautam

Trial 1: Columns 
operated in half-bed 

condition

M

B

P

P = Permeate; M = Middle B = Bottom 16



Background Aim Experimental Design Results Challenges and prospects
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Before Sparging – Beginning of experiment (Water Phase)

Before Sparging – Beginning of experiment (Water Phase)

After Sparging- After experiment (Water Phase)

• Stratification before sparging showed PFAS leaching passively, with clear layering in 
water.

• Short-chain PFCAs (PFBA, PFPeA, PFHxA) increased in permeate (e.g., PFPeA ↑ 5,200 
→ 6,400 ng/L), reflecting low soil affinity & strong upward mobility.

• Mid-chain PFCA (PFHpA, PFHxA) shifted from middle layers into permeate, 
evidencing desorption and sparging-driven upward transport.

• Long-chain PFSAs (PFHpS, PFHxS, PFOS) showed dramatic increases in permeate 
and foam (PFOS permeate ↑ 11,800 → 460,000 ng/L; foam 1.62×10⁶ ng/L), driven by 
air–water interfacial capture.

• Precursors behaved differently: 6:2 FTSA mobilized into both permeate & foam, 
while 6:2 FTAB remained water-immobile but enriched in foam.

➢ Sparging enhanced vertical mobilization; short-chains dominated water transport, 
long-chains and precursors partitioned into foam.

17



Background Aim Experimental Design Results Challenges and prospects

Rajneesh Gautam

After Sparging – End of experiment (Water phase) 

Before Sparging – Beginning of experiment (Water Phase)

After Sparging- After experiment (Water Phase)

• Stratification before sparging showed PFAS leaching passively, with clear layering in 
water.

• Short-chain PFCAs (PFBA, PFPeA, PFHxA) increased in permeate (e.g., PFPeA ↑ 5,200 
→ 6,400 ng/L), reflecting low soil affinity & strong upward mobility.

• Mid-chain PFCA (PFHpA, PFHxA) shifted from middle layers into permeate, 
evidencing desorption and sparging-driven upward transport.

• Long-chain PFSAs (PFHpS, PFHxS, PFOS) showed dramatic increases in permeate 
and foam (PFOS permeate ↑ 11,800 → 460,000 ng/L; foam 1.62×10⁶ ng/L), driven by 
air–water interfacial capture.

• Precursors behaved differently: 6:2 FTSA mobilized into both permeate & foam, 
while 6:2 FTAB remained water-immobile but enriched in foam.

➢ Sparging enhanced vertical mobilization; short-chains dominated water transport, 
long-chains and precursors partitioned into foam.

18

A thick foam layer was 
found after 30 min of 

sparging



Background Aim Experimental Design Results Challenges and prospects

Rajneesh Gautam

Mass distribution across water and foam compartments (Trial 1)

Before Sparging – Beginning of experiment 

(Water Phase)

After Sparging – End of experiment 

(Water Phase)

Increase in permeate

Increase in foam

19

Zone
Pore Water 
(L)

% of Total Pore 
Water

Bottom 1.2 L 25.%

Middle 1.2 L 25%

Permeate 0.5 L 10 %

Foam 0.5 L 10 %

Unsampled 1.5 L 30.6%

Total PV 4.9 L 100%



Rajneesh Gautam

Trial Design Label Air rate 

(L/min)

Water 

flow (mL/ 

min)

Soil 

height 

(cm)

Effective 

porosity

Soil 

volume 

(L)

Run 

duration 

(h)

Foam 

collected

1 Single 

column, 

sequential

Baseline 

(water-

only)

0.0 50 80 0.38 25.12 3 No

1 Single 

column, 

sequential

Sparging 

(air+water)

1.5 50 80 0.38 25.12 3 Yes

Short-term

Control Sparging

Background Aim Experimental Design Results Challenges and prospects

Experimental Conditions – Trial 2

20F= Foam, P = Permeate; T = Top, M = Middle B = Bottom

P
F

T

M

B



Rajneesh Gautam

Soil – Control Column (Column 1 – No sparging)

Soil – Sparging Column (Column 2 – Post Sparging)

Trial 2- Control (Soil, Before vs After)

• Baseline uniform: PFBA ~0.14–0.17; PFOS ~300–340 ng/g 
across depths.

• Control (Column 1): Very small changes (PFBA top: 
0.14→0.05; PFOS mid: 340→420 ng/g

• Sparging (Column 2): 
▪ Short-chain: PFBA reduced strongly (mid: 

0.17→0.05 ng/g), mobilized into pore water.
▪ Mid-chain PFAS: PFHxA dropped (mid: 0.33→0.055 

ng/g) vs control (0.33→0.13 ng/g), showing 
enhanced desorption.

▪ Long-chain PFAS: PFOS reduced (mid: 340→170 
ng/g; bottom: 300→150 ng/g), captured in 
foam/permeate.

▪ Precursors: 6:2 FTAB dropped sharply (mid: 
390→25 ng/g), confirming strong foam capture.

Background Aim Experimental Design Results Challenges and prospects

Vertical distribution of PFAS in soil: Spatial distribution and mobilization (Trial 2)

Before

After

21
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Soil – Control Column (Column 1 – No sparging)

Soil – Sparging Column (Column 2 – Post Sparging)

Trial 2- Sparging (Soil, Before vs After)

• Baseline uniform: PFBA ~0.14–0.17; PFOS ~300–340 ng/g 
across depths.

• Control (Column 1): Very small changes (PFBA top: 
0.14→0.05; PFOS mid: 340→420 ng/g

• Sparging (Column 2): 
▪ Short-chain: PFBA reduced strongly (mid: 

0.17→0.05 ng/g), mobilized into pore water.
▪ Mid-chain PFAS: PFHxA dropped (mid: 0.33→0.055 

ng/g) vs control (0.33→0.13 ng/g), showing 
enhanced desorption.

▪ Long-chain PFAS: PFOS reduced (mid: 340→170 
ng/g; bottom: 300→150 ng/g), captured in 
foam/permeate.

▪ Precursors: 6:2 FTAB dropped sharply (mid: 
390→25 ng/g), confirming strong foam capture.

Background Aim Experimental Design Results Challenges and prospects

Vertical distribution of PFAS in soil: Spatial distribution and mobilization (Trial 2)

Before

After

22
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Background Aim Experimental Design Results Challenges and prospects

Long-chain PFCA (PFOA)
• Control: Top rises slightly (27% → 31%, Δ = +3.9 ).
• Sparging: Top nearly doubles (27% → 49%, , Δ = +21.4), with Middle and Bottom reduced.
Long-chain PFSAs (PFHxS, PFHpS, PFOS)
• Control: Almost no change (Top within ±3%).
• Sparging: Large Top enrichment — e.g., PFHpS 25% → 71%, Δ = +46.2, PFHxS 26% → 65%, Δ = +38.8, PFOS 25% → 58%, Δ 

= +33.9 
Fluorotelomer precursors (6:2 FTSA, 6:2 FTAB)
• Control: Top stays stable (22–26% both before/after).
• Sparging: Massive Top rise 

▪ 6:2 FTS 26% → 84%, Δ = +58.6 
▪ 6:2 FTAB 22% → 56%, Δ = +33.5

Mass distribution across soil compartments (Trial 2)

Trial 2- Control (soil) Trial 2- Sparging (soil)

Short-chain PFCAs (PFBA, PFPeA, PFHxA)
• Control: Fractions remain stable across depths (Top only 

shifts ±5%).
• Sparging: 

▪ PFBA: 22.6% → 40.0% (ΔTop = +17.4)
▪ PFPeA: 24.2% → 44.0% (ΔTop = +19.8)
▪ PFHxA: 24.2% → 58.5% (ΔTop = +34.3)

Mid-chain PFCA (PFHpA)
• Control: Top fraction stable (25.0% → 23.4%, Δ = –1.6).
• Sparging: Dramatic Top enrichment (25% → 72%,Δ = 

+46.7 )      Bottom collapses (23% → 
6%,).

Before

After

23
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Background Aim Experimental Design Results Challenges and prospects

Vertical distribution of PFAS in water: Spatial distribution and mobilization (Trial 2)

• In Column 1 (control): PFOS (30,000 ng/L) and PFHxS (7,200 ng/L) dominated the 
permeate, showing steady passive leaching but little redistribution across other depths.

• Column 2 (Sparging):
• Short-chain PFAS: PFBA rose from 10→820 ng/L (top) and PFPeA from 0→2,400 

ng/L (top), whereas the control showed negligible movement, proving sparging 
drives short-chain mobilization.

• Mid-chain PFCAs: PFHpA increased to 2,600 ng/L (top) and PFHxA to 1,620 ng/L 
(top), compared to almost no mobilization in the control

• Long-chain PFSAs: PFOS surged from 30,000→300,000 ng/L (permeate) and 
appeared in foam (0→420,000 ng/L) under sparging, while control remained 
static, showing sparging enables vertical transport + foam capture.

• Foam enrichment: Surface-active PFHxS and PFHpS, stable in the control, 
became strongly enriched under sparging (PFHxS foam: 0→14,000 ng/L; PFHpS 
foam: 0→34,000 ng/L).

• Precursors: 6:2 FTS (permeate: 5,400→8,400 ng/L; foam: 18,800 ng/L) and 6:2 
FTAB (foam: 28,000 ng/L) concentrated only in sparged columns, absent in 
control.

Trial 2- Control

Before Sparging – Beginning of experiment (Water Phase)

After Sparging- After experiment (Water Phase)

Before

After

24
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Background Aim Experimental Design Results Challenges and prospects

Vertical distribution of PFAS in water: Spatial distribution and mobilization (Trial 2)

• In Column 1 (control): PFOS (30,000 ng/L) and PFHxS (7,200 ng/L) dominated the 
permeate, showing steady passive leaching but little redistribution across other depths.

• Column 2 (Sparging):
• Short-chain PFAS: PFBA rose from 10→820 ng/L (top) and PFPeA from 0→2,400 

ng/L (top), whereas the control showed negligible movement, proving sparging 
drives short-chain mobilization.

• Mid-chain PFCAs: PFHpA increased to 2,600 ng/L (top) and PFHxA to 1,620 ng/L 
(top), compared to almost no mobilization in the control

• Long-chain PFSAs: PFOS surged from 30,000→300,000 ng/L (permeate) and 
appeared in foam (0→420,000 ng/L) under sparging, while control remained 
static, showing sparging enables vertical transport + foam capture.

• Foam enrichment: Surface-active PFHxS and PFHpS, stable in the control, 
became strongly enriched under sparging (PFHxS foam: 0→14,000 ng/L; PFHpS 
foam: 0→34,000 ng/L).

• Precursors: 6:2 FTS (permeate: 5,400→8,400 ng/L; foam: 18,800 ng/L) and 6:2 
FTAB (foam: 28,000 ng/L) concentrated only in sparged columns, absent in 
control.

Trial 2- Sparging

Before Sparging – Beginning of experiment (Water Phase)

After Sparging- After experiment (Water Phase)

Before

After
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Each marker is a PFAS; x-axis = mass before, y-axis = mass after (log scales). The dashed 1:1 line means “no change”
▪ Above the line = increase after treatment (mobilization/accumulation).
▪ Below the line = decrease after treatment (depletion/removal).
▪ Distance from the line shows magnitude (each grid step is ~10× on a log axis).

Trial 2 – Control, Water
▪ Points below the line → no active mobilization; 

water-phase masses tend to drop/redistribute 
under flow alone.

Trial 2 – Control, Soil
▪ Mostly on/below the line; a few above → soil 

masses are broadly stable with minor passive 
redistribution/re-adsorption.

Trial 2 – Sparging, Water
▪ Markers are mostly above the line → sparging 

mobilizes PFAS into water; the strongest response 
for surface-active PFAS and fluorotelomers, with 
short-chains clearly uplifted.

Trial 2 – Sparging, Soil
▪ Markers mostly below the line → soil depletion 

consistent with transfer to water/foam under 
sparging; isolated increases likely reflect local re-
adsorption or depth redistribution.

Lutz Ahrens

Mobilization of PFAS Mass (Total) into water and foam

Mass decrease after treatment

Mass Increase after treatment

Background Aim Experimental Design Results Challenges and prospects

Trial 2, Control Trial 2, Sparging

(PFOA: 5237, 47.7)

(PFHxS: 32200, 225)

(PFHxS: 3880, 81050)

(PFOA: 88, 3170)

(6:2 FTS: 3255, 66100)

26
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▪ Mass balance after sparging: Post-sparging PFAS soil mass decreased with an increase in PFAS mass in water/foam, 

demonstrating effective mobilization 

▪ This mobilization supports the potential for soil remediation, particularly in vadose zone or shallow saturated 

layers, where PFAS are sorbed but accessible to air channels.

▪ Class-specific behavior: Short/mid-chain PFCAs extracted in the water phase, while long-chain PFSAs and precursors 

extracted in the foam

▪ Foam: Foam fractionation could be a major removal pathway for surface-active PFAS (long-chains, precursors) 

▪ Operations: Performance depends on sparger design, column depth, air flow rate, pore volumes, and residence time; over-

aggressive sparging can destabilize hydraulics

▪ Path to field scale: This study does not claim that PFAS can be lifted from deep groundwater zones to the surface (it’s 

unclear due to lack of trials).  However, at the field scale, it could be used to mobilize and concentrate PFAS within the upper 

part of the saturated zone.

Background Aim Experimental Design Prel. Results Challenges and prospects

Conclusion, challenges and prospects
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Thank you for listening

Questions 

28
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