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Per- and polyfluoroalkyl substances (PFASs)
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PFAS-Contaminated Sites in Europe

Source: https://foreverpollution.eu/

>17,000 sites 

Uppsala
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PFAS Treatment Strategies for Water
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Characteristics of PFASs 
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Concentration

PFAS Treatment Options - Concentration

!

Franke V, McCleaf P, Lindegren K, Ahrens L. 2019. ESWRT, 5, 1836–1843

Membranes
• NF, RO
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Concentration

PFAS Treatment Options - Concentration

Membranes
• NF, RO

Foam 
fractionation

Bubbles

PFASs

!

Smith, Wiberg, McCleaf, Ahrens. 2022. ES&T Water, 2, 841-851.       McCleaf P, Kjellgren Y, Ahrens L. 2021. AWWA, e1238
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Concentration

PFAS Treatment Options - Concentration

Membranes
• NF, RO

Foam 
fractionation Phytodegradation

Phytoextraction

Rhizofiltration

Phytostabilization

Phyto-
remediation
• Constructed
• Natural

Gobelius L, Lewis J., Ahrens L. 2017, ES&T, 51, 12602-12610



Plant tissue Burden (%)

Birch Spruce

Foliage 8 - 63 20

Twigs 20 4 - 26

Stem 14 - 88 53

Roots 1 - 4 23

Plants Burden of total PFASs

Biomass

Gobelius L, Lewis J., Ahrens L. 2017, ES&T. 51, 12602-12610

 Incineraion
(>1000 °C)
Taylor P et al., 2014, 
Chemos. 110, 17-22

 Calcium 
catalysed
defluorination
(~350°C)
Wang et al., 2015, 
ES&T, 49, 5672-5680
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Stabilization/ 
solification

Anion exchange 
(AIX)

Other sorbents

Adsorption Treatment

Activated 
carbon (AC)
GAC
PAC

McCleaf, Englund, Östlund, Lindegren, Wiberg, Ahrens, 2017, Water Res, 120, 77-87
Belkouteb N, Franke V, McCleaf P, Köhler S, Ahrens L. 2020. Water Res, 182, 115913
Yu, Zhang, Deng, Huang, Yu, 2009. Water Res, 43,1150-1158Lutz Ahrens



Adsorption 
treatment

PFAS Treatment Options - Adsorption Treatment

McCleaf, Englund, Östlund, Lindegren, Wiberg, Ahrens, 2017, Water Res, 120, 77-87
Belkouteb N, Franke V, McCleaf P, Köhler S, Ahrens L. 2020. Water Res, 182, 115913
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Combination of nanofiltration + adsorption

Franke V, McCleaf P, Lindegren K, Ahrens L. 2019. ESWRT, 5, 1836–1843
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2.6-fold

4.1-fold

Combination of nanofiltration + adsorption

Franke V, McCleaf P, Lindegren K, Ahrens L. 2019. ESWRT, 5, 1836–1843Lutz Ahrens
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Degradation

PFAS Treatment Options - Degradation

By-products

By-products

By-products By-products

By-products

By-products

!

Cui, Gao, Deng, 2020, ES&T, 54, 3752–3766
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Degradation

Microbial 
degradation

Plasma reactor

Electrochemical 
oxidation

Sonochemical

Super critical 
water oxidation

PFAS Treatment Options - Degradation

Smith SJ, Lauria M, Ahrens L, McCleaf P, Hollman P, Bjälkefur Seroka S, Hamers T, Arp HPH, Wiberg K, 2023. ES&T Water, 3, 1201-1211.
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PFOS, c0 = 0.33 nM

PFOA, c0 = 2.1 nM
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PFAS Treatment Options for Water

Concentration
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Foam fractionation

Phytoremediation

Degradation

Electrochemical 
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Foam
fractionation

Phytoremediation

Franke V, McCleaf P, Lindegren K, Ahrens L. 2019. ESWRT, 5, 1836–1843

McCleaf P, Kjellgren Y, Ahrens L. 2021. AWWA, e1238

Gobelius L, Lewis J., Ahrens L. 2017, ES&T, 51, 12602-12610

Adsorption 
treatment

Anion exchange (AIX)

Activated carbon (AC)

Phytoremediation

By-products!

Electrochemical
oxidation

McCleaf, Englund, Östlund, Lindegren, Wiberg, Ahrens, 2017, Water Res, 120, 77-87
Belkouteb N, Franke V, McCleaf P, Köhler S, Ahrens L. 2020. Water Res, 182, 115913

NF membrane

Smith, Wiberg, McCleaf, Ahrens. 2022. ES&T Water, 2, 841-851

Short chain PFASs!

AIX
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PFAS Treatment Options for Water

Range of Practicality
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Electrochemical oxidation

SonochemicalPlasma reactor

Other sorbents Photocatalytic degradation

Microbial degradation Super critical water oxidation

Electrodialytic remediation
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Treatment train 
for removal of 

PFASs in 
groundwater

Example 1 LIFE SOuRCE – PFAS Treatment of 
Groundwater (2021-2025)



Sustainable innovative drinking water treatment 
solutions for large-scale water supply and reuse 

(SIDWater) 

Example 2



Byproduct for 
commercial use

Discharge to environment

~20%

Foam 
fractionation

Electrochemical 
Oxidation

~1%
Biofilter

Water 
reuse

Pellet 
reaktor 
(CaCO3)

Anion
exchange

Biologically
active ion
exchange

~1% ~1%~99% ~99%

~99%~99%

Regeneration/
recycling

Nanofiltration membrane/reverse osmosis

Filtrate
Reject water

SIDWater pilot testing

Drinking 
water

~80%

Artificial
Infiltration 

(MAR)
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Combination of Nanofiltration + Foam Fractionation

McCleaf P, Stefansson W, Ahrens L. 2023. Water Res, 232, 119688

Water reuse

Drinking water

PFAS 
degradation



Take Home Message

Each treatment technique has their 
advantage and disadvantage, so 
combination of different treatment 
techniques is often the best 
solution
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Destroy

Separate

Concentrate
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Thank you!

Contact: lutz.ahrens@slu.se
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