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PFAS Treatment Technologies for Liquids
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Foam Fractionation for PFAS Treatment



COPYRIGHT EVOCRA Pty Ltd,  AUSTRALIAN PATENT No. 
2012289835 COPYRIGHT EVOCRA Pty Ltd,  UNITED STATES PATENT No. 

2014/0190896 

Foam Fractionation Treatment Process 
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Foam Fractionation for PFAS Treatment

© Arcadis 2021

• Foam Fractionation ≠ Froth Flotation

• Froth Flotation refers more to the removal of 
particulate materials by bubbling

• Foam fractionation indicates the foaming of 
dissolved materials by adsorption on the 
bubble surfaces

• Goal is to increase the available surface area 
for the PFAS to attract to the bubble interface

• Operating in a continuous stripper mode to 
minimize foam waste product and optimize 
operation G. Narsimhan, Purdue University,

West Lafayette, IN, USA
Copyright 2000 Academic Press



Foam Fractionation for PFAS Treatment
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• Venturi inducts gas in foam fractionation
• Very high contact between gas/liquid, especially at the 

gas injection point on the venturi 
• Formation of finer bubbles than possible from other 

technologies 
• Vacuum- simple operation / maintenance 

Clean Water Testing- Arcadis

Photo Source: Mazzei Venturi



Foam Fractionation Gases
• Foam fractionation uses tiny bubbles 

injected via a venturi to separate 
PFAS from the aqueous solution

• Ozone can create micro-nano-
bubbles (MNBs) ranging from 
10s nm to 10s μm

• MNBs can increase bubble 
quantity and available surface 
area for treatment

• Ozone bubbles may have a 
high zeta potential which 
lessens bubble coalescence 
and improves stability
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• Optimized concentrations through 
rigorous testing and trials

• Lower risk of ultra-short chain PFAS
• Maximize waste removal effectiveness 

with lower volumes

Foam Fractionation Gases

“Ozonated air fractionation showed the best PFAS 
removal efficiency, which was more than 95%, as a 
result of the enriched OH radicals in the gas 
bubbles.” Comparative study of PFAS treatment by 
UV, UV/ozone, and fractionations with air and 
ozonated air (Dai et. al 2019)

Property of Arcadis, all rights reserved (Arcadis)



Ozone Oxidation During Foam Fractionation
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Foam Fractionation Target Sources
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• Targeted high concentration waste with high 
organic co-contaminants   
• Industrial Wastewater Treatment Plants

• Municipal Wastewater Treatment Plants

• AFFF Impacted Source Zones (spills, groundwater) 

• Landfill Leachate (Robey et. al 2020, McCleaf et. al 2021)

• Water treatment receiving facilities of variable sources

• Applied to groundwater with limited success 
requiring additional foaming agents or reagents to 
be added to promote foaming

• Drinking water not typically targeted, but RO reject 
from drinking water plants being piloted now

(Adobe Stock Photo)



System Design Steps
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Pilot-Scale Testing
Project Name Matrix Client and Location Year Type

County Wide Landfill (CWLF) Leachate Treatment Evaluation, 
Testing and Design

Superfund Site Landfill Leachate
Michigan EGLE

Gibraltar, Michigan

2020 Bench
2021 Pilot

In Progress Full Scale

Landfill Leachate Foam Fractionation Testing Commercial Landfill Leachate
Confidential Solid Waste Company, 

New Hampshire
2021 Bench

Landfill Leachate Collection Facility
 Foam Fractionation Testing

Commercial Landfill Leachate
Confidential Solid Waste Company, 

Michigan

2023 Bench

2023 Pilot

Industrial Landfill Leachate Characterization and Foam 
Fractionation Bench-Scale Testing

Industrial Private Landfill Leachate Industrial Confidential Client, Alabama 2021 Bench

Industrial Wastewater with
 AFFF Foam Fractionation Testing

Industrial Wastewater/ AFFF Industrial Confidential Client, Wisconsin
2019 Bench

2020 Pilot

Industrial Wastewater RO Reject
 Foam Fractionation Testing

Industrial Wastewater RO Reject Industrial Confidential Client, Illinois 2020 Bench

ESTCP Fire Decontamination Cleaning Agent
Foam Fractionation Testing

PFAS Cleaning Agent ESTCP, Pennsylvania 2022 Bench

Groundwater with AFFF Foam Fractionation Testing AFFF Impacted Groundwater Navy BAA, Pennsylvania
2023 Bench
2023 Pilot

Drinking Water Plant Reverse Osmosis Reject 
Foam Fractionation Testing

Drinking Water RO Reject Drinking Water Plant, Alabama
2023 Bench

In Progress Pilot
Arcadis Australia

New Chum Landfill Leachate Trial Landfill Leachate Industrial Confidential, Queensland
2021 Pilot
2022 Full Scale

Qantas Wastewater Treatment Industrial Wastewater Brisbane Airport, Queensland 2018 Full Scale

Fire Training Area Runoff Treatment AFFF/ Sewer/ Combined Waste Hobart Airport, Tasmania 2020 Full Scale

Campbellfield Industrial Wastewater Treatment Industrial Wastewater Industrial Confidential, Victoria
2021 Bench

In Progress Full Scale

Rutherford Sour Water Treatment Trial Industrial Wastewater Industrial Confidential, New South Wales 2021 Bench



Foam Fractionation Pilot Test 2023 (Landfill Leachate mixed w/ GW)
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  Air 1-Air 2 Ozone 1-Air 2
PFAS (ng/l) Influent  Effluent % Removal Influent  Effluent % Removal

PFOA 1,250 40 97% 1,564 44 97%

PFOS 38,511 288 99.3% 42,983 209 99.5%

PFNA 10,573 73 99.3% 13,689 49 99.6%

PFHxS 13,493 1,159 91% 14,909 807 95%

PFHpA 900 193 79% 875 151 83%

PFDA 438 8 98.2% 425 <5 98.8%

Sum 6 65,165 1,761 97.3% 74,445 1,260 98.3%

Volume Treated (gal) 1,708 1,668
Foam Produced (gal) 10 5

% Foam 0.6% 0.3%



Foam Fractionation Expected Performance  
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*Based on Landfill Leachate mixed w/ GW 2023 pilot test performed by Arcadis (9/25-10/13). Percent removal varies 
significantly based on source, PFAS concentrations, surfactant load, hydraulic residence time, and foaming characteristics.

PFAS (ng/l)
% Removal

Typical Conservative

PFOA 99% 96%
PFOS 99% 96%
PFNA 98% 95%
PFHxS 97% 93%
PFHpA 81% 70%
PFDA 98% 96%
Sum6 95% 91%
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Foam Fractionation Waste Residuals
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• Low Volume
• <1% by volume or less with subsequent 

processing
• 100’s of gallons per day

• High PFAS concentration
• Influent ppt levels can concentrate into ppm level 

foam fractionate
• Potential for significant cost savings in disposal 

volumes and feasible for destruction technologies 
• E.g. Recent quote in winter 2023 was $2.24/gal to 

$2.92/gal for foam fractionation and destruction
• Vendors developing/offering complete destruction 

options coupled with FF (i.e. plasma, electrochemical, 
etc.)



PFAS Destruction and Disposal Options Per EPA
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Interim 
Storage

Underground 
Injection

Permitted 
Landfills

Thermal 
Treatment

As per EPA Interim Guidance on the Destruction and Disposal of Perfluoroalkyl and Polyfluoroalkyl 
Substances and Materials Containing Perfluoroalkyl and Polyfluoroalkyl Substances (April 2024)



Other PFAS Waste Destruction Options
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Supercritical 
Water Oxidation Photochemical

Hydrothermal 
Alkaline 

Treatment

Sonolysis Electrochemical Plasma

Destruction may offer lower long-term liability compared to other disposal 
options
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CONCLUSIONS
Foam Fractionation is an innovative PFAS treatment 
technology to be considered as part of a treatment 
train approach.
Commercialization is increasing in the U.S. with full-
scale system construction in progress. 

Ozone may improve treatment and have additional 
benefits in the foam fractionation PFAS treatment 
process.
PFAS destruction technology advancement can 
provide the final step in destruction of foam 
fractionate concentrate waste residuals

Property of Arcadis, all rights reserved 



Arcadis PFAS Solutions
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Arcadis. Improving quality of life.

O 207 613 8452
E baxter.miatke@arcadis.com

Water Engineer, Portland, Maine

Thank You!
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