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C6 Firefighting Foam Loss
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July 2016 4

Breakdown products of the C6 FT Foam:  short-chain PFCAs

Fluorotelomer Foam

Source:  Weiner et.al. 2013
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Perfluoroalkyl group –the forever functional group

PFOA

PFOS

PFHxS
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Poly- and Perfluoroalkyl Substances (PFASs)

Perfluorinated Compounds (PFCs) aka

Perfluoroalkyl Acids (PFAAs)

~25 common individual compounds

but ~100’s compounds

PFOS ,PFOA, PFHxS, PFBA, GenX

Polyfluorinated 

compounds (~5,000 

compounds)

Microbial / Higher Organism Biotransformation

More Commonly Regulated
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Aerobic Biotransformation Funnel: Conversion of 
Polyfluorinated Precursors to PFAAs
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Source PFOS 

(ng/kg bw/day)
PFOA 

(ng/kg bw/day)

EFSA, 2008 150 1500

EPA, 2009 80 190

Denmark, 2015 30 100

EPA, 2016 (RfD) 20 20

RIVM, 2016 in progress 12.5

Australia, 2017 20 160

ATSDR 2018 (proposed RfD) 2 3

EFSA 2018 1.8 0.8

Tolerable Daily Intake (TDI)
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Digest AFFF precursors and measure the 
hidden mass: TOP Assay

Microbes slowly make simpler PFAA’s (e.g. 
PFOS / PFOA) from PFAS (PFAA 
precursors) over 20+ years

Need to determine precursor concentrations 
as they will form PFAAs

Too many PFAS compounds and precursors        
–so very expensive analysis

Oxidative digest convert PFAA precursors to 
PFAA’s

Indirectly measure precursors as a result of 
the increased PFAAs formed

Analytical tools fail to measure the hidden PFAS precursor mass, the TOP assay solves this
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TOP Assay Applied to Surface Water from Recent C6 
Fluorotelomer Foam Loss
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Data Courtesy of Nigel Holmes Queensland DEHP
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Sewer Decontamination
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3.5 km of 
domestic/industrial 

sewer

650 Tanks
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Foam Cleanout/Decontamination
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Sewer Decontamination Trial
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The Challenge

• + 15 ML - Sewage, Tradewaste, Brackish 
Creek Water, Chemical Flush Fluids, and 
Stormwater

• Emergency Response – full-scale onsite in 
three weeks

• FF Foam Concentrate – Precursors, 5,000 
µg/L PFAS

• Multiple Contaminants  (1,500 mg/L COD)

• Small Footprint

• Treatment Objective:  0.25 µg/L sum of PFASs 
measured by TOP assay 

Photo courtesy Evocra - July 2017
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Emergency Response
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2 weeks  
permitted

3 weeks  
system 
onsite

4 weeks 
installed

Lab Scale
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Ozofractionation
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Large volume high COD, high PFAS 

impacted wastewater

• ~3.6 million gallons of water

• Total [PFAS] ~ 3,950 µg/L; targeted 
discharge [PFAS] = <1 µg/L

• Laboratory analysis includes total oxidizable
precursor (TOP) assay per country-specific 
regulations

Treatment train operation selected 

• Ozofractionation with engineered polish

• Polish necessary for low discharge limit

• Foam concentrate currently to be destroyed 
offsite
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OCRA - Concept
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Photos courtesy Evocra - July 

2017
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Ozofractionation - Concept
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Wastewater Treatment System
5,000 L/hr (20 gpm)
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Treatment 
Train
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OCRA
Nano-

Filtration

Concentrate 

Destruction
• Destroy 

organics

• Remove 
PFAS incl. 
short chains

• Remove and 
manage 
solids

• Manage 
odour

• Remove 
remaining
PFAS
<0.25ug/L

• Onsite Destruction –Sonolysis Trials

• Offsite Thermal Destruction

Treated 
Water

NF Reject
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Polish with Nanofiltration
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Ozofractionation
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Identification
Influent 

(µg/L)

Ozofraction

% Removal

Adsorbent 

% Removal

Treated 

Water 

(µg/L)

Total 

% Removal

PFOS 2.61 98.2% 81.3% 0.009 99.7%

PFOA 1.37 97.4% 94.4% 0.002 99.9%

6:2 FtS 87.4 95.6% 89.2% 0.416 99.5%

PFPeA 2.08 -66.3% 83.4% 0.575 72.4%

PFHxA 6.91 -66.4% 99.7% 0.034 99.5%

Sum PFAS 103 78.8% 95.1% 1.07 99.0%

Total PFAS, TOPA 3,950 99.6% 89.6% 1.76 99.96%

Ozofractionation highly 
effective at removing PFOS, 
PFOA, and C6 PFAA 
precursors.

Ozofractionation converted 
some C6 precursors to PFHxA, 
PFPeA – net production of 
these compounds

Polishing adsorption stage was 
effective at removing PFHxA
and, to a lesser extent, PFPeA; 
PFBA was not detectable in 
these samples

Ozofractionation and engineered polish achieve 99.96% PFAS removal, post TOP
Property of Arcadis, all rights reserved 
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Trial Phase Percent Reduction
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Wastewater Performance
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Wastewater Performance
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Overall Plant Performance
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Reconcentrate

August 27, 2018

27

0

10,000

20,000

30,000

40,000

50,000

10,000

100,000

1,000,000

10,000,000

100,000,000

Raw feed Concentrate Super Concentrate

C
o

n
ce

n
tr

at
io

n
 (

µ
g/

L)

To
ta

l V
o

lu
m

e
 T

re
at

e
d

 (
L)

Volume

Stage 1
97% Reduction

Stage 2
91% Reduction

650
Tanks

2
Tanks

21
Tanks



© Arcadis 2016

Sonolysis
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• Ultrasound applied to water results in successive 
rarefaction/compression of microbubbles ultimately yielding 
cavitation with extremely high temperatures on the surfaces 
of the bubbles resulting in pyrolysis of PFAS.

Applicability:

Benefits:

• Can reliably destroy concentrated PFAS waste streams 
with literature supported fluoride mass balance.

• Opportunities to use green energy sources as 
technology develops (i.e., solar power).

• PFOA rate > PFOS rate. PFOS will require longer residence 
times and/or more energy. Effective below 10,000 ppt?

• Requires specialized equipment and skilled implementation.

• High energy consumption and low flow rates.

Limitations:

$1

$10

$100

$1,000

$10,000

$100,000

0.05 0.5 5 50 500

FLOW RATE (GPM)

ENERGY COST (USD)
Assumes $0.12/kW-hr and 
10 hr/d operation time

0.3 kW-hr/L
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Sonolysis – Proof of Concept Testing

Property of Arcadis, all rights reserved 



© Arcadis 2016

Summary
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• Designed, permitted, and installed PFASs wastewater treatment plant;

• Took a new technology from the lab to full-scale in 4 weeks;

• Treated 13.5 ML of domestic and industrial wastewaters from multiple 
sources, and creek water;

• Co-contaminants treated without pretreatment:  high organic load, 
surfactants, metals, nutrients;

• Removed short-chained PFASs and precursors;

• Meet stringent regulatory treatment objectives for PFASs;

• Generated no spent media, little or no solid waste
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Proving F3 Foams for Real-World Fires
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