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Questions

Does it work?

Can I use it?

July 2016 3
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How much is it going to cost to clean it up?

Are the local community exposed?

Litigation –class action? 

Understanding the Chemistry = Understanding the Liability
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PFAS News 2015 / 2016

Detections of PFAS in drinking water has caused spiraling regulatory concern
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USEPA UMCR 3, May 2016

PFASs in US Public Water Supplies

Detected in ~ 2% of large public water supplies
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Persistent Organic Pollutants

Stockholm Convention Definition:

• Organic chemical substances

• Remain intact for exceptionally long periods of time (many years);

• Become widely distributed throughout the environment 

• Accumulate in the fatty tissue of living organisms including humans, and are 
found at higher concentrations at higher levels in the food chain; and

• Are toxic to both humans and wildlife

November 6, 2017 7
PFOS DDT PCBs
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Persistent Organic Pollutants

If chemical are “PBT”, they can be restricted under European REACH:

• Persistent: 

• Half lives > 40 days in freshwater, >120 days in soil

• Bioaccumulative:

• Bioconcentration factor/bioaccumulation factor in fish >2000

• Toxic

• Human: Chronic toxicity, carcinogenic/mutagenic/reprotoxic

• Ecological: No effect concentration (NOEC) <0.01 mg/L

November 6, 2017 8
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Persistent Organic Pollutants

Alternative to PBT is vPvB under REACH

• very Persistent: 

• Half lives > 60 days in freshwater, >180 days in soil

• very Bioaccumulative

• Bioconcentration factor or bioaccumulation factor in fish >5000

• Requirement for toxicity no longer necessary to restrict the 
chemical

• Also Persistent Mobile and Toxic (PMT) suggested as more n 
realistic assessment to manage risk to receptors from man made 
chemicals

November 6, 2017 9
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Microbial Metabolism
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Poor Reversibility of Exposure (Conceptual)

Poorly reversible exposure of a 
chemical can occur two ways:

• The chemical has slow 
elimination kinetics in 
organisms (bioaccumulative)

or

• Due to environmental 
recalcitrance, exposure is 
steady (extreme persistence)

(Cousins et al. Environ. Int. 2016)

Treatment 
technology 
implemented

PFOS

PFHxA

November 6, 2017 12
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Environmental Consequences
Long Term Ultra-Persistence vs Short Term Effects 

• Milk may cause a short term fish kill by diminishing 
dissolved oxygen

• Ultra-persistent ingredients can cause long term 
pollution potentially affecting future generations
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Potential PFAS Exposure Pathways

The PFAS web 
Oliaei et al. Environ. Sci. Pollut Res (2013) 20: 1977-1992  Property of Arcadis, all rights reserved 



PFAS PROPERTIES

Parameter PFOS (Giesy, 2010; OECD, 

2002)

PFOA (EFSA, 

2008)

CAS number 1763-23-1 335-67-1

Chemical formula C7H15COOH

Molar weight 538,23 g/mol 414,07 g/mol

Boiling point n.a. 189-192 °C
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What are Poly and Perfluorinated
Alkyl Substances (PFAS)

PFAS include PFOS, PFOA and approx. 

3,000 fluorinated compounds
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Perfluorinated compounds (PFCs)

PFAAs totally resist biodegradation & biotransformation so are extremely persistent

• Perfluorinated Compounds 
(PFCs) generally are the 
Perfluoroalkyl acids (PFAAs)

• PFAAs include:

• Perfluoralkyl carboxylates 
(PFCAs) e.g. PFOA

• Perfluoroalkyl sulfonates (PFSAs) 
e.g. PFOS

• Perfluoroalkyl phosphinic acids 
(PFPiS); perfluoroalkyl
phosphonic acids (PFPAs)

• There are many PFAAs with 
differing chain lengths, PFOS 
and PFOA have 8 carbons (C8) -
octanoates

July 2016 18

C1 Methane

C2 Ethane

C3 Propane

C4 Butane

C5 Pentane

C6 Hexane

C7 Heptane

C8 Octane

C9 Nonane

C10 Decane

C11 Unodecane

C12 Dodecane

C13 Tridecane

C14 Tetradecane
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Perfluorinated Compounds in Consumer 
Products

Pre-Treated Carpet

Treated Home Textiles

Food contact paper

Non-stick cookware

• Historical focus has mainly been on 
PFOA and PFOS, but PFAS-
containing products contain a 
mixture of differing chain length 
PFAAs

• In this study C5 to C12 
perfluorinated carboxylates (PFCA) 
are detected in PFOA (C8) 
containing consumer products

• Similar diversity of PFAA chain 
lengths may be expected in other 
PFAS-containing products and 
PFAS-contaminated areas

Data from Guo et al. 2009, U.S. EPA; Polyfluorinated 
substances and perfluorinated sulfonates were not measured

Property of Arcadis, all rights reserved 
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Polyfluorinated Compounds -Precursors

Thousands of polyfluorinated precursors to PFAAs have 
been commercially synthesized for bulk products

The common feature of the precursors is that they will 
biotransform to make PFAA’s as persistent “dead end” 
daughter products

PFAS do not biodegrade i.e. mineralise

Some precursors are fluorotelomers

Some are cationic (positively charged) or zwitterionic
(mixed charges) –this influences their fate and transport 
in the environment

Cationic / zwitterionic PFAS tend to be less mobile than 
anionic PFAAs and so can potentially be retained longer 
in “source zones”

Environmental fate and transport will be complex as 
PFAS comprise multiple chain lengths and charges

PFOA

Property of Arcadis, all rights reserved 
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Precursors Biotransform to PFAAs In Vivo
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Useful Graphics
36

Diversity of PFAS Characterised in AFFF
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AFFF
Composition

Precursors

% Precursors 1.2 19.5 18.8 21.9 19.1

% PFOS 80.5 66.1 69.6 63.5 65.0

% Shorter Chain PFAAs 18.3 14.4 11.5 14.7 15.9
Property of Arcadis, all rights reserved 

Older ECF foams 
contain precursors 
to PFAA’s of 
varying chain 
lengths and PFOS
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100% Precursors

AFFF
Composition

Property of Arcadis, all rights reserved 

More recent foams 
contain fluorotelomers
which are precursors 
to PFAA’s of varying 
chain lengths but no 
PFOS or PFOA



ANALYTICAL TOOLS
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• US EPA Method 537: Analysis for selected PFAS in drinking water

• 12 PFAAs and 2 Precursors:

– PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUA, PFDoA, PFTrA, PFTeA

– PFBS, PFHxS, PFOS

– N-EtFOSAA, N-MeFOSAA

• Method 537 has been adapted with more analytes to other media

• Up to 39 individual analytes (laboratory dependent)

• Groundwater with PFAS LODs ranging as low as 0.09 ng/L

• Availability of standards and other factors limit the number of PFAS that can be 
measured with a single method

• Thousands of precursors and their transient metabolites makes synthesis of a 
comprehensive set of standards unrealistic

Analysis by LCMSMS via EPA Method 537 or similar

Conventional analysis will not reflect total PFAS mass

Property of Arcadis, all rights reserved 
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• Total oxidizable precursor (TOP) Assay 

– Initial LC-MS/MS analysis with re-analysis following oxidative digest

– Detection limits to ~ 2 ng/L (ppt)

– Commercially available in UK, Australia, under development in US

• Particle-induced gamma emission (PIGE) Spectroscopy

– Isolates organofluorine compounds on solid phase extraction, 

measures total fluorine

– Detection limits to ~ 15 ug/L ( ppb) F

– Commercially available in US

• Adsorbable organofluorine (AOF) 

– Isolates organofluorine compounds with activated carbon and 

measures F by combustion ion chromatography

– Detection limits to ~ 1 ug/L (ppb) F

– Commercially available in Germany, Australia

• Time of Flight MS (LCQTOF) MS
– Identifies multiple precursors via mass ions capture and accurate mass 

estimation (to 0.0001 of a Dalton) to give empirical formulae (e.g. 

C10F21O3N2H4)

Advanced Analytical Techniques
Expanding analytical tool box to assess total PFAS

Property of Arcadis, all rights reserved 
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TOP Assay Applied to AFFF Formulations: Many 
formulations appear PFAS-free until precursors are 
revealed by TOP Assay
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Total Oxidizeable Precursor Assay (TOP)
Oxidation of Precursors to PFAAs with OH
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Digest AFFF precursors and measure the 
hidden mass: TOP Assay

Analytical tools fail to measure the hidden PFAS precursor mass, the TOP assay solves this

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

Property of Arcadis, all rights reserved 
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Total Oxidizable Precursor (TOP) Assay
Fire Training Area

Soil Composite
Groundwater Composite

240% 

increase

75%

increase

EPA Method 537 Underestimates the PFAS Mass
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PFOS similar distribution to total PFAA-precursors

July 2016 48
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PFOA and PFOA-precursor distribution
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Possible explanations for the eastern source 
area:

• There is a secondary source to the east but 
surficial soils have been replaced

• Prior aerobic bioremediation in western 
source / plume targeting hydrocarbons, in the 
existing source enabled biotransformation of 
PFAA precursors

Conclusions

• Simply looking for PFCAs and not employing 
the TOP assay would obscure the actual 
potential for PFCA contamination

July 2016 50
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Aerobic Biotransformation Funnel –Precursors converted to PFAAs



Conceptual Site Model
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Increasing mobility of shorter perfluoroalkyl chain PFAS
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AFFF
Composition

% Cationic 1.2 8.2 9.7 10.6 8.0

% Anionic 98.8 80.5 81.2 78.1 80.9

% Zwitterionic 0.0 11.2 9.1 11.2 11.1

Property of Arcadis, all rights reserved 

Older ECF foams 
contain relatively 
mobile anionic PFOS 
in addition cationic / 
zwitterionic precursors 
to PFAAs which  to 
which will be less 
mobile and potentially 
remain in the source 
area longer.

Biotransformation 
induces charge 
switching, such that 
less mobile precursors 
create more mobile 
PFAAs 
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AFFF
Composition

% Cationic 0.0 0.0 30.2 30.3 0.0 34.1

% Anionic 100.0 100.0 69.8 0.7 0.0 0.9

% Zwitterionic 0.0 0.0 0.0 69.0 100.0 65.0

More recent 
fluorotelomer foams 
contain only precursors 
which can be mixtures of 
anionic, cationic and 
zwitterionic species so 
will potentially have 
highly variable fate and 
transport characteristics 
depending on the 
formulation.

Biotransformation of less 
mobile precursors 
induces charge switching 
to more mobile PFAA’s.
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DEVELOPMENT AND PRACTICALITY: PFAS TREATMENT 
TECHNOLOGIES FOR SOILS
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*AOP/ARP: Advanced oxidation processes/advanced reduction processes
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*AOP/ARP: Advanced oxidation processes/advanced reduction processes
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DEVELOPMENT AND PRACTICALITY: PFAS TREATMENT 
TECHNOLOGIES FOR GROUNDWATER
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• PFAS do not biodegrade (mineralise) but biotransform to PFAAs as 

dead-end daughter products

• Regulations surrounding PFAS are evolving with lowering drinking 

water standards and a  focus on increased interest in additional 

PFAAs 

• PFAA precursor mass and multiple PFAAs likely accompany PFOS & 

PFOA in sources and plumes –depending on exact nature of source 

material

• Analysis of just PFAA’s may significantly underrepresent the actual 

PFAS mass

• Technologies are evolving for ingenious remediation approaches

Summary
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Recent Publications
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Download at:
https://www.concawe.eu/publicatio
ns/558/40/Environmental-fate-and-
effects-of-poly-and-perfluoroalkyl-
substances-PFAS-report-no-8-16
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