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The main challenges for PFAS – their
management and regulation – within the UK
context.
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• Summary

Poly- and Perfluoroalkyl Substances (PFASs)
(~4,730 manufactured compounds)

Polyfluorinated
“Precursors” -Proprietary
PFASs
Thousands of individual parent
compounds, sharing common
daughters e.g. 6:2 FTS, 5:3 acid

More Commonly Regulated

Perfluorinated Compounds(PFCs)
or Perfluoroalkyl Acids (PFAAs)
~25 common individual compounds, terminal
daughters i.e. “forever chemicals”
e.g. PFOS, PFOA, PFHxS, PFBA, PFHxA

Environmental / Higher Organism Biotransformation
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Perfluoroalkyl group –confers extreme persistence

PFOS
PFHxS

PFOA
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Fluorotelomer Foam

Precursor

Stable Intermediate
Source: Weiner et.al. 2013

Breakdown products of the C6 FT Foam: short-chain PFCAs
July 2016
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PFASs in Landfill Leachate

Environ. Sci. Technol., 2017,
51 (4), pp 2197–2205

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 stoichiometrically converts
PFAA precursors to PFAA’s

•

TOP assay indirectly measures total
precursors as a result of increased PFAAs
formed after oxidation vs before.
Analytical tools fail to measure the hidden PFAS precursor mass, the TOP assay solves this

TOP Assay Applied to Surface Water from Recent C6
Fluorotelomer Foam Loss

Data Courtesy of Nigel Holmes Queensland DEHP
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Chemical “Whack a Mole”

Exposure from one PFAS replaced by another

Next Generation PFASs

PBT Applicability?
• For drinking water quality, PBT-based regulations are only marginally
effective
• PBT aimed to protect food chain, not drinking water?
• In contrast, persistent and mobile organic compounds (PMOCs) are more of
a concern for water quality because, like PCBs, they can persist in the
environment, but they are not removed from water by sorption processes due
to their high polarity and thus excellent water solubility
• Therefore, they may end up in drinking water, posing a potential risk to
human health
• Umweltbundesamt (UBA) suggesting alternative assessment frameworks:
•

PMT Persistent Mobile Toxic

•

vPvM very Persistent and very Mobile as potential Substances of Very
High Concern

Short chain replacement PFAS more mobile so more potential to impact drinking water
April 6, 2021
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Concerns over short chain PFAS - Overview
Persistent
•Based on read-across from long chain PFAS
•Long-range transport and findings in remote areas

Mobility and Exposure of Organisms
•Potential to contaminate drinking water resources
•Difficult to be removed from water
•Binding to proteins
•Non-negligible half-lives in organisms
•Enrichment in plants

Toxic
•No indications of ecotoxicity
•Toxicity in humans to be assessed
•Potential endocrine disruptor
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Regulation of PFHxA
• EU proposal to limit the use of PFHxA related substances
(precursors) – December 2019;
• Rationale:
• “Fulfils the P-criterion and vP-criterion”
• “Mobility and long range transport potential” and
“unpredictable and irreversible adverse effects on the
environment or human health over time”
• Exemptions (5 years) are in place for certain uses:
• Hard chrome plating;
• Photographic coatings;
• Firefighting foams – Emergency use only
• There is no exemption for testing (unless all releases
contained) or training with fire fighting foams.
• Exemptions (12 year) are in place for Class B firefighting foams used to protect storage tanks with a
surface area above 500m2
• Military users exempted – Requirement that during training foam contained and disposed of safely
• The EU considers the restriction practical as it is affordable, implementable, and manageable

Potential Locations of PFAS Point Source
Contamination
• Primary Manufacturing (e.g. for PTFE)
• Product manufacturing: carpets, paints, paper coating,
leather tanneries, metal plating, textiles

• Fire Training Sites: Airports, Civil, Defence,
Petrochemical, Rail Yards

• Sites of hydrocarbon fires, since late 1960’s e.g.
Buncefield

• Car wash/wax, dry cleaners, ash pits
• Sprinkler systems -warehouses, aircraft hangars, car
workshops, pharmaceutical plants

• Wastewater treatment plants – biosolid waste
• Landfills

Soils / Concrete are Long Lasting Sources of PFASs
• The unsaturated zones continue to be a source of
PFASs to the groundwater after 18 years (FTA-1) and 20
years (infiltration beds) of inactivity.
• Some precursors are mobile at this field site
• Results indicate that shorter chain length PFAAs are
more mobile than PFOS both vertically and horizontally.
• Significant long PFOS retained at the surface (top 0.5
cm) of 12 cm concrete core
• Long term leaching of PFOS from concrete surfaces is
an ongoing issue with potential for impacted run off
and surface water impacts for >80 years

April 6, 2021
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July 2016
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PFOS EQS
Exceedances

4/6/2021
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Principle Exposure Route –Drinking Water
2016

EPA examines 29 PFAS
2021

Groundwater Risks to Receptors
Landfill Leachate
Municipal / Domestic WWTP
Industry & Manufacturing
Agricultural Land
Commercial / Domestic Products
Metal Plating
Car Wash/Wax
ASTs –Fuel storage (FFFP / FP)
AFFF / FFFP / FP
Fire training
Incident Response

?

Diffuse
Ground level impacts and
ground/surface water

?

?
Source – Pathway – Receptor
High concentration, spill site, route
via groundwater to receptor e.g.
drinking water well

Grasshopper effect
via widening of source zones
e.g. concentrated plume
intercepts crop spray irrigation to
make secondary wider source
area for more dilute plume

Incineration
•
•
•
•
•
•
•

1,000 to 1,200 ºC required to completely degrade PFOS
Lower temperature incineration of PFASs can produce toxic
intermediates (e.g. perfluoroisobutylene)
Not proven effective for liquid wastes, potential for steam
expansion i.e. AFFF concentrates –U.S. litigation
Incinerator ash pits source of PFAS to groundwater
Potent greenhouse gases (CF4, C2F6 etc.) require 1,400 oC for
destruction –above incineration temperatures
Comprehensive analysis of all gaseous emissions required for any
thermal treatment
Cement kilns one potential solution but several technologies
potentially applicable –sonolysis, plasma, electrochemical
oxidation, supercritical water etc.

https://earthjustice.org/sites/default/files/files/filed_complaint_-_pfas_incineration_suit.pdf

https://joiff.com/wp-content/uploads/2020/11/Catalyst-Q4-FINAL.pdf
https://www.epa.gov/sites/production/files/201909/documents/technical_brief_pfas_incineration_ioaa_approved_final_july_2019.pdf
April 6, 2021

https://toxnet.nlm.ni.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+7708
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Biosolids as a PFAS Source to Groundwater / Milk

https://www.iatp.org/blog/202007/second-farm-shuttered-duehttps://www.theguardian.com/us-news/2019/feb/20/new-mexico- massive-pfas-contamination-maine-legislators-weigh-easing
contamination-dairy-industry-pollution

https://thehill.com/opinion/energyenvironment/501603-congress-tell-thepentagon-to-halt-incineration-of-toxic-forever https://www.michigan.gov/pfasresponse/0,9038,7
-365-86511_95645-529272--,00.html

PFAS Treatment Technologies for Water
Mature

Destruction

Optimization Research

RO/NF**
Incineration

Development Research
Sonolysis
In Situ Foam
Fractionation

Experimental

Stage of Development

Adsorptive/Separation

Flocculation/
Electrocoagulation

Injected
Activated
Carbon

Enzymes

Plasma

Electrochemical
Treatment
AOP/
ARP*

Activated
Carbon
Ion
Exchange
Ozofractionation

Polymeric
Adsorbents

Photolysis
*AOP/ARP: Advanced oxidation processes/advanced reduction processes
**RO/NF: Reverse Osmosis/Nanofiltration

Not Viable

Practicability

Feasible
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PFAS Treatment Technologies for Soil/Sediment
Mature

Incineration

Destruction

Optimization Research

Excavation
Soil
Stabilization

Development Research
Soil
Washing

Ex Situ
Thermal

AOP/
ARP*

Experimental

Stage of Development

Fixation/Separation

Ball
Milling
*AOP/ARP: Advanced oxidation processes/advanced reduction processes

Not Viable

Practicability

Feasible
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PFAS Foams being Replaced
• C8 (PFOS) generally phased-out, replaced with foams containing
C6 and C8 (20% PFOA precursors)

• C6-pure foams with shorter (C6) perfluorinated chains, still contain
PFOA and precursors

• C4, C6 PFAS are less bioaccumulative, but extremely persistent
and more mobile in aquifer systems vs C8 - more difficult and
expensive to treat in water.

• Regulations addressing multiple chain length PFAS (long and
short) are evolving globally – PFHxA restrictions coming

• Fluorine free (F3) foams contain no persistent pollutants
• F3 foams pass ICAO tests with highest ratings for extinguishment
times and burn-back resistance and are widely available as
replacements to AFFF

• Lastfire Independent Large Scale Storage Tank Test Program
Results 2018: “It is not possible to state, for example, that all C6
foams demonstrate better performance than all FF foams and
vice versa”

AFFF
FFFP
FP
AR-AFFF
AR-FFF

Research Work – Rational Progression - more than 200 tests

Subsurface tests

Self expanding
foam

Phases have included
Small scale
Different foams
Simulated tank fire
Different nozzles
Critical application rates www.lastfire.org.uk
Different application methods
Different rates
Different fuels (including crud
Different preburns
Larger scale
Fresh/Salt water
“Real life” Application
NFPA rates
Longer flow
“Real life” Application
NFPA rates
Spill fire
Critical application rates

Vapour
suppression

Hybrid
Medium
Expansion

Further obstructed
spill fire testing

Decontamination of Fire Suppression Systems
• Fire suppression systems remain significant
ongoing source of PFAS to F3 foams

• g/L PFAS appear in F3 foams if suppression
system not decontaminated properly

• Fluorosurfactants self assembled on surfaces
• Water flushing not effective
• Requires specialist decontamination
• Solutions developed in UK and used globally
https://joiff.com/wp-content/uploads/2019/04/Jan_2019.pdf
https://joiff.com/wp-content/uploads/2020/05/JOIFF-Catalyst-Q2-Foam-Supplement-13May20.pdf

Transition to Green Chemistry

April 6, 2021
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The Cost of Inaction
• Non-health costs, e.g., treatment of contaminated
drinking water, are estimated to range between 16.9
and 170.8 billion EUR over the next 20 years. The
estimates are based on actual costs of PFAS
contamination incurred by communities and industries
in the U.S. and Sweden.

• Health-related costs may be even higher.
Epidemiological research on PFAS exposures of
workers and communities with contaminated drinking
water indicates that annual health-related costs range
between 52 and 85 billion EUR each year.

Summary
Challenges
• PFAS diversity - short chains and ethers replacing
long chains
• Proprietary precursors form PFAAs
• Uncertain toxicology of broader group of PFAS
• A significant mass of PFASs in source areas can
bleed PFASs to form plumes for decades
Solutions
• Total PFAS can be detected –TOP assay
• Rapid In Vitro toxicological screening started
• Evaluation of exposure pathways and development of
site specific CSMs essential for PFAS management
• Multiple remediation technologies evolving
• Effective and green substitutions for PFAS often
available

PFAS Publications

