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FOREWORD

IPEN respectfully presents the third in a series of papers
prepared by an international panel of experts on PFAS
chemicals. This paper, Perfluorohexane Sulfonate (PF-
HxS)—Socio-Economic Impact, Exposure, and the Precau-
tionary Principle, offers unique insights about threats to
drinking water sources, public health and the occupational
health of firefighters due to the particular physico-chemical
properties of PFHXS, including its greater mobility, hydro-
geological fractionation, and long elimination half-life in
people.

The paper presents unequivocal evidence from recent
studies that firefighters using aqueous film-forming foams
(AFFF) have unacceptably elevated blood levels of both
PFHxS and PFOS. It also highlights the inextricable link
between PFHxS, PFOS and PFOA resulting from the inher-
ently polluting electrochemical fluorination (ECF) manu-
facturing process. ECF manufacturing produces a high
proportion of unintended PFAS by-products, with profound
implications for environmental and human health. The
authors examine significant sources of PFHxS/PFAS con-
tamination, including manufacturing, textiles production,
firefighting foams, sulfluramid production and use, waste-
water and sewage sludge/biosolids. The costs and liabilities
associated with continued use of PFHxS and other PFAS
are extremely high and warrant a class-based approach to
prevent further harm.

The POPs Review Committee concluded at the meeting in
2018 that PFHXS, its salts and related compounds are likely
as a result of their long-range environmental transport to
lead to significant adverse human health and environmen-
tal effects such that global action is warranted. PFHxS has
been a regrettable substitute for PFOS and used in many
consumer products and industrial applications. Technically
feasible, cost-effective, alternatives are available for these
uses.

We conclude that PFHXS its salts and PFHxS-related com-
pounds should be recommended for listing in Annex A with
no specific exemptions. In addition, the POPRC should
recommend avoiding PFAS substitutes for PFHxS, as these
will also have unacceptably negative environmental, human
health and socio-economic impacts due to their persistency

and mobility.

We hope that the evidence presented in this paper is useful
in informing the decisions of the POPs Review Committee
and in contributing toward the global elimination of PFHxS
and other PFAS.

Pamela Miller
IPEN Co-Chair

September 17, 2019
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THE PFAS EXPERT PANEL MEMBERS

This White Paper represents a synthesis of IPEN PFAS Expert Panel member’s contributions from various countries includ-
ing Australia, France, Germany, and the United Kingdom. This White Paper follows on from the two papers presented at
the 14th meeting of the Stockholm Convention POPs Review Committee (POPRC-14) in Rome 17-22 September 2018 and
the 9th Conference of the Parties of the Stockholm Convention (SC-COP9) in Geneva 29 April-10 May 2019. It is mainly
concerned with the Risk Management Evaluation for PFHxS which will be discussed and finalized in Rome 1-4 October

2019.

Dr. Thierry BLUTEAU

Leia Laboratories, Ormskirk UK and Essertines-en-Donzy (Lyon) France, PhD chemist; foam formu-
lator and developer; formerly Croda-Kerr and Bio-Ex; developed Ecopol™ fluorine-free foam: also
solvent-free and fluorine-free firefighting foams. free foam; he graduated in Paris University with a
Masters in biochemistry, followed by a PhD in pharmaco-chemistry; he initiated work in firefighting
technologies in 1992, as laboratory manager at Croda Fire Fighting in France; 6 years later, he created
Bio-Ex, a company which specialized in firefighting foams, where he launched one of the first com-
mercial Class B fluoro-free foams (Ecopol); in 2012 he started collaborating with 3FFF Ltd to design
a new line of foams; later on, he joined Leia Ltd, where he has dedicated his time to creating innova-
tive foams and as well as advising customers on specific firefighting projects; his latest achievement
was presented by 3FFF Ltd in 2015 with the launch of Smart Foams™, a range of new foams totally
free of fluorinated materials and solvents, with highly favourable ecological profile.

Dipl. Ing. Martin CORNELSEN

Cornelsen Umwelttechnologie GmbH, Essen, Germany, Qualified water treatment engineer; Dipl.
Ing., MSc; development of a technically simple multi-tiered small filter system for the treatment of
polluted water to drinking water in underdeveloped rural areas of advanced materials and processes
for water and wastewater treatment using functional nanocomposites (BMBF - Federal Ministry of
Education and Research, 2012-2013); development of a cost-effective adsorption process to purify
water contaminated by PFAS (BMWi - Federal Ministry for Economic Affairs and Energy, 2010-
2011); development of a liquid product (no adsorbent) for the cost-effective cleaning of water con-
taminated by PFAS (BMWi, 2013-2015); development and manufacture of textile adsorbant material
for the remediation of water contaminated by chromates (BMWi, 2014-2016); recovery of precious
metals from the waste streams of metal processing industries with the aid of fibre-fixed adsorbants
(BMBF, 2016 until probably 2018); development of methodology for eliminating PFAS from water
polluted by fire extinguishing agents (BMBF, 2016 -2018). Martin is bilingual in German and English.

Nigel HOLMES

Nigel Holmes is Principal Advisor Incident Management for the Queensland Department of Environ-
ment and Science (DES), the regulatory body for pollution management in Queensland; his role is as
a state-wide resource advising on policy, standards, risk assessment, preparedness and response for
incidents involving a diversity of hazardous materials. He also has over 30 years’ multi-disciplinary
experience in consulting and government roles across environmental, geotechnical and contamina-
tion assessment, regulation and policy development for land, marine, freshwater and groundwater
pollution assessment, industry licensing, remediation, aquaculture and geotechnical assessment.
Since 2012 he has been the project coordinator for the review, development and drafting of the
Queensland Environmental Management of Firefighting Foam Operational Policy supported by
extensive advice and input from a very wide range of Australian and international subject experts:
provision of expert advice on risks of fluorinated organic compounds to foam end-users, suppliers and
regulators across Australia on the practical assessment and management of risks posed by existing
and proposed use of firefighting foams; liaison with interstate and overseas agencies on consistency of
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regulatory measures; promoting consistency in the practical, achievable and economic regulation of
PFAS. Facilitation of new analytical methods for PFAS risk assessment: Promoting the refinement of
the total oxidisable precursor assay (TOP-A) and incorporation into Policy as a more comprehensive
method than the limited standard PFAS suite; Queensland foam Policy implementation and compli-
ance plan: Identification of industry sectors with PFAS firefighting foam and development of strate-
gies and guidance on the practical transition to best-practice for foam use; expert witness to the 2015
Victorian Parliamentary Inquiry into CFA Fiskville PFAS contamination.

Dr. Roger A. KLEIN

Panel coordinator; currently independent consultant; trained as a medical doctor and PhD physical
chemist (Cambridge); formerly Universities of Cambridge and Bonn; County Scientific Adviser, Cam-
bridgeshire Fire and Rescue Service; adviser, UK Home Office, risk assessment for the fire service;
co-organiser Reebok Foam Conferences 202, 2004, 2007, 2009, 2013, 1St National Foam Forum Ad-
elaide Australia 2011; input to McKinsey Report on 9/11 disaster 2001; expert advice on firefighting
foams and their environmental impact nationally and internationally especially in Australia; technical
adviser to the Victorian Parliamentary Select Committee Inquiry into the CA Fiskville contamination;
involved in an advisory role in the development of the Queensland foam management policy 2016;
affiliated research faculty, John Jay College of Criminal Justice, City University New York (CUNY);
chartered chemist CChem, chartered scientist CSci; Fellow Royal Society of Chemistry; Fellow Inter-
national Union of Pure & Applied Chemistry (IUPAC).

JG (Gary) McDOWALL

3FFF Limited, Corby UK, Gary entered the industry in 1987 as the Works Engineer for the John Kerr
Company based on Merseyside, which was then acquired by Croda at the end of the same year and
became known as Croda Kerr. During his 12 years with Croda Kerr he was responsible for overseeing
the capital investment of over £3M on this site including the transfer and development of the Mon-
nex operation from ICI to Croda and redevelopment of the foam manufacturing facility. Working his
way through management to become the Divisional Manager for Foams and Monnex dry powder and
travelled extensively through the USA, Asia and Europe promoting new initiative firefighting prod-
ucts before forming a number of his own fire chemical related businesses including 3FFF Limited
which was then formed in 2005.

During his 32 years in the industry he experienced the increased use and socio-economic impact of
the fluorine chemistry used in firefighting foams and other fire protection related products and the
subsequent need for change to more sustainable options. Since the turn of the century the science is
has become much more understood and the legislation to inhibit the use of these materials around
the world is on the increase. The company 3FFF Limited and its products under the brand known

as ‘3F was formed for this purpose, to innovate and develop new alternatives for the end user. These
new and innovative products, some of which are both fluorine-free and solvent-free are now being ap-
proved to international standards and extensively used for many industry applications of foam. These
applications also now include hand-held portable extinguishers as well as fixed fire systems, which are
Gary’s particular area of expertise and knowledge.

In addition to his company Directorships of four firefighting chemical businesses, he was one of the
founding Directors of IAFPA (International Aviation Fire Protection Association) and currently the
Chairman of the British Fire Consortium (BFC) which is one of the three main fire industry trade as-
sociations in the United Kingdom.

Ted SCHAEFER

Foam formulation chemist with more than 30 years of experience, formerly of the 3M Company and
Solberg Asia-Pacific (General Manager) centred in St Marys Sydney Australia; developer of the first
Class B fluorine-free firefighting foams (re-healing foams or RHF™) in the early 2000s whilst at
3M; also developed Class A FireBrake™ for wildland fires, considered to be one of the most impor-
tant Australian inventions in the last hundred years; University of Waterloo 1980; 3M Canada Inc.
as chemist AFFF firefighting foam; early 1980’s worked AFFF technology; PFOS-based fluorosur-
factants key additive for Class B foams; training foam with rapid and safe burn back allowing fire
fighters more training opportunities; currently the Australian Defence Force (ADF), Royal Austra-
lian Navy, Royal Australian Air Force and the civilian Australian airports (Airservices Australia) use
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training foam developed by THS; 1989 3M Australia to continue work on wildfire fighting foam
technology; used during the largest wildfires in Australia since the early 1990s and on large bushfires
in Queensland 2013; July 2001 the Australian Academy of Technological Sciences and Engineering
and the Sydney Powerhouse Museum recognized FireBrake™ (a Class A foam) as one of the top 100
Australian inventions of the 20th Century; in 2000, THS investigated the feasibility of eliminat-

ing fluorochemicals from Class B firefighting foam culminating six years later in two World Patents
for fluorine-free Class B foams (2003, 2006); currently seven fluorochemical-free flammable liquid
firefighting foams have been based on these patents meeting global standards including ICAO, EN,
UL, and LASTFIRE,; he is also involved in collaborative research with the US NRL Department of the
Navy; when still at Solberg October 2014 US EPA Presidential Green Chemistry Challenge Award for
Re-Healing Foam for Effective Halogen-Free Firefighting; retiring in 2015, he is now consults for the
Australian fire protection industry.

Michael TISBURY

Commander Mick Tisbury AFSM has been an MFB professional firefighter for almost 30 years; he is
the spokesperson on PFAS for the United Firefighters’ Union Australia which is a founding partner
for the Global Alliance of Firefighting Unions, International Association of Fire Fighters; currently
Project Coordinator MFB Firefighters PFAS Health study; Metropolitan Fire Brigade (MFB) Mel-
bourne 1989; 29 years as an operational firefighter, training instructor and senior fire officer; devel-
opment of training performance standards and a safety culture within the training environment; re-
search into PFAS exposure for firefighters has led to the development of Operational PFAS Threshold
Limits and best practice PFAS decontamination processes for firefighting appliances and equipment;
commissioning a PFAS Blood Reduction Study of Firefighters; Vice President of the United Firefight-
ers’ Union; Commander Metropolitan Fire Brigade Melbourne;. Advanced Diploma of Public Safety
(Firefighting Management); MFB Executive Officer Commendation; Australian National Service
Medal; MFB Long Service and Good Conduct Medal; National Emergency Medal for 2009 Black
Saturday bushfires in Victoria; Australian Fire Services Medal (AFSM) 2019.

Kevan WHITEHEAD

Kevan Whitehead has been directly involved in the Fire Industry for over 40 years as an operational
Fire Officer and more recently as the Managing Director of a specialist Fire & Rescue company. He
joined Greater Manchester County Fire Service in 1978 as a Firefighter. Greater Manchester was
arguably the busiest Brigade in the UK at the time, each firefighter responding on a pro rata basis to
more incidents than any other Brigade in the UK. He was exposed to a wide variety of incident types
varying from city centre urban environments, large Industrial sites, high speed/heavy volume motor-
ways, docklands, major international airport and rural/moorland scenarios. The Brigade boasted 41
Fire Stations and over 2700 personnel. He quickly rose through the ranks specialising as a Fire Safety
Inspecting Officer, Incident Command Trainer, and Senior Technical Officer responsible for R&D,
Specification and Procurement of firefighting PPE, equipment, foams and vehicles.

He has co-organised and managed multiple international conferences on the environmental impact
of Firefighting Foams, these events becoming the centre of excellence for those personnel involved
in firefighting foam, be they manufacturers, end users, regulators or academics. He has also focused
on firefighting PPE and was a specialist advisor to a UK Government Department on the Integrated
Clothing project.

Kevan studied at the University of Bolton in the UK, achieving an MBA with a dissertation relat-
ing to marketing. During his employment, he attended TEEX in the USA to study LNG Firefighting
techniques. He has delivered training to international students in Libya and Sri Lanka, and has also
operated in Iraq and Kurdistan.

In 2010, Kevan joined a Fire Training Academy in the Sultanate of Oman, before forming his own
Company, Unity Fire and Safety Services LLC also in Oman in 2011. The company has developed four
main work streams, these being Fire Service manpower, equipment, training and consultancy. Past
and present clients include BP, Shell, Petrochina, Gazprom, Lukoil and Vale. The company currently
employs over 60 personnel, the vast majority being professional firefighters and fire engineers.
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EXECUTIVE SUMMARY

Perfluorohexane sulfonic acid (PFHxS, CAS 355-46-4) is
environmentally extremely persistent, exhibits long-range
transport, it is more bio-accumulative and hazardous in
humans than PFOS and is present in both the general
population and in occupationally exposed groups, as well as
having an unacceptable PBT profile like PFOS and PFOA
two substances already listed in the Stockholm Convention.
In comparison to PFOS or PFOA, PFHxS is more water-sol-
uble, more environmentally mobile, less adsorbable to soils
and sediments, and has a far longer elimination half-life in
humans, about double that of PFOS.

Because of the physicochemical properties of PFHXxS, its
mobility and therefore the extent of its contamination
plumes are generally greater than for its close relative,
PFOS. PFHxS’ properties also make it very difficult to
remove from drinking water with standard methods as it
breaks through filter media readily due to poor absorption
on activated carbon, especially in the presence of competi-
tion from co-contaminants.

Moreover, PFHxS passes through wastewater treatment
processes largely unhindered resulting in PFHxS (along
with other PFAS substances) contamination of bio-sludge
and effluent, which can then enter the food chain when used
for agricultural purposes. Wastewater effluent contain-

ing PFHXxS is also a significant source of contamination of
waterways and groundwater as it further cycles through the
aquatic environment.

Sites polluted by PFAS waste containing perfluoroalkyl
sulfonic acids, e.g., PFOS, PFHxS, PFBS, etc., from fire-
fighting foams, manufacturing processes, or PFAS textile
treatment, give rise to contamination of groundwater and
drinking water mainly by infiltration through the soils. This
is especially the case for PFHxS through its greater mobility
and the mechanisms of hydrogeological fractionation, plus
promotion of its mobility that occurs because of displace-
ment of PFHxS from soil matrixes by longer-chain PFAS in
the upper layers. The result is groundwater that has a much
higher proportion of PFHxS versus other PFAS than occurs
in the original contaminant source.

PFHxS contamination of drinking water supplies is a major
issue. Although PFHxS is a C6 compound and behaves
physicochemically like a short-chain PFAS, in terms of its
risk (PBT) profile it is grouped with long-chain PFAS (per-

fluoroalkyl sulfonic acids rC6). If regulatory drinking water
limits exist, they are comparable to those for PFOS.

Continued manufacture of perfluorooctane sulfonyl fluoride
PFOSF using the Simons electrochemical fluorination (ECF)
process in Asia and the agricultural application of the insec-
ticide sulfluramid in both Asia and Latin America represent
very significant sources of direct environmental contamina-
tion by PFHXxS as well as PFOS and its precursors.

The ECF process used to produce the precursor, PFOSF, is a
fundamentally ‘dirty’ industrial synthesis that results in the
generation of unintended by-products including both PF-
HxS and PFOA at about the 10% level. This contamination
is carried through to the N-ethyl-perfluorooctane sulfon-
amide (N-ethyl-PFOSA) used in sulfluramid insecticide.

Ongoing contamination of the aqueous environment, im-
pacting drinking water supplies and the food chain by PF-
HxS will result from its continued use in sulfluramid insect
baits, firefighting foam, waterproofing agents and textile
treatments where it has replaced PFOS.

Sulfluramid is limited to use as an agricultural insecticide/
bait under the Stockholm Convention, however its domestic
use has also been widespread against cockroaches and ter-
mites in China, Brazil and other countries in Latin America.
China banned sulfluramid production in March 2019 and all
uses will be prohibited as of January 2020.

For occupationally exposed groups such as firefighters using
PFAS foam there is already unequivocal evidence that many
have unacceptably elevated and related blood levels of both
PFHxS and PFOS with PFHxS potentially of greater con-
cern than PFOS given its much longer elimination half-life
in humans.

The unavoidable co-production and co-contamination
relationships amongst PFAS produced by the ECF method
makes it increasingly apparent that it is not sensible or ad-
equate to consider individual PFAS chemicals in isolation as
part of the regulatory process. Classes or groups of correlat-
ed compounds should be considered, as highlighted by the
present example of the close relationship between PFHxS,
PFOS and PFOA resulting from the ECF manufacturing
process still in use and further demonstrated by the close co-
occurrence in the blood of occupationally exposed workers.
The need for a category-based or chemical class-based ap-
proach has been recognised by Patlewicz et al (2019).


http://ipen.org

There has been a rapid growth of knowledge about the
similarities in behaviours and range of adverse effects
of PFAS, including PFHxS, on socio-economic, health
and environmental values. This is a prime example of
where the Precautionary Principle, as required under
international and local environmental law, must be ap-
plied in terms of urgent global restrictions on the direct
and indirect production, use and release of PFHxS and
other related PFAS.

PFHxS

e Highly dispersive and mobile in soils and groundwater glob-
ally.

e Extremely difficult to remediate in soils and water.

e Athreat to drinking water and expensive and difficult to
remove.

e Hydrogeological fractionation resulting in enrichment in
groundwater.

e 0ngoing presence/releases from a diversity of consumer and
industrial products.

e Ongoing dispersive use in firefighting foam and releases
from wastes.

e Asignificant contaminant of PFOSF, PFOS, N-ethyl-FOSA and
Sulfluramid baits.

e Unavoidable production as part of Simons electrochemical
fluorination (ECF).

e Long half-life in humans compared to PFOS, unacceptable
PBT profile.

e Considered as a member of a toxic chemical class - perfluo-
roalkyl sulfonic acids.

e There should be no acceptable purposes or specific exemp-
tions allowed.

e Triggers the Precautionary Principle and fails all
the assessment factors.

Perfluorohexane Sulfonate (PFHxS)—Socio-Economic Impact, Exposure, and the Precautionary Principle (October 2019)
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SOMMAIRE

L’Acide Perfluorohexane sulfonique (PFHxS, CAS 355-46-
4) est extrémement persistant dans 'environnement, est
transporté sur de longues distances, est présent a la fois
dans la population générale et certains groupes profession-
nels exposés, ; de plus, il présente un profil PBT inaccept-
able, tout comme le PFOS et le PFOA déja inscrits dans la
Convention de Stockholm. En comparaison avec le PFOS
ou le PFOA, le PFHXxS est plus soluble dans I'eau, plus
mobile dans 'environnement, moins adsorbable dans le sol
ou les sédiments, et a un temps d’élimination de demi-vie
plus long chez I'étre humain, environ le double que pour le
PFOS

En raison des propriétés physicochimiques du PFHxS,

et de sa mobilité, I'étendue de sa contamination est bien
supérieure a celle de son proche homologue le PFOS. Les
propriétés du PFHxS le rendent tres difficile a éliminer de
I’eau potable par des méthodes traditionnelles car il passe a
travers les filtres a cause de sa faible absorption sur le char-
bon actif, en particulier en présence d’autres contaminants
associés.

De plus, PFHxS franchit les procédés de traitement d’eaux
usées pratiquement sans étre éliminé, ce qui entraine -avec
d’autres substances PFAS- la contamination des effluents et
des boues d’épuration, qui peuvent a leur tour contaminer
la chaine alimentaire quand elles sont utilisées en fertil-
isants pour l'agriculture. Les eaux traitées contenant du PF-
HxS polluent de facon notable les riviéres et les eaux sou-
terraines car elles rentrent dans le cycle de I'environnement
aquatique.

Les sites pollués par les effluents contenant des PFAS

- Acides perfluoroalkyl sulfoniques, ex: PFOS, PFHxS,
PFBS, etc...,- provenant des émulseurs anti-incendie, des
procédés de fabrication, de traitements textiles, amenent la
contamination des eaux souterraines et de I'eau potable par
I'infiltration dans les sols. C’est plus spécifiquement le cas
du PFHXxS de par son extréme mobilité et les mécanismes
de fractionnement hydrogéologique qui déplacent le PF-
HxS du sol, remplacé par les PFAS a longue chaine dans
les couches supérieures du sol. Il en résulte que les eaux
souterraines ont une proportion largement supérieure de

PFHXxS a celle d’autres PFAS présents dans le contaminant
d’origine.

La contamination par le PFHxS des sources d’eau potable
est un probleme majeur. Bien que le PFHxS soit un com-
posé en C6 et se comporte physiquement comme un PFAS
a chaine courte, son comportement en termes de profil
(PBT) est similaire au groupe des chaines longues PFAS
(Acides perfluoroalkyl sulfoniques rC6). Quand il existe une
réglementation avec des valeurs limite dans I'eau potable,
ces valeurs sont comparables a celles du PFOS.

La production du perfluorooctane sulfonyl fluoride
-PFOSF- par le procédé de fluoration électrochimique
Simons -ECF- en Asie et l'utilisation en agriculture de
I'insecticide Sulfluramide en Asie et en Amérique Latine
représentent des sources importantes de contamination
directe de PFHxS, de PFOS et de leurs précurseurs dans
lenvironnement.

Le procédé ECF produisant le précurseur PFOSF est une
synthése industrielle polluante par nature qui généere de
facon non intentionnelle une quantité importante d’autres
impuretés - PFHxS, PFOA etc... - a hauteur de 10%. Cette
contamination est apportée par le N-ethyl-perfluorooctane
sulfonamide (N-ethyl-PFOSA) utilisé dans l'insecticide
Sulfluramide.

La contamination de I'environnement aquatique, impactant
directement I’eau potable et la chaine alimentaire, par le
PFHXxS provient de son utilisation continue dans les appats
d’insectes au Sulfluramide, dans les émulseurs anti-incend-
ie, dans les agents d’'imperméabilisation et dans les traite-
ments textiles la ou il a remplacé le PFOS.

Le Sulfluramide est restreint a I'utilisation comme insecti-
cide pour l'agriculture selon la Convention de Stockholm,
cependant son emploi domestique est largement répandu
contre les termites et les cancrelats, en Chine, au Brésil

et d’autres pays d’Amérique Latine. La Chine a interdit la
production du Sulfluramide en Mars 2019, et interdit son
emploi a partir de Janvier 2020.


http://ipen.org

Pour certains groupes d’utilisateurs exposés, comme les
pompiers utilisant des émulseurs contenant des PFAS,
il existe déja des preuves avérées que leur sang contient
des niveaux élevés et inacceptables de PFOS et de PF-
HxS, le PFHxS étant plus préoccupant que le PFOS de
par son temps d’élimination bien plus long chez I'étre
humain.

L'inévitable relation entre la production et la contami-
nation du PFAS par le procédé ECF montre clairement
qu’il n’est pas possible de considérer individuellement
chaque composé chimique PFAS dans un processus
de contrdle réglementaire. Des classes ou groups de
produits associés devraient étre définis, ainsi qu’il est
démontré dans I'exemple actuel de la relation entre
PFHxS, PFOS et PFOA produits par le procédé ECF
toujours utilisé aujourd’hui, et documenté dans les
analyses de sang des travailleurs ayant été exposés. Le
besoin d’une approche basée sur la définition d’'une
classe ou catégorie chimique est reconnue dans les
travaux de Patlewicz et al (2019).

Nous avons désormais une bonne connaissance des
similitudes, comportements et effets négatifs des PFAS,
et du PFHXxS, sur les valeurs socio-économiques, la
santé et l'environnement. C’est un exemple parfait

du principe de précaution, défini selon les lois envi-
ronnementales nationales et internationales, ou il doit
étre appliqué en termes de restrictions urgentes et
globales de la production directe et indirecte, de son
emploi et des rejets de PFHXS et autres PFAS associés.

PFHxS

e Globalement tres dispersif et mobile dans les sols et les
eaux souterraines

e Extrémement difficile a éliminer dans les sols et dans I'eau.
e Une menace pour I'eau potable, difficile et cher a éliminer.

e Le fractionnement hydrogéologique enrichit sa concentra-
tion dans les eaux souterraines.

e Rejets constants de par sa présence dans une diversité de
produits industriels et ménagers.

e Emploi dispersif dans les émulseurs anti incendie et les
effluents.

e Contaminant significatif des PFOSF, PFOS et N-ethyl-FOSA
dans les appats au Sulfluramide.

e Produit inévitable du procédé d'électro fluoration Simons
(ECF).

e Temps de demi-vie chez I'homme trés long comparé au PFOS,
profil PBT inacceptable.

e Considéré comme membre de la classe de produits chi-
miques toxiques, les acides PerfluoroSulfoniques.

e Il ne devrait pas é&tre permis d'exemption spécifique ou
d'utilisation acceptable.

e Justifie le Principe de Précaution et ne répond pas
aux facteurs d'évaluation.

Perfluorohexane Sulfonate (PFHxS)—Socio-Economic Impact, Exposure, and the Precautionary Principle (October 2019)
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WCNONHUTENBHOE PE3IOME

[Mepdroprexcancynsdonosas kucnora (IIPI'C, CAS 355-46-
4) sBIISIeTCS KCKITIOYUTENIFHO CTOMKOM B OKpYIKaroIei cpene,
JIEMOHCTPHUPYET MEPEHOC Ha OOJBIINE PACCTOSIHUS, SIBIISICTCS
Ooree CKIIOHHON K OMOaKKYMYJISIIIMU U OoJiee OMTacHON JIs
yenoseka, ueM [IOOC, npucyTCTByeT Kak B HACEIEHUH, TaK U B
TpyHIIax, MOIBEPraomuxcs MpodeccHoHaIbHON 3KCIO3UIINH, a
Takxke nMeet HerrpuemiieMslid mpoduis CBT, mogooHo [TIOOC
u [IOOK, aByxX BEIECTB, YK€ BKIIOYEHHBIX B repeueHb CTOk-
ronbMckol koHBeHuuu. [1o cpaBaenuto ¢ [IOOC unu [IOOK,
[1@PI'C nyume pacTBopuMa B Boze, Oonee MOOMIbHA B OKpyXkKa-
IoIIeH cpezie, XyKe aJcopOMpyeTcs B [I0YBaX M B OTVIOKCHHSIX U
MMEET ropasio Oosee JUIUTENbHBIN TEPUOJ OITYBBIBEICHUS UL
YeJI0BeKa, IIPUMEPHO B JiBa pasa Oonbiie, uem y [TOOC.

COOTBETCTBEHHO, B CUITY (U3UKO-XUMHUECKUX cBOMCTB [1IDI'C
1 ee MOOWIJIBHOCTH, CTENICHb PAaCHpPOCTPAHECHHUS IISITEH 3arpsi3He-
HUS 3TUM BEIICCTBOM, KakK IPABUIIO, OOJIBIIIE, YeM Y ero OJIu3-
xoro poactBeHHuKa - [IOOC. Coiictra [IOI'C Takxke oueHb
3aTPYAHAIOT ee yAaJeHUE U3 MUTHEBON BOIBI CTAHAAPTHBIMU
METOJ[aMH, TaK KaK OHa JIETKO ITPOXOIUT uepe3 (GHIbTPYOLIHe
Marepualbl U3-3a IJI0X0i abcopOLMK Ha aKTUBUPOBAHHOM YIJIE,
0COOEHHO B MPUCYTCTBUH KOHKYPUPYIOIINX C HEH OTHOBPEMEH-
HO MIPUCYTCTBYIOIINX 3arpsI3HATEICH.

Kpowme Toro, [IOT'C B ocHOBHOM GecripensITCTBEHHO POXOANT
Yyepes3 MPOLECChl OUUCTKU CTOYHBIX BOJ, YTO MPUBOIMT K 3arpsi3-
neruto [IOI'C (Hapsiny ¢ npyrumMu BemectBaMu kiacca [IOAC)
AKTHBHOTO MJIa ¥ CTOKOB, KOTOPBIE 3aTeM MOTYT NONa/aTh B
MTUIIEBBIE [ETIN MTPH MCIIOIb30BAHUH B CEIILCKOXO3SHCTBEHHBIX
uensix. Crounsie Boawl, cofeprxkaiiue [IOI'C, Takxe sSBISIIOTCS
3HAUUTEJILHBIM HCTOYHNKOM 3arpsi3HEHUs BOZOTOKOB U TPYHTO-
BBIX BOJ], TOCKOJIBKY OHA ITPOJIOJDKAET HUPKYINPOBATH B BOAHON
cpezne.

VYyactku, 3arpsa3aenHsie otxogamu [IDAC, conepxanumu mnep-
¢dropankuicynbpoHOBbIe KUCIOTHI, Hanpumep, [IOOC, TIOI'C,
[IOBC u T. A. OT UCHOAB3YEMBIX JJIS TIOKAPOTYIICHHS TIEH, OT
MIPOU3BOJICTBEHHBIX MPOIIECCOB WM OT 00PaOOTKU TEKCTHIIS
[TIOAC, BBI3BIBAIOT 3arps3HEHUE IPYHTOBBIX BOJ U TUTHEBOM
BOJIBI, TJIABHBIM 00pa3zoM, M3-3a HHOWIBTPAI[H Yepe3 TOUBHI.
310 0cobenHo aktyanbHo Juist [IOI'C Gnaropaps ee 6osblieit
MOABMYKHOCTH U MEXaHH3MaM I'MJIPOre0JIOrnYeckoro (hpakiu-
OHUPOBAHWUSL, & TAK)KE M3-32 MOBBIILICHUS €€ MOOWIILHOCTH, B
pesynbrare BeiTecHeHus [1OI'C u3 mouBennbix Marpuil [IOAC ¢
OoJiee AIMHHOM LIETBbIO B BEPXHUX CIIOSIX IPyHTa. B pesynbrare,
B IPYHTOBBIX BOAax uMeeTcs ropasno 6onpmmas gons [IOI'C mo
cpaBHeHUIO ¢ npyrumu [IGAC, yem B mepBOHAYATLHOM UCTOY-
HUKE 3arpsa3HEeHUS.

3arpssHenue nutheBoil Boasl [IDI'C sBnsercs ceppe3HON Ipo-
onemoit. Xots [IOI'C - 310 coeawHEHUE ¢ YIIEPOIHON [IET0Y-
xoit C6 u Benet celst ¢ PU3NKO-XUMUIECKON TOUKH 3pEHHsT Kak

kopotkonenodeynas [IOAC, ¢ Touku 3peHns mpouis pucka
(CBT) ee otnocsT k rpymme umHHONENoueuHbIX [IDPAC (tepd-
TopanKmiIcyab(okuciaoTsl >C6). Ecnu cyImecTByroT HOpMAaTHBHO
YCTAQHOBJICHHBIE TIPEIEIIbI JUTS TUTHEBOM BOBI, TO OHH COTIOCTa-
BUMBI ¢ TakoBBIMU 111 [TDOC.

[IpomomkeHue mpou3BoACTBa epPTOPOKTAHCYIb(OHIIDTOPHIA
[NOOCD ¢ mpumeHeHHeM mporecca MMEKTPOXUMUIECKOro (To-
pupoBanus CumoHca (OX®P) B A3UHU U CEITbCKOXO3SHCTBEHHOE
NPUMEHEHNEe NHCEKTUIINA CYab(ypaMuia Kak B A31H, Tak U B
JlatuHCcKOM AMepuke, MPEACTaBISAIOT COOO0H BeChMa CYIIIECTBEH-
HbI€ UICTOYHUKHU MPSAMOIO 3arps3HEHUsT OKPY KaOIIEeH cpeibl
[I®I'C, a Taxxe [IOOC u ee mpekypcopamu.

IIponecc DX, ucnonb3yeMslii AJ1s OIyYEHHs IpEKypcopa
(ITOOCD), siBnsieTcss MPUHLIUINAIBHO «TPSI3HBIMY» ITPOMBIIII-
JICHHBIM CHHTE30M, KOTOPBIH IIPUBOIHUT K HENPEHAMEPEHHOMY
00pa30BaHMIO TOOOYHBIX MPONYKTOB, BKJtoUast kak [IPI'C, tak u
IIPAC Ha ypoBHe okono 10%. OTH 3arpsa3HUTENN TEPEHOCATCS
u B N-strin-nepdropokrancynbponamus (N-3tmr-IIGOCA),
UCIIONIb3YEMBIH B MHCEKTUIINAE CyIb(ypaMuse.

[Iponomxkaronieecs 3arpsi3sHeHUE BOIHOM Cpelibl, BO3IACHCTBHE
[1®I'C Ha MUTHEBYIO BOAY M HA MUIIEBBIE TSN OyZIET pe3yiib-
TaTOM €ro MOCTOSHHOTO MCIOJIB30BaHUsI B CYIb(ypaMuIHbIX
IMpUMaHKax JI1 HACEKOMbBIX, B UCTIOJIb3YEMBIX JJId ITOXKAPOTYyHIC-
HUS [ICHAX, B THPOU3O0IMPYIOIIUX BELIECTBAX U IPH 00paboTke
tekcTms, riae [IPI'C 3amenuna [TOOC.

B cootBerctBuM co CTOKIOIBMCKON KOHBEHIMEN YCTaHOBIIE-
HBI OTPaHUYUCHHUS JUISI TIPUMEHEHUS CYIb(pypamMu/a B Ka4eCTBe
CEIILCKOXO3SIHCTBEHHOTO MHCEKTHIIN/1A/B IPUMaHKaX, OTHAKO OH
IIMPOKO MPUMEHSETCS B OBITOBBIX LEISIX JUIst 00pBHOBI € Tapa-
KaHaMu 1 repmutamu B Kurae, bpasunun u B 1pyrux crpanax
JlaruHckoit Amepuku. Kutail 3anpeTrit mponu3BoICTBO CYIbQy-
pamuzaa B mapre 2019 roza, a Bce BUAbI €ro NpuMeHeHus OyayT
3arpeltensl ¢ ssuaps 2020 roga.

Jliist rpymin ¢ mpodeCCHOHABHOM IKCITO3UIINCH, TAKUX KaK
MoXKapHbIe, HCTIONb3yIommue eny Ha ocHose [IDOC, yxe ecTh
OJTHO3HAUHBIE I0KA3aTeIbCTBA TOTO, YTO Y MHOTHX UMEIOTCS
HEJIOIYCTHMO IOBBIIICHHBIC U CBA3aHHBIC MEXKAY CO00il ypoBHH
kak [1OI'C, tak u [IOOC B xpoBu, npuuem [1PI'C, noTeHnaNb-
Ho omacHee [IPOC, yunTsiBas Oonee UIMTENbHBIN TEPHO ee
MOJTYBBIBEICHUS /15 UEIOBEKa.

Hewns0exHble B3aMMOOTHOIICHNSI COBMECTHOTO 00pa30BaHMUs

U coBMeCTHOTO 3arpsi3Henus Mexay I[IDAC, npousBeeHHBIX
metogoM OX®, nenaroT Bece Ooee OUeBUIHBIM, YTO HELENeco-
00pa3HO WM HEJOCTaTOYHO PACCMAaTPHUBATh OTJCIbHbBIC XUMH-
yeckue Beuecta kinacca [IGAC n3onupoBaHHO B poliecce
perynupoanus. Cienyer pacCMOTPETh KJIACChI MIIH FPYTIIE
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CBSI3aHHBIX MEXKIY COOOH COCIMHEHNH, KaK 3TO ¥ OTMEYALT-
csl B JaHHOM NIpHMepe TeCHOM B3auMocBs3u Mexay [IDI'C,
[NDOOC u [IOAC BcaeacTsue NpoOU3BOACTBEHHOIO MPO-
necca OX®, KOTOPBIIL BCe €lle UCIOIb3YeTCsl, U KaK Ha 3TO
JIOTIOJTHUTENBHO YKa3bIBaeT UX HEPA3PHIBHOE COBMECTHOE
MIPUCYTCTBUE B KPOBH MOJIBEPTIIIMXCS TPOHECCHOHAITEHOM
sKcro3unuy padoTHukoB. [latnesnd u np. (2019) npusnann
HEOOXOANMOCTb MOAX0/1a, OCHOBAHHOTO HA KATETOPHUSIX HIIH
Ha KJIaccaX XUMHYECKHX BEIIECTB.

HaGmromaercst ObICTpBIN POCT 3HAHUN O CXOJICTBE B TIOBE-
JICHWH W B JIMAIa30HE HEraTUBHBIX Bo3aeucTBuil [IOAC,
piirouass IIDI'C, Ha conuanbHO-9KOHOMHYECKUE, MEIH-
IIUHCKHE U KOJIOTHUECKHE MOKA3aTeNId. ITO APKUN TpUMEP
ToTO, Te [IpuHITMT MPea0CTOPOKHOCTH, KaK TOTO TpedyeT
MEXIYHAPOJIHOE ¥ HAIIMOHAIBHOE IKOJIOTHUECKOE MPaBo,
JIOJKEH MMPUMEHSTHCS ¢ TOUYKU 3PEHUSI CPOUHOTO BBEJICHUS
I00aNbHBIX OIPAHUYCHUN Ha TPSMOE M KOCBEHHOE MPO-
M3BOJICTBO, MCIOB30BaHue U BoITyck [IPI'C u qpyrux
cBsi3aHHBIX ¢ Hell [IDAC.

nerc

¢ BpIcoKasi CKJIOHHOCTDb K PACCEHBAHUIO H
MOOMJILHOCTH B NOYBAaX U TPYHTOBBIX BOJAaX B
IJ1002JJbHOM MaciuTaoe.

*  UYpe3pplualiHO TPYIHO YAAJIHUTH U3 OYB U BO/bI.

*  ¥Yrpo3sa 1 NnUTbeBOH BOIbI, YlaJleHHE 10poroe u
CJIOJKHOE.

e TI'maporeosnoruyeckoe ppaknHOHNPOBAHHE
NPUBOJMT K 000ralleHUuI0 MOI3eMHBIX BO/I.

e JlocTossHHOE MpPHUCYTCTBHE/BblIEJCHHE
M3 Pa3HO00PAa3HBIX NOTPEOUTENbCKUX U
NPOMBIILICHHBIX TOBAPOB.

O IMocTostHHOE paccesitHHOE MCITOJIB30BAHUE B IEHAX
AJIA MOKAPOTYIICHUSI M BBIACJICHHE U3 0TX010B.

*  3uauuTteabHblii 3arpsisHuTe b IOOCD, [IPOC,
N-ua-®OCA u cynb(pypaMuIHbIX TPUMAHOK.

e Heuns0e:xxnoe o0pazoBaHue B Ipouecce
3J1eKTpoXuMHn4eckoro propupopanuss CumMonca
(IXD).

e JlIMTe/IbHBII MepHOJ MOTYBbIBeIeHHs Y YeT0BeKa
1o cpaBHeHuI0 ¢ [I®OC, HenpuemJieMblii NpopuIbL
CBT.

¢ PaccmarpuBaercsi Kak NpeacTaBUTeb
KJIACCA TOKCHYHBIX XUMHYECKHX BELIECTB -
neppTopaskuicyabGpoHOBbIX KHCJIOT.

*  He n10om:xHO0 ObITH HUKAKUX NPHEMJIEMBIX LieJIeil Hiu
KOHKPEeTHBIX UCKJIIOYEeHHU .

e TpeOyer npuMeHeHUs] IPUHIUIIA
NPeI0CTOPOKHOCTH M He 0TBeYaeT
BCeM (pAKTOpPaM OLIEHKH.
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RESUMEN EJECUTIVO

El Acido Perfluorohexano sulfénico (PFHxS, CAS 355-46-
4) es sumamente persistente en el medio ambiente, trans-
portado a largas distancias, esta presente en la poblacion

y en los grupos profesionales expuestos, y tiene un perfil
PBT inaceptable similar al PFOS y el PFOA, ya inscritos en
el Convenio de Estocolmo. En comparacién con el PFOS

0 el PFOA, el PFHxS es mas soluble en el agua, mas moévil
en el medio ambiente, menos absorbente en el suelo y los
sedimentos, y tiene un tiempo de eliminaciéon de media vida
mas largo en el ser humano, aproximadamente del doble
que para el PFOS.

Debido a las propiedades fisicoquimicas del PFHxS, y a su
movilidad, el nivel de contaminacién es muy superior a la
de su homologo parecido el PFOS. Las propiedades del PF-
HxS le resultan muy dificil de eliminar del agua potable por
los métodos tradicionales porque pasa a través de los filtros
debido a su baja absorcién sobre el carbon activo, en par-
ticular con la presencia de otros contaminantes asociados.

Ademas, el PFHxS pasa los procesos de tratamiento de

las aguas negras practicamente sin estar eliminado, lo que
provoca la contaminacion - con otras sustancias PFAS- de
los efluentes y del lodo de depuracién, quien puede a su vez
contaminar la cadena alimentaria cuando es utilizado como
fertilizante para la agricultura. Las aguas tratadas conte-
niendo PFHxS contaminan de forma importante los rios y
las aguas subterraneas ya que entran en el ciclo del medio
ambiente acuatico.

Los sitios contaminados por los efluentes conteniendo
PFAS - Acidos perfluoroalkil sulfonicos, ej: PFOS, PFHxS,
PFBS, etc...,- provenientes de las espumas contra incendios,
de los procesos de fabricacion, de los tratamientos de tex-
tiles, generan la contaminacién de las aguas subterraneas
y del agua potable por la infiltracion en los suelos. Es mas
especifico para el PFHxS por su movilidad muy elevada y
por los mecanismos de fraccionamiento hidrogeoldgico ex-
istentes, desplazando el PFHXxS del suelo por los PFAS con
cadenas largas en los niveles superiores del suelo. Resul-
tando que las aguas subterraneas tienen un porcentaje de
PFHxS mucho mas alto que los demas PFAS en compara-
ciéon con el porcentaje del contaminante de origen.

La contaminacién por el PFHxS de las fuentes de agua
potable es un problema mayor. Aunque el PFHXxS sea un
compuesto con C6 y de comportamiento fisico idéntico a los
PFAS de cadena corta, su funcionamiento en tema de perfil
PBT es similar a los del grupo PFAS con cadenas largas
(Acidos perfluoroalkil sulfénicos rC6). Cuando existe una
regulacion con limites para el agua potable, son compa-
rables con los valores para el PFOS.

La fabricacién del Perfluorooctano sulfonil fluoride
-PFOSF- por el proceso de fluoracién electroquimico Si-
mons -ECF- en Asiay el uso en agricultura del insecticida
Sulfluramide en Asia y en América Latina representa una
fuente importante de contaminacion directa del PFHxS y
demas precursores del PFOS en el medio ambiente.

El proceso ECF produciendo el precursor PFOSF es una
sintesis industrial muy contaminada por esencia, generan-
do una cantidad no deseada importante de impurezas— PF-
HxS, PFOA etc... - a un nivel del 10%. Esta contaminacién
se genera por el N-etil-perfluorooctano sulfonamide (N-
etil-PFOSA) utilizado en el insecticida Sulfluramide

La contaminacién del medio ambiente acuatico impacta
directamente el agua potable y la cadena alimentaria, por el
PHXxS proveniente del uso continuo en los cebos para insec-
tos con Sulfluramide, en las espumas contra incendios, en
los agentes impermeabilizantes y en los tratamientos para
textiles, donde ha remplazado el PFOS.

El Sulfluramide tiene un limite de uso como un insecticida
para la agricultura por debajo del Convenio de Estocolmo,
pero su uso doméstico es muy importante contra las termi-
tas y las cucarachas, en China, Brasil y otros paises de Lati-
no América. China prohibio la fabricacion del Sulfluramide
en marzo 2019 y el uso estara prohibido en enero 2020.

Para unos grupos de personas expuestas, como los bomb-
eros utilizando espuma con PFAS, ya existe la evidencia
que la sangre contiene niveles elevados e inaceptables de
PFHxS y PFOS; el PFHxS siendo mas preocupante que el
PFOS por su tiempo de eliminacién mucho mas largo en el
ser humano.

La relacion entre la fabricacion y la contaminacion de los
PFAS por el proceso ECF demuestra claramente que no
se puede considerar de modo individual cada compuesto
quimico en un proceso de regulaciéon. Clases o grupos de
productos deberian de ser definidos, como se nota en el
ejemplo actual de la relaciéon entre PFHxS, PFOS y PFOA
producidos por el proceso ECF todavia utilizado hoy en
dia, y documentado en los estudios cientificos del analisis
de sangre de los trabajadores expuestos. La necesidad de
contemplar una definiciéon de clase o categoria de quimicos
se comenta en los estudios de Patlewicz et al (2019).

Ya se tiene un buen conocimiento de las similitudes, com-
portamientos y efectos negativos de los PFAS, y del PFHxS,
en los valores socioecon6micos, la salud y el medio ambi-
ente. Es un ejemplo perfecto del principio de precaucion,
definido segtn las leyes nacionales e internacionales para
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el medio ambiente, donde se debe de aplicar restric-
ciones urgentes y globales para la produccion directa
e indirecta, el uso y los desechos del PFHxS y de los
demas PFAS asociados.

PFHxS

Globalmente muy disperso y mévil en los suelos y las aguas
subterrdneas.

Excesivamente dificil de eliminar en los suelos y las aguas.

Una amenaza para el agua potable, dificil y econdmicamente
costoso de eliminar.

El fraccionamiento hidrogeoldgico enriquece su concen-
tracion en las aguas subterrdneas.

Presencia constante debido a su uso en una gran diversidad
de productos industriales y domésticos.

Uso disperso en las espumas contra incendios y los efluen-
tes.

Contaminante significativo de los PFOSF, PFOS et N-ethyl-
FOSA en los cebos con Sulfluramide.

Producto ineludible en el proceso de electro fluoracion
Simons (ECF).

Tiempo de media vida en el ser humano, muy largo en com-
paracion con el PFOS, perfil PBT, lo cual es inaceptable.

Considerado como miembro de la clase de quimicos tdxicos,
los acidos PerfluoroSulfénicos.

No se debe aceptar una exencién especifica o un uso acept-
able.

Se justifica el Principio de precaucion y no cumple con los
factores de evaluacidn.

Perfluorohexane Sulfonate (PFHxS)—Socio-Economic Impact, Exposure, and the Precautionary Principle (October 2019)
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PRELIMINARY REMARKS

PFHxS, PFOS and PFOA have been subject to evaluation

by the Stockholm Convention Persistent Organic Pollutants
Review Committee (POPRC). Both PFOS and PFOA are
now subject to restrictions under the treaty after decisions
in 2009 (PFOS) and 2019 (PFOA). Tied to the POPRC

and COP discussions is the realisation that all fluorinated
organic compounds (PFAS) have the potential for adverse
socio-economic, health and environmental effects from their
production, use, release and degradation.

Most, if not all, of the considerations of the POPRC for
PFOS and PFOA apply equally and even more so to PF-
HxS and will ultimately translate to other PFAS as further
research is carried out. PFHxS, PFOS, PFOA and thousands
of other highly persistent PFAS compounds are inextrica-
bly linked in their production, occurrence, behaviour and
effects, and so need to be considered holistically in terms of
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their use and the resultant threats to socio-economic, hu-
man health and environmental values.

The overarching arguments applying more generally to
PFAS have been, with the exception of those relating specifi-
cally to PFHxS and recent findings, reported on in the two
previous IPEN White Papers presented at the 14th meet-
ing of the Stockholm Convention POPs Review Committee
(POPRC-14) in Rome 17-22 September 2018 and the 9th
Conference of the Parties of the Stockholm Convention (SC-
COP9) in Geneva 29 April-10 May 2019.

The present White Paper is intended to support and assist
the POPRC in their consideration of the draft Risk Manage-
ment Evaluation (RME) (POPRC, 2019) for PFHxS and
PFHxS-related substances (Norway, 2019).
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1. INTRODUCTION

Perfluorohexane sulfonate (PFHxS) is prominent amongst
long-chain perfluoroalkyl sulfonates (PFSAs) including

C7 PFHpS, C8 PFOS, C9 PFNS and C10 PFDS that are of
established and growing concern as persistent organic pol-
lutants through their:

e Wide spread distribution in the environment, humans
and other biota.

« Potential for long range-transport in various media.
e Bioaccumulation potential at all trophic levels.

» Long biological/bio-elimination half-lives in hu-
mans.

 Extreme environmental persistence in common with
all PFAS.

» Established links to specific diseases or pathologi-
cal conditions.

In spite of efforts to stop production of PFOS-based chemi-
cals, including the decision by the 3M Company in May
2000 to phase out manufacture - as well as measures such
as the PFOS ban by the EU from June 2011 - some coun-
tries are still producing and releasing PFSA chemicals, as
evidenced by studies of continuing contamination of local,
regional and remote areas including the Arctic

e  Global contamination of the environment and biota with
PFAS including PFHxS is totally anthropogenic with no
known natural sources and no degradation pathways.

e Management of PFHxS needs to be considered in
conjunction with PFOS and PFHpS as ECF production
results in mixtures which are not sufficiently purified
before use.

Long-chain PFAS are classified under two sub-categories
by the United States Environmental Protection Agency
(USEPA), a definition that is now widely accepted:

« Long-chain perfluoroalkyl carboxylic acids (PFCAs)
with eight or more carbons (rC8), including perfluo-
rooctane carboxylic acid (C8 PFOA).

+ Long-chain perfluoroalkane sulfonates (PFSAs) with
six or more carbons (rC6), including perfluorohexane
sulfonic acid (C6 PFHxS), perfluoroheptane sulfonic
acid (C7 PFHpS) and perfluorooctane sulfonic acid (C8
PFOS).

C6 sulfonate PFHxS (SO3H functional group)

Figure 1A illustrates the perfluorinated carbon chains

and functional groups (circled) of the primary PFAS end-
point compounds for the carboxylates (e.q., PFOA) and the
sulfonates (e.g., PFHxS). Atoms: grey-carbon, green-fluorine,
yellow-sulfur, red-oxygen, white-hydrogen.

Linear PFHxS 2- PFH=S

Figure 1B. Isomers of PFHXS.

PFAS substances can cause long-term adverse effects at

low concentrations. PFCA chemicals with fewer than

eight carbons, such as perfluorohexanoic acid (C6 PF-
HxA), and PFSA chemicals with fewer than six carbons,
such as perfluorobutane sulfonic acid (C4 PFBS) are also
very persistent (vP) in the environment. The POPRC Risk
Profile on PFHxS notes that PFAS substances are subject to
long-range transport but the pathway is dependent on the
physiochemical properties and geographical locations of the
substance.

The behaviour and effects of the perfluoroalkyl sulfonates
PFHxS, PFHpS and PFOS (C6, C7 & C8) need to be con-
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sidered as a group, not separately, as the synthetic methods
used in their manufacture do not produce clean batches

of pure, chemically distinct compounds. The Simons ECF
process produces not only PFSA homologues of different
odd and even carbon-chain lengths (unlike the fluorotel-
omer process which produces only even chain-length PFAS)
but also an interrelated mixture of straight and branched-
chain structural isomers of the same compound (Figure
1B). This is discussed more fully below in Section 4.

It is misleading to assess the properties and risks of single
chemicals in such circumstances while ignoring the com-
mercially available technical products. It is especially im-
portant for those that are highly mobile and used in disper-
sive applications. Mixtures of different chain lengths plus
various isomers should also be taken into account as part of
any risk management evaluation.

Considerable data exist in the literature evidencing wide-
spread environmental contamination as the result of legacy
use of perfluoroalkyl substances such as PFOS and PFOA in
many industrial and domestic applications, and especially
as the result of dispersive use such as firefighting and fire-
fighter training (IPEN, 2018, 2019).

Public awareness of the long-chain PFAS contamination
problem dates from the seminal decision, announced on
the 16th May 2000, by the 3M Company to phase-out
electrochemical fluorination (ECF) manufacture of PFOS-
based products used in many applications. This phase-out
included 3M Light Water™ and ATC™ AFFF foam con-
centrates and ScotchGard™ fabric and leather treatments.
3M also withdrew completely from the firefighting foam
market (3M Company, 2000). However, the phase out did
not include shorter-chain PFSA use.

Early papers in the scientific literature soon established
that perfluorinated chemicals, in particular PFOS and
PFOA, were found widely distributed on a global scale
appearing in the blood, liver and eggs of many species in
locations that were far removed from any obvious sources
of contamination, such as in the remote polar regions (for
example, Kannan et al, 2002, Busch et al, 2010).

Human blood samples were also found to be widely and
generally positive for PFAS substances. In contrast stored
human blood bank samples from prior to the industrial
manufacture of fluorochemicals post World War II were
uniformly free of organofluorine compounds (Taves, 1968a,
1968b).

Perfluoroalkyl substances (PFAS) are extraordinarily per-
sistent in the environment to the extent of being permanent
pollutants, exhibiting long-range oceanic and atmospheric
transport over thousands of kilometres, contaminating a
wide range of biota and bodies of water, with no known en-
vironmental degradation pathways for their perfluorinated
end-point products.
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At least 90 sites across Australia are under investigation for elevated levels of p
fluoroalkyl [PFAS] chemicals.

o0 ® S

ESTIMATED PFOS CONCENTRATION
S _ RANGES IN GROUNDWATER

B 50-500 ugiL
B 10-49 pgiL
Il 02-999 uglL

. Less than 0.2 pg/L

OAKEY, QLD

POPULATION --- AACO Base Boundary

4,500

Oakey 9
Town Centre

RECOMMENDED LEVEL

<0.07 pg/L

The Environmental
Protection Agency (EPA) (US)
recommended PFOS lifetime
limit for drinking water.

LOCATION
159km west
of Brisbane

Town centre
is 2km from
AACO base

Figure 1C. Australia, Oakey Army Aviation Centre
PFOS contamination plume.

It was soon established that the uncontained use of AFFF
firefighting foams, especially when used unconfined for
training, resulted in very high levels of groundwater con-
tamination. Historically, the use of foams containing PFOS
and PFOA has led to substantial groundwater contamina-
tion. However, more modern fluorotelomer firefighting
foams have also resulted in elevated PFAS levels in the wa-
ter table, for example, with the 8:2 and 6:2 fluorotelomer
sulfonate (8:2 and 6:2FtS) and their precursors.

Former and current military fire training areas were shown
to constitute a major source of environmental pollution
giving rise to very large contaminant plumes downstream
hydrologically. Civilian aviation firefighting (ARFF) train-
ing areas, although often smaller, were also sources of
substantial PFAS releases into the environment. Both these
military and civilian fire-training areas are characterised by
intensive regular use over long periods.

Of the 90 PFAS-contaminated sites so far identified in
Australia (Figure 1C) the Australian Defence Force (ADF)
Army Aviation Centre at Oakey in Queensland is an ex-
ample of widespread pollution with a substantial hydrologi-


http://ipen.org

cal down-gradient PFAS contaminant plume. As for many
other sites this has affected water supplies for both the
township as well as surrounding farming areas (Australian
Government Foreign Affairs, Defence and Trade References
Committee, 2016).

At Oakey in Queensland, it was estimated that approxi-
mately 1.43 million litres of mostly PFOS-based AFFF con-
centrate was used over a 25-year period. Effectively 1000
litres of AFFF concentrate per week had been discharged to
soils and groundwater for a quarter of a century!

This rate of use equates to the release of 10-20 kilograms of
PFAS every week for 25 years directly to the soils, ultimate-
ly infiltrating down to the underlying water table.

The extent of the PFAS pollution at Oakey Army Avia-
tion Centre has led to a large kilometre-scale contaminant
plume downstream resulting in:

*  Degradation of the township of Oakey’s drinking and
irrigation water supply.

* Contamination of watercourses and biota.

e Loss of livelihoods and agricultural output.

*  Depression of property prices and the inability to sell
properties.

*  Widespread public concern over the health effects of
the contamination on those living in the area, with
elevated blood levels for residents detected in many
cases.

The PFHxS content of a sample of PFOS foam from Oakey
was about 16% or one-sixth (Figure 1D); the PFHxS con-
tamination plume can be expected to be significant and well
beyond the extent of the PFOS plume in Figure 1C.

Ratio of PFOS to PFHxS

100%
80%
sty 4PFOS

60% 86%
o | M PFHXS
206 ] 16% ‘

0%

Foam n:1

Figure 1D. PFHxXS content of Oakey PFOS foam
(after Defence/AECOM, 2015).

The scenario in Oakey has become an example of what can
typically happen with the uncontrolled release of PFAS to
the environment. This has been mirrored many times over
at US and Australian military bases and airports as well as
at civilian airports elsewhere including in Europe.

In addition to poorly managed releases from training and
spills, major incidents can result in large volumes of PFAS
contaminated firewater running to tens of millions of litres
being released to the environment, as occurred at incidents
including;:

e Sandoz Schweizerhalle Basel chemical and pesticide
fire in 1986 contaminating the Rhine (Switzerland).

*  Coode Island acrylonitrile and benzene tank fire (Victo-
ria, Australia) in 1991.

e Buncefield petrochemical explosion and fire (UK) in
2005.

Incidents like these are relatively infrequent but nonethe-
less have long-term, large-scale effects on environmental
values, wildlife, groundwater quality, drinking water sup-
plies, and public health, and hence class as being of very
high risk.

At the Buncefield incident the loss of containment of the
large volume of PFOS and PFHxS-containing firewater was
caused by bund wall failures and subsoil clay layer penetra-
tion resulting in PFAS contamination of an aquifer sup-
plying north London with drinking water that will remain
unusable for many years to come (UK HSE COMAH,

2011; Gable, 2017).
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2. PFHXS IS A SUBSTANCE OF VERY HIGH

CONCERN (SVHC)

The scientific literature to date has been focussed mainly
on PFOS and PFOA, while PFHXxS has been largely over-
shadowed. However, striking similarities to PFOS and
other PFSAs in persistence, toxicity and behaviour are
evident in what has been published and research that is
now emerging.

In 2017, PFHxS and its salts were identified as Sub-

stances of Very High Concern (SVHC) and added to the

EU REACH Candidate List due to their persistent and
bio-accumulative properties (ECHA, 2017). Toxicity and
ecotoxicity were not subject to evaluation as PFHxS fulfilled
the criteria for a very persistent and very bio-accumulative
(vPvB) substance. The criteria for classification of a sub-
stance as vPvB are almost identical in the EU and USA;
vPvB substances must be declared in the Safety Data Sheet
when present at >=0.1%.

Regrettable substitution, as has occurred for PFOS by
the use of PFHxS for some products, has been defined
as occurring:

“when a toxic chemical is replaced by another chem-
ical that later proved unsuitable because it, too,
turned out to be a persistent, bio-accumulative and
toxic (PBT) substance, or because of other concern”
(US National Research Council, p.10 para 3, 2014)

This has also been termed a “regret spend” or “regrettable
investment” by industry in reference to poorly-considered
short-term choices and expenditures that do not result in
the best outcome in terms of long-term sustainability and
management of liability. The financial implications include
the potential need for significant expenditures on reversal
or rectification of any originally poor, short-term choices.

The regret spend principle is now considered as part of
holistic cost-benefit analysis in assessing whether the
procurement and use of a product can be demonstrated to
be sustainable, or if it may later turn out to have been an
undesirable substitution requiring replacement once whole-
of-life costs and liability are considered.
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Figure 2A. PFHxS waterproofing agent (Huang et a/ 2013).

For example, since the 3M phase-out of PFOS, C4 PFBS
and C6 PFHxS have been used variously as PFOS replace-
ments in stain repellents, surfactants, firefighting foams
(IPEN, 2019, Renner, 2006) and surfactants for oil produc-
tion ((Huang et al, 2013). The use of shorter-chain PFAS
has been justified largely on the tenuous basis of a shorter
half-life in humans (not the case for PFHxS) but without
specific studies conducted to determine long-term safety in
humans or the environment.
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3. FIREFIGHTER OCCUPATIONAL EXPOSURE

Firefighters can be significantly exposed to PFHxS and
other PFAS from firefighting foam via various occupational
mechanisms including direct exposure during use as well
as exposure from contaminated personal protective equip-
ment (PPE), handling of contaminated equipment, man-
aging PFAS foam wastes, occupation of contaminated fire
stations and consumption of contaminated local water and
produce. Cross-contamination and legacy PFAS residues
from inadequately decontaminated appliances after tran-
sitioning to fluorine-free foam can remain a long-term
problem.

Ongoing exposure to PFHxS, PFOS and other PFAS amongst
firefighters remains a major occupational health issue with
both political and trust implications for employers.

Bio-accumulation and very slow bio-elimination may be
very significant influencing factors in PFHxS exposure.
For example, a study of firefighters exposed to a commer-
cial AFFF on three occasions during training showed an
increase in serum PFHxS, in spite of low concentrations in
the AFFF sample (Figure 3A, Laitenen et al, 2014.).

Although the study had a small sample size and large
standard deviations in the data that make conclusive inter-
pretation difficult, the results provide sufficient reason for
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application of the precautionary principle for the avoidance
of PFHxS use and exposure.

A recent unpublished Australian fire service occupational
health study of firefighter exposure to firefighting foams
amply confirms earlier findings by Rotander et al 2015 that
elevated blood levels are found concurrently for both PFOS
and PFHxS. Moreover, there appears to be a direct correla-
tion between blood levels of PFOS and those for PFHxS.
The ratio of PFOS to PFHXxS is approximately 3:1 to 4:1in
blood and highly correlated as shown in Figure 3A. This
ratio corresponds quite closely to that observed for all PFOS
and PFHxS-related derivatives in legacy AFFF - Backe et al
(2013) recalculated, see below.

However, of greater concern is that firefighter blood levels
for PFOS and PFHxS are many times higher than the me-
dian values for the general Australian population of PF-
HxS-3.2 ng/ml and PFOS-12 ng/ml (Rotander et al, 2015).

Results from another Australian fire service monitoring
programme based on a very large cohort of >700 partici-
pants and reported in the IPEN F3 Panel’s 2019 White
Paper presented at COP-9 in Geneva, showed that approxi-
mately 23% of the firefighters tested had blood levels of
PFOS above the population average (Figure 3B); this study
also shows that PFHxS levels were elevated, confirming the
established linkage between PFHxS and PFOS.

PFNA PFDA
100 % 100 %
97 % 105 %
92% 100 %
110% 104 %

zero sample [@1.training B 2.training ™M 3. training

Figure 3A. Average and standard deviation of PFAA compounds in firefighters' serum during the

three month training period. (Laitenen et a/2014)
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Figure 3B. PFHxS in firefighters’ blood (left). Range of PFOS in firefighters' blood (right).

Occupational exposure of fire fighters to PFAS and espe-
cially to PFOS and PFHXS, is of particular significance and
concern. Elevated blood levels are found not just in long-
serving personnel who may have been exposed to legacy
PFOS-containing AFFFs, but also in much younger fire-
fighters and recruits who have never used or been trained
with these foams.

Recent examples have emerged of firefighters who have not
used PFOS foams at incidents such as fires, but nonethe-
less have been significantly exposed as evidenced by high
PFOS and PFHXxS levels in their blood. In other words,
they have not been subject to exposure pathways such as
inhalation and ingestion of aerosols from bursting foam
bubbles or foam solution at incidents or during training.
Lack of attention to personal decontamination on site or

at the station remains a possibility for further exposure. It
would appear that a significant exposure pathway can occur
during routine activities such as equipment maintenance
and clean-out as well as during foam concentrate transfer
from bulk containers to appliances. This implies that there
may have been significant exposure to concentrate through
inhalation, ingestion or skin absorption of aerosols and
splashes; there is also the possibility of skin absorption
when handling contaminated equipment, with the penetra-
tion of PFAS, such as PFOS and PFHxS, through the skin
aided by the aggressive detergent-like properties of the
surfactants present in foam concentrate as well as penetra-
tive effects of the glycol ether solvents. Glycols and glycol
derivatives are capable of both moisturising and penetrat-
ing human skin, as used in cosmetics or the preparation of
museum specimens. It is likely that adequate personal pro-
tective equipment (PPE) was not used during such routine
maintenance activities as there is the assumption, with the
lack of appropriate handling cautions in safety data sheets,
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that concentrates are relatively benign and need no special
precautions.

It also seems likely that more recent PFHxS and PFOS
exposure may have resulted from contaminated training
areas where the use of modern foam surfactants may have
brought about the liberation of PFAS residues from con-
taminated concrete aprons or soils previously used with
legacy PFOS foams.

For firefighters and the general population, the significance
of PFHxS and PFOS levels in humans is beyond dispute

in terms of the potential for adverse effects across a wide
range of health values, especially for sensitive groups.

There continues to be debate about what constitute “safe”
thresholds and exposure levels in diets, drinking water

and through occupational exposure which is influenced by
rapidly changing scientific information. However, conserva-
tive values, in particular for drinking water, are now being
widely adopted with the recognition that direct effects and
promotion of other adverse health conditions by individual
or combined PFAS substances may well occur at very low
exposure levels.

PFHxS and PFOS levels in the blood of firefighters and the
general population are clear evidence that exposure from
direct and diffuse sources is ongoing and significant espe-
cially in respect of there being many instances of no clear
sources or pathways such as where workers are involved in
PFAS manufacture or intensive industries. Application of
established assessment standards have direct implications
for triggering the Precautionary Principle.
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4. PFOS-PFHXxS MANUFACTURE BY SIMONS
ELECTROCHEMICAL FLUORINATION (ECF)

The 3M Company announced in May 2000 that it was
phasing out fluorosurfactant production based on PFOS
chemistry, and withdrawing entirely from the fluorinated
AFFF firefighting foam market marking an end to the
availability of Light Water™ and Light Water™ ATC™
formulations (3M Company (2000)). Other products using
PFOS included ScotchGuard™ stain and water repellent
treatments. Production is thought to have ceased entirely
around 2002.

Until that time PFOS had been manufactured using the
Simons electrochemical fluorination (ECF) process (3M
Company, 1999; Ignatev et al, 2009; Sartori and Ignat’ev,
1998). This process involves replacing the hydrogen atoms
of octyl sulfonate using hydrogen fluoride electrolytically
in order to generate perfluorooctane sulfonyl fluoride,
PFOSF.

PFOS production using electrochemical fluorination (ECF)
was, and remains, an inherently ‘dirty’ process resulting

in a wide range of structural isomers, both straight chain
and branched with CF-CF3 and C-(CF3)2 side chains, as
well as odd and even chain length homologues such as C4
PFBS, C6 PFHxS and C7 PFHpS. As a result, technical
grade PFOS was always and continues to be contaminated
with a significant percentage of PFHxS.

In addition, the perfluoroalkyl chains of both PFOS and
PFHXxS can form left- or right-handed helices resulting in
pseudo-racemates that have been detected in human sera
(Wang et al, 2011; Naile et al, 2016; Sasaki et al, 2018).

Quoting from the ECHA (13 June 2019) PFHxS restriction
proposal:

“..Sources indicate that when manufacturing per-
Sluorinated compounds, a mixture of compounds
of varying chain- length is usually formed, with
typical amounts of PFHxS formed when manu-
Jacturing PFOS being between 4 and 14% (from
(BiPRO, 2018) citing (Ren, 2016). These numbers
are supported by measurements of PFHxS in com-
mercial PEFOS-products, namely 3.5%-9-.8% in
8M’s FC-95 (from (BiPRO, 2018) citing 3M (2015)
and 11.2 % - 14.2% in three products from China
(Jiang et al, 2015). BiPRO also note, however, that
the amount of the C6-component may be reduced
by purification at different stages of the production
line...”

4.1. PFOS PRODUCTION AND USE A SIGNIFICANT
SOURCE OF PFHxS

The deliberate production, use and release of PFHxS is
supplemented by the unintended production of PFHxS and
its precursors as co-contaminants of PFOSF from the ECF
method and the subsequent use of impurity-containing
technical PFOS in products such as sulfluramid.

e PFHxS is a significant contaminant of PFOS, N-Et-FOSA
and related PFAS produced by ECF.

e  Restriction on the use and release of PFHxS must also
consider its occurrence as a contaminant in PFOS-
based products such as Sulfluramid.

e As well as being more mobile, short-chain PFAS
are displaced by longer-chain PFAS in soil columns
promoting infiltration to groundwater.

Contamination of technical-grade purity PFOS with sig-
nificant PFHxS ~9% (and PFOA ~12%) is not an impedi-
ment to its effectiveness in insecticides (e.g., Sulfluramid)
or firefighting foam surfactants so manufacturers typically
do not go to the expense of purification. Therefore, the use
of PFOS and related products will likely also represent a
significant release of PFHxS and PFOA. This has implica-
tions for full compliance with the Stockholm Convention
listings of PFOS and PFOA and provides further rationale
for ending all uses, including the use of sulfluramid.

Technical PFOS composition (China)

PFOS 78%

,,;srg

PFOA 12% PFHxS 9%

Other 0.5%

Figure 4.1A. After Jiang et al, 2015.
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ECF method product compasition

Figure 4.1B. 3M production data, 1998.

A comparison of the composition of a recent sample of
technical grade PFOS ECF product from China (Figure
4.1A, Jiang et al, 2015) with the 3M composition for ECF
by-products technical grade PFOS (FC95) (Figure 4.1B,
3M, 1998) shows that, while there is variability in com-
position between different manufacturing sites and year
of manufacture, the inclusion of PFHxS and other PFAS
contamination is inevitable.

The composition of sulfluramid is usually cited as N-Ethyl-
FOSA (Figure 4.1C): however, although this may be the
main component, it is very likely to have significant levels of
other contaminants including PFHxS, PFOS and PFOA.

The total ion chromatogram from a Waters Technical Note
(Figure 4.1D) clearly indicates the complexity of the PFSA
isomers produced by the ECF process.

Detailed mass-spectrometric analysis published by the Kar-
rman group from Orebro University in Sweden (see bibli-
ography Section §10) has identified definitively many of the
branched chain structural isomers for both C8 PFOS and
PFOA. Biological uptake and activity appear to be isomer
specific.

Figure 4.1C. N-Ethyl FOSA (PFOS precursor).
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FC-95 technical grade PFOS homologue distribution

PFOS C8
78%

PFBS C4
6%

PFPES| pEHXS C6

7%

3%

Similar variability in activity as well as biological uptake
is expected for C6 PFHXxS although with fewer branched
isomers possible.

This raises the important issue that groups of isomers and
related homologues need to be evaluated together in combi-
nation and not as single chemicals.

PFOS (FC-95) purity 1997

© Waters Corporation

(8 =PFOS

%

. -

T T T T T T T T T y Time
2.00 4.00 6.00 8.00 10.00

Figure 1. Total lon Chromatogram of Technical Grade PFOS
Sample.

Figure 4.1B(a). Technical grade PFOS contamination.
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Fig. 1. Separation of PFOS and PFOA structural isomers on UPLC-MS/MS. Two MRM windows are overlapped, for PFOA,
m/z 413 — 169,413 — 369, and for PFOS m/z 499 — 80, 499 — 99.
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Figure 4.1D. PFOS diversity of isomers (After Karrman et al, 2011).

4.2. FIREFIGHTING FOAMS AND OTHER SOURCES OF
PFHxXS

In the past, legacy PFOS-based fluorosurfactants have been
used in many commercial applications as shown in the
table from the ECHA PFHxS Annex XV Restriction Report:
Proposal for a Restriction, April 2019, Table 8, summarised
in Figure 4.2A to highlight the common uses and propor-
tions across the main uses.

More recent data on PFHXxS uses is limited but applications
across legacy uses are likely to be similar. The implication
is that while firefighting foam is a dispersive use and a very
significant cause of contamination, the in-use washing and
end-of-life disposal to landfill of the carpets, leather, textiles
and fabrics ultimately represent a substantial source of
PFHXxS releases via waste water treatment plant (WWTP)
effluent, biosolids and landfill leachate.

Early and seminal results for contaminated groundwater at
military fire training areas in the United States published
by Schultz, Barofsky and Field (2004) clearly indicated
substantial proportions of PFHxS in the groundwater com-
pared to PFOS which was also present. This has been amply
confirmed by later results from the same group (Backe et al
2013).

The groundwater data are shown in part and illustrated
below (Figure 4.2B) with the most contaminated sites high-
lighted in yellow. The elevated proportions of PFHxS (26%
to 56%) compared to PFOS relative to the original PFOS
foam composition of about 10% free PFHxS content exem-
plifies the greater mobility of PFHxS down to groundwater
via poor adsorption to soils and displacement through

PFHXS in products imported into EU 1999 (kg)

Carpets
58%

Apparel and
leather
23%

Fabric &
upholstery
14%

Coatings
0.4%

Figure 4.2A. PFHxS uses and proportions 1999
(From ECHA, 2019).
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TABLE 2. Concentrations of Fluorotelomer Sulfonates, Perfluoroalkyl Sulfonates

and Perfluoroalkyl Carboxylates in Groundwater

Samples from NAS Fallon (NASF), Tyndall AFB (TAFB), and Wurtsmith AFB (WAIEB) (ugll)?
sample 4:2 FtS 6:2 FtS 8:2FtS PFBS PFPS PFHxS PFHpS PFOS PFHXA PFHpA® PFOA
NASF MW 51U nd nd nd 210 216 876 nd 380 372 £ (1) 149 £ (2)¢ 6570 & (1)
NASFMW 16 nd  nd nd 54 38 115 nd <LOQ 574+ (6)° 18+ (5)° 460+ (2)°
NASF MW 50U nd nd nd nd nd <L0Q nd =LOQ nd¢ nd¢ nd¢
NASF MW 17 nd nd nd =L0Q =LOQ =LOQ nd <LOQ nd¢ nd°¢ nd¢
TAFB PW-10 7(A% 14 600 3.3 144 134 920 nd 2300 144¢ 38¢ 116¢
TAFB PW-07 87 7100 0.70 82 73 540 nd 270 73¢ 22¢ 64¢
TAFB T11-2 4.2 4630 £ (8) =LOQ 58 70 360 nd 210 64 + (3)¢ 19+ (2)¢ 424+ (2)F
TAFB TY22FTA 11 1080 17 10 8.3 107 nd 147 nd¢ nd¢ nd¢
TAFB-PW10 TAFB-PW7
C8 PFOS €8 PFOS sl
66% 28%
C6 PFHXS
C6 PF! 56%
26%
Note
Free PFHxS content
TAFB-PT11-2 of PFOS foam is TAFB-TY22FTA
approximately 10%
C8 PFOS o8P PP ¥ C8 PFOS
30% > 54%
P
C6 PFHXS

52%

C6 PFHxS
39%

Figure 4.2B. Amplification of PFHxS versus PFOS in groundwater (After Schultz et a/, 2004)

competition for binding sites resulting in hydrogeological
fractionation.

A remarkable feature of these data is the proportionally
high levels of PFHXS (26% to 56%,) of the sulfonates found
in groundwater samples 10-15 years after the sites were
last used for AFFF firefighting foam training relative to the
~10% free PFHXS for the original PFOS foam.

The PFHXS co-occurrence and contamination is to be
expected but the PFHxS levels being comparable to and
exceeding the PFOS levels raises the PFHXxS risk profile
significantly. Additionally, there may also be some contribu-
tion from PFOA.

In a subsequent section (§4.3), we address the issue of why
there appears to be an increased proportion of PFHxS in
groundwater compared to PFOS and that part of this may
be unrecognised PFHxS derivatives. This has considerable
significance when contaminated ground water is used as a
drinking water source, as PFHXxS is difficult to remove using
standard granulated activated carbon (GAC) water treat-
ment.
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Hydrogeological fractionation of PFHxS amplifies its occur-
rence in groundwater because of its higher water solubility,
displacement from overlying soils by longer-chain PFAS and
lower log(Koc) values, the latter leading to less adsorption to
sediments and organics, and greater environmental mobil-
ity than for PFOS, as discussed in §5 on remediation.

4.3. THE HIDDEN SOURCES OF PFHXS IN
FIREFIGHTING FOAM FORMULATIONS

Data published by Jennifer Field’s group on PFOS foam
composition further underlines the significance of PFHxS
(Table 4.3, Backe et al, 2013) and exposes the additional
sources of PFHxS in legacy products and the contamina-
tion resulting from them. On face value, of the free PFSA
(sulfonates) content, the proportion of PFHxS in 3M Light
Water™ firefighting foams over the period of 1989 to 2001
indicated a steady 9-11% for PFHxS content (3M Company,
1998) (Figure 4.3A). For FC-95 (potassium perfluorooc-
tanoate), the main source of PFOS in AFFF foams, the 3M

safety data sheet information suggests lower levels of PFHxS
contamination.
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3M foam PFSA content

C8 PFOS
B84%

0 PFD5
0.3%

C9 PFNS

C4 PFBS 0.3%

C7 PFHp! Cs prpes 7%
1.5% 1.3%

Figure 4.3A. Free PFOS, PFHxS and other PFSAs in 3M foam
1989 to 2001. (After Backe et al, 2013).

The reality is that when PFHxS and all PFHxS derivatives
are taken into account, as shown by Backe et al (2013), the
relative proportion of PFHxS to PFOS related substances
increased significantly from the 1989 sample of 3M Light
Water™ AFFF up to when PFOS-based production was
being phased out.

The total of PFHxS and its derivatives increased from a
ratio of ~1:8 to around ~1:3 relative to PFOS or from 11% to
~26% of total PFSA content (Figure 4.3B).

The two most significant PFSA derivatives detected by
Backe et al (2013) in firefighting foam were the PFHxS and
PFOS derivatives:

e “PFHxSaAm” C6 Perfluorhexyl sulfonamido propyl
amine CAS 50598-28-2
[C,F,,SO,N(CH,),-CH,CH,CH,-NH,(+)]

6713
e “PFOSaAmA” C8 Perfluorooctyl sulfonamide propyl
amino carboxylate
[C,F,SO,NH(CH,CH,COO")-CH,CH,NH,(CH,),()]

8717

PFHxS + related versus PFOS + related (1:n) content by year

T A A A

P'::i" 1:3.5 1:2.8 131
PFHxS+ PRHXS+ PFHxS+

22% 26% 24%

PFO5+

89% PFOS+ PFOS+ 1 PFOS+

8% 74% 76%

1989 1993 1998 2001

Figure 4.3B. FPFOS versus PFHxS derivatives and free PFSA
composition in 3M foam 1989 to 2001. (After Backe ef al, 2013)

The C6 derivatives (PFHxSaAm and PFHxSAmA) were
the predominant species occurring from 660 mg/L to 930
mg/L in 3M Light Water™ foams. Individually these PF-
HxS derivatives were at similar concentrations to the free
PFHxS content (Figure 4.2C & 4.2D). They appear to have
been added to later formulations (1993 onwards) possibly
as foaming or foam stabilising agents.

These data also make it clear that the PFHxS derivatives
(PFHxSaAm and PFHxSaAmA) were added intention-
ally to AFFF formulations, and that they and PFHxS were
not present just as an unintentional contaminant of ECF
produced PFOS.

These results highlight the unreliability of only considering
free PFOS and free PFHxS values and that it is essential to
consider the presence of related PFAS that are likely to be
toxic in their own right and will transform to PFSAs.

All of the measured values detailed above for the relative
proportion of PFHxS compared to PFOS in AFFF fire-
fighting foams above are in conflict with 3M data for the
fluorosurfactants used in the formulations quoted in the
ECHA (2019) Annex XV PFHxS Restriction Proposal Table
8 which indicates much lower values for PFHxS-related
substances in the product of closer to ~2%.

The reality of the high levels of PFHxS-related substances
in legacy AFFF plus contamination of currently produced
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Figure 4.3C. PFHxSaAm (n=6) and PFHxSaAmA (n=6) (Field,
SERDP, 2018) PFHXS precursors.

PFHxS and derivatives content by year
4 PFHxSaAmA
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Figure 4.3D. Increase in PFHxS derivatives in 3M foam from
1989 to 2001. (After Backe ef al, 2013)
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Table 4.3. 3M foam composition 1989 to 2001 (Backe et a/, 2013)

12  Table S6. Concentrations (mg/L) of newly-identified and legacy perfluorinated chemicals in 3M
13  aqueous film forming foam formulations manufactured from 1989-2001.
1989 1993a 1993b 1998 2001
mg/L mg/L mg/L mg/L mg/L
PFBSaAm° 9 120+£2.0 180 140 110
PFPeSaAm*® 8 140+1.8 180 140 110
PFHxSaAm* 189 660 £8.1 850 743 690
PFHpSaAm ND 12 £0.40 15 30 24
PFOSaAm 9.9 62+1.1 75 67 37
PFBSaAmA*® ND 140+3.1 120 110 150
PFPeSaAmA*® a4 200+6.3 170 140 130
PFHxSaAmA* ND 930+ 13 850 850 960
PFHpSaAmA ND 17 £0.16 17 34 44
PFOSaAmA?® ND 72+0.81 58 53 65
PFBS 380 220+2.0 160 210 250
PFPeS 210 120+ 1.5 80 90 120
PFHxS 1700 910+ 14 760 850 900
PFHpS 410 120+2.0 120 93 140
PFOS 15000 8000 9300 6700 7900
PFNS 160 53+0.97 56 9 27
PFDS 102 51+0.34 52 11 27
PFBA 37 24 +0.48 35 31 38
PFPeA 47 36+0.14 52 43 43
PFHxA 170 99+ 1.4 110 99 170
PFHpA 54 25+0.28 22 26 37
PFOA 150 83+13 93 86 170
PFNA ND ND ND ND ND
PFDA ND ND ND ND ND
PFUdA ND ND ND ND ND
PFDoA ND ND ND ND ND
PFTrA ND ND ND ND ND
PFTeA ND ND ND ND ND
PFS/PFA® 39 35 34 28 20
Legacy/Newly-ldentified 84 41 43 36 42
PFOS/PFHxS 8.8 8.8 12 79 8.8

PFOSF by the Simons ECF process, together with the
phenomenon of hydro-geological fractionation observed

in groundwater impacted by AFFF highlights the need to
prevent further release of material containing PFHXxS to the
environment.

4.4. CURRENT PRODUCTION OF PFOSF, PFHXSF
AND DERIVATIVES

Continued manufacture of PFOSF using the Simons elec-
trochemical fluorination (ECF) process in Asia and agri-
cultural application of the PFOS derivative sulfluramid in
China, Brazil and other Latin American countries represent
highly significant sources of environmental contamination
with PFHxS.
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The ECF process used to produce the precursor PFOSF is

a fundamentally ‘dirty’ industrial synthesis that results in
the generation of by-products including both PFHxS and
PFOA at about the 10% level for each compound (Jiang et
al, 2015). Subsequent treatment of PFOSF with ethylamine
to produce sulfluramid (N-ethyl-perfluorooctane sulfon-
amide, N-ethyl-PFOSA) will result in this insecticide being
contaminated with a significant level of PFHxS.

A submission to the Basel Convention by Huang and co-
authors (Huang et al, 2013) from the School of Environ-
ment, Tsinghua University and the China Association of
Fluorine and Silicone Industry (CAFSI), highlights the state
of PFOSF production facilities in China, located particu-
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Figure 4.4A. ECF production facilities in China. (Huang ef a/, 2013)

larly in the Hubei and Fujian Provinces, using the Simons
ECF process.

Annual PFOSF production in China reported by these au-
thors was 139 tons with:

* 89.5 tons (64%) for domestic use.

*  49.5tons (36%) for export, mainly to Brazil for sulflu-
ramid synthesis.

e 10.4 tons (7.5%) destined for home use in the manu-
facture of perfluoroalkyl sulfonyl quaternary ammo-
nium iodides as fluorosurfactant FC-134 destined for
AFFTF firefighting foam.

e 3.1tons (2.2%) were used for manufacturing FC-09 N-
ethyl-perfluorooctane-sulphonamide, better known on
the market as the insect bait Sulfluramid.

Average PFOSF production in the period 2009-2012 had
been 100-160 tons per annum. Primary applications for
PFOSF were for mist suppressants used in hard chromium
(Cr") plating, fluorosurfactants for AFFF firefighting foams
and for sulfluramid baits, with widespread manufacturing
facilities, primarily throughout eastern China (Zhang et al,
2012). Other uses included textile and leather finishing as
well as surfactants for the oil industry.

Production and use of sulfluramid in Brazil and for domes-
tic use in China (Huang et al 2013) represents a globally
significant emission source not only of N-Et-PFOSA but
also of PFOS. Lofstedt Gilljam et al (2016) have reported
that some thirty companies in Brazil manufacture 70-80
sulfluramid products for both agricultural and domestic
use, for controlling leaf-cutting ants (currently permit-

ted under the Stockholm Convention) or for cockroaches,
household ants and termites (non-compliant with the Con-
vention), giving rise to annual emissions of around 50 tons
of PFOS equivalent. China banned sulfluramid production

in March 2019 and all uses will be prohibited as from 1
January 2020.

Brazil’s annual use of sulfluramid would be sufficient to
contaminate a billion (109) cubic metres (tons) of water

to a level of 50 ppt PFOS (compared to the US EPA health
advisory level of 70 ppt for PFOS and PFOA in drinking
water, a non-regulatory standard that is at least an order of
magnitude too high and not health protective, with signifi-
cantly more stringent regulatory limits enacted by individ-
ual US States. These PFOS emissions would be sufficient
to add ~5 tons of PFHxS annually to the globally release
inventory of this contaminant.

Apart from polluting drinking water, sulfluramid (N-
Et-PFOSA) as well as the related compound N-Ethyl-
perfluorooctanesulfamido-acetic acid (N-Et-PFOSAA) are
also known to be taken up and transformed to PFOS in
hydroponically grown plants, root vegetables such as car-
rots, alfalfa, lettuce, maize, mung bean, radish, rye-grass
and soybean, thus potentially contaminating the food chain
(Wen et al, 2018; Zabaleta et al, 2018; Zhao et al, 2018a,
2018b).

A misconception currently appearing in the literature is
that sulfluramid can be bio-transformed to PFHxS and
PFBS. This is highly improbable as perfluoroalkyl chains
are notoriously resistant to chemical attack. This miscon-
ception probably arises from a lack of understanding that
both PFHxS and PFBS are ECF process impurities present
in the PFOSF feedstock used in the synthesis of sulflura-
mid.

Alternatives to PFOS-based baits for leaf-cutting ants have
been discussed in a recent IPEN technical note (IPEN,
March 2019).

An example of the use of PFHxS as a replacement for PFOS
in AFFF firefighting foam was also reported for the feed-
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Figure 4.4B. Perfluoroalkyl sulfonyl amino ethyl acrylates (C6 & C8) and N-Meth-FHxSA structures.

CAS 67584-55-8,

stock VF-9126 (Vattern): which is PFHxS-based. Various
PFHXxS derivatives (Figure 4.4B) are available commercially
from companies in Hubei Province including:

e 2-[methyl[ (nonafluorobutyl)sulphonyl JaminoJethyl
acrylate (CAS 67584-55-8)

e 2-[methyl[ (tridecafluorohexyl)sulphonyl Jamino Jethyl
acrylate (CAS 67584-57-0)

e N-methyl-perfluorohexane-1-sulfonamide (CAS 68259-
15-4).

As of November 2016, it is clearly the intention of the Chi-
nese authorities to phase out PFOS and PFOS-related com-
pounds in the near future, (Foreign Economic Cooperation
Office, Ministry of Environmental Protection (FECO) and
Hubei Academy of Environmental Sciences (HAES), 2017).
However, PFHxS and PFHxSF are still being produced for
use across a diversity of applications that inevitably result in
releases to the environment. The Norwegian Environment

PFHxS-Fluoride uses (tonnes)

45.8
Feedstock
41%

Figure 4.4C. After Norwegian Environment Agency, 2018
Investigation of sources to PFHXS in the environment - Report.
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CAS 67584-57-0

CAS 68259-15-4.

Agency (2018) estimated from market research reports that
global PFHxS(F) consumption was between 80 and 400
tonnes per annum.

The reported proportions for various PFHxXSF uses are
shown in Figure 4.4C. The quantities labels are based on

a median total value of US$662.5M, equating to about
110.4 tonnes at ~$6K per kilogram. This does not include
PFHxSF occurring as a co-contaminant of PFOSF produc-
tion resulting, for example, in around 9% PFHXS in techni-
cal PFOS along with about 12% PFOA (Jiang et al, 2015).
Notably around 4% of PFHxSF is estimated to be used for
surfactants and firefighting foams despite the majority of
PFAS use for firefighting foam globally having transitioned
to fluorotelomer PFAS.
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5. REMEDIATION OF SOILS AND DRINKING

WATER SUPPLIES

The remediation of soils and drinking water supplies that
are contaminated with PFAS is a very widespread and
expensive problem. Communities, industry and end-users
now face considerable costs from legacy and ongoing con-
tamination. Whilst PFOS and PFOA have been the focus of
attention, PFHxS has become recognised as being just as
problematic along with other shorter-chain PFAS, which
are increasingly coming under scrutiny.

5.1. PFHXS - SOIL AND GROUNDWATER
REMEDIATION CHALLENGES

The significant additional challenges with treating more
mobile, water-soluble PFAS, such as PFHxS, have been
reviewed by several authors (Merino et al, 2016; Dickenson
and Higgins, 2016; Ross et al, 2018), as well as currently
being experienced in the real world by drinking water and
wastewater infrastructure providers and by those respon-
sible for site remediation.

Conventional water treatment technologies are not effec-
tive in treating PFHxS contamination without considerable
modification and additional expense to meet the particular
challenges posed by this C6-chain PFAS.

e PFHxS and other short-chain PFAS are very difficult and
expensive to remediate.

e PFHxS is highly mobile and will circulate readily through
the environment and biota.

e Drinking water supplies are under increasing threat
of contamination from PFHxS migrating into water
supplies from contaminated sites, industry, WWTP
effluent and landfill leachate.

Once released to the environment, highly mobile, water-
soluble PFHxS and related PFAS recirculate in the aquatic
environment contaminating drinking water, crops, live-
stock, seafood, wildlife and humans not only through direct
exposure but also via the food chain.

For these reasons, short-chain perfluoroalkyl acids (PFAA)
are becoming of increasing regulatory concern especially
under REACH (Brendel et al, 2018).

PFHXxS is classed as a “long-chain” PFAS by the US EPA
based on its retention, effects and bioaccumulation in
organisms, which are similar to those for C8 PFOS. How-
ever, it is nonetheless a short-chain C6 PFAS in terms of its
physical and chemical characteristics, particularly in terms
of its mobility in soils, dispersion and solubility in water
and lack of affinity for adsorbents, this being reflected in
the difficulties associated with its remediation and removal
from soils and water.

The main concerns over the fate, transport and remedia-
tion of PFHxS are that it is highly mobile in the environ-
ment and much more difficult to remove from water using
conventional water treatment technologies such as granular
activated carbon (GAC).

Higher mobility and greater difficulties in its removal com-
pared to both PFOS and PFOA result from PFHxS’s greater
aqueous solubility (2.3 g/L) and diminished sorption
potential to soil organics and sediments (Log K  1.78 L/kg;
Pancras et al, 2016). By comparison, PFOS water solubility
is 0.68 g/L and log K  2.68 L/kg.

The behaviour of multi-component PFAS mixtures, for
example in AFFF firefighting foams, in interacting with soil
and sediments followed by percolation into groundwater is
complex, with hydrogeological fractionation taking place.
This is determined both by the structure of individual
PFAS molecules, i.e., chain-length and functional group, as
well as by the absorptive properties of the particular soils
or sediments (Hatton et al, 2018; Hunter Anderson et al,
2019; Li et al, 2018).

Solubility and therefore mobility of PFAS generally follow
carbon chain length as illustrated in Figure 5.1A (after Ding
and Peijnenburg (2013)) with some influence by the func-
tional group. This increased mobility of short-chain PFAS
promotes more extensive contamination plumes for PFHxS
than for longer-chain PFAS such as PFOS.

Spurious assertions about shorter-chain PFAS being toler-
able are strongly countered by new scientific evidence of
increased risk of exposure due to greater mobility, higher
solubility and greater uptake into the food chain, there
being no difference in extreme environmental persistence
leading to increasing and irreversible exposure if releases
continue.
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Figure 5.1A. Relative solubility of PFAS plotted by ~carbon-chain length (data from Ding et al, 2013)

When activated carbon is used for the treatment of contam-
inated water containing long-chain PFAS the PFHxS and
other short chain PFAS can break through the carbon filter
bed far more rapidly than PFOS and PFOA.

This is a particular issue for PFHxS treatment as PFHxS

is classed as a long-chain PFAS and thus subject to inad-
equately protective drinking water standards (where they
exist). Thus, early breakthrough of PFHxS using GAC filter
beds requires monitoring much more frequently as well

as more frequent GAC filter bed replacement resulting in
greatly increased maintenance costs.

Treatment of PFAS can be achieved using extractive
processes, including pre-treatment with specialised PFAS
precipitants that are based upon separation by charge such
as ion-exchange resins, for example, PerfluorAd™, as op-
posed to hydrophobic interactions. Using such resins, it is
possible to achieve removal of both long- and short-chain
PFAS. However, this may not be appropriate in the pres-
ence of organic co-contaminants such as petroleum hydro-
carbons, e.g., in firewater runoff containing AFFF foam
plus fuel residues, as the resins become fouled and lose
their effectiveness.

Similarly, the use of ion-exchange resins to treat PFAS in

water containing high concentrations of naturally occurring
ions such as sulphates, nitrates and carbonates may also not
be possible because these ions compete for binding capacity.
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As PFHxS is a perfluoroalkyl sulfonic acid, its capacity to be
chemically oxidised is negligible and so simple destructive
treatment options are limited. For destructive treatment
options to be cost effective, PFHxS must first be concen-
trated from the high-volume/low concentration wastes as
usually encountered in contaminated firewater and ground-
water, for example, by reverse osmosis. Although feasible,
this is costly.

Destructive options to mineralise PFAS are generally
expensive as they rely on high temperatures to break the
carbon-fluorine bonds, conditions that cannot be main-
tained reliably in even the most sophisticated waste dis-
posal incinerators. Lower energy destructive options, such
as sonolysis and electrochemical oxidation are evolving but
are not currently commercially available.

When considering options for treating PFHxS in soils, the
stabilisation or fixation of PFHxS will be hindered by its
high aqueous solubility. The presence of cationic (+ve)

and zwitterionic (dual charge) PFHXS precursors in soils
impacted by aqueous film-forming foams (AFFF) will cause
diminished performance by technologies such as soil wash-
ing. The current challenge is that that analytical quantifica-
tion of the PFHXS precursors is not currently commercially
possible or practicable as these cannot be extracted from
soils in order to be measured using conventional extraction
techniques commercially now available, all of which target
the anionic (-ve) PFAS (Kempisty et al, 2018).
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Moreover, Dauchy et al (2019) have shown that PFAS from
AFFF firefighting foams, both from legacy and those in cur-
rent use, can penetrate extremely deeply into soils at former
foam training sites reaching depths of 15-20 metres despite
the presence of clay layers, thus contaminating underlying
groundwater.

Li et al (2019) have very recently published a succinct sum-
mary of the main issues and concerns over environmental
contamination with short-chain perfluoroalkyl substances
(PFAS). Based on their comments these are:

e Agquatic presence-Short-chain PFAS are more widely
detected, more resident [i.e., remain longer] and are
more mobile than longer chain PFAS in aquatic sys-
tems; thus they may pose greater risks to human health
and wider ecosystems.

e Treatment challenges-Conventional adsorption, ion-
exchange, and membrane filtration are able to remove
short-chain PFAS but are considerably less effective
than for long-chain homologues (see below) resulting
in potential releases in effluent streams from waste
water treatment plants (WWTP); moreover, poor ab-
sorbent regeneration efficiency and disposal of process
waste residues pose further challenges.

e Destruction difficulties—Advanced oxidation methods
such as sonolysis can achieve complete mineralization
to carbon dioxide CO2 and fluoride anion F- but are
expensive and are not readily available commercially.

e Emerging treatments-Direct photolysis, oxidation/
reduction, photocatalysis or electrochemical reactions
all result in degradation of short-chain PFAS following
similar pathways as for long-chain PFAS but at slower
rates: photocatalytic processes using high intensity UV-
light appear to be amongst the most promising,.

5.2. PRACTICAL DIFFICULTIES IN REMOVING PFHXS
FROM DRINKING WATER SUPPLIES

It is well known that, depending upon the group of spe-
cific substances (e.g., PFCA, PFSA, fluorotelomers), both
the functional group and the perfluoroalkyl chain-length
together determine the particular physicochemical proper-
ties. These properties influence the effectiveness of removal
via common water treatment processes in the same way
they affect the mobility of PFAS in contaminated ground-
water after release to the environment.

Figure 5.2A shows the adsorption behaviour of PFOS and
PFHxS on granulated activated carbon (GAC), using a suit-
able grade of activated carbon, with different GAC con-
centrations (mg/L). The percentages of PFOS and PFHxS
that were removed as a function of GAC concentration

are shown. The data shown in Figures 5.2A and 5.2B are
experimental data courtesy of Martin Cornelsen.

Adsorption Behaviour of PFOS and PFHxS
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Figure 5.2A. Adsorption Behaviour of PFOS and
PFHxS versus GAC.

It clear that the adsorption of PFHxS by the GAC is much
less effective at small concentrations of GAC than it is for
PFOS. The curves for the elimination of the two substances
do not approach one another or 100% until very high levels
of activated carbon are present. For low amounts of activat-
ed carbon, the difference is more than 90%. This discrep-
ancy decreases to approximately 15% for intermediate GAC
concentrations (>75 mg/L) until elimination of both PFHxS
and PFOS reaches close to 100% at extremely high concen-
trations of adsorbent.

Processing technologies must therefore ignore previously
held simplistic views about PFOS and PFOA and take into
account the different adsorption behaviours of individual
PFAS compounds of differing carbon-chain lengths and the
diversity of functional groups. Thus, adsorption systems
need to be designed encompassing the adsorption proper-
ties of the substances to be removed, as well as allowing for
a considerable operational safety margin.

In addition, the demand for activated carbon increases for
compounds with lower adsorption coefficients. Moreover,
the question of operational safety, i.e., the avoidance of early
and undetected breakthrough, must also be taken into ac-
count. In practice, this often means that several filter stages
have to be connected in series, adding to the overall cost.

These caveats become even more important if the input
stream is contaminated not just with PFAS but also with
other organic substances, such as fuel residues, glycols,
carbohydrates or other high organic-content waste streams.
This is usually the case with firewater runoff as, apart from
anything else, the background matrix of firefighting foams
consists of different organic substances such as high levels
of glycols. Furthermore, additional organic substances are
likely to be released as combustion products of the fire
itself.

The resulting competition between readily adsorbed sub-
stances (Dissolved Organic Carbon (DOC); and polycyclic
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Figure 5.2B. Breakthrough behaviour of PFAS on GAC and IX with and without PerfluorAdD pre-treatment.

aromatic hydrocarbons (PAHs); and others) and PFAS
during the adsorption process on GAC means that filter
systems have to be larger and the demand for activated
carbon is greater. With extreme organic background loads
in the wastewater, early breakthrough may occur leading to
uncontrolled release of PFAS.

Figure 5.2B shows a comparison of the breakthrough
behaviour of PFAS on both activated carbon filters and
ion exchange beds for artificial firewater runoff (1% AFFF
premix), with and without pre-treatment using Perflu-
orAd™. The organic content of this firewater runoff was
approximately 2 g/l DOC (Dissolved Organic Carbon) and
underlines the important point that neither activated car-
bon nor ion exchangers are suitable for removing PFAS in
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competition with high levels of organic material (i.e., with
a high DOC content). Only when highly contaminated fire
extinguishing water is pre-treated with PerfluorAd™ can
removal of the PFAS using either GAC or the ion-exchange
resin IX be achieved satisfactorily.

Moreover, shorter chain PFAS molecules such as PFHxS
give rise to a higher proportion in groundwater than in soil
samples compared to longer chain molecules such as PFOS,
due to differences in their properties. Hydrogeological frac-
tionation can clearly be observed in groundwater samples
impacted by legacy PFOS-containing AFFF-type firefight-
ing foams with relative PFHxS levels far higher than would
be expected, even sometimes exceeding measured PFOS
levels (Schutz et al, 2004.).
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6. THE FEASIBILITY OF OPERATIONAL
CONTAINMENT OF FIREFIGHTING FOAMS

The recommendation that all fluorinated foam firewater
runoff should be contained and appropriately disposed

of, also reflected in a similar recommendation from the
POPRC, made by industry trade associations, manufactur-
ers and others, whilst protecting them against potential
legal action, is operationally impractical at most major fire
incidents.

In general, reasonable containment is only possible at fixed
petrochemical installations such as refineries, chemical,
process plants or fuel storage-tank farms where there are
containment bunds surrounding the storage-tanks and
where production equipment may be at risk. Even so, at
any large incident firewater runoff will usually exceed the
capacity of the bunding as standard regulations only allow
for the storage tank contents plus 10%. In many cases,
moreover, the bunding also is not completely impervious or
intact due to poor maintenance or design with infiltration
to groundwater likely.

Fires and spills at airports, on railways, waterways or roads
are virtually impossible to contain at the site of the incident
as it is likely to be in an unmanaged and un-bunded area.
Moreover, incidents at well-bunded sites represent the mi-
nority of incidents due to the strict control of activities and
high safety standards at such sites.

Very large incidents like the Sandoz Basel fire in 1986,
Coode Island Melbourne in 1991 or the explosion at the
Buncefield fuel storage depot UK in 2005, resulted in tens
of millions of litres of contaminated firewater runoff with
substantial volumes of foam concentrate being used - 786
tons of AFFF concentrate (equivalent to ~13 million litres of
finished foam for a 6% concentrate or double that for a 3%
concentrate) were used at Buncefield in 2005. Such sites
are often close to rivers or other bodies of water such as
estuaries. Moreover, bunding systems may fail catastrophi-
cally as happened at the Buncefield incident where hot
hydrocarbon fuel dissolved the mastic seals between bund
walls as well as any sealing (if present at all) of pipework
passing through the bund walls causing loss of containment
as illustrated in the two photographs of bund walls (Crown
© UK Health and Safety Executive)

These findings have prompted further studies of PFAS in

occupationally exposed firefighters to further monitor lev-
els, explore the extent of exposure and determine possible
factors affecting elimination and reduction in blood levels.
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In the United States in July 2018, President Trump signed
into US law H.R. 931, the “Firefighter Cancer Registry Act
0f'2018’, this establishes and maintains a voluntary registry
of firefighters to collect data on cancer incidence. Culminat-
ing after more than two years of intense lobbying and hard
work by the TAFF and its leadership, the Firefighter Cancer
Registry Act of 2018 (H.R. 931) means that the US Federal
Government has taken the first steps towards establishing

a one-of-a-kind national cancer registry specifically for fire
fighters.
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1. THE OPERATIONAL USE OF

FIREFIGHTING FOAM

This definition taken from the PFOA COP9 decision, but
equally applicable to PFOS and PFHxS, would allow any
use including in fire appliances.

Fire-fighting foam for liquid fuel vapour suppres-
sion and liquid fuel fires (Class B fires) in installed
systems, including both mobile and fixed systems,
in accordance with paragraph 2 of part X of this
Annex

“Mobile systems” could be read to cover all fire appliances

that carry foam ready for use in containers or in their tanks,

for example ARFF crash tenders or some municipal fire
brigade vehicles. This is not necessary as it is quite simple
and relatively inexpensive to change the comparatively
low-volume tank contents and, if necessary, deep-clean
the tanks before switching to the use of a non-persistent,
fluorine-free foam; this has been successfully achieved us-
ing a multi-stage decontamination process by Melbourne
MFB (Victoria).

“Mobile systems” could and would be read to also include
all hand-held and trolley type fire extinguishers, including
those sold for commercial or domestic use. It is not clear
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that the exemption is probably only meant to apply just to
finished foam already in large and complex fixed commer-
cial systems which would be difficult and expensive to refill.

There are two types of fixed installations that must be con-
sidered:

e Units not normally filled with foam associated with
standing pipework or mobile foam solution sources, for
example, at refineries or large chemical process facili-
ties.

* Foam-filled permanently connected storage tanks or
bladder tanks, for example, for use with automatic fixed
monitor or sub-surface injection systems and deluge
systems at chemical and petrochemical process plant or
airport fuel storage tank farms.

In the first case, foam concentrate stocks are held and then
supplied from 1000 litre intermediate bulk containers
(IBCs) or from 24,000 litre ro-ro (roll-on/roll-off) shipping
container storage tanks that are only connected to the pipe-
work via a large hose connector or manifold when required.
This is essentially a mobile application since stocks of foam
concentrate can be moved to where it is required.
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8. EXEMPTIONS

As pointed out very recently by Richter, Cordner and Brown
Exemptions under the Stockholm Convention for manufac-
ture or use in dispersive applications that ultimately release
PFHXxS, including the growing use of PFHxS in textile
treatments, packaging and firefighting foams, will continue
to contribute to widespread environmental contamination
with PFHxS and other perfluoroalkyl substances. Exemp-
tions for PFAS production and use are not just the concern
of countries that register for them. Exemptions permit
ongoing, wider global and irreversible PFAS pollution.

PFAS give rise by transformation to perfluoroalkyl end-
products such as perfluorocarboxylic acids (PFCA) or per-
fluoroalkyl sulphonic acids (PFSA) including PFHxS. These
perfluorinated end-products involve:

(i) Extreme persistence in the environment, i.e., effec-
tively permanent pollutants.

(ii) Biological half-lives for humans of the order of years.

(iii) Mobility in both soil and groundwater resulting in
contamination of the water table effecting both agri-
cultural and drinking water supplies.

(iv) Bio-accumulative potential and/or toxicity to vary-
ing degrees.

(v) Pollution far from the source of contamination
impacting snow, sediments, streams, rivers, lakes,
estuaries and the marine environment due to persis-
tence and mobility.

(vi) Long-range transport (LRT) via atmospheric and
oceanic transport on a global scale.

(vii) Elevated PFAS levels in biota including humans and
top predators such as polar bears or high trophic level
marine species being particularly effected.

(viii) Increasing PFAS levels in blood for the general
population and those who are occupationally exposed,
such as firefighters, with probable links to a range of
disorders and diseases.

(ix) Major socio-economic impacts are being felt and
increasing with rising levels of public concern.

(x) Intergenerational impacts are likely because of their
dispersion and extreme persistence.

The Precautionary Principle obligations (Preston, 2017)
under international environmental law are triggered for
assessment factors involving long-term and widespread
harm but are generally ignored or poorly applied by
manufacturers, industry and end-users.

8.1. LAST-MINUTE PROPOSALS FOR EXEMPTIONS

Unfortunately, the multi-year evaluations conducted by the
POPRC and their subsequent recommendations have often
been undermined at Conferences of the Parties (COP) by
last-minute proposals for exemptions that the Committee
did not recommend for scientific reasons. This is damaging
to the Committee and the evaluation process and fails to ac-
count for significant factors that are pertinent to long-term
sustainability.

Concerns over last-minute proposals for exemptions have
resulted in consensus decisions at COP8 when signifi-

cant numbers of new exemptions were proposed for both
DecaBDE and SCCPs. Parties were sufficiently concerned
about this practice to mandate a review process examining
exemptions for these substances. Decisions SC-8/13 and
SC-8/14 outline a process for Parties requesting specific
exemptions for these substances to provide information on
transitioning to alternatives for DecaBDE and SCCPs along
with information on production, uses, efficacy and effi-
ciency of possible control measures, control and monitoring
capacity and any national or regional control actions. This
will be part of the Committee’s work in 2019 - 2020.
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9. CONCLUDING REMARKS

A rigorous listing proposal for PFHxS in Annex A is justi-
fied by the following:

e PFHXS co-occurs with PFOS due to ongoing produc-
tion by ECF.

e Co-exposure occurs with PFOS especially in occupa-
tional exposure.

» Toxicity is similar to PFOS, or worse due to bioaccu-
mulation.

*  PFHxS has along elimination half-life in humans,
about twice that of PFOS.

e Itis more mobile in soils and waters and recirculates
in the environment.

e Itisin ongoing use in dispersive applications such as
firefighting foams.

e Itis a contaminant in sulfluramid with widespread
direct releases.

e Ttis taken up into edible crops from effluent and bio-
solids application.

» Ttis expensive and difficult to remediate in soils.

*  Removal from drinking water is difficult and expen-
sive.

Based on what is now known about the environmental pro-
file and PBT properties of PFHxS and PFHxS-related com-
pounds and the existence of alternatives, there should be no
specific exemptions allowed under the Stockholm Conven-
tion. This is especially true considering directly dispersive
applications as well as diffuse releases from products in use
or at end-of-life disposal. For human health values the long
elimination half-life for PFHxS presents a very significant
risk factor if releases are allowed to continue (Figure 9).

In addition to the ongoing use of PFHXS in various direct
applications, it must also be recognised that continued use
of PFOS products such as sulfluramid will act as a source
of environmental and human contamination with PFHxS
because of unavoidable co-contamination in the ECF pro-
duction of PFOS.

It is far too expensive and not commercially viable for
manufacturers to remove these by-products from PFOS for
its subsequent use in a technical grade material. This rein-
forces the urgency of globally eliminating PFOS use.

Rather than dealing with individual PFAS chemicals on an

individual one-by-one basis, it is more prudent from a regu-

latory point of view to deal with classes of like compounds
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as has been long accepted for a range of toxic chemicals
such as PAHs, benzo-dioxins, and PCBs. This should also
be the approach for all PFAS substances and their related
precursors. Such an approach would be totally in keeping
with the Precautionary Principle established by the Rio
Convention in the 1992

In the US the Center for Disease Control (CDC) are now
directed to undertake the collection of detailed data on

the occurrence of cancer in fire fighters. The data will
provide scientists with specialized information needed to
research the relationship between these diseases and the
job, strengthening understanding of probable links between
firefighting and cancer and thus potentially leading to bet-
ter prevention and safety protocols.
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Figure 9. Human bio-elimination of PFHxS and PFOS.
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