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1. EXECUTIVE SUMMARY

‘Thisstudy has been performed as aresponse to the decisionofthe 3M companytophaseoutsome of its chemical products that contain fully-fluorinated alkyl groups from the market.‘Whilst severe effects of these substances on the eavironment have not been identified, the.‘substances areverypersistent, and therefore the potential exists for long-tem effects to be.caused. The Environment Agency needs (0 be informed about the properties of suchsubstances, and of the possible responses of the market to 3M’s decision. Whilst mostattention has been focussed previously on perfluorooctanesulfonic acid and its salts (PFOS),this substance is one of a family of substances, and there are competitor products on themarket which also include fluorinated alkyl groups; the present report takes amuch broaderview.

‘The approach to the research has been to gather data from regulatory authorities, companies‘and publicly available sources. The whole supplychainfrom importers and producers through£0 usersofthese substances has been covered. The scopeofthe project has had to be limitedto some extent, because there are at least 100 000 substances with highly-fuorinated alkylgroups known in Chemical Abstracts. The main emphasis has been onthekindsof chemistryaround the 3M type of product, and also a number of other imporiant technologies; despitethis limitation, at least 1000 substances can be identified within the scope. Regulatoryauthorities from other countries havelistedaround 200 substances.
‘The sector is characterised by applications of the PFOS type surfactants, with a very widerangeofend uses, mostly of low tonnage. These cover many industries, some with high‘potential for environmental exposure. Therefore, any controls thal might be required wouldneed to focus on the importers and producers. There are trade associations in this sector, butnone representing all producers.A particular cause for conceristhat, apartfrom POS, there.is almost no publicly available data for theso substances, in respectofenvironmental fate andeffects. Companies are developing new products, and others are trying to move into the gap3Mhas lef; 3Mitself has not left the sector entirely. In the absenceofsignificant amounts ofdata, estimales of environmental fate and effects properties have been calculated, althoughvalidationhasbeennecessarily limited.

‘The project has developed an extensive framework in which future developments inthis areacan be understood. There is significant media interest in the area, and new data, as they‘emerge, will need tobeinterpreted carefully.

‘The project has stimulated considerable interest among relevant industries and organisations,and farther responses are expected over forthcoming months, particularly afer interestedgroupshavehad opportunitytoread the report. It is necessaryforthe EnvironmentAgencytoseek further ways to encouragethe industryto come forward withusedataandproperty data,preferably through some new representational channels. At that stage it should be possible toestablish how much new property data are required for a sufficient understanding of the fateand effects.

A full confidential Project Recordhasbeenproducedtoaccompany this report.
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- 2. INTRODUCTION

In May 2000, the US company 3M announced it was phasing out its production andmarketing of perfluorooctanyl chemicals. The affected products of highest commercialsignificance are those based on the perfluorooctanyl sulfonyl group, of which the principalultimate degradation products are perfluorooctanyl sulfonic acid and its salts (collectivelytermed PFOS). The PFOS ion or salts may alsobe present as an impurity in the commercialproducts. Perfluorinated substances are very persistent, and the phase-out decision was basedon the findingof awidespread low level occurrenceinbiota and humans, and some questionsover the mammalian toxicity. Certain fluorinated compounds have the potential to depleteozone, though other environmental effects areofmore concern in this work. PFOS-basedsubstances are used in a variety of applications, including food contact materials and firefighting foams. Consequentlythereisan international collaborative effort in place to produce.arisk assessment ofPFOS and its derivatives.

3M is ot the only company with a commercial interest in this group of substances. Inaddition, there are a numberof related commercial compounds with different carbon chainTengths. There are also various types of substance that can degrade to give a perfluorinatedproduct. Whilst there isa limited number of raw material suppliers, perfluoroalkylatedsubstances (PFAS) are used in a wide rangeofproducts covering a number of applicationsover several industry sectors. The unique propertiesof perfluorocarbons give them aplace ina very diverse range of applications, and in some of these an effective non-fluorinatedreplacement wouldbe very hard to find. The concem over the phase-outofperfluoroocianylchemistry is that the substances might simply be replaced with other highly fluorinatedsubstances exkibiting a similar hazard profile. It is also important to review what, if any,ecotoxicological effects thesesubstancesexert.
It is possible that perfluoroalkylated substancesofdifferent chain lengths should follow thepattemofthe perfluorooctany! substances and become priorities for assessment (and indeedsome have been flagged during the OSPAR prioritisation process on the basis of QSAR).The Agency therefore requires a review of this whole groupofsubstances, with an emphasisonthosethatareavailable ontheUKmarket.
‘While the focusofthis study is to be on perflucroalkylsofthe ‘PFOS-type, some (limited)consideration will be given to other fluorinated organic chemicals to place the study in abroader context.

5
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- 3. BACKGROUND AND SCOPE
3.1 Overview of Regulatory Activity
311 United StatesofAmerica
‘Thefull background is giveninAppendix 1.
The Toxic Substances Control Act (ISCA) Interagency Testing Committee (ITC) wasinitially intersted in perluorinated chemicals, because:
«The carbon-Tuorine bond is highly sable and likely to persist.There is potential forlong-range atmospherictransport, persistence, biocorcentration, andbioaccumulation.
* There are fow publicly available data on ecological effects, heath effcts, wildifeexposures, or human exposures
Alt of 392 potentially persistent chemicals was identified (of which 50 coukd be groupedtogetherasperfluorinaied chemicals)for which thITC necds{1) Measured bioconcentrtion data for 73 potentially persistent chemicals with estimatedbioconcentration factors (BCF) >1000,(2) Use and exposure data for 277 potentially persistent chemicals with no use andexposedns,

(3) Morespecificuseandexposuredatafor 14potentially persistentchemicals,(4) TSCAuseandexposuredata for 29potentially persistent pesticide chemicals, and(5) Useandexposuredta or 58 potentially persistent dyesand pigments
The 12 structurally related perflaorinated chemicals from TSCA section 8(e) submissionsinclude chemicals that:

i.Ate presentihumanand animalblood.ii. Are pesticide active ingredients.
ii. Cause tumours and developmental toxicityin animal studies,iv. Are metabolites ofth 38 perfluorinated chemicals thatsatisfythe DEBTS criteria

On May 17° 2000, following negotiations with the US Environmental Protection Agency(EPA) 3M announced that it would "voluntarily" phase out and ind substitutes fo (he vac.called" perlucrooctany! sulfonate (PFOS) chemistry used to produce & wide range of ftproducts. However it is worth noting that the EPA had aieady smgled ouperflaorooctanesulfonic acid and its potassium, lithium and ammonium sas for in-depthevaluation.
On October 18 2000 the fist phaseofregulatory action with respect to PFOS was enactedwhen EPA proposed a significant new use rule (SNUR) under section S82) of the TorteSubstances Control Act (TSCA) (5). Because the proposed rule would designate certainmanufacturing and importing activitiesa significant new use, persons ha solely process the.chemical substancesthatwouldbecovered by this actionwouldno besubject to he mle.

5
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312 OECD

The OECD, with the US as the lead co-ordinators are carrying out a hazard assessment of
PFOS and its salts, which wil be followed by a risk assessment once the information is
available, Decisions will then be taken on the need for intemational risk management to be
‘made, although individual countries may taketheir own action.

313 Canada

On June 102000, usingpowerssetdowninthe Canadian Environmental Protection Act 1999,
the Canadian Government required. industry to provide data on certain perfluoroalkyl and
Tuoroalkyl substances, their derivatives and polymers (4). This required any person
manufacturing, importingorexporting more than 100kgofsuchsubstances (whether alone or
in 2 mixture) during the period 1997 to 2000 inclusive to notify the Minister of the
Environment ofsuch activityby July 11, 2000 andto provide data concering use pattem and
environmental effects by September72000.

“The lst ofsubstancesofconcen is setoutinSchedule 1 0thenotice. This list identified 182
substances embracing22classesof PFAS. It sthusfarmore extensivethan th list published
by the USEPA containing, for cxample, 19 compounds under the category
perfluorcalkylsulfonates. The data request excludes certain classesof PFAS in particular
Chlorofluorocarbons (CFCs), hydrochlorofturocarbons (HCFCS), hydrofluorocarbons (HFC),
perfluorocarbons (PFCS), hydrofluoroethers (FE) and perfluoroalkene polymers including
polytetraflvorocthylenc).

“The detalsofthe data callin are set out in Schedule2 tothenotice. Information is required
on the nature, level, source and destination of traded substances as well as data on the “fate
2nd Teves in, and cffects on, humans, non-human organisms or the environment”, including
Getals of the persistence, bioaccumulation of inherent toxicity of the substances. This
information i being uscd to assess whether the substances or the classes of substances arc
{oxic orarecapableofbecoming toxicandwhetherandhowto control these substances

Discussions with the Canadian EPA indicate thatof the 182 substanceson the Canadian list,
159 are recognised as being in Canadian commerce. PFAS are not reported fo be
‘manufactured in Canads, but 16 companies. are involved in importation. Al the time of
discussions Uamary 2001) the Canadian Goverment was umable 10 provide. more
information from the survey because of confidentiality issues and the fact that not allofthe
data had been compiled.

314 OSPAR

The OSPAR Convention for the Protection of the Marine Environmentofthe Northeast
Atlantic replaces the Oslo and Paris Conventions. Thirteen countries (Belgium, Denmark,
Finland, France, Germany, Iceland, Ireland, the Netherlands, Norway, Portugal, Spain,
SwedenandtheUK)andtheEuropean Union as awholeareparty 10 theconvention. The.
Gbjcctiveofthe OSPAR Commission (OSPARCOM) is:

“40 prevent pollutionofthemaritimercabycontinuously reducing discharges,
emissions and losses of hazardous substances ... with the ultimate aim of
achieving concentrations in the marine environment near background values

2a ax009071
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- for naturally occurring substances and close to zero for man-made syntheticsubstances.”

‘The Commission is guided by the precautionary principle, the “polluter pays’ principle, theuseofbest available techniques (BAT) and also the principle of substitution (i. hazardous.substances should be substituted with less hazardous ones). Emissions of new hazardoussubstances should be prevented except where allowed for by the substitution principle. Riskassessment is also (0 be used as tool for prioritising and developing action programmes.
‘The following is taken, with minor modifications, from a selection process undertaken for‘SPARby the Netherlands.

Possible candidatesfor thebiomagnification safetynetroute.
Candidates were selected from Danish QSAR database selectionof substanceswith:
* acalculated log Kou > 6
* a calculatedpersistencefollowing Selection V** a calculatedBCF< 500
An overviewoftheestimated PBT® data was included.
Substances thatwererotselectedfromthatdatabase are:© semi-volatile substances that have a calculated rapid rateofphoto-osidation(01/2< 2 days)
* substances that havefree linear orbranchedalkyl chains, which are likely to‘be metabolisedin higher organisms
© substances that have a large molecular diameter which may prevent passageofbiological membranes.

Results:
92 substanceswere selected aspossible candidates, including about 60 PFAS.
Remarks:
Manyfluorinated substancesappearon the list. Expertjudgement predicts thatfluorinatedsubstances are morepersistent than theirhydrocarbon analogues withrespect to aerobic biodegradation. Other abiotic degradation processes, such asphotolysis inairorwater oranaerobicdegradation processesarealso likely to beslow. Additional information on biodegradationofthosesubstances is thus highlyneeded.

“Through the DYNAMEC (Dynamic sclection and prioritisation Mechanism) process,hazardous substances have been prioritised for work according to the OSPAR Strategy agreedat the 1998 OSPAR ministerial meeting. Five sets of DYNAMEC criteria for persistence,potential to biaccumulate, and toxicity (PBT), with varying levelsofstringency (Selections 1.V) were developed, Sclction V being the most lenient and hence having the greatestcatchmentofsubstances. In th first selection phase Selection V criteria wero used:P: Not readily biodegradable and B: log Ku >= or BCF~500 and Tag acuteLE)Cs0=<1 mg/l long term NOEC=< 0.1mg/] oF Trmmaatan: CMRorchronic toxicity.
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- Perfuorinated chemicalsthatar cithe included on the OSPAR lstof chemicalsofpossibleconcem or are in the EU databaseofexisting substances (IUCLID') as mediumproduction‘volume substances (annual EU production/import tonnage of 10-100 tonnes)(orboth) are:

EC —Eire
[335364 JFuren, 2.2,3.3..45 hepaluoroiis ania[3557-5 [Heptan, henadecaluro:Easert
5547.0
1355-43-1 _ [Hexane, -tridecafluoro-6-iodo-
1375-72-4__|1-Butanesulfonyl fluoride, -nonafluoro-[s25-507 |exanesuonyl fluoride -indscafuoro™
[507-63-1 _|Octane, heptadecaflucro-8-iodo-678-262 pentane dodecaivoro-1691-957 I-Ocancsifonamie, NalepicsiorsNAT anys27957555 _-Octanesulfoni acid beptadecavores potas st[2991-517 [Glycine N-thy .{ heptadecauooosi DesTong resumebszs2e113617-0111 Ocunesifonamie, .3-Girsthylaminoypropy epadacaloors25268-7732 Propenc acid, 2 eptadecaioroonnyeslony ray emhetor Too67969-65-1 |1-Ocanesolomamdechy beplsdoctuorsNTphomiomaeao nJinmoriam si

315 Oter
Conslaion withthe Danish Environmental Protection indicatesthat prs concerning thusc of PFS inDenmarkhas just beganinotase3001
32 Chemistry overview

32.1 Scope of perfluoroalkylated substancesof interest

In this repor, perfluoroalkylated substances (PFAS) are individual chemical compounds that‘contain a perfluoroalkyl group, designated as CyFaq or mixtures or formulations that containsuch compounds. The EPA sclected substances containing C4-Cio perfluorinated chains forost investigations. No limit hasbeen placedon he value of forUs hay. Thre oyleastone important classof multifluorinated compounds, which although strictly speaking donot fall within the above definition, are potentially capable of presenting environmentalproblems,in termsofpersistence. Thes compounds whichcontaosswt
H-(CF:CF3){CFCFy),-CHy-

Will bementionedwher ther existence i levant thdiscussion.

msnf Chel. nformaionDb oso ery sdsd forte 2404 ENECS.aoEe Sr oe emeyTn aEES.SThas

s
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- As simple illustrationsof the rangeofnomenclature that can be encountered, the followingexamples are cited:

CaFirs- may be referred 10.35 1,1,2.2,3,34,4,5.5,6,6,6-tridecafluorohexyl, or simply as‘perfluorohexyl

CFpCHCHy- may be refered to simply as IHIH2HH Perfluorooctyl,
3344,55661,7, 8,88-tridecaluorooctyl, or 2-(perfluorohexylyethyl-

‘The perfluorooctanesulfonyl group is a chemical groupofformulaCeFSO beingaspecific:exampleof  perfluoroalkane sulfonyl groupofgeneral formulaCyFziSOz-.
‘There are several important types of products that contain a perfluoroalkyl group, which,although similar in structure have important structural differences attributable to the processof manufacture. These structural differences can be appreciated by reference to products oftypesAandB.

A GFsSONHCHs
CiFisCO:NH

B CiFCHCH;SONHCH; -
‘CayCH,CH:CO:NH,

‘Type A productspossess afullyfluorinatedalkyl chain, whereasType B productspossess abridging two carbon moietybetweenthepexfluoroalkylgroup andthe functional group.
Perfluoroalkanesofgeneral structure:

[oo
are included in the scope of the report, because they contain the perfluoroalkyl group.However, such substances are already under scrutiny from an environmental perspective,becauseof their long atmospheric lifetimes andtheirhigh global warming potential
Fluoropolymers containing perfluoroalkyl structural units are mainly confined toperfluoroalkyl acrylate and methacrylate copolymers.
322 Production processes

‘Commercially important perfluoroalkylated substances of the Re-X type (where Ry is aperfluorinated alkyl group, and X is any substituent) are produced by one of two generalapproaches:

A. Organic compounds with the carbon skeleton of the desired product are subjected to a= perfluorinationprocesstoproducethetarget molecule.
B. The perfluoroalkyl skeleton of the target molecule is constructed using a perfluorinated“building block" containing some potentially useful functional group as in thetelomerisation technologies. The most important "building blocks" are the low molecular‘weight perfluoroolefinsandtheir derived perfluoroalky iodides.
Perfluorination processes

0
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- “The commercially operated perfuorintion processes ar:
* electrochemical fluorination, (ECF)
cobalttrifluoride mediated fluorination (CTMF) with elemental fluorine+ direct fuorination with elemental fluorine

and al inberetly lack selectivity in respect to the position of Muerinstion, The majorperfluorinaton technologies mentionedaboveare describedin he Project Record,
Telomerisaion processes
“Therearetwocommercially operated telomerisation processes (preparationoflinear polymerchains of limited and relatively short length) used for producing. highly fluorinatedcompounds, refered 0 as:

A. Telomeriodide processB. Telomer alcohol process
Telomer iodide technology, by far the most important, is based on pentafluorocthyl iodide asthe telogen ithafluoroolfin, which i usualy etrafloroethylene.
Telomer alcohol technology. The main products contain one -CH; group between theperfluoroaliyl group and hydroxy] group and carya terminal hydrogen. atom. Thess‘compounds axe often described as polyfluorinated (partially perfluorinated) but do fall withinthescopeoftheUS EPA and Environment Canada sis.
3.3 Substance typesof interest in this project
Because this project is concerned with the substances to which the environment is likely,ulimlely, © be exposed, a very wide range of chemical structure types. un with i.specification. Thebasi principle is that any substance that could degrade in the envireimoeny10 8 perluoroalkylated substance was of interest in this project, For example the BoA 1includes acrylate copolymers including perfluorinated side chains. Substances with, forexample, six fluorinated carbons and a seris of CHy groups are also included, ts thepotential to break down in the environment releasing the fluorinated group. pcihaps 2carboxylic acid, exists. Inorganic fluorides were not considered 4 pat of is proper
The most cvident potential environmental hazard attached to the perfluoroskyl environmentalchemistry is that it will be extremely resistant to degradation in the environment. and be aoeto exert long-term effects. Such effects on the environment may or may not exist, but it is notpossible to be certain thal there are no effects, particularly for substances thst may‘bioaccumulate. Perfluorinated alkyl moieties in larger non-fully-perfluorinated molecules‘maybe releasedastherestofthe moleculeisdegradedinthe environment,e.g. bymicrobes.

The categories included therefore are:+ Perfiuorinated alkancs, alkenes and alkynes and derivatives, including polymers, butexcluding poly(teraflvoroethylene) (PTFE) itself
* Hydrocarbon-based organics with perfluoroalkyl groups or side chains, i.e.PFOS-typechemistry~ long pecfivoroalkyl chain, functionalised at one end, strongly surface ace
Sincethescopeofthe project i 50 broad, and hence therangeofpropertiesi s0 varied, theinvestigations carried out haveuncoveredawiderangeofapplications in industry.

u
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he set of substances could potentially have been in the order of 100 000, including thevarious typesofsubstance set out above. In order to limit the lst to a manageable size,decisions had to be made regarding the extent of reasonable coverage. The OECD list ofperflucroalkyl substances, which the Agency provided at the start of the project, served 10initiate the substance list. The Canadian list was also used. OSPAR. priority iss ofperfluoroalkyl substances, brought to our attention by the Agency partway. though theproject, added further substances 0 the fs. Searching by relevant terms in various publiclyavailable databases (eg. the CIA Sourcerer, Chemifnder, Chemindustry and HSDB Interactdatabases) gave many additional substances. The list was carefully studied in order tocliminate any duplicates, which could have arisen du to diffrent styles of nomenclature indiffrent sources.
It was necessary to limit the numberofsubstances to follow up at the scale of this project.Substances which were available on a commercial scale were identified and these tookpriority over the low-production-level speciality substances, produced fo research purposes,and those substances already identified as posing a particular hazard. Thus, only substancesidentified by Environment Canada or OSPAR, those produced by more than one company,and substances considered likelytobeproduced atany considerable scale,wereretained. Thisprocessreduced the list ofsubstances with which to approach industry and other da sources.573 PFASappearinthe final database.
An important issue, which was raised in the developmentofthe substance sct and in thecourseofresearch, s that many commercially available PFAS are in fact complex reactionproducts and mixtures. These substances, relevant componentsofwhich are likely to becovered by the list for this project, should not be overlooked by other regultery imitative(See Recommendations). An example is a particular commercial family of fluorinatedsurfactant. The CAS numbers are not availble through the company’s public information,These can be obtained fiom the CAS Regisry fle, altbough 50 litle data were avaitthrough tis route besides the number self itwas not pursuedfor hiswork.

n
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© 4. METHODS

41 Overview

Information on supply tonnage, industrial use patter and environmental fate and effects wasgathered through literature review, Internet and database searches and consultation. Given thepaucityof publicly available information, the main route for data gathering was direct contactih industry, in patialar the producers of PFAS and trade associations representing PFASusers. As review material and initial scoping on the Tntemet and other resources indicated,the range of applications for PFAS is extremely wide. Many consultees were identified fromrelevant organisations (wade associations, companies, regulatory and other organisations,expert individuals and groups) to gan information on these applications.
The core of the approach adopted was to usc personal contact (usually by telephone) fodevelop a dialogus with the consulic. This was followed by written comrespondence, withmail increasing as the preferred mode of communication identified by consultees In some.cases, meetings and conference calls were also held. By explaining the goalsof he projectand it long-term implications for industry, the aim was that consultees wouldbeencouragedto participate and take an active role in ata provision. Unfortunately, in tis case the level ofvoluntarydata supplied was very low owing to a numberof factors. These varied by consulteebut includeda lack of availsble data, the time scale allowed for data gathering, thesensitivities associated with the substances and higher priorities.
Duringthecours ofthe project contact was made with Petr Field,a consultant working inthe fluorochemical area. Dr. Field was commissioned toassistby preparation of a review ofelevant aspectsofthe luorochemical sector, and his report has been provided to the Agency.
42 Industry Research
42.1 PFAS Producers
‘Contact was made with the fiveEuropean producersof PFAS,aswell as twoofth three USproducers, and one in Japan (see Section 5.3 for detailsofproducers). This consultation hasbeen oflimitedsuccess. While inital contact with producers was in aimost ll instances verypositive, offersof assistance have not resulted in the provisionofdata as hoped.
Detailed data on tonmagesofPFAS sold onto the UK market has been provided by threeproducers, with one other providing data on one application rea (sce Section 1.1 in theProject Record). With respect to ecotoxicological information, comprehensivedataonPOShas been provided by 3M as compiledfor the OECD assessmentof that substance. Limitedinformation has been provided by twootherproducers
Given the small number of producers, the low level of responso and the need to protect‘confidentiality, it is not possible to report in detail on the information provided or the feasans‘why information was not forthcoming (although a comprehensive summary is given in the.confidential projec record).
‘With respect to non-PFOS type chemistry,one reason cited for the paucity ofdata s the scope.ofthiscurrent study compared with the scope ofwork for the USEPA,withtheactivitiesand

5
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- requirementsofthe USEPA being major driving force for producers. In particular, a telomerproduces has indicated that the USEPA is focussing on PFOS-type chemistry at present and.‘will notfocusontelomer-basedchemistryforacoupleofyears
Added to this is a desire amongst PFAS producers to drawa clear line between PFOS-basedand other chemistries. In this regard the telomer producers have joined togetherto form the‘Telomer Industry Research Panel (TIRF). The TIRP is an industry sponsored researchprograme, managedby athirdparty, and is focussing ondata gathering common oall 5members - DuPont, Asahi Glass, Clariant, Daikin and Atofina. The first step has been toidentifya product common to ll members (th telomer B alcohol) and the second to purifythis 50 that a single substance can be tested. ‘The telomer B alcobol covers a rangeofchainlengths, mostly CG to C8, and it i the 8-2 telomer alcohol (n-CyFyyCHCH;OH) that is beingtested. Studies on environmental properties begun only in 2001, with Jan-Feb 2001 being thetarget to complete the methodology forthe environmental fate and effects work. Studies areplanned on environmental ate, acute aquatic toxicity, bioconcentration and biodegradation.
The substances containingnon-Tucrinated methylene groups might reasonably be expected tobe degradable in part. A reasonable working hypothesis might be that ReCH,CHyX woulddegrade 10 RyCOZH, therefore these substances are alsoofconcern.
thasbeen reportedthat theTIREis keentosharethe findingsofisstudieswith all interested.‘govemments however little data are yet available. There is also believed to be a paucity ofdata amongst individual producers. While comprchensive data arc available for PFOS, it as: beensuggested that few dataare availableforotherchemistries atpresent ~ majorresearchactivitiesbeginningonly afer the 3M decision to phase-out ts PFOS-based chemistry.
Added to this is a degreeof nervousness amangst PFAS producers which is also believed tohavecontributed tothe lackof sta provision. Thishastakenthe formofconcemsaboutdataconfidentiality and a need to involve legal departments wih the information request, adding.considerablyto response times. A high workload and the need to meet statutory obligationshave also been cite as reasons for the lackofdata provision.
There is no trade association representing all PFAS producers. However,somearemembersofthe European Fluorocarbon Technical Bureau (a CEFICsectorgroup), which reprosents‘major producers of pure perfluoroalkanes. While this organisation has been contacted on‘more than one occasion concerning the study, no information has been forthcoming, Thismay be owing 10 a desire on the part of the fluorine industry to draw clear lines betweenfunctionalised PFAS and other fluorinated chemicals — indeed initial discussions with theEFTB contact indicated that enquiries concerning PFAS should be directed to the Associationof Plastics Manufacturers Europe (sce Section 423). In the caseofpure perfluroalkancs,these are the subject of considerable attention, interest and intemational regulatory activityresulting from their global warminglozone depleting potential
Contact was also made with the Fluorine Technology Bureau. This is an informally‘constituted group, with companics, acadernics and consultants who meet to discuss items of‘mutual interest. They have a very wide range ofcontact. The possibilityofpaying to we theservices of consultants within this group was discussed with the project manager, but nottaken further

“
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- Otter PFAS Suppliers
(Contact was also made with a number ofother UK companies involved in the supply chain,including formlstors, distributors an laboratory and development chemical suppliers (seeSection 1 in the Project Record). Only oneofthese companies (a formulato) was able vyprovide information for thstudy in the formof Materiel Safety Data Shects (MSDS),
422 User Trade Associations

‘Contacthasbeenmade with a numberofuse tradeassociationsandsomeusercompaniesinorder ogatherdataon use patiem. The full istofcontactsigiven in th projectrecord andthe main trade associations are listed in Appendix 4. The aims, objectives and datarequirements of the study were also publicised in key publications such 3s the Focus on‘Surfactantsnewsletter produced by the RoyalSocietyofChemistry.
The success ofconsultation depended on a number ofkey factors:

Whether the trade association was awareofthe PFAS issue: a a resultofthe 3M decisionto phase-out its PFOS-based chemistry a number of trade associations were aware ofPFOS and related products. Some had already spoken fo members about these issues and50 were able to providedatadirelyfothe study;«whether the trade association was prepared to survey members: a mumber of wadeassociations surveyed members concerning PAS use, providing useful information forthe study;
* wheretherowas aneed for thestudyteamtocontactmembersdire,for example forreasonsof confidentiality: it was not posible to contact a lrge numberof user companiesor the study given the wide rangeof industry sectors using PFAS — as  resul. if was notpossibleto gather information for some industry sectors.
One trade association active in this area is the Association of Plastics ManufacturersEurope (APME). APME, along with thir sister trade association in the USA, i gatheringdata on ammonium perfluorooctanoate (APFO) used as a processing aid for. someMuoroplymers (e.g. PTFE) and also in some polymer dispersions. The data gatheringexercise includes a global mass balanceofAPO, due to be completed at the end ofthe firsquarter of 2001, plus data toxicological and ecotoxicological data — with the latter beingpassed onto the project eam, tonnage data not being availble at the time of asking, WithTespect to other FAS, APME has also collated data on hexafluoropropylene (HEP) andtetafluoroethylene (TFE), although this relate tohuman not environmental toxicology.
{As many PFAS are used for their surfactancy properties, contact was made with the two keyUK trade associations to elicit information concerning use:
«the organic surfactants group (GOSIP)ofthe Chemical Industries Association;* the Speciality Surfactants Groupofthe British AssociationforChemical Specialities.
In both instances the groups 15 a whole were unsble to provide information, save forsuggesting some companies to contact.
The most useful information was provided by two trade associations representing membersfor whom PFAS are key substances:
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© the Britsh Fire Protection Systems Association, representing the manufactures of fireSighting foams; and
* the British Surface Treatment and Suppliers Association, representing cadmium plates.
In contrast, 2 limited numberoftrade associations were unwilling to provide information orindeed enterinto adialogue concerningthestudy.

43 Substance data

Having set down the key properties to obtain, potential industry sources were contactedregarding thedateneeded. As the searchesofpublicly available sources confirmed, much ofhe infomation on both use pattem and properties is only availble direct from industry. Theexpectation was that PFAS manufacturing companies might be willing lo pass on thes owndata, possibly commercially sensitive, which we could then use. In practice very little was.really useful in terms of substance propertics, as most of the data made available bycompanies were for commercial mixturcs, and could not be seen to be representativeofthecomponeni()ofinterest.
‘Certainweb siteswereextremely useful,givingfreeacces to productbrochures and MSDSs.‘Manufacturersalsosent limited numberofMSDSforus inthe project.
Commercial availability was determined through evidence from the producers’ web sits.Many of the substances on the list are though. to be speciality fine chemicals, and notcommercially produced onanyconsiderable scale.
Publicly available property data
The following publicly availble data sources were consulted in respect of cach and every.‘substance on the refined lst:

Hazardoussubstancesdata bank (HSDB)Elsevier Ecotox Database.
Syracuse Research Corporation PhysProp and ChemFate databasesMSDS: (suppliedbycompaniesandvia theInternet)

The IUCLID database (confidentialversion) was also accessed. Relevant, recent informationfrom the literature (see Documents List) and the Intemet (sce Web Sites) was also sought.
In fact, $0 very few of he listed substances are present in anyofthese resources, the onlyavailable real dat that which industry has chosen to provide.
The substances listed under this project have been categorised based on the functionalchemistry identified by Canada as the basisoftheir 22 groups. Since the UK project had 8slightly different scope, there were substances on our lst that could not be considered toconform to any of these. Therefore it was necessary to create additional categories toaccommodate the remaining substances:
It should be noted that it has not been possible to undertake a detailed review of al of thechemical structures identified in th list. Rather, the groupings are based on key fragments,
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- identified in the chemical name, and can be considered only provisional. Hence not allSubstances denied th database havebeen espn tohcp
Table 41: Categories of PFAS assgaed by the Canadian EPA and extended for thepurposesofthi projet
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: 5. USEPATTERN

5.1 OverviewofMarket

511 Introduction
The incorporationofonc fluorine atom ito an organic molecule has a significant effect onthe compound's chemical and physical properties the incorporationof&pelucriated chanHas a profound effect. The propertiesofperfluoroaliphtic structures ead fo the development‘of materials with novel and practically valuable characteristics including: chemical inertness,low refractive index; high electric insulation; high thermal stability, good resistance 13corrosion and weather; high volatility, sublimation, and gas solubility; and low surfaceenergy.
The market for PFAS is extremely diverse and highly fragmented in end-product terms, A‘very high proportionof PFAS is used in proprietary formulationsofperformance chemicals.There ar literally thousands of consumer and industrial products on the. global mies,ranging fom shoe polishes to optometry ids, which rely an low concentations of he highlyfluorinated producs, for their exceptional properties (seAppend 3.
The UK marketfor PEAS in the year 2000 is estimated o be around 400 tomnesof fluorinatedactive ingredicnt, allofwhich is imported. It is considered tha these figures canbe books.down as follows (although these shouldbe treated with caution):
‘Table $1: Proportional breakdownof PFAS applications

Seelen esr [omy[||Compe &TeleTrstment [105Tage][Paper&Bow Treatment Te [150[SpecialySuficas [017s]
[Chem vermedimes 10 25% |I —Sou FOFes,agit —————

Data provided by individual produces is presented in the Project Record (and cannot bereproduced herefor reasonsofcommercial confidentiality).
5.12 Key Applications.

‘While a very wide range of PFAS applications ae identified (sec Appendix 3), consultationindicates thatnot all th possible applicationsare avaiable o the UK make. The rus san‘applications for PFAS are as protective treatments (c.g. for ‘carpets, textiles, paper and board)and surfactants (including fire fighting chemicals).

‘Generally speaking functionalised PAS are employed as surfactants, i.e. or thei ability tomodify surfaces, frequently reduction of surface tension of both aqueous and non-aquesnysystems. Fluorosurfactants can attain extremes in surface activity (detergency, wetting,foaming, crusifing, dispersing) a well13posessing high sabilty against sede, afl.

000453 axoos0ez
10606442



- oxidisingand reducing agents and to elevated temperatures
These surfactants may be represented as RyX, wheretheReportion is the stablefluorocarbonchain, and X represents a solubilising group. The fluorochemical chain is modified in lengthand structure to meet end use needs, providing the exceptional resistance to thermal andlimical tack. The perluoocarbon chain confers low surface nergy on he elermyisbesically responsive for iscapabilityodramatically reduce soevon.
‘The solubilising group, X is commonly water soluble, but can be designed to be oil solublefor use in non-aqueous systems, wher kydrocarbon surfclanis are nective, The pensnature ofX varies considerably, and many fluoro-surfactants have been prepared which arexizemely sufi active in hose environments, Floromrtictnts san sis sonssurtuce ivy (dtergency, weting, foaming,cml ang, dispersing) a6 well as peersigh siabilty agaist acide, alkaline, oxkiving and redeing spe ander eenstemperatures
Th chemisey and functions of fuorosactats have been comprehensively reviewed byKissa (13), and the Project Record includes some useful tabulationsofphysicochemical datataken from the book.
For protective treatments, the general approach consists of converting the rescive end.81oup in a Muorochemical surfctant to an acrylate or methacrylate miey aah hc ro:‘polymerising it with a commercial resin suitable for fabric treatment. These treatments are.roquenly refered 10a Moropolymer coatings. For example, ntament o nile peti:and carpets with fvorochemica acrylates followed by polymerisation (ring) pesvine spolymeric surfice capable of repelling oil 0d water and avin saves oePrteive reams ae wd for bosofsuseteil (dommes anh emofetils, ndustil exile, carpets, leather and nom ovens) and bassoaio eeconstruction products such1sconcrete stone,porous bic, iy
PFAS ae also used 5s Intermediates in the high pressure emulsion polymerisation ofctaluoroethylene (TFE). This cmploys wter in which ammonium perlvormene acyan- initiator. (usually- diisopropylperoxy- dicarbonate) -are- suspended (dissolved). Theperfloronctnoate exits as micelle, providing 1 s presen at  concentrion estsihe critical micellar concentration, Which is shout 0.001%. The size of the melons:the amount of TFE in suspension, which in tum controls the PTFE. panicle sizePerfluorooctanoic acid can be used in copolymerisation of TFE with other fluorinatedmonomers. Ther is good experimental evidence that the ammonium poomeerassists in the solubilisationoftheTFE.

S13 Review ofuses
Keyissues associated withthe uscpattemfor PFASaresummarised in Section 5.1.4, withfurther information in Appendix 3. The main market areashavebeen recordedfor the seriesofapplications shown intable 5.2 overeat.
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- ‘Table 5.2: PFAS application areas and specific industrial applications within these

te
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(Chemen intermediates 113 Jermeaes
“Thesummaries record th following information for eachofthese applications:* use of perfuoroalkylated substances: describes the way in which perluoroalkylaiedsubstancesareuse in this industrial sector;
© tonnagesofPFAS: providesan indicationofthe tonnagesofPFAS usedforthis particularapplicationandputs thisin the contextofthe total marke for PFAS;«trendsinus: describesanytrends in the useofPRAS inthat industrysectorand thefactors influencing these trends;. + FAS types: provides an indicationofthe typesofPFAS used for this aplication;+ PFAS concentrations: indicates the concentrationof PFAS present in formulated and endproducts;
«substitutability issues: gives detailsofthe substitutabilityof PFOS-based chemistry withtelomer-based chemistryandofPEAS with other chemistries. Discusseskeyissues:+ formulstorsand users: anindication ofthe umberandnature offormulstors andusers;«issuesrelating to cxposure: describes fctors affecting levels ofexposure arising fom thisparticular application;
«policy issues: identifies any policy issues identified durin the consultation process;
Two of the use area reviews - fire fighting foams and metal extraction, refining andprocessing - have been developed in consultation with the user trade associations, and have‘been reviewed by them. The information contained in the other reviews ‘makes a useful starttowards understanding the useofPFAS within specific industries. ‘Sharing this informationwith relevant trade associations would mak 2 useful staring point for further commutationwith industry,butth shorttimescale ofthe projeches not allowedsuchanextensive evion,
With respect to descriptions of various industries, it appears that useful information isavailable from the DepartmentofTrade and Industry. For example, ther “Updated StstagsAnalysis. ofthe UK Carpet Industry” provides details of the UK. carpet industry in termecatTevels ofproduction, imports and exports, numberof manufacturers and retails te.
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- 5.1.4. Key Issues

FAS tonnages and types

The estimatesofPFAS tommages associated with specific applications (see Section 5.1.1) havenot been confirmed using producer data, as not all producers have provided tonnage data.‘Dataprovided by producers to date accountsforhalfofthe market of400 tpa.
‘With respect to users, only two industry groups (metal plating and intermediates) were able toestimate tonnages of PFAS used within their industry sectors. In some instances tradeassociations were prevented from making estimates of market size owing to members®‘concems over commercial confidentiality. In the caseof firefighting foams this leadfosome‘members providingdata on PFAS use direct totheproject team.
Insome casestradeassociations hadnoinformation on PFASuse. This was the case forPaper where, despite representing 15%ofuse, noneofthe trade ssociations contacted wereable to identify current UK applications or possible users. In contrast, information providedbyproducersindicatesthatPFASareusedintheUK paper industry.
Other data provided by producers indicates that where trade associations are unable toidentify PFAS use this may be because PFAS producers manufacture a numberofproductsunique to specific customers.

‘Withrespect10 PFAStypes,inmostinstancestrade associationsandtheir members were notaware of the PFAS contained in their products. That said, a numberoftrade associationswere keen to distinguish between PFOS-based products and the products used in theirindustries, reflecting the telomer producers” desire to differentiate between theirs and 3M-typechemistries.

Substitution of PFAS by other typesof substance
In general terms it appears that PFOS-type chemistry is interchangeable with telomer-based.chemistry ~telomer-based products appearing to be available for all PFOS-type applications.‘Even for fire fighting foams where PFOS-type chemistryisreported tobethe market leader,telomer-based chemistry is widely used by UK. industry. That said, with respect 10 allindustries, it mightbedifficult orvery costlyfor individual users to switch from one type ofPFAS to another owing to the need to reformulate large product ranges.
With respect to substitution with non-fuorinated altematives, this may be problematic insome instances. For example, a number of consultees have mentioned the high price ofMuorinated surfactants and that us i restricted to areas for which no effective aliematives aveavailable. Inthisregard, fluorinated surfactants have anumberofadvantages over the othertwo classesofsurfactants - hydrocarbons and silicones. In particular, they are generally moreeffective in water-based systems, they are able to reduce surface tensions to levels notattainable with hydrocarbon and silicone, and they are the only surfactants available forsolvent or liquid-resin systems.
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- Issues relating to Exposure
Surface protectors can be applied by textile finishers but also at other stages in the chain oftrade, partculaly for upholstery, .g, by the furniture manufscture, by the retailer prior todelivery, at the time of delivery, or by commercial cleaners aftr cleaning. Similarly for‘capes, surface proectors can iso be spplid: during fbr produciion; a parof the carpetmanufacturer's process; by retailers prior to delivery; by the carpet fit at the timeof fing;orin DIY applications by the householder.
As well as allowing for direct and immediate release into the environment, application ofsurface protecorsafer the manufacturingstagecan lead to increased exposureinthelonger.term owing to wear. In this regard,fibretreatmentsforcarpets aremore durableto wear and.cleaning than topical treatments, as the flaorochemical is distributed over the entire length offibre.

With respect to surfactants, many applications are associated with diffuse release such asconsumer care products. However, the concentration of PFAS in finished products is very.Tow.

‘The longevity of PFAS means that releasesat theendofthe service life of the final productmust also be considered, andthepossibilityofrelease from landfill sites has been ident fied inthe literature.

Afurtherissue is the lifetimeofproductsalreadyon the market. In this regard theshelflifeofall fluorosurfactant based fire fighting foams is 10-20 years.
Other policy issues
In some instances useofPFAS is reported o reduce human health risks. For example, PFAS-conaining fire fighting foams ar reported 10 be the most effective meansof reducing bumingflammable liquid fires and minimising the threat o lie and property. In the metal platingindustry, usoofPFAS-containing mist suppressants in chromium plating reduce the emissionofhazardous potentiallycarcinogenic) gases. Thusifconsidering substitution, it is important10 consider the change in health risks alongside reductions in environmental ick.
In this regard it has been reported that a numberof “essential uses” have been put forward tothe USEPA by PFAS uses in response to its Significant New Use Rule. In addition,information provided by 3M to the USEPA to support its continued production of some.PFOS-based substances for a limited numberofapplications until the endof 2002 identifiesproducts under thefollowingheadings:
* those involvedinacritical safety function;products for which there are not fective alternatives;«those which help reduce polluting emissions; and* products where time is required for regulatory approval for alternatives.
The existence of such applications in (he UK. should be taken into account in developingpolicyon PAS. These include fire fighting foams and acid mist suppressants (as mentionedabove), as well as APO used in the productionofPTFE (for which industry has indicatedthat there is no altemative)
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: 52 Production of PFAS
52.1 Overview

The most significant global producers of primary perfhuoroalkylated substances are listed in‘Table 5.3. All other suppliersofperfluoroalkylated substances are not primary producers andsource their fluorochemical feedstocks from the primary producers,
It is important to note that 3M have only phased-out a limited number of their PFASSubstancesfrom themarket(ic.thosebasedon PFOS). More detail isgivenintheProjectRecord.

Table 5.3: Global ProducersofPrimary Perfluoroalkylated Substances
[EUROPE TNoRTH AMERICA [JAPAN—ToTHERS |ey [pm[sma xmovo mene(CIs)F; CHEMICALS CENTRAL | GIPKR AT PERM (C5)GrassARFRODUCTS &

CHEMICALS
lem[emMITEL (ITALY EC ——‘Sour: (1) PGFAssocs, Exes, Engind
The only primary source of chemicals containing the perfluoroalkyl group in the UK is Fs‘Chemicals. However,theseproductsar perfluoroalkanes (i. not functionalised).
522 Productionby Perfluorination Process
Table 5.4 provides estimates of productionofPFAS by the three most important productionprocesses.

‘Table 54: Production Capacity
Electrochemical Flvoriaation | Cobalt Trillvoride Mediated|Pesfiaororiiy iodideFluorination TelomersatonCOMPANIES EstimatedJe | [mt[ooWiots[mr |re5Tawsyn‘Source: (1) PGFAssociates,Excter,Engin

‘With respect to other techniques which are also used:* direct fuorination: despite continuously evolving technology this is curently of littecommercial significance in the production of PFAS, although it could well play anincreasingly important role in the future;* telomer alcohol teshnology: there are believedtobe three operators oftis technology inthe world;
* ligomeriation: only one company is believed to produce fluorinated surfactants by thisroute,
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: 523 Chainof rade
The market for primary perflcroalkyls containing >6 carbon atoms is predominantly captiveto their producers, i.. most products are either sold directly as performance products, orconverted into performance products and sold, cither dircetly or indirectly consumes orindustrial speciality products by the producer companies. Sales of the products to majoraccounts are handled directly by the primary producer, but becauseofthe small volumes ofproducts often required by the. end-users, distributors are generally appointed by theproducers.

‘Additionallythere is awide rangeof aboratory and development chemical suppliers, both intheUKand abroad that together supply virtually all th possible PFAS compounds. Some ofthese suppliers supply a few PFAS as parofan extremely diverse product lst, while othercompanics specialise in the supply of fluorine chemicals. Certain of these are capable ofproducing their own products on a small scale, while others claim to have privilegedrelationships with small-scale contract manufacturers, with niche skills in organofluoneechemistry.

53 Highly fluorinated substances outside the main emphasis of this study
53.1 Perfluoroalkanesoflow molecular weight
Several companies producefuoroethersa chlorofluorocarbon replacements.
The European Fluorocarbon Technical Committee (EFCTC) has an interest in someperfluoroalkanes (straight-chain C1-Cs and perfluorocyclobutane). It lists the applications ofthese substances a:
= closed-systems dominant (dilectic inert coolant),+ inert formulation ingredients,
* microcell-forming additive for insulating foam production,

andconsidersthe sourcesofthese perfluorocarbons(0 be:
+ Natural (~65%of total C fraction),+ Aluminium production (CF, CF),+ Semiconductor manufacturing,+ Electronics manufacturing and«Speciality polymer formulations.
Fiuorocarbon fluidsfo use in the lectronicsindustrycontainperfluoroalkanes such as:Perfluoropenanes,

Perfluorohexancs,
Perfluoro(methy! cyclohexane),Perfluorodimethyl cyclohexand),Perfluoro(butyl tetrahydrofuran),Perfluoro(Propyl tetrabydropyean),Perfluoro(tibutylamine).
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: 532 Fluorinated polymers
Avail polymers having a fully forinsted backbone (e.g. PTFE, poly(vinylidene fluoride)ar entirely ousidethescopeofthe study, it is possbl that some (oq. perfluoropolyethers)‘could undergo slow decomposition in theenvironment,

, PE

ua beyondthe present scope 0describethisareaindetail. PTFE chemistry isfiirlysimple,oh it appears that ways have ben found 0 se it in many forms, presumably by cherphysical modification. Application found include:* perma domestclenginering spplicaions of PTFE (e components of machinery,vessels),
«fabrics,
* aqueous dispersions, c.g. for inks.
Polymers other than PTFE
Perflucropolyethers
Hiodited polyethers re important membrane an ion-<xchange materi. They ae derivedfrom the important intermediateperfluoropropeno oxide:
~(CF:CE3)n (CF:CF(OCF;CF(CF)hOCE:CFSO,H
“(CRACE),(CE,CROCF,CF; (CFs),0(CF).COM

Polyfuoroalkyl acrylates)
These are manufactured from the corresponding perfluoroscryltes.
CF(CFa)CH;0C(-0)CH=CH,
(CFy(CF),0(CF:),0CH:C(-=0)CH~CH,
are included within the scopeofthestudyand have had uses as elastomers.

Vinyiidene fluoride types
any of the other fuoro-<ontaining polymers are not fully fluorinated e.gpoly(vinylideneTyoride. nd are likely o be very stable, and therefore aro nt wih sc rosesscope.‘Typical monomers:

CH:=CF, vinylidene fluoride [VF]CFa=CFCl_ chlorotriffuoroethylene [CTE]CHF=CF.CF» hexafluoropropyleneCR=CF  tetrafluoroethylene
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: 6. PROPERTY DATA

‘The original aims oftheprojectwerecentredonthe expectation that areasonable level ofdata‘would be available for review. In actuality, measured data proved so scarce overall that the
levelofreview was limited. In ordertomake some kindofassessment possible, the Syracuse
Research Corporation estimation software, based on established QSARs, were used to
estimate properties. These data are summarised in this section also. However, due to the
limited amount of measured data, validationofthe estimates was not possible at the time ofwriting.
Trifluroaceto acid is a substance which is within the scapeofthis study, but which hastracted interest foradifferent set ofreasons. It s discusseda aspecial case in Appendix 2.
61 Physicochemical property data
‘Thesedataarewidelyusedin models ofenvironmentalfateandbehaviour.
Pros

SomedataforPFOSaregiven in Table6.1.Thesedatahavebeenreviewed by OECD.
‘Table 6.1: Physical-chemical data summary for PFOS (potassiam salt)

[oop | Totwwz wwe |
[PompIThe

Vipoupressre |Spiing | OECD 104 Thorepo valve o 33E01PxRor floc howholo substance: tofsovge Pocc componentemore aly 0boot he orrofE110Pa
Comoran Protmiary ost Recon sues hav shown rt noEE |e[Peemre

[worsoumay |shorotus[0€C0105 [somo |

m1[Emsand loan compe s o8ongves.
Gsmonimducion Thecuonssgroup ts a oem,re Joe meme

APFO adsorpiion-desorption sreening studies
Indicationsare that APFO adsorbs stronglytosoil; the Project Record gives more details.

Othersubstances
A very limited amount of data was found, and so estimates wer nocessary, as describedabove. The Project Record describes how allthe data were obtained, and also contains a fllset ofthe values.
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Asa gencralisation,the main groupsofPEAS can be categorised as:
* Low molecular weight, volatile liquids and gases, of moderate water solubility.Thesearethe substances used as solvents,for example.
© Medium to high molecular weight, involatile, adsorbing, potentially bioaccumulative, owsolubility in water. These arc the substances identified by the US EPA.
62 Degradation data
Biodegradation

Data for PFOS and ammonium perfliorooctanoate (APFO) indicate low levels ofbiodegradability.

PFOS-Dataae given in Table 6.2
‘Table 6.2: SIDS Environmental fate and pathways summary for PFOS (potassium salt)

Emwi zcarSimiaton.

dooracaton amaryshies wssaueotsmada.
Tarts The1090100Keo 61 f vory los alo,on

Fugacty madelingshows ica 60% invate05 sisogment
Noolsbocancenirondata.Blodugradaton | Varun non Nanbiodegradaia.sardard stydosins, wing

PFOS has been found widely in humans andotherbiota.
APFO

Biodegradation: 13% at Day 28. There is a suggestion tha the substance may be inhibitory tosewage treatment micro-organisms. The likely products ofbiodegradation ae not known.
Othersubstances
No other measured data were available, therefore the BIOWIN program was used to give anindication of the biodegradability. Table 6.3 indicates the way the outputs were categorised.These results were then combined with the logK predictions and are displayed graphicallyin Figure 6.1. This graph simply shows that a majority of the substances have possiblepersistence coupled with high bioaccumulation potential, although partial degradation hasbeen ignoreda this stage.
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: ‘Table 6.3: Assignmentof biodegradation elass from the BIOWIN predictions

I TT Eby aan
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Figure 6.1: Representation of the persistence and bioaccumulation propersies of oePFAS based on cates ung the SR sofware
Photo-oxidation
Photooxidationisanimportant removal mechs for substances htar persistent in othrrespects. The rel fo predicted ate ofoxidation by pheedhemitaly sammie motesradicals sc given in he root Reco not suprising fo ag dats oweonaes is exhibited. The rates do not imply total prckdon, Buk py ot ov oFhydrogen abstraction. As an indication, a rate of1 x 107% cm’ ‘molecule/s is equivalent to aHalf nrof bout S days. Th datas contin svensubs ith &osconstant of zero, and hsearofpticoncen. The subeances bs gionsmhere
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! 63 Ecotoxicology data
Literature searchingwascarried out and potential Environment Agency and industry sourcesere contacted Wilh a view 10 accessing ecotoxicty tet resuls for pefliorouglusubstances. Results obiained by testing could only be accessed for perfluorooctanceumms:(PFOS - CAS Number 1763.23.1), ammonium perfluorooctanaate (CAS Number 3835-36.1)and a limited number of proprietary formulations. The latter have been excluded rors thtdatabase and are not considered further in this report. Literature dat for rifluoreaceie sehave also been obrained, andare discussed in Appeadix 2.
PROSandimmediate analogies
A substantial number of PFOS test reports were made available for review by the 3M‘Company in the United Stats. The reports covered acute and chronio tess with squatorganisms (fis, invertebrates, algae and sewage treatment micro-organisms) and dictary estewith birds. The tests were carried out on PFOS salts potassium, lithium, ammonium suddiethanolamine (DEA). Sufficient acute toxicity is exhibitedto suggest that the classificationN;RS1/53 applies.ResultsarepresentedinTable 6.4 overleaf.Furtherdataon PFOSsaltsarebeing generated by 3Mandwillbemade availableindue course.

Otheranaloguesof PFOS.havebeenstudiedandthedatareviewed,buttheresults arenotusefulbecausetheyarenotexpressedintermsofthe actual exposureconcentrationofthe.PFOS analogues in the tests.
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: Table 6.4: Ecutoxicologicl data summary for PFOS (test dts expressed in uits ofmg!frites
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: PFO

Results of acute (96-h) tests carried out on APFO with two specics of freshwater fish(Lepomis macrochirus (Bluegill sunfish) and Oncorhynchus mykiss (Rainbow trout) weroprovidedfor review by DuPont Haskell. The results were supported by analysis of exposureconcentrations and are therefore considered 10 be valid. The lowest 96-h LCsof634 mlwas obtained in the test with L. macrochirus. The corresponding 96-h NOEC obtained in the.same fest was <262 mg. The results indicate that APFO has a low order ofacute toxicity tofreshwater fish.

Othersubstances.

Ecotoxic concentrations for the remainderofthe substances contained in the database weretimated by prediction using the ECOSAR software ~ self-contained package allowingestimationofacute and chronic toxic concentration for fish, invertebrates and algae, Furtherdetails of how this was done are given in the Project Record; the approach for knownsurfactants was 10 find a method which gave a reasonable prediction for PFOS. andammonium perflucrooctanoat, and thenapplythe same techniqueto their analogues.
The lowest acute ECs, or LCs values determined for eachofthe substances by testing orprediction were used as the basis for categorising the substances in terms of their ecolehazard accordingto the following criteria:
Table 6.5: Ecotoxicity categories, and criteria by which PFAS have been categorised

a<T but toxicitymay not beexpressedbecause oflimitedwatersolubl
heT-10attoxicity maynot beexpressedbecause oflimited water solubil
eeT0-TO0buttoxicitymaynotbe expressedbecauseoflimitedwatersolubil

TT ode100-1000bu tricity mayrat beexpressedbecauseof limitedwatersolubil
Siw>T000 but toxicity maynotbeexpressedbecauseoflimitedwatersolubil"Not posibleto assign category—no acute dataavailable

Categories 1a, 2a, 33, 4a and Sa apply to those substances for which the lowest predictedacute EC, or LCsp value was likely to be greater than the estimated water solubility. 1 1sassumed that a substance placed in this caegory would not exert a toxic effect becauseoftheimitations imposed on ts bioavailability by is solubility in the test medium. Ifthe solubilityand ecotoxicity data were more robust and reliable (i. measured values) then there woud besufficient evidenceforthe assignation of the ‘category a" substances to a separate group for‘which no toxicity would be expected below the limitofsolubility. However, since in this case.
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: theECugand LCso values and also th solubilities arevery largely estimates, it is more usefulto keep the groups separate as in the table. This makes it casir to maintain a clear focus onthe spreadof toxicity levels against solubilities, and hence the possible implications of anysubsequent validation exercise.
The substances were distributed across the categories with the highest froquencics incategories 1 (33.9%) and 1a (324%) - see able 6.6 overleaf. The comprehensive setoftonyresults for PFOS places it in category 2. The limited set of test results for ammoniumperfluorooctanoate place it in category 4.
‘Table 66: Breakdown of PFAS by ecotoxicity category

Froportionof
substances by- wo _eategory (%)
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Significant amounts of experimentally-derived data were available for a few substances andsubstance families ~ notably PFOS.
The UK Department of Environment, Transport and the Regions (DETR) has established aChemicals Stakeholder Forum (SH) to provide advice to govemment on chemicals issucs.The SHE has recently set out PBT criteria (i. for persistence, potential to bioaccumulate andtoxicity) with the intention that data can be compared. against these criteria as part of aprioritisation procedure. n thepresentcase its not useful attempt to apply the crueri, forthe following reasons:
1. While bioaccumulation can be estimated by QSAR, the models are not valid for surface.active substances, which manyofthese substances are.2. With such a low levelofavailable measured data, it is impossible to properly validate themodels and therefore it would be difficult to justify applying watershed criteria, such ogthe SHE have developed, to the cstimats io his case. However, relative comparisons,‘especially within a chemical class, may well be usefulforprioritisation.
Itcan boassumed thatthesubstancesarepersistent,andtable6.6aboveshowsthatthevast‘majorityofthe substances are predicted to be toxic, although sufficient solubilitytoexert aneffect may be in doubt.
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: 7. PROJECT EVALUATION

71 General evaluation
‘Whilst the major objectivesofthe project havebeenaddressed, it may be observed that:
* Jt would have been usefulto givea more thorough reviewofsubstance types i. accuratecategorisations according to the Canadian criteria, but the number of ‘substances was toolarge.

+ owas not ideal © present non-validatd estimateof physicochemicaland ecotoxicityproperties, but the extentofvalidation was limitedbythelackof data.
* Industry is aware at the supplier levelofthe OECD intrest in these substances; at theuser end,theyareawareofissues,butmanydonotunderstand therm.The team watherefore sometimes met with caution, which, over a. longer time scale, could have beenspelled. Iti our undersanding thatsomecompanies havemoro data, but becausothey scei as partofwider discussions at th levelof OECD, some are waitingfordevelopmentsthere before offeringitup forconsideration.

» It scems verylikelythat therear data which industry have chosen nottomake available0s. Ina longer project backedby aregulatory requirement these data could have becomavailble.

7.2 Any aspects of the specification not fulfilled, and why
‘The Exchem database was not found to contribute usefully to the project so, whilst it was.Torescen as being a potentially useful source at the time of ender, a full search usin it wesnot cared out.
The major aspect of the specification which we have not been able to meet (other than forPOS) fs the assessmentofdata in terms of quality. At the beginning of the projet theamount of publicly available data was ot expected to be so low, and the project eum hadhopedtoreceive more assistance from industry with data provision, The balsace ofthe searssourceswasasaresultsligly diffrentthan tha forcsoem at th outoct
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: 8. RECOMMENDATIONS

INDUSTRIAL USE PATTERN
The intemalional activity and interest in these substances is growing end co-ordinatedfesearch is vital in order to avoid unnecessary duplication. The inital impression of thaOECD exposure summaryinformationi that it s narrower inscopethan has been identifiedinthisworl Itinecessaryfo the UKtoshar information with th etherregulators.
RECOMMENDATION 1:
The findings of this study should be input to the wider regulstory discussions about the.environmental exposureof PFAS. The number of substances may make ft sential to shareesponsibiltis betweenindustryand regulatory authorities,
It has not been practicable to investigate the use of fuorochemical solvents and fluids indetail

RECOMMENDATION 2:
Further studyoflow molecular weight solvents and gases is necessary to obtain a fuller viewofthe significance offluorinated substances.
Given the relatively short time scale of this project, there is a need to allow for someorganisationsto completethei responsestotherequestsfromtheprojectteam, andforsame,trade associations to be followed up.
RECOMMENDATION 3:
Allocate sometimeto additonal work to sek and receive further information, and to monitordevelopments.

ECOTOXICITY, DEGRADATION, FATE AND BEHAVIOUR DATA
Apart from for PFOS, very litle ceotoricity data relating 0 this groupofsubstances has beenfound or voluntarily submitted from any source. Given the high frequency of subsancesfallingwithin toricity category 1 andlaon the basisofpredicted toxicity, i 3 cleas that there1s an urgent need to obtain confirmatory test data for these substances 2 part ofan in-depthvaluation. The category 1 and la substances are listed in Appendix 6.
Predictions indicate that litle degradation of these substances can be anticipated in thevironment, and that a5 3 consequence persistence and the associated riskof¢fecs arisingfrom long-term exposure are real concer. The reasons for seting up the current programme.‘ofwork have thus been validated.
There is good reason to believe that further dataareheld confidentially by some companies,and someof these dataare still being forwarded. In the cvent that future regulatory authorityprojects require the acquisition ofcommercial data for substancesofthis ype, it is imporiarsto consider the findings ofthis study with respect to scope and response. Various commercialproducts that contain perflorinated componenis ar not readily assessed using publiclyavailable data sources. It would be vital that any data call-in described the scope of work.

36
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: appropriaely. This would prevent the accidental overlookingofsubstances that could berelevant. Such a substancesetwouldbe extremely lrge.
“This stor ofthe chemical industry is diverse and widespread. Controlsbasedon use pattern‘would therefore be impractical ifnot impossible to achieveand producersimporters should bethe primary focus.

RECOMMENDATION 4:
In view of the potential environmental hazards associated with these substances, it isrecommendedthatmeasured data be obtained where itexists, and a tratogy developed for themeasurementofnew daa. A regulatory mechanism that would require producers/mporters tosubmitdatashouldbeconsidered.
RECOMMENDATION 5:“Thedatanow being forwarded by industrywilallow the validityof estimated properties tobechocked, and because fluorine compounds are unusual in behaviour, this is essential ifestimatesare to beused.
UKREGULATORY CONCERNS
Interest was expressed in the outcome of the study by Agency Saf at both regional andnational level. There was particular intrest in PFOS becauseofrecent highlighted concemsover its toxicity and persistenco anditoccumence in the environment 8 a rel of elessesarising fiom its use in fire-fighting foams.
RECOMMENDATION 6:
It is important that the findings of the study arc disseminated widely within the Agency sothat the most comprehensive database available for this and other substances is svaiable tothose involved in developing policy, with some central resource being made available 1gregionalandlocal officers. Co-ordinationof activites is essential.
RECOMMENDATION 7:
PFAS are not high tonnage substances, and they have properties that make therm uniquelyvaluable in various application. tis recommended that the Environment Agency collaboratewith DETR and ober govemment bodies in developing an understandingofthe risk-benefianalysis ofthese substancs. It should be noted tha there are so many substances in his classthata substance-specificriskassessment approachmightnotbethebest model.

»
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APPENDIX 1: U.S. REGULATORY ACTIVITY
SUMMARY OF CURRENT REGULATORY ACTION ON PERFLUORINATEDCHEMICALS

The Toxic Substances Control Act (TSCA) Interagency Testing Committee (ITC) submittedit45" Report to the Administrator oftheUS. Environmental Protection Agency (USEPA)November 1999. In tis report, Degradation Effects Bioconcentration Information TestingStuaiegies (DEBITS) as sualegies to test for the availabilty of degradation, ecological orhuman health effects, and bioconcentration information for wide range of chemicals were.described.
In addition the report described the ITC's ongoing strategies to identify chemicals that arcpredictedtopersist, bioconcentrateandcause ecologicalandhuman health effects.
The ITC implemented DEBITS to identify three classesofstructurally relatedchemicalsthathave potential to persist and bioconcenuate. One of these classes was perfluorinatedchemicals.

The ITC was niall interested in pecfluorinated chemicals, because:
Thecarbon-luorinebondishighlystableand likelytopersist.

* There is potential for long-range atmospheric transport, persistence, bioconcentration,and bioaccumulation.

* There are few publicly available data on ecological effects, health effects, wildlife‘exposures,or human exposures.
‘The 45th Report mentioned that the ITC would post lists of chemicals on its web site for‘which it was soliciting voluntary data_submissions through the Voluntary InformationSolicitation Innovative Online Network (VISION). The ITC also mentioned that if the TTC.did pot recive the voluntary data submissions by 29 February 2000, that it would considerasking EPA to promulgate TSCA section §(a) and 8(d) rules to require the submission ofthese data. Since it took longer than anticipated to post these lists of chemicals on iis website,theITCchanged the submissiondateto 15 April 2000.
List 6, which was published contained 392 potentially persistent chemicals for which the ITCneeds
(1) measured bioconcentration data for 73 potentially persistent chemicals with estimatedbioconcentration factors (BCF) >1000,@) use and exposure data for 277 potentially persistent chemicals with no use and exposuredata,
(3)morespecificuse andexposuredat for 14 potentially persistent chemicals,(4) TSCA usc and exposure datafor 29potentially persistent pesticide chemicals, and(5)useandexposure data for 58 potentially persistent dyesand pigments.
The list of 392 potentially persistent chemicals included 50 entities that could be groupedtogether as perfluorinated chemicals.
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Forty-cight perfluorinated chemicals were assigned to 10 structural classes while two did notfit any structural class. (See APPENDIX 2). Thirty-cight perfluorinated chemicals satisfiedthe DEBITS persistence (ultimate biodegradation >2-3 months) and. bioconeentrationpotential (log octanol-water partition coefficient 3-6) and productionimportation criteriadescribedbythe ITC in ts45°Report. An additional 12 were selected from TSCA section8(e) submissions because they were structurally related 1 the 38 perfluorinated chemicars andmay be useful in developing Structure Activity Relationships (SARs). The 12 structurallyrelated perfluorinated chemicals from TSCA section 8c) submissions include chemicals thati. Arepresentinhumanandanimal blood.
ii. Arepesticide active ingredients.
il. Cause tumours and developmental toxicityinanimal studics,iv.Aremetabolites ofthe 38 perfluorinated chemicals that satisfy the DEBITS criteria.

Estimated BCFs and Henry's Law Constants (HLCs) for perfluorinated chemicals were basedon associated or non-hydrolysed chemical structures. Estimated BCFs for the. $0perfluorinated chemicals range from 3 to 26,000. HLCs ranged from 10 to 10° atm m®/mole. Approximatelyhalf of the perfluorinated chemicals had estimated HLCs > 10° atm m’/mole, suggesting they could evaporate and be susceptible to long-range transport. Theperfluoroalkyl iodides are likely to undergo rapid photolysis in the atmosphere, lading topossibly long-lived degradation products. The ITC is continuing to evaluate information onuses, exposures, environmental fat, ecological effects, and health effects of perfluorinatedchemicals.

On May 17 2000, following negotistions with the US Environmental Agency (EPA) 3Mannounced that it would "voluntarily" phase out and find substitutes for the"socalled”peluorooctany] sulfonate (PFOS) chemistry used to produce a wide range of its products,However It s worth noting that the EPA had already singled out perfluorooctanesulfonic acid and its potassinan, lithium aod ammonium salts for n-depth evaluation.
3M says new testing techniques showed that PROS is present at low levels in issue samples,althoughthereare no known adversehealth or environmental fects. Data supplied (0 EDAby 3M indicated that chemicalsbasedonPFOSareverypersistentin the environment,have astrong tendency to sccumulate in human and animal tissues and could potentially pose a riskto human health and the cavironmentoverthe long term. EPA supported the company's plansto phase out and develop substitutes by the end of 2000, for the PFOS-derived products.

Theannouncementby 3Mwas intendedtoeasurethat future exposure to the chemicals wouldbe eliminated, and public health and the environment protected. The EPA. AdminisatorCarol M. Browner was reported as saying that "EPA would work with 3M on thedevelopmentofenvironmentally safe substitutes”.
PFOS-based substances are used to produce a range of products from fire fighting foams,Coatings for fabrics, leather, and some paper products, to industrial uses such as mistsuppressants in acid baths. 3M is continuing 2 major research effort to enhance theunderstanding of any potential risks that may be sociated with this class of substances.EPA is evaluating the substances (0 determine how individuals and the environment reexposed and what potential adverse cffcctsmayexist
On October 18 2000 the first phaseofregulatory action with respect to PFOS was enactedwhen EPA proposed a significant new use rule (SNUR) under section 5(a)2)ofthe Toxic
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: Substances Control Act (TSCA) for the following substances:
+ Perfluorooctanesulfonic acid (PFOSA) and certainofis salts (PFOSS),* perfluorooctanesulfonyl fluoride (PFOSF), cerain higher and lower homologues of'PFOSA and PFOSF,
© certain other chemical substances, including polymers, that contain PFOSA and its‘homologues as substructures. .
Thecomplet listof perluorinated substances, classifiedas PFOS, falling within thescopeofthe SNURofthe Toxic Substances Control Act (TSCA) is reproduced in Appendix 3ofthereport.

Thislistingisnotintendedtobeexhaustive, butprovides aguidetoentitieslikely tobe.affected by this action. Eniities not listed in Table 1 of this unit could also be affected,Because the proposed rule would designate certain manufacturing and importing activities assignificant new uses, persons that solely process the chemical substances that would becovered by this actionwouldnot be subjecttothe rule.
All of these chemical substances are refered to collectively in this proposed rule asperfluorooctyl sulfonates, or PFOS. This proposed rule would require manufacturers andimporters (© noify EPA at least 90 days before commencing the manufacture or import ofthese chemical substances for the significant new uses described. EPA. believed that thisaction wasnecessarybecause the substances included in this proposedrulemay be hazardousto human health and the environment. The required notice would provide EPA with theopportunity (o evaluate an intended new use and associated activities and, if necessary, fo‘prohibit or limit that activity before it occurs.

EPA is contacting foreign governments andother chemical manufacturers, both domesticallyand intermationally, to seek their support for a voluntary phase-out of PFOS and related‘substances.
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APPENDIX 2: TRIFLUOROACETIC ACID

Trifluoroacetic acid (TFA) is widely used in th fine chemicals industry and as a laboratoryreagent. Five generic sourcesofTFAinthe vironmentcanbe identified 7, 8,9 nd 10
«Direct production: annual tonnage is approximately 1000 t but very litle of this isexpectedtobereleased tothe mosphere
* By-product TFA is produced as a by-product of some chemical processing operations,VerylitleTFA from thissource iexpectedtobereleased tthe atmosphere.* Atmospheric oxidation of organofuorine compounds: TFA is produced during theoxidation of several organofluorine compounds released to the atmosphere by humanactivites
* Use of halothane and isoflurane anaesthetics. These anesthetics yield tifluoroacetatewhen degraded. The global depositionofTFA from this source is estimated fo be 800tonnes per year.
* Decomposition of altematives to CFCs: Some fluorocarbon altematives fo CFCsdecompose in the atmosphere to form trifluoroacelate. Currently this source contributessbout 2000 tonnes of TFA to environmental levels. This is expected to rise to zbous160,000 tonnesbytheyear 2020.
It has also been suggested that incineration of fluorinated chemicals such as pesticides andsurfactants may also result in the production of TFA but no data are available, Severalcommercially important pesticides contain the trifluoromethyl group attached 10.» carbonstom, therefore it is possible that TFA could be a terminal metabolite of degradation in theeavironment.
These sources do not account fully for the concentrations of TFA measured in theenvironment and someother,asyetunidentified, natural sources may exist.
Environmental fate properties
These properties, listed in the Project Record, suggest that TFA will not be retained in theatmosphereor oil but will preferentially partition to the water compartment where it has thepotential toaccumulatebecauseofits persistence.
Toxicity to environmental species
The following results havebeenobiained n tests with environmental species (9and 10};* No effects on fish and invertebrates have been found at concentations >100 mg/l, ECsvalues foralgaearegenerally >100ml.* A po cllect concentration of 0.12 mg has been reported for one species of algae(Raphidocels subcapitata, although the effec is algistatc rather than algieidal.* TFA has been shown (0 have no effects on the biodegradation of organic carbon byactivated sudge,
© No effects onplantsseed germinationhavebeen observed.* Effects on plant growth under hydroponic conditions have been observed at aconcentration of| ml.
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: Environmental concentrations
‘The following concentrations ofTFA have been determined in environmental compartments:* Atmospheric concentrations in the order of 10-1000 pg/m” have been measured slong withconcentrationsof <10-100 pg/gforrainwater.2 Surfacewaterconcentrations in Europe and the US are in theorderof 100-300 ng© There are no data for concentrations in sols.
‘ConcentrationsofTFA in the atmosphere, in precipitation and in surface waters are severalordersof magnitudehigher thanwouldbepredictedbyreleases fromtheknown directsources. (10)

“

Gx009106
000477 EID606466

ee



: APPENDIX 3: APPLICATIONS OF PFAS

Expanded versionsofthese summariesaegiven intheProject Record.

A31 Agriculture and forestry
‘Thisareahasnotbee studiedindetail
* Weling agent for hesbicides, fungicides, weed killer, hormone growth regulators,‘parasiticides, insecticides, germicides, bacteriides, nematicides, microbiocides, defoliantsand fertilizers
* Asan ingredientin chemosterilents, insect repellents and toxicants«Forwettable powderpesticidesandchemical powdersCorrosion inhibitor for chemical applicators«Wetting agent for foliage
* Wetting additive for live stock dips, 0 towetsheepskinsduringdesalination«Wetting adjuvant for manufactureofplywood veneer* Penctrant forpreservative impregnation* Pulpingaid
«For cleaningtubesinpapermaking, dyeing« Greaseloil repellentsforpaper
Trends
Over the past decade or so, there has been an increasing interest on the part of thepharmaceutical and agrochemical industry in the incorporation of perfluoroaliyl oFfunctionalised perfluoroalkyl groups into drugs and agrochemicals. Although, at fist thesesubstituents were mainly trifluoromethyl, trifluoromethoxy <tc the range of groups underconsideration has expandedgreatlyand now many companies routinely screen perfloroalkylanalogucsofthertarget molecules.

A32 Carpets
A trade association was consulted to a limited extent,
A321 Useof perfluoroalkylated substances in the carpet industry
(Corpet fibres are treated with fluorochemicals so that oil and grit docs not adhere to the.surface and can be vacuumed away. The weatment also prevents staining from spills ofYiquids containing acid dyestufsthatbind to the amino groupsin nylon carpets.
A322 Tounagesof PFAS
The UK market for fluorinated active ingredients in textile, leather and carpet treatment isestimated 10 be 195 tpa. Thebreakdownbetweenthe three sectorsisnotknown.
A323 TrendsinUse

Pe)
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: The 3M corporatedeision affected numberof carpet mamfacturers who offer to th publicthis type of protection. Individual companies have undertaken. individual checks. oychemicals used and have madetheir own decisions.
As polypropylenc carpets gan market sharea the expense of nylon, perfluoroalkyls addedGoring the extrusion process vill become more prevalent. Perfluoroalkyls can be incorporatedinto polypropylene during fibre extrusion 0 produce durable hydrophilic spunbond and mete.blown microfibre webs. ‘The additive is effective at low concentation and 1s hydrophilicperformance propertcs compare favourably with those of hydrocarbon additives.
‘Some companies offering stain protectors indicate their products do not contain the chemicalsofconcen (therefore altcratives are availabe),
‘Treatments that containnofluorochemicls at al are available.
A324 The Carpet Industry
he chainoftrad includes producersofcarpet treatments, fibre manufacturers and UK carpet.manufacturers, wholesalers and retilrs.
* There are <150 carpet manufacturers in the UK, with UK carpet production of 141.3million square meters (msm) in 1997;* UK carpet imports were 156.0msm in 1997 (57%oftotal market consumption) and UK.exports 25.9 msm;
With respect to retail, there are 8.200 floor covering retailers in the UK, including 5200independent stores and wound 1,000 stores in S major buying groups. In tems of sales,independent specialists have 45%, carpet chains 30%, funiture chains 115, department sores89%, DIY sheds 2%, Others 4%.
A325 Issues relating to Exposure
Surface protectors can also be applied at various sages in the chainof rade:«during fibre production;* as partofthe carpet manufacturer’ process;+ by retailers prior to delivery;

by the carpetfitter at the timeoffitting; or* inDIY applications by the householder.
The applicationof fluorochemicals during fibre manufacture allows the carpet manufacturer{o purchase treated fibre and makes topical treatmentofcarpets unnecessary. Quite a umberofreailersofferstain protectors which are added after the manufacturing. In such instancestreatments are appliedby specialist contractors and are sprayedor rolled on.
(land 12)

A33 Coatings (Including Paints, Inks and Adhesives)
Two trade associations were consulted and others have been identified.
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A331 Useofperfluoroalkylated substances in paints and adhesives
Pluorosurfactans ar included in water-bome paints to minimise cratering and pecling. ‘Theyrv used in some water-based adhesive compositions 1o improve levelling, and to impintrelease characteristics. Similarly, water-bome coatings applid to difficult to wet surfaccs oanshow greatly improvedlevelingwith the additionofsmall quantities of flzorosufactante
Responsesto @ surveybythe Britsh Coatings Federation (BC)indicatethat PFAS are usedas welling, flow and levelling agents in 2 limited numberofuses and applications. Details oftheendproductsare notgivensave inoneinstancewhere PFAS reusedinfluoropolymersystems for non-stick and high temperature resistant coatings. Discussions with the BOFindicate that PFAS are not necessarily used in water-borne systems but may also be present insolvent-based ones.

he full rangeofusesfor PAS in the paint, pigment and finishingindustriescould include:
* Leveling, anti-cratering adjuvant for finishes and paints© Agent to control differential evaporationofsolvents* Leveling agent for floor waxes.
* Adjuvant for waxes to improve oil and water repellency* Adhesion improverforoily or greasy surfaces

To combat pigmentflotationproblems© Improver for automotive finishes, based on water-based coatings in which the pigmentsare rendered non-reactive.
+ Pigment grinding aid to promote wetting, dispersion,colordevelopment+ Foamgeneratorsubstance for the applicationofdyes, inks* Electrolytic conversion coatings.

A332 Use ofPFAS in Inks

Reduced surface tensions result in the ability to improve the wetting ofa varietyofmaterial,including such hard to wet surfaces as plastics end oily metals. Many printing inkformulations contin fuorosurfactants to enhance ink flow and levelling to improve.cylinderlife, and to eliminate snowflaking or non-uniform printing.
The survey by the BCF included manufacturers of printing inks but no responses werereceived.

A333 ‘TonnagesofPFAS.

The UK market for fluorinated active ingredicnts in coatings is not known. This applicationis associated for surfactant, themarket for which is estimated to be 70 tpa.
A334 ‘Trends in Use

Responses to a survey by the British Coatings Federation indicated that the high cost ofPFASsignificantly restricts thei use to high added value/high performance products and/or we 53the very last option.
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A335 PEAS Concentrations
‘Fluorosurfactantsarcincluded in floorpolishesand latexpaiats at concentrationsof50to 150pm, following reformulationofproducts containing 50%to 98 8% active.
A336 Substiutabiliy Issues
Fluorosurfuctans are used ogether with hydrocarbon and. silicone-based surfactants incoatings formulations. The general view is that hydrocarbon or silicone systems are leeseffective.
an

A34 Construction
No consultation with trade associations took place since this was considered to be a lowpriorityarea.
Use of Perfluoroalkylated Substances
Protective treatments based on PFAS are used for construction products such as concrete,stone, porous brik. Fluorinated surfactants reduce the shrinkage ofcement and oan improve‘weather resistance. Fluorochemicals can also be used as air entrainment saditives for lowdensity concrete. Fluorochemica treated nonwovensarcused as roofing substrates th ineprevents asphalt migration. Similarly treated nonwoven constructions are used, for caboinsulation, apes and protective wrappings.
PAS Types
Actylate copolymersareused toimpart water epellency, withthespeific productsfrequently beingthesameas inthepaperandboard scr.
Substitutabily Issues
Newproductsareanticipated.
any

A335FireFighting Foams

Reviewedby
+ Foam Sib-Group, British Fre Protection Systems Association (BFPSA)«EA Area Emergencies Co-ordinator with experienceoffoam ssues
Fire fighting foams have uniquefeaturesand benefits in fighting flammable liquid fire. Thefoam solution is acrated at the discharge nozzle into ai filled bubbles, which float on thesucfce of the fuel. The propertiesofthe constituents of the foams give them resistance toheat. The bubbles form ablanket which:
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+ preventsthe releaseofflammableand toxic vapours+ separatesair from theflames, and therefor:« suffoates and extinguishes thefirecools the fuel to reduce vapour release andthedangerofre-gnition.
Use of Perfluoroalkylated Substances in Fire Fighting Foams

Fire fighting foams containing PFAS. are used on fies involving flammable liquidsCrydrocazbon and polar solvent). They can be applied via ied systems andi mamaly bysafeguard the following:+ spils andbunds
+ tanks and tankers
= process area bothindoor and outdoor
* aircraft and aircraft maintenance facilities+ ammable liquid storage
Fire fighting foams arc ‘mechanical’ foums produced by diluting a foam concentrate withwater prior (© delivery via a nozale. The “foam solution” i fed under presoure £0 thedischarge nozzles, which aerate the solution, so a blanket of foam bubbles forms overflammable liquids. After a period of time, the bubbles break down (and as such the foamblanket would ned replenishingif protection were to be required over an extended period)andfounsolution remains. Foams have evolved sinc the 19405 and falunderth (oongenerictypes:
+ Protein (P)= Fluoroproten (°F)
* Film Forming Fluoroprotein (FFP)+ Aqueous Film Forming Foam (AFFE)+ Alobol Resistant (AK) AR-AFFFandAR-FFFP
* Synthetic (S)

Class A foam concentrates are used on fires involving wood, paper and rubber. These relymainly on inorganic mixtures ofanionic surfactants, ammonium sulphate 3ndor phocarre,clay thickeners and stabilisers with other solvents and colours. Class A. lene wosdesigned primarily to lowerthesurface tensionofthe water and 6allowbetter penton ofthe solution into the massof burning material. Class B foam concentrates are used on firesinvolving Nammable liquids, oils or grease. These usually contain synheti Toossthominssurfactants together with additives
It is reported that fluorosurfactants are used extensively in formulating Class B foamconcentrates and some Class A agents. Fluorinated surfactants are used ‘because of theirexcellent physical and chemical stability. Because fluorinated chains repel oil as well asWate a efecive surfactantor fighting flammable liquid firs,
PFASarc also reportedto beusedinother fir fighting products.
Tonnages of PFAS a fire fighting foams
The UK market for perfluoroalkylated substances us in fre Sighting foam manufectre isestimated 10 be 65 ta (16.25% ofthe estimated totalUKmarketof A0Gupe).
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he relative quant of foam used is se out in the table below. These ar various industryrankings (1 highest) for emissive users (non emergency discharges Le. raining, testing andcommissioning) and nion-emissive users (emergency discharges only).
[MarketAres TT Emissive|NowEmiwie |[hviaon ee[Offshore Ty
[Oilretining151 ———Petrochemical indust | 5—T———[Powergeneration [5———[Govemment15Local Authority (Breserviees) | 2 | 3 |[Fireextinguishers ____| 5— |———————|= Orderofimportance in termsof volumesoffsorosurfactants used - T highs

Theshel lifeof flvrosurfactant containing foams is 10-20 years,
Trends in Use
Fluorosusfactant-based systems are the foams of choice and no move away from them isoccuring.
PFAS Concentrations
All fire fighting foams are supplied as a concentrate. The concentrate is used in dilueSolutionsofbetween 1%and6%concentrateinwate.The BFPSAreports that manyUK.foam manufacturers have formulated their products by using seleced blendsofhydrocatonfluorocarbon surfactants thereby misimising the amount of fluorine in the product. Ingeneral,for a 3% typeAFFFproduct theamountof fluorineusedintheconcentratewouldbeapproximately 0.5 10 0.8%. At 3% concentration in water the level of fluorine 1 reduced.down (0 0.015 - 0.024%. In fluoroprotein systems concentrations are somewhat less, at 3% to10%ofthe figures for AFFE. the BFPSA also reports that fire fighting foam concentatcscontaining fluorinated surfactants produced by PFAS from telomerisation use much smalleramounts of these surfactants than for those produced by electrochemical fluorination, ic.approximately0. 10 0.8% as opposed to 1.5% 1.8% (approximately) for a 3% foam.
Substitutability
Only fluorosurfactants give the low surface teasions necessary for the film-forming vapour‘suppression properties ofboth AFFF and FFFP foam systems. A varietyof surfactantSystems have been tested, bu the preferred performance is provided by perfluorinaed,straight-chain aliphatic anionic surfactants with achain-lengthofabout Cy-Co
Tis reportedbyth industrytht fie fighting foams contining flvorosurfactant ar the onlyeffective means of extingaishing flammable liquid firs using curent application techniquesandminimisingthethreat to life and property. Fluorosurfuctant based foams also reduce theamountsofpotentially harmful ire efMucnts (sv and water bom). Thus, when consideringsubstitution, itis appropriate to consider the change in risks associated with fires a6 well o2
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: ith the foams themsalves. Foams without fuorosurfactant re considerably less effectiveand alsorequirespeial ~ gentle meansof pplication.
Issues relating to exposure
Foams ar held in storage until required. They are only used in emergency situations forfightin flammable liquid ire and in sociale training exercises. This wining takes placein designated and controlled areas and isof limited scale and duration.
The BFPSA recommends tha the unnecessary dischargeoffoam should always be avoidedbut that where discharge is necessary to establish performance, foam smousts should ba‘minimised. Releases must no threatens+ conservationareas i.. SitsofSpecial Scientific Interest [SSSI))«drinking water intake
«controled waters i. areas where iver, lakes orponds ae present)
The BFPSA recommends tht foam concentrate andor foam solution, as well a ie fluent,should be collected and disposedofin acontrolled ad responsible manner 1 appregrineJocal circumstances. Prior o the eleaseishargeoffoam inanyform, the Heath & SagetOfficer of the facility should be contacted to ascertain the disposal procedure. Tho socey‘wate treatment authority receiving the foam should also be contacted 1 advise thomofsr.intention. Foam solution or small spillsoffoam concentrate, can be diluted with wars 1;250 pm i. 120 ls pe itroffoam solution or 4,000 lies per liv offoam conoentateand then released to waste water treatment faciles in consalation with the meenaauthorities. Larger volumes of foam concentrate mus be disposed of through. Teenydisposal companies.
‘The Environment Agency and the Fire Services have  oint protocol (November 1998) whichaddress the use offire fighting foams amongst other things, The protocol infest
+ theFire Serviceshouldlissewith theAgencyon alocalbasis to ensureth thattheuseoffie fighting foam in traning excreiss does not ause pollution;+ advice willbe exchanged on specific subjects suchasfire fighting foams, fre water runoffdecontamination procedures and waste management; and+ the Fire Services should inform the Agency of all incidents involving foam (car firesexcluded) and al exereiss involving foam (except in designate fest rca),
1-2

A3.6 Intermediates
‘Consulaion in this area has concentrated on additives uscd inpolymerprocesses.
Use of Perfluoroalkylated Substances
PLASTICS AND RUBBER INDUSTRY
= Emulsifying agent or polymerization, particularly floro-manomers+ Asalatex siabilizer
* Toaidin the preparation of agglomeratesofpowdered lvorocasbon polymers
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= In synergistic mixtures with hydrocarbon surfactant o wet low energy surfaces incdingnaturaland synthetic ribbers, resins, lasts+ Adjuvantfo foaming agentsfo leak detectionofcracks+ Foam additive0contol spreading, crawling,cdg buildup.«As amould elease agent for silicones+ Inefractory processes
«Asn animist film former
+ Additivefor elimination oftrappedair inplastic laminates«Wettinggentfor resin moldsfordefinition, strength+ Hotmelt additivefor oil andgrease repllency+ Resinadditiveforimproved weting’bonding with fillers+ Flow modifier for extruding hot melts: spreading, uniformity, ant-ratering«Adjuvant for resin etchant
«Mold release agent, demoulding agent«Retard for plasticiser migration orevaporation+ Intemalani tatic agent orpolyolefins« Ant-blocking agent for polyolefins
PTFE production
The high pressure emulsion polymerisationofTFE employs water in which ammoniumperfliorooctanoate and. an nilstor (usually diisopropyiperoxydicaebonale) re suspends(dissolved). The perfluorooctanoste exists as micelles, providing it 1s presens ae 4concentration greater than the critical micellar concentration, which is about §001%. Thesize ofthe micelles controls the amount of TFE in suspension, which in tur contol ma.PTFE panicle sae
Perflirooctancic acid can be used in copolymersation of TFE. with other fluorinated‘monomers. “There is good experimental evidence that (he ammonium peflaoroestonssist in the sobilisatonofthe TFE. However tsue is subject t consigerable proposKaow-how in the production ofthe much higher value melt-processableTFEopoymans
A3.7 Leather
Onetrade association was consulted and othershavebeen identified.
Use of Perfluoroalkylated Substances n the leather industry
Treatments ar applied 0 leather and sud to provide oilAvateristain repelence. Tanningtreatments react with the lethec in the taming drum and on subsequent drying. On Jods‘water they release hydrochloric acid and react withtheproteins in thleather, This rentsis normally sed on hide thatrequiresvery high levelsof oil and water epelence throughoutthe thickness of the leather (fo instance in upholstery grades), but ean present proves offurther treatmentsar required as the surfacei rendered most weiable.
Fluorinated surfactants are also used in various leather manufacturing processes (0 improve.the efficiency of the process, reduce processing time and increase th quality of the resortThey can aso improve the levelling of acrylicbrighteneremulsions on loathe,
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2 Tonnages of PFAS

The UK market for fluorinated active ingredients in textile, leather and carpet treatment isestimated1be 195 tp.Thebreakdown between he hrc sector 5notknow,
While the British Lesher Confederation is aware that people are using PFAS, the extent ofuse is not known.
PFAS Types
Tanning treatments are usally based on chromium complexes containing a longpecfluorocarbonchain. A typicalstructuremight be:

[CiFu-S0:NH-CR)-CO:] [Cr(OCL’
Fluorinated surfactants can affect the rate at which chrome tanning agents sud dyes areexhausted.
‘Substtutabilty Issues
The recent 3M desision has meant that some users in the leather industry have found.altematives (BLC).

The Leather Industry
In1997theewere 126 tamners inthe UK, 8%ofthe 1550inthe EUas a whole. Of hese,58% were classified as small (< 50 employees), 36% as medium (50 to 250 employees) and6% as luge (> 250 employees) (1.
sues relating to Exposure
As protectors, Muorochemscls can be applied ether at the tanning sige of as a topicaltreatmentinth finishing ofhe leather.
Fluorinated surfactants have been used in hydrating, bating, pickling, degreasing and tanningprocesses. The techniques suitableforapplying fluorinated surfactants. aftertanningare:
+ tumblingin a drum, in whichthe leather sobs the fluorinated surfactant form an emulsion,‘suspeasion or solution;« spraying
+ castcosting
13,23

A38 Metal Extraction, Refining and Processing
Consultationwithasupplier and trade association ook plce.
UseofPerfluoroalkylated Substances
Awide range ofpossible applications for PFAShasbeen suggested:
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In cleaning agentsforproperty improvement«Additive for solvent cleaning.
= Additive for metal pickling baths 10 increase bath life and acid runoff+ Additive for chrome electroplating;surface tension reduction, foamingAdditive for soldering lux, especially for electronic circuitry+ Protectiveagentfor coatings (tamish resistance, grease repellency)© Corrosion inhibitor
© Additive for etchant solution for improved definitionTo form antimist films and anticondensation surfaces.«Plastic preplatc and silicon etchant technology© In soldering flux for microelectronics to reduce foaming+ In chemical roughing agent solutions, prior to galvanization= Asacolloidal dispersionaidfor magnetic solids...© Protective coatingsforaluminum and as an antiblocking agent+ Weting agentforleachingcopperoresand asa froth flotation agentTo promote ore wetting and quicker breaking ofthe protective oxide layer
‘With respect to metal restment,themain use for PEAS is in mist suppressants. FluorinatedSurfactants prevent mist formed by gas bubbles evolving at electrodes during electroplatingThese surfactants reduce the size of gas bubbles by lowering the surface tension of theelectrolyte solution.

Some PFAS are stable in hostile environments such as hot chromic. acid, anhydroushydrazine, hot concentrated sulfuric acid, hot concentrated hydrofluoric acid and sedium,hydroxide solutions, permitting the productionofstablefoams in these media. The formationofa foam blanket on the surfaceofthe treatment bath prevents the releaseofacid mists, byacting as abarrierand retarding the entrainment ofth electrolyte,
Not all chromium platers use PFAS, only those producing decorative chromium plating — the“bright, shiny’ plating for domestic use. PFAS is not used in hard chromium plating ueed forengineering purposes.

‘Tonnagesof PFAS and Trends in Use
‘The chromium plating industry uses less than 2 tonnes per anmumofPFAS.
PEAS Types

With respect to the products of electrochemical fuorination, mist suppressants for metalplating baths can be based on:
* K, Li diethanolamine,NH,salts* quatemaryammonium salts
© amines.

PFAS Concentrations
Inthe mist suppressant PFASarepresent at a few ppm.
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> Substitutability Issues

Owing lo their chemical stability, fluorinated surfactants can be used in electroplating baths.‘where hydrocarbon-type surfactants would not survive, and the metal treatment industry is‘concemed about the possible loss of PFAS, as such substances are reported to be the mosteffective surfactants for the preventionofacid mists during chromium plating.
Formulators

The BSTSA indicates that there are three, maybe four, companies supplying acid mist‘suppressants for hexavalent chromium systems (these are believed to be taken from the group‘ofmain PFAS suppliers).

‘Around 100 chromium platers in the UK are estimated to be using these products.
Issues relating to Exposure

Alarge user inthe UKmay use a few hundred kilograms of these materials eachyear. Thetreatmentsinwhich PFASarcusedarcdragged outof theprocess tank to only a verylimitedextent. The rest remains on the material and oxidises. The dragout goes to waste watertreatment, at a wastage rateofabout 0.5%.

Policy Issues

PFAS are extremely useful as these help to protect the healthofworkers in chromium platingfacilities. The plating solution, chromic acid, has a long list of health effects includingcarcinogenicity (while only a small number of cases have been reported, there is sufficientevidence in humans 10 show it is carcinogenic). A more common effect is chromium ulcers,‘Where the dividing section in the middleofthe nose is eaten away. Owing to these effectschromic acid is under pressure from the Health and Safety Executive. Thus if considering‘substitution, it is appropriate to consider the change in health risks associated with increased.releaseofchromic acid mists alongside reductions in environmental risk.
1.13,20)

A39 Mineral Oil and Fuel
‘Consultation took place with several trade associations and expert groups.
UseofPerfluoroalkylated Substances

* Wetting assistantforoil well treatments,drilling muds.Asa film evaporation inhibitor for gasoline, jet ful, solvents, hydrocarbons© Lubricating, cutting oil improver, to improve penetration times* In extreme pressure lubricants
«Oil sillcollectingagent

Additive to improve tertiary oil well recovery
‘Water-soluble fluorochemical surfactants have been used in the oilfield since the arly 1970s,as surface tension depressants in a variety of aqueous stimulation fluids for low-permeability
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- oil and gas wells.

A310 Paper
Fivetrade associations were consulted.
UseofPerfluoroalkylated Substances

+ Fluorochemicals are used to provide oil, stain and grease barriers for paper andpaperboardandmouldedproducts. Productsaremainlyused infood,fastfoodandpetfood packaging. Food packaging is one of the major applications and fluoeechosin,Phosphate cstersareapprovedforthisuse world-wide.+ In pigmented coatingsonthe outsideofboxesorbags, fluorinated surfactants are used 10preventsoiling andmaintain the appearanceofthe package.* PFAS may beused in association with plastic coated paper. A repellent treatment with aMuorinaled surfictan prevents ft nd grease from seeping into he edgesofstamped outpolyethyleneorpolypropylene lined cartons.

Materials treated with fluorinated surfactantsforprotective purposes include (2):«linerboard:for packaging: machine parts,rope, twine, meat;
«folding cartons: for snack foods, fast food, cake mixes, margarine, ‘confectionery andbakery products,andpet foods+ multivall bogs: snackfoods, cakemixes,ptfood+ fexible packaging;fastfood,confectionery wrappings.«duplicatorandreproductionpaper«support cas: confectioneryandbakery products,
Emulsions containing a Nuoriated surfactant and waxes and/or paraffin are release agentsfor paper coating compositions used 10 produce high gloss paper for example. Frasnossesurfacats sre slso used inthe manficure of heat sensitive paper and ink Jet printing pops@.
Other reported PEAS epplications include:
«for cleaning tubes inpapermaking, dyeing«asapulping sid
Tonmages of PFAS
TheUKmarket for luoinatd active ingredients in paper treatment is estimated tobe 60 pa
Trends in Use
Fluorochemical phosphate cstrs have gradually displaced chrome complexes for producisdirectly in contact with ood.
PAS Types
Monomeric fluorinated surfactants, their chromium or zirconium complexes, and polymeric
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- Aurochemicals ars used fo repellent trstments. Two types of fucrochemical product areapproved for use infoodpackaging;phosphateestersand polymeric acrylates.
PFAS Concentrations
‘One producti olda a 20% aqueous solution in waterisopropanl,
For intemal application about 1.0% t0 1.5% (based an the weight ofthe dry bre)of afuoroalkyl phosphate, is needed fogood ofl repellency (2).
Issues relating to Exposure
Tluorinated sufictants can be added to the pulp slury, spplid to the paper surfce, orincludedin pigmented coatings. The surfucetreatmentproces is the most efficient mods ofapplicationand i easierto controlthanthe internal application process (3):
Most Suorinaed compounds currently available are anionic compounds which can only be.used in he wet end ofpaper production in the presence ofa cationic retention id. Theyavefotwater1epellent, 0the application proces requires the addition of a zing gent 10 iraparwaterrepelency.

Someproductscan alsobeappliedbysize presstreatmenton thepapersurface.
Studies by DuPont have revealed that very low amounts of fluorinated surfactnats areextracted from paperboard into solvents simulating food (2).
1,13

A311 Personal and Domestic Use
‘Three trade associations were consulted.
Use of Perfluoroalkylated Substances
PFAS can be used in skin protection creams, as surfactants in shampoos and shaving foamsand for ther oil and water repellent properties in cosmetic powders. Fuorosuraetonty orincluded in floor polishes to minimise crateringand pooling.
In dry cleaning formulations fluorinated surfactants improve soil suspension inperchloroethylenc and reduceredeposition (1.
HOUSEHOLD
* Rinseaidfordishwashing
+ Liquid polishing compositions+ Floorpolish leveling agent«Addiefor alkaline oven cleaners+ Synergistic improvefor disinfectants+ Carpet cleaners
* Synergistic weting agent in detergent formulations
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