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Summary

Genera
Perfuorcalated substances (FFAS) i th collective name fora group offuorinated chemicais, ncluding olomers and polymers. There ats two majorproduction routes for PEAS: Electrochemical fuornation nd eameriation TheProducts fom the frst process containafon group (he scaled £CFproducts. The products from the second production proces contain an ethylenegroup (telomer. POSF (Cf,SO,F) 1 the most mportant production termediateforelectrochemical luorinaton. 5:2 FTO (C.F,.C1H,0H) the pot substancefor telomer production. Themost important ference between the woproduction processes hat ECF yield even and od numbered, branched andStraight perfuoroakyl chains, whereas telomersation oly ied even nearhans
Both ECF-products and eomers have four majo ors of appearance, namelymonomeric homa-paymerc.co-paymerc and phosphate ees. Copolymers.based on acrylates or methacriates, ae the most common form of appearanceUntthe 34 company decidedto phase out heir FAS producion ne they wirethe major producer of PEAS. Other important suppliesfPEAS Chemisty areDuPont, Asahiges, Clariant, Dakin and Choa.
For the present study 15 perucrosiyistd substances have been selected. TheseSubstances ae used n commercal products monomers fo polymers, mporantproduction intermediatesa important degradation roduc, PFS have specsPhysical and chemical properties, including chemical mernes, high hernaStaiiy, low surface energy, hydrophobicity and leophabicy. These propertiesmle FFAS valuabie compoundfor awide vrety of applcatons. ncudngcarpet, texte, eather and paper and bord protection, fe-hghting foams, andSpecialy surfactants
Sources and emissions
Several aplcaions mayles to missions of PFAS, Themost mpertant is theamision duetwear of PEAS tested tise (pet, exe lather. Theseemisions are polymeric substances; whether this may ead fo monomeric PFASnot known. The use of fire-fightingfoams fr calamities or traning leads toemisions of anomeric PAStothe envionment. Furthermore, erisionsfromorochemical production ses may be route of Introduction of PFAS to theenvironment

vm)
Paper &Board 60-105 (not In NL).

TSsdpoe
CO et rr]iFrersoe UTS08T |Tevorwns_| 075081 ree)Fray ourator[1630 [Wena | 1030GraeELLc
[messes[57 women [somoTable $1 Use and emision of PAS the Netherands NA. = not avaiableThe use and associated emissions from these applications were assessed nthecurentreport. The mst important applcationofFFAS n the Netherands
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om nyToutesforPEOS snd BEOA have een prformed, though many of thmtlie eit. Toss te smnof tou of PAS hoonsdrd a5 1st stain. Th slhow 11k POS asmrtate_—— Hoty eshwater fh and sghstout o marth Touchy toTyo lg, racic inl. To dnoyof FOS10 fesants sow and
Yoon practical nino rere FOS ms moderate so and stnomLo {onc to maine inverts. Dus fonae data css an semenons The factor of 50 cn ale th lowest coe only dat 1a dee heroposed valu for tn Dutch aul aces PC) for FOS 3 wi. FOSConcenaions es water ware hoi xed te MPC, mcsof poreJerom Sources nerfreshwater to IACwis pproncedEs PEO hs sgh acute veystrrate and sg, wie beingshe practical nono 0 feimuset foh. Dot oe ted moor of SudsPl Curent valean seinen ctor of 1000aoosphed the lsta cient dts 19 dee th MPC fo PRON of 3. 4. Ts IPC ry oeSorosned dose pont somesstron romero concn egdin hi rity cnbe drawn

50h POS and PEO have long les (5.67 and 1:5 years, spectively) infeenty nema body. Bohchertot dentedfor pms ond re To
Pridues rodents PFOS and PFOA exhibit low acute toxicity,butthey are eye imitating.Sales
am In cvoic feeding testswithrodents nd primates the primary target was therBron for PFOS and PFOA. PFOA was found to be weakly carcinogenic. Mutagenicityae LeingofP lt ot how a agenSec PFOA duechromosomal tbersions and poypindy n Chest Pate ovary cs, but idot show mutagen eect oRMASEth ing a eves. comes on

In developmental effect uy with PEOS th no bsred adverse fect evelNORE and in owes care sir Sect onl LOARD fre seconGennaio of rodents were determined te 1 mado and 0.4 mi ard.mnt Tovey
sey rae

< Inthe Netherlands, no specific policy concerning PFAS exist. Inthe USA theroduc and mor of om ECFproducts epi and ard sesmentrotator CnPFOA ha beenprone The ovemmens fom Canad, te United
» Kingdom and Denmark have programmed studies on the potential risks of PFAS.—— Frtvemre th GECD aperce psdsssmeomPOS.

of " The 3M corporation has performed various studies on the toxicology, pharmaco-
nance o Kinetics and environmental fate andeffectsof ECF-products, notably PFOS. Thevores Postonof Ma Manacrssn Etope APA,hs up a achSuen program on he toxkclog. pharmaco kneks and enionmena fe and efctsme GFFFOR The manuachrrsof ras, guhered nthe Tomer ReseachProgam (TRF) havestupa sesh program on oo,pha:Kneis snd amram te a ct of 53 FTO
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1 Introduction

11 sacground
The presence of fluorine in human blood hs been reportedas earlya n 1963Taves 1968), Afar some tl debte Belle 1981, nthe ma 19908 te
occurence of perfuoroocino acd (OR) n humans was confirmed (Ciland &Mane, 1993; Giland & Mande, 1996). A few years er several publications inthe environmental erature startedo raw attention to peruoralyated
Substances (FFAS) (Ky ea, 1997; Moody & Fl, 1999. Ths attention was
ade posable by improved snlytcl techniques, resulting in the charactersaton
of hi group of hemi in emwvonmental samples. Nowadays. pefuerooctane
llr(FOS has bee detected a around th globe, both n animals and in
Rumans (Olenet ol, 1999; iesy 5 Kannan, 20015 Thése ndings id have
Consequencesfo the chemical musty. On May 15,2000, 3M announced that itwis phain out the perfuarooctam chemistry production. The dio wis

Sasedon 1: princesofesponsileenutonmental management:Gh. 2000).
USEPA and the GECD hve chose PFO as 4 POT chemi USEPA, 20000,
Eco, 0020,
Although no adverse effects had been observed at the concentrations detected,
{hi decsion and stone resulted in temational atenton and awareness 1
Sclntie and non-scienic media (\ofn, 2000, Browne, 2000; USEPA, 2000:Wood, 2000; Cake, 2001, Renner, 2001).
Furthermore ntemabonal researc projects wer stated o th emironmental
Behaviour of fuoriated chemical. 1h une 2003, drat Prard sessment re
avsiabie for PEGS (OECD, 20028) ind PFOA (USEPA, 2002). Furthermore,
intemationl esearch programs are executing studies onthe environmental and
toxicological properties of PFOA (APME, 2002) and1,1H 2H 2H.
Perfuorodecanol (82 FTOH, TRP, 2003)
12 objets
The objectivesofhs study with regard toperfuroalyated substances ae:
Toprovide sn analysis of th polental ss nthe aqua eionment a
descrpionof the loads, occurence, behaviour and sects anda analysisof the
sues which indicate how the prsencs of porfaroakted substances may
disturth functioning of the different aqua systems by secs on sense
organisms. Futhermare to give an overview of the naondl and international
Paves wit regard 1 FAS.
In thi study the most recent information on pecuorolylated substances has
been used. PEASar unde uch mermtion sciatic tention Thi resus in
continuous publications on this matter, Thi documentris t reflect th state ofKnowedge in une 2002
The study has broad setup. Th followin aspects wil be handled. In chapter2the chemical characteristicsofperfuoroalyated substances aredeerbed. in
chapter 3 the production process dae andthe se and associated emissions
ofthese chemicalshe envionmentaedescribed. In chapter 4 th behaviour
th environments decribed. followed by chapter, desing withthe occurence} inthe envionment Inchapter &and?ahoveniow s gen of toxic det and

. governmentalpolis respectively.

Perfluoroalylated substances- Aquat enironmenta sessment "
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Huorochemcal term usedto dsc broadly a chemicals
Coming he deers Tuatin: Specialy. the tem
rina mtcommentGo deci ma 18 can
Teng hotred molces whch ae os sd fr
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Fdomen erm sed der an goer ceed

Tescooftekrosian (FE wih
ertueroei ie FCF 10 produce HCHCE.
reav. th tam tomer fen sed
Srenymo wit fuarteoner

Fuoropaymer ers edt deco pyr which as urine
ached th fryfcr atoms whch
Compr ne pomer con backbone. Common
Teotmpobmeh we poytebahoroeyens (TF
epitytaens fue(OP. Roomate ene
Proyiens (FE, ee.

ornted organic polymer, 41 ado scribe polymer whhs a
Ayrocaroon ikon poms, poe,Dveratnane, oto whe  ppenaeda forte
Cao chan

cua. ervoinated:  Gesrbes tance where ail ydrogen sams
hed to cuban sams rs (paced wih fuorne
Sms Ch where 1-4,

peuoroslatedsbsance 3subsancs hhbes perfucrocation,ao
Erown s  eurorouh ancion gras ECE:
Robernan freer and 5not agen,
yogen.

Fuonnsted organic surfactant sero describe surface sciv, low molar
eit susance whic conan food caons
ne tr Prorat sed yams.

Peuornsted sufacant tim od 10 describe  urfceace,owmolecu
eign sostance where coors bes rine
act prope the vm fuenutacant used
Comma.
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2 Physical-chemical properties

34 lenttcon
erfluoroaklated substances (FAS) is the olective namefor a groupoffluorinated chemical, including oomers and pobmers. Th group of chiclscomprises sever hundreds of compounds (CES 2001, and can b died nto23 categories (NCES, 200,important subsets ae th (pi urinated organi surfactants and the fuorinatedorganic polymers.

liI —LJ[7[romans
[FT[romm——————T%

Ce —
Ee ——  —
[romsre see 7[Freonsome soe[7 [enw acre [6

=
:[FE [rwoses 5II—[Fos—————————3A |[FromTw
=
5
s[FT[romanseran

[FT[Fomomres TwEL—
[Erm[vTable 27. Categories of perfucroalyated chemicals NCEHS, 3007
For many ofthese substances very fewphysical <hemical data are avaiable. ThisStudy wil ous onthemost important commer product, he primaryproduction termediate, and th majo degradation product
FFAScanbeproduce via two distinct routes of synthesis= Simons Cell Electrochemical Fonaton (ECPasused by IM and Meri,Z Teomersaton, as asd by among others Ahiglass, Aloha, ClanDain snd ubont
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3 Production, Use & Emissions of PFAS in the

subihi Netherlands

vias

ite 34 Introduction

os $5 are used in numerous applications. Because fluorinated surfactants are
% Teatvey expensive, thyars nly used when othr products do otposses the

Speci requirements (Kisa, 2001). Perfucrinated surfactants ave special physical
I. Ina hema properties. nluding chemical inetnes, high thermal Sabiy. low
OSE surface energy, hydrophobicity and oleophobicity (Smart, 1994; Kannan et al.,

3001 These haracersics mae them valusbie compounds in several ids of
application
The most importantfieldsofapplication are (USEPA, 2002; NCEHS, 2001; DuPont,
200

3 2 Capet protection,
Paper and bord protection,

© Tereprotection,
une © Leatherprotecion,Z Frefightingfoams,

I Specity surfactants,
Z Polymersationsd
The istibution over use categories inthe Netherlands fs not predsely known. A
ecent inventory of he use of PEAS inthe United Kingdom shown n table 3.1,
Shows the relate importance of te several categories in the UK. Tae 3.1 also
rentsthe breakdown in global pplication categoriesofth perforated

ont Productsofthe 3M company

CupoaToo owner |t05 [saan |
Co orcJ ES |
A tii SR
Form Cmcas [163 | Fremmeglors [37]
[Commas 25 ||__|

Tab3 1 Proporboral breakdown of peuorochemica sem he UR and Gob
3M production
From thes data is obviousthat carpet and texte reatment consute the major
Us Category. probably followed by pape eatment Although this breakdown
neybs dferat forthe Nethends, becauseofthe diference in relative
Importance of industry ranchesfomcountytocountry, is expected thtat
{eatsomeofthese use categories wil bé important usesof PFAS nthe
Nethernds.
The applications and thei corresponding emissionsothe environment willbe
scutad im this chapter. Othe applicationsscha herbicide, cosmetic, and
ecroncs wil not be discussed, because they are used insalle quanties Kisa
{2001 eviews mostofthe possible sppicatons forfuorchemicl
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from production, from use, fromcollectedanduncollected waste after use (both |

Therearetwo major commercial production processes for PFAS: electrochemical |

I

Q Prefefel® wootemur— MANN
© F F F Fnn tot Pteernie

on. Corl boS57 ps
pc gttioncftodic cic Tor picsA ig
JLeore

CH/COCI+ 18HF —— CE,COF+17H, +HC CyF,COF+HO—— CF,COOH+HE |

p33 ctofFEO ithbe CrocsGn0
A

Se on l— HhSh and,
tres nF tt wr mtmnten

3.4Cartto ertsionre
2pionrss ihchri biteitnpreiwtyi,er perT
Ronexii

ty ahem sdatSr tf crs rd
HE |
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Auorinated telomer division of Atofina (Atofina, 200). Other important PFAS
supplies are Asahglass pan), Dakin Gapan), Clariant (Switzerland) and Bayer
Germanyit

th The different commercial names for the products based on perfuoroslylated
2 substances of these suppliers ar reported in table 3.9 atthe end ofthis chapter.

331 Carpet protection ntaduction
Fluorinated surfactants are used to form a protective, sol repellent coating on
carpet. The principle of sol repellnces based on the reductiono the surface
energy ofthe fbr by the fuoroalyl chins. These chains repel both wate and ol.

fet Therefor sil parties cannot enter the caret. The mechanism is explained in
figure 35:
A cr, ,

xed © CE CE
©), © ch
o g a

™, ET]
eo Go Co
g g a

) CHR — CHR — CHR
TIT FRERSURFACE

es Figure 3.5. Mechanismofcarpet protection with fuorinated polymers (Tomasino,
sand 1992)

These soi repellent products for carpets are general referred to as Scotchgard
products, which isthe brand nameofthe 3M product for this applcaton. The

3 Commerc productsfo carpet protection contain approximately 15% fuoroalkyl
Scrylc polymers (Tomasino, 1992, 3M, 2000, 3M, 20000). Well-known products

hE ‘re Scotchgard (3M), Zonyi (DuPont), Bayard (Bayer) and Forapere (Atofina. In
genera these products ae usedafoam.applied emulsions for th finishing of the
carpets (VNTF, 2002),

Use figures
we “The estimated useoffuorinatedorganicpolymers inthecarpet industry in the
Eu Nethedands is approximately 100 tonnes of products annually (VNTF, 2002). With
Wr anaverageof15% fluorinatedorganicpolymersthiscorrespondsto 15tonnesof
+ Auorinated polymers. Theamounts usedarenotatall constant; th (temporary)

withdrawal of the 3M products ofthe market has an important nflence on the
cwoiosse fuctuation (se Table 3.6

Apart from carpet manufacturing inthe Netherlands, ls PFAS treated carpets are
imported from foreign countries. For the total carpet industry 131 millon me is:

. produced inthe Netherands, 125 milion mis exported and 75 milion is
: imported (VNTF, 2001). Therefore inthe Netheriands annually 91 milionm’carpet
i isold. For the productionofthese carpets approximately65 tonnes PPASbased
yin products re used, with bout 10 tonnes fuorosuractants'

a 141.128. 16 millon produc for he Ochmak 75 ion pred aks91 ion
. sd sty. I aprado sce0 es idpose ese

mounof EAS forcptpoacin.Thaselre31/141* 100 nes tke 45torn,645+ 0.15
37 anna $5.
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“Amountfuorialed organic poymer [1024 | 135 | 808 |
based products used (tonnes) '

Table 36 Annual consumption of fluorinated organic polymer based products in
the carpet industry in the Netherlands in 1999-2001.

Emissions
There are several possible routes of emission of PEAS from the use and
consumption n the carpet industry.

1. Losses during application inthe factory,
2. Wear from the carpet,
3. Emission of monomersfrompolymers
4. Emissions from reapplication on fixed carpets,
5. Emissions from the waste phase

AdT) Inthe carpet factory the flsorosurfactant-based finishing s applied and
the carpets dred afterwards. From that application emissions may occur: these
cannot be quantified in this study, because emission actors are not known (Gu,
2002).
Ad2) The durabiity ofthe protective PFAS layer on carpets has been studied
“LL1it is expected that 50%ofthe FC (fluorochemical] treatment will be removed
over the nine-year life of the carpet due to walkingandvacuuming, while an
additional 45% of the FC treatment will be removed in steam cleaning.
throughout the carpet lfe (3M, 20004)." These percentages vary with products of
different producers (DuPont, 2002). The wear of the protective layer with a
corresponding emission of fluorinated organic polymers to the environment does
not necessary lead to the emission of PFAS. The degradation of fluorinated
organic polymers is not known (see section 4.4.4).
n'a worst case estimate it might be assumed that all the polymer degrades to form
PRAS andthat 95% of the polymers removed. On carpetsthat are used in the
Netherlands, 10 tonnes of fluorinated organic polymers re applied. Therefore 9.5

tonnesof PFAS maybereleased to the environment, due to wear of carpet
protection polymers.
Ad3) The useof fuorinated organic polymers may leadtothe emission of
PFAS tothe environment via a directo indirect rout. The direct emission of PFAS.
is due to impurities in the products. During the various steps of the production
process, used to form functonalised products, reaction impurities are formed. The
impurities represent 1-2 percentofthe total production volume and wilbepresent
in the finsised product (3M, 2000e). The impurites will 550 be present in the
monomers used for manufacturingofthe polymer. I is very likely that the.
impurities will not polymere. Whether the impurities wil be present in the
polymer as monomer is not clear. If they are, ts possible that they wil be released
from the polymeric product after its application to the carpet.
Secondly, polymerisation often nota fully eficient reaction. A smallpart ofthe
monomerwillnot react and will be present n th final product as a low level
residual (3M, 20000. The monomers have acomposition different from the
impurities. They may aso be released from the product, leading to the emission of
fuorinated functionalsed products.

The indirect route of emission of PFAS from polymers originates from PFAS that
are not present in the polymer. Physical or chemical degradation may lead to the
formation and subsequent emissionof PFAS from the polymer. Fluorinated organic:
polymers are sad to be stable (3M, 2002; Bayer, 2002), but the degradation to
PFAS has not been studied.
laboratorytestwith a polymeric PFAS treated tablecloth confirmed the release of
monomers fom 2 polymeric application. Anextraction at moderate temperature
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870 wtnnvapod tesigeftom
i onomers from the treated sss. The ongn direct or Indirect) of the PFAS was

ot studied Uonkers tal. 2002).
{Faworst.case estimate is made, l the fluorinated polymers can be degraded or

in transformed to form PES. As wa calculated above, tis may lead to the emission
0155 tonnes of perfluornated surfactants. Thi is the worst-case estimate of ad 2
nd 3 together.
Naa) © Carpets that have been treated with florochericas are sometimes fe-
rested. This ca be done afer ceaning by professional carpet cleaners, or by
consumers, wih spray applications. The consumer application does not appear to
be an mpartant aplication inthe Netherands. A short survey with carpet shops
bowed tra forochemical protection sprays were not avaable (Alo, 2002:
Carpetland, 2002: NTU, 2002; TC, 2002). Carpet cleaners do us flucrocherica-
based products for the applicationofa new protective ayer Chern-dry, 2002).
This could lead to emisions. Neither the use, nor the emissions from thi
application could be quantified in this tudy.

and NTs Carpets thataedisposedoffafterusewil be addedto thegenera
e waste stream. th carpet cannot be recycled, t wil be combusted or andfied. in
Ea he Nethertands most of the non-recyclable waste is combusted (52%), and an

important amount of the waste landfled (39%(Mieuloket, 2001). ord
sed ‘ergy calculations predict that combustion wil ead to the destruction of PEAS
ved th 20012: 3M, 20015. In th leachate of andSi PFOS and PFOA have been

etected (3, 20010. The landil of PPAS treated products may leadtothe
, emission of PFAS to the environment.

The estimation of missions of PAS from the use and consumption in th carpet
- Industry appears to be complicated. Theworst ase esimate for missions of PFAS

{rom carpet that are used in the Netherlands i 9.5 tonnes The reatment with
Sprays for re-applcation snot taken nto account. These 95 tonnes have been

om “oped im polymeric form and could be released by fv diferent ways.
: Ganttative information about degradation and transformation of fluorinated
25 organic polymers the most important remaining queston, with a poy high

infoence on the worst case estmate given.

| 3.3.2 Paper and board protection
#s Fluorinated chemicals ar used nthe paper industy to produce water and

Gresseproof paper. Among others, this paperi usedfor the wiapping of snacks,
he Cookies and pet foods (Niermans, 2002; Plideer, 2002; Prost & Brand, 2002),
ent Thistypeof materials generally referedtoasEsazpaper.

The products that are used fo ths pplication are generally based on fluoroaky!
phosphates (GM, 19994; Kiss, 2001; NCEHS, 2007).

wd Proofingofpaper doesnot take plac inthe Nethedands. The mijortyof this
rade of paper that present in he Netherlands is imported rom Germany and

: Scandinavia (Nermans, 2002; Proost& Brand, 2002).
The main suppliers of uorochemicl nthepaperindustry are 3M, Atofia. ayer,
Civa, Clariant and DuPont with respectively the following products: Scotchban,

of Foraperie, aysice-S/ Baysynthol, Lodyne, Cartafuor and Zonyl (Pfeiderer, 2002)

Use figures
No productionof this grade of papero board is known inthe Netherlands (VNP,

: 2002), Amarke surveyin200 estimatedthatinthe Netherandsbetween6000
nic 20d 7000 tonnes of &5at paper sed annually (Niermans, 2002). Its estimated

rat for these types of paper 1.0-1.5% (based on the ry weighto the fre)
Auorodkyl phosphate & needed (Ks, 2001), corresponding to 60-105 tonnes of

of Fuoraalyl phosphate.

Perfluoroalkylated substances~ Aquatic environmental ssessment 2
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emisionsEisons of PEAS due oth us of sts paper ae fom migation aut of thepaper othe wrapped prodict (0uPont ced n NCENS, 200% and emivtonsFrom paper manafacunng ans nascent counts. The amisions omFactores ar believed to be vry small GM, 20000)Another source of emisons th cling waste the paper converting indus,lesan taba waste of FAS ested oper. |in th waste phase ued paper may ss ld tote ison of PEAS. Duringincinersion 1 PEAS wi be destroyed, ut eachat om dls may endemisions to he sal and ater Ge secon 3.3.1. 1. 20010. Guana dare nok wal fo hse pe of emsions.
333 Teste protection
Pisorinsted hemiclsa use extensively nthe tele dusty and by privateConsumers. The appa sia 10 fa i he capt dure. Th procsUi rs polymers, ose on fupraid ayates and metcnoin, and e.Tetored to uascarbon (Lakaten 2000
The gol of the spplcation of fnted chemicals ist provide water, oi si,and san repel NCES, 2001 Tors ht are wed or Lo. ablecioth,upholery, anproaf Cothingandbed near ested with thse protectsChemica. Therear woSageth exispoduchon procs he se |Auoreabon, bothintendedfor  uerinated coutig. !
use figuresThe textile dustry in the Netheriands comprises many small ad mdm !erpres. Som of hse companies ve horosuacians nei manofacungproces Becauseth ndusty eae ad pub tarenie alate{romth Vareiging Textilndustne Noderand (butch Asocstion for the TntleIndustry, VIN, 003), nor from th Etopean Apparel and Texte OrganisationGurte, 2003, otposibletoesate the use f Aurochermeds in heOuten tele musty.

Forthese aplication pprosimtaly20-30% (of hefeweight) iperuorochemicalsar necessarytooban th wate repelene esa, 2000. |
weve, th total aut of waterproof tele bread pot know, theUnited Kingdom, txt and cape appaons together conte for 48.8% ofthe fuorochemicl active ingredients (LCEHS, 2007, ely that ts nunbranch in the Nethetands uss constable amounts of ucrochemicuTexte chemicals ars abtained fom various manufacirer. formation romSakehoiders cates that Byer, upon, Sand Osi are te mo ImportantSuppers and have al ogehera market Share of proximately 30% (VT, 2007
B.LW. Visser, 2002). Unfortunately, salesfiguresare not available from the |party
Emissions |
Theeare ive possible routesof emissionsof PAS from theus inthetexte: |dustyand conampton !3 Lossut aplication in he factory,31 Wowfom thetele, :5. Emonsofmonomersfom polymers, {5. Emonsdung eapphcatont textes,5. Emiionsromshewack ps, |
Ad) The tment of texteswth fuorinated chemicals in the factory leds |{oth cision a fuconsed pobmers. Thre anisinoffuortedchemcs present nthe cut of sswa. Tos 5. very smal ereniage of |
the textile production (Lakatex, 2002). These two emissionstogetherare estimated |10 form sppvosimaey 10 percent of he Runa cemcal sed G1, 20000, i

Perfluoroalkylated substances- Aquatic environmental assessment 26

Gare 000363 i



PE — EE
ste 462) The fluorinated coatingonteste is vulnerable to wear During the
a fetime of the producta considerable part of the fluorinated polymer will be= Temoved, asiogostote wear om cpt. ot tries he arse washingnay increas te amount of he contin tat os10 the emvionment. Tisrio sion he nt been quanta A wars cise appromaton woud ste that. 100 percent of the appted fuorochemelsar sessed t he envionmentAd Toe us of poymars my eadto th emissionof monomers. 80thws product impurties and nonpoymersed monomers may be 3 source of PAS to2 he envionment This s oxensely Gicussd orteaplication f carpets m

ection 3.3.1 ands analogously aid for the texte apicatons. Addon te
ene washingof exis aya 0 the eras of monomer. na wos
case esination 1 suggested that all he polymers degra to orm PEAS

_ S00) On th consume market evea products ar avaiable fo improveiid etesnd rece proofing of textes. hese products revalss rye and= sh ns, Some of thse product contain rochemieds Sever. 2005. er,
2002, Gringer, 1997, Granger, 1958. Ahough ses of hse products a sd
beconsderable noeatenofthe marketcube made. Botypeso1)Ji. Sophcatonoffurinated coatingsmay lead recy Yo amisons re» hironmant. 4 (G00 ctmated hat 34% of the product tat & expel fompry ot 0a. Evident, te par of he wahn appation tha snot
petty attached to the fibre wil be rated to the sewer. might be ssamed
rat lth fucanated organ polymers tat we usc o he prtecion of tle
othcone marke ar ese fo he aekarent Poul asin oles
re cisions dung aplkatins and wearoftr protective ayer. hs worstcin aseestimation s continued 13 ssumed ht a tnemit fuasated organic

Seaing polymers degrade to form PFAS.se RS Tolesthat ar not recyld wil be combusted or andled2 Presumably, combuston wil ead the destruction of momomenc and plymercfo PEAS, whereas andl ay ead to the emsions of FFAS to the emurerimentSeon 53
” 334 Leather protection
The Perfuoroalkylated substances are used for the treatment of eather. The main
Je oncion stprovide wterroatng. Fo hs sppicason polymerrochets reused is, 2000

Tre water repent are used inthefring process, Wates spelen consumer. ras rt sh vata for ether roduc

oo ne tgures6 The Dutch Federationof Tanneries (FNL, Fedratievan Nederandse
Ledetbrikantn is cuenty xecuing an ventory of te use of various products
in thether industry. Flaonnaled chemicals ar incorporated i hs Suey
Resus ae forthcoming (FAL, 2003, According t Kia (2001) concentadons of
Ruorochemica in eather Indusproducrevey low (0.025-005% on leather
Je
Frtamore, much ofthe ster ed inthe Netheands imported, and ch
if th prodcad ser sported. In 1998thproductionof eat rhe
Nethaands was sppromatey2 lion, xpos was’ lion and import
ws3.6millon (NL, 2000. Theaveragemasof ether Spproxmately6
kilograms per m* (UNIDO, 2000). If we assume that all the leather has been
estedwih 0.025-0.03% EAS(being&wors-cis stmate th toluein the

oats Dutch eather produchn industry woul be 10- 20 tans of polymer FAG.
The conesponing otal consumption of FAS for lather tht ued nth

vat Netbeansamount1084-166tonnes.
need ——a I—[restrain
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Emissions

possible from the application in the tannery, from fluorinated chemicalson ether
Fraste and wear from leather during use. Land filing of leather waste may lead to. +
the emission of PFAS to the environment.
Furthermore, the sprayingofleather might lead to direct missionsof PFAS tothe
environment.

335 Fire-fighting foams
Introduction
Flammable iquid fuel fires form a serious threat to fe. Aqueous fim forming
foams (AFFF) were developed in the 19605 as fie-extinguishing agent for this type |
of fires (Moody and Field, 2000). The AFFF, when mixed with water and air
provides a ire-extinguishing fim consisting of a foam.
FAS contribute to the performance of AFFF, but comprise only a relatively small
fraction of the formulation (0.5-1.5%, Moody & Field, 2000; 3M, 1999b; Solberg
‘Scandinavian, 2001). For this application monomeric perluorinatedsalts areused
(Moody & Field, 2000). Adetailed description of the mechanism of fire-fighting.
foamcan be found in annex IV.

Inthe Netherlands nofoam.forming agents are produced; these are imported
(Luttmer, 1998; Ajax, 2002). The use offoam forming fire extinguishers can be:
divided in two groups:

1. Mable ire extinguishers,
2. Stationary fire-fighting systems.

“The first group comprises the mobile hand-held extinguishing equipment; the
secondgroupcomprisesstationaryfire-fighting systems. The latter may contain
large stocks of foam-forming concentrate.

Mobile fire extinguishers
Three types of mobile fire extinguishers exist, of which foam-forming extinguishers
are becoming more and more important (Ajax, 2002)
- powder,
- Carbon dioxide,
- Foun

“The las few years more environmentally friendly mobile foam fire extinguishers
have been introduced, and a Dutch certification scheme ‘Miieukeur has been
established. There are two suppliers that have products that comply with the
Scheme (Milieukeur, 2002). These extinguishers contain tle o no PFAS and have.
alarge market share with at least one supplier; this company sells approximately
95% so-called ‘Eco-foam’ (Ajax, 2002).

Use figures
Itis estimated tht in the Netherlands annually 150,000 mobil foam fire
extinguishers are sold, with an average size of res (Ajax, 2002). For these:
extinguishers 54,000 tres foam forming concentrate s used annually, with 0.5-
1.5% perfluorinated chemicals comesponding to 270-810 kg PFAS. Due to the use
of eco-foam this use has diminished with approximately 50% (135-405 kg PFAS).
‘Apart for new extinguishers, an important partofthe foam concentrate s used for
the refling of used extinguishers and for the standardised five-yearly revision. No
data are availablefor the estimation of quantities of this application.
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Emissions

ne There are wo important emissions due t thus of firefighting foam in mobile
ue equipment. the emission during use and the emission from the posal of old

teste fling when rfid. Both are non-controled (ja, 2002).
The envision during us, for both traning and rea accidents is inevitable,

Sota Dependent on the lace of fe, th fie. fEhtngfoam, with the PPAS, 1s emited to
the environment.
Foam extinguishers have to be refiled every five year. Although presumably not al
extinguisher owners do follow this standard, most of the equipment  refiled. On
tevion th enti fling has to be replaced with a new one. The oid ling, with

" utedfoam.forming concentrate, disposed to the sewer and treated in a
ee Sewage treatment plant, From an environmental monitoring tudy (3M, 20010)

h is known tha PFO ssl present the WWTP eflent. Moody& Fed (2000)
tate that analytical methods are not accurate enough to estimate the removal

amt efficiency for fluorinated surfactants. Furthermore, the use of AFFF may lead to
- problemsa the WWTP. Excess foaming may occu from large discharges of AFF.
Stet ther constituents of AFFF may lead t Sgifiant higher SOD and COD
fo Moody & Fed, 2000).

A worst-case approximation would estimate th release o the environment of all
“ he AFFF purchased. This would lad to th emission of 135.810 klograms PFAS
2 annually, without the PFAS used for th reling of fire-fighting equipment.

Stationaryfire. ighting systems
Five types of fire-fighting agents are avaiable for stationary systems (Aja, 2002):
=" tinguishing powder

. = cutinguishing ges (CO, Argon)
tn © potenfoam= Fuoroprotein foam

Z Synthetictoam

Jsbers For these applications no eco-foam is avallble50 far. Many standardshavebeen
setforthese systems, including various test; theeco-foam concentrate has not
been subjected o thee tests (ax, 2002).
1 contrast with the mobile fre extinguishers, the nissionsfrom stationary
systems are much more controlled by regulation. Foamforming concentrate,
which has expired i not disposed to the sewer, but hs to be collected and

w transported to 3 waste incineration plant. twas not possible to reteve disposal
: data (LMA, 2002),

save Use figures. A tis moment no data for the otal use re avaiable. th Royal Dutch A Force
Spproximately 3,200 res AFFF concentrate ar use for calamitieso prevention
Snnualy These are emitted tothe environment. Unt 2000 another 2.800 res
'AFFE concentrate was used annual for fire-fighting ining, Nowadays waters
used for training (Korine Luchtmacht, 2002). The fre brigade of Amsterdam
International Airport Schiphol, used AFFF for training facies unt December

> 2001, Nowadays they rin with water. The ast use of AFFF in non-miltary
jo vitioninthe Netherlandsforcalamities was in 1998. The current annuluseis
i estimatedtobe losetozero. Thestockof AFFF atSchiphol Airport iabout 1200

Tires, the ling in the equipment excluded (Sehiphal Aiport Fire Srigade, 2002).
i large conglomerate of companies nthe RotterdamHarbour Area jnmond’ has

an annual substitution of expired AFFF of 75,000 tres concentrate. For the
protection of the newly constructed airoad oute ‘Sete’ 150.000 res of
'AFFF concentrate was purchase by the Dutch govemment (Ae, 2002) The latter
is an incidental purchase and snot characteristic for the normal annual sales.

| e—reeeere—
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Calculated guesses estimate an order of magnitude of 200 tonnes of concentate
bought annually with 05-1.5% PFAS, equivalent to 1.0-3.0 tonnes of PFAS.

Emissions
The use of foam-formin concentrate forthe extinctiono fires abviousyleadsto
the emission of PFAStothe envronment, dependent on the location. The
collection of emissions from stationary systems is regulated. Most indoor locations
are obliged to have a collection system for used fire-fighting foam. For many
applications this is not possible; fir extinction will then lead to PFA emission
(Ajax, 2002). Well-known examples are an accidental elease at the Intemational |
Airport of Toronto, Canada and use of AFFF on fire-fighting training sites (Moody |
& Field, 2000; Moody etal, 2002),
Since 2000, PFAS containing fr-extinguishing agents are no longer used in Dutch |
miltaryairforce training sites (Koninklijke Luchtmacht, 2002).
'AFFF concentrate hasaong lifetime. If this fetimehas expired, the AFFF can be
disposed as chemical waste, and incinerated (Ajax, 2002). Incineration wil
presumably lead to the destruction of PFAS.

A worst-case approximation would estimate the release to the environment of all
the AFF purchased. This would lead to the emission of 1-3 tonnes PFAS annually

33.6 Specialty surfactants
PRAS are useda surfactants in various industrial applications. In total this group.
comprisesaconsiderable amountofthe PFAS used, but it consistsofvarious low
volume applications. In the United Kingdom these applications accounted for
17.5% of the useof fluorinated chemicalsas active ingredient (NCEHS, 2001). No.
generally valid emarks can be made on the separate use figures and possible

337 Polymerisation aid
Forthe productionoffuoropolymers, suchapolytetrafiuoroethylene (PTFE) a
polymerisation aid is necessary. PFOA, or APFO (ammonium perfiuoro-octanoate),
improve physical propertiesofthe polymer and increase the rate of polymerisation
Kissa, 2000).

Use figures
In the Netherlands only one production plan for fluoropolymers s present, where
more than one ton PFOA is used annually (DuPont, 2002). In 1999 the worldwide
use was 213 tonnes PFOA annually (APME, 2002).

Emissions
‘The emissions from this application have been studied by the Association of Plastic
Manufactures Europe (APM). The global mass balance for polymerisation aid for
fluoropolymerss shown in table 3.7. This table shows that 77% ofthe PFOA may.
be emitted to the environment, via emissions from the planto from products

Water ©
Air 23
Land 2

[Reprocessed14 |

Table 3.7 Emission routesofPFOA In fuoropolymer production (APME, 2002)
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trate : 33.8 Production sitess Inthe Netherlands no PFAS is produced. The nearest productionplantsare stuated
, ouatS00 po htcr on seadsto sites, resulting in thepresenceof PFAS in theNetherlands, ether by aerial orein

ations Environmental monitoring has been executed upstream and downstream of a river; sh rotamlneng Se
jos ” ‘Alabama, USA (3M). This study pointed out that ‘effluent from a fluorochemical

Aoody Some environmentallyprevalentorganic fluorochemicals. (Hansenetal. 2002)."
Dutch elevated concentrations of PFOS in aquatic organisms downstream of aoe ng oe,em

129 ornAkeras ith conepondig soilsins cesy sssmanoposedone mesromawu ET bee oben ven oa poppeALTE 55 5 iene
Krieroffsaesrhe laity a bs restsrns

Jow 34 Summary of use figures and emissions
Lo Intable 3.8 theusefiguresfromthepreceding sectionsaresummarised. Itroodeteonsesdare dyCesdrsdeay Taheeogweb bsopp esecon a rr inSa To estimate the emissions fromuse in the carpet, texte and leather industrya

oate), worstcasecalculation was used. Hence,it was assumed thatallthefluorinated
aon ‘organic polymer degrades to form PFAS. Also for fire-fighting foam a worst caseross mae aespoyCroshesnares
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4 Behaviour in the aquatic environment

41 ntoducton

The behaviourof organic micropalutants i the aquatic envionment s determined
ye properties of ine compound (solubiy, hydrophobic, lati) and by
or Characters ofthe wate system of concem (esidence ime of the water
emanation are, organ matter content, etcetera). These compound and
tem propertes sis determine o what extentacompound wil accumilae
organisms.

42 Solublity and vlatlsaton

The water solubityof a compound i good indication of th extent to which the
Torani be anspor wih water, in genera, poorly soluble compounds
EE gh afin fo th argaic mat of sl particles in a vite system.
Saity and vapour pressure determine togetherwhether compound wil
enamine outof he water. Th uclatityof compound is characterisedby it
pe ommant (4. Since io Henry constants were avaable for PAS, they have

ited fom the values fof soubiity nd vapour pressure (Van Leeuwen &
Hermens, 1995).

For PEAS theris a arg variation n solubilities, vapour pressures and Henry
or ans (so table 4.1. Substances for which no daa were avalble re
rc from table 4.1.

i EEEN
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[Feros [eves [seer [wer |
[perosn [eos vx[|
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Table $7 Environmen elevant proper of selected fuorsuracants

For PROS the vapour pressure was determined to be 3.31 £4 Pa. Although the
Foran presure determination study wa rated with a Kimischfactorof 1 (see

thre i discussion about th reality of the result (Cail, 2002). The
yiogen-sut of PFOA i relatively volatile (70 Pa; the ammonium-als ot
ES So (Aten, 2002. Fo PFOS and PFOA the combination ofthe g00d
ry. and the ow vapour pressure, resultinginow Henry constants, makesit
bly hat they wi be sansportad by sir over age distances (Rene, 2007
Marti etal. 2000.

i NEFOSE, 6:2 TOH and 8:2 FTOM have low water soluble. Combined with a
oderael low vapour pressure hese chemicals could have the tendency to
oan fom he wate hac 1 a, Marin and co-workers GO02) verified this
sion i prelmitary study with only few amples. They detected the

|
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‘This ‘theoretical rejection of QSARS based on the octanol/ water partitioning is !Deryetont sen
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determine the K,, experimentally. Due to the surfactant properties of the |

=

Perfluoroalkylated substances ~ Aquatic environmental assessment 38

ol 000375



ctnpatns | -_

won| (FeroseR[vs [wwe|

sdwith
432 Sorption

inremote i artnonimg between sediment and wateri an important actor in the ate of

tal of i chemicals, Often, the partitioningoctanolwateri used to predict tis factor. In

| emOe woud nt ft coereors
eecompan
vet messremens of th srpon 058 ad de gave onanress
Bretmeres of ai Oh, 3708 a, 2001). wih 8

essed by Klimisch factor of respectively 2 and 1 (see annex Il. The first study predicts a high

-
‘mobility of PFOS in Bri sandy loam soil (3M, 19782). In the ‘second study a strong

forthe | adsorption to all soils tested was observed, including sludge and river sediment.

Jgwi
Once adsorbed, PFOS does not desorb readily (3M, 2001). The later study

dent for
suggests that the primary sorption process is chemisorption. In chemisorption the

EEaenepsA 3 sro

sbic and
For other perfluorinated surfactants only less reliable study results are available,

. ee etgsht OSE vey 0
wach: i adsorb to soil (3M, 19784; 3M, 1978b). For PFOA two: ‘totally contradictory

odCsooay OV 1978
Te

Theresultsof a monitoring studynear afiuorochemical plant show that PFOS,

etothe | PFOA, FOSA and PFHS do occur in the sediment (BM, 20010). These findings are

- TO EO 5 nsmarsardsoma df 24
2,

‘multi-city environmental monitoring study GM. 20014). Therefore it is unlikely

a evsmae5 ghmay 1 sediment

i ver are teva on eles. Heweve abort experiments how
be Te ou 1rapily sorbed rom aqueous solutions. Speci recovery methods
as | BE TOomaraemesiremen. aprte hat
=

thesorptionoftelomersonto varioustypesofsurfacesisveryhighandthat

| desorption isverydifficult (TRP, 2002).

ui 44 Tansfomaton

ons 441 induction
- 443,node sth songssebond wil cubon,buts ngth

Wh
isverymuch dependentonthe actual“molecular structure. Given the high-energy

oe gw many hotaed crganc ompons
eC ndsadsion (Grut, 1938 Indeed

ay ggenht he petted pt of PAS
onek

arerelatively persistent in the environment.

eeesshon of AS we presented n able 43.
wr
ded to 1

Ae
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92% after 24 hours to PFOS (alkaline)i— ] TEsGECo[pero—. EE —or !

442 ECF-products
i

Many ofthe substances under study undergo primary degradation”. In thisenereEnnnET ee ort re
BOUGIPS is ih— dui—APC >HCLdH

N-EtFOSE N-EtFOSE-aldehyde N-EtFOSAAtle lls Lb— clr lr Lh — cle lr bl ——ANT >NH >HTT
N-EtFOSA N-EtFOSA-OH N-EtFOSA-aldehyde

HHLNH
M556 FOSA

705 etsete

PFOA(abiotic pathway)Fe Oxiaayor sos TSAR

nner ete oe ean esesrteanI
-
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iely tht the degradation of -MeFOSE willla rdogos patty.
Li el ate geo civcrstt spor ob

— OEamoraad. .AOSE and 1WFO: are the
== ae C+ piedRarochristy Gl, 20000. No

| research has been published on the transformation of other functional groups, but

— {81s expected that they may aso be transformed to n-EFOSE orn-MeFOSE. The

_— ee evaduton of EC product re POS nd FOR GM.
iy  rrount he petro ch no fected by
polated): biodegradation. PFOS is non-degradable under|both aerobic (3M, 1976; 3M,

~ 2001e; 3M, 2000b; 3M, 2000c; 3M, 2000¢) and anaerobic circumstances (3M,

— aucunder aro crcumances OW, 19784; 30,
aaro.dedatin 0 rls re vale.

dation ~ Hydrolysis and photolysis

rer ctlshow thtth ransormation mechanism wil
oo Te estoofpafatted chance tests with
wo | ET  O5¢ snow to photadugadaion st Ge table4.3).

periments show stably toward hydrolysis for al hemi etd. with
svble 43. Sih 1EESEA nd -MAFOSEA are

| astack indr enironmatal conditions. The ansfornatin
. ok5ada,rspecival. ad cic
re repcs.Tspanfomaion oss ntaehe

| onan Testor, robproducts ofbothdas wil
| presumably not be affected by further hydrolyss, photolysis or biodegradation.

_ an Teomesrotuts
a Te withthe degradation of omerprocs n the

> Omeasy fro a. 1990 showed the degradation of
eeameocian forte shdslrIncondiions 51

J 52volte de abaion products wes forme,
rein drogen wd fon. Frarmore, thedeiecionof

5 es sensor tayo.199).
! mmodo of rt nas ean invesgated and
i ‘published. This study suggests that biotransformation of 8:2 FTOH to PFOA does.

| BTEEots nts wansomatinwofunn. cirbon bonds
| iame rotof degadaon ly cer n he

esFro s sosrbed by ta he anvronmrt,
hon right ke pceug 0 PFOA. Cut each

ee degrdiion oftotproducts (Renner, 2001 TR, 2002).
> a aspporingduawevl,terarvrs

Arouchan of damesation rodocs cnn be
1 ‘biodegraded, whichis supported by the high binding energyofthefluorine-carbon

ee EE3557,Res,2001 Howerthe secb Key
meats vt ornateichini vnrsle
aylang boegradiion products hat ae diferent

ogee rom GCF. roduc PHOS, FOR).
yes otpec1 cta. abit degradation ruts

Lm, | there is evidence that decomposition of fluorinated chemicals may occur via

on sda recon (ine to. 2000 TRF, 200.
444 Fionaedara polymers

ote orphansre gpd n polymeric fon Hee
| ‘most emissions will be in (co-)polymeric form. Until now, no research has been

w | evan o siomaion of Ratated organ poner.Th
= eee nce In eneamrcannot ro maesns, nd

[—
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therfore wil not have toxic fects. If monomeric PEAS may be formed fomhorinated organic polymer, these cou ros bot memesIn interviews with manufacturers, was suggested that fuormatd organicpolymersare very stable GI, 2002; Bayer, 30023. 3 sates hat they 11 haveata demonstating the stabi of high molecuar wightroachpolymers and phosphate esters to various mechanisms ofdeacon os, |20000. Oe study, predicting the hydro sabity. avaible. though he ©at0f tis study have 10 be rate wilh cut, dusto med ebb tySestedrns pyres be rule ysa |in halves tanging from 1-5 yeas for acylates and esters to 500 your foHuorinated urethanes (3M, 200g), +Froma chemicalpoint of view t seems possible t hydrolyse the ester bond in|polyacrylates and polymethacrlates, lading to the format of PAS. tio the |str bond nthe urosly phosphates might be erable: These specs hve |10be investigated in 3 relabl stucyA inti study with PEAS treated tele hasbeen performed. The organicextraction of polymer treated textile lead to the rlese of menomensperuorinated compounds Th oniinof these monomers cnbe dfeent thanftom transformation ofthe polymers se section 3.3.1 Gorkers a, 3000)
45 Bloconcenation
Sloaccumulations a process in which a substance accumulates in an organi.There are two posable routes iomagnicaton uptake trough footy ndBoconcentration (uptake directly from th wate.Usually, for many organ compen the bioaccumulation maybe dered fiomthe octanol/water paroning coefficient, because most organ chesaccumulate in ids. Since peruorinated surfactants ely ahot a dortputtioning behaviour, the K., snot asutabe predictor for tn bioaccumulationee secton 43.1)

PFOS (K+) 6300125000" 484 (edible), 1124 (nonedible), 859 (whole)| < 1 !coarance >120d
TF
2
<04*
Cloarance 15

F2FTo FTIGOT
#310 po)”

Table 45 Avalabe dts on Hoaceamlaton, Socancantaionodlomagifiation of PAS 1)woodyt i. 502.3).2 0ars. 2001 (4)APM. 205) AME, 20020. 193 0) Mt ced 14 00
The avaible, eliale studies on bioaccumulation show that PFOS biosccumuiaes,andis hardly excreted (eetable 4.9. In an in stu boaccumtson sueyCanadavery high experimental bioaccumulation factors GAR) for PROS wereobserved: between 6300-125000 (Moodyeta 2002), This BAR highcomparion with th SCF and BMF data avalble Moodyea (2000 ngesthat accumulated peruorinated derivative re metabatied to form PROS nusoverestimatingthe BAF of FOSin a sboatory experiment the BCF for POA (NH, was determined tobe 18 forsh athead minnows, 2 for fish (Rainbow trout)and < 5:4 (Cue. The fatness |minnows experiment i belivedthave ited elabity (USEPA. 3003)

reer
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Hom For 8:2 FIOM a water concentration depedent bioconcentraton factor was
ve emerTelos Reach rogram s ent estgaing the
ne Feitofths study (RP, 2002
En For other perfiuorinated substances no bioaccumulationdata are svaiabie

hireee 46 Dibuton
euitng Reseach on the envionment ft of uorated chemicals is ongoing cing

spaces te modding (Ca 2002). Only one fate dy ing gay
niin aie valle, hs qed by the reser as 4smalisttg” GM,
oe Toso, Ahough th preknary fopcty modeling was tentative, nd the
oe ihaig wa 3. lied Ge oughprosof EOS

: behavior (Cai 2000).
. Por tg xed teequcterion mode 600) developed by Mackay ea

836) was wed In os odeer re he ifeent vel, wih ncesig
wan | Compleat ee gue4.6. -
a | =

This ECQ modelling predicts an 80/20 % ~~
Paring over water and si neve | Se

on End evcet evel. I
; Sovecion's he man remot mechanism, wx mm Sm

level I cakclations discharges to ar and ow, ire Tm

™ Soi are predicted to partition to soi, = SEE IEE

{for Whereas discharges to waterare predicted | | 1
Kosta the waterandae Sbjctto Lda a

Jaen removal by adjective flow GM, 1999). Figure 4.6 Schematic representation of
! ine fretos the EGC cl
| (Bhackayetl 1556)

47 Concsons nd commendations
ram this chapters dent that many data on the behaviourof PEAS n he
ronanotaval. Forlomersandurinated organ panes no
ooreae on sorphon, degradation ind ditdbuton. 1 recommended to
ese gps of now.

| twas suggested hat -EEOSE,MFOSEand n-HFOSA(ECF produc) ind 62
Fon,357 and 10:3 FIOH (ome) may scape fromthe water his o
re thyavbe Geected na. Fon HFOSE, 6.2 FTOH and B2 FTOH ths
idenceee th war phe supported by rltey gh Henry constants
Tres products ay be anpoted over on ang, 1 hel ht te ECE
acsmy dorads to fom PEOSo POA. Ths mechan maybe an

wa | panttonthe ba readin of FAS
; The sorptionofPEAS cantbe dele with Kow. Hydrophobic and hyo

ates raionrt otthe primary parionngmechan; sects ercors
nay be pan. the beh suggested hat PFOS aor ia chemsorpn. For

. PERnlrusonscodbedrawn considerihe sorphon pte
Virsa speimer shaw tak 52 TO apd acid fom saeous

« ions nd espn vey cut.These preliminary esse supported by
- per pigemens.
sor Thepeorchiof ECF products ot fected by degradation, phos
# brosThemestelyan products of degradationaePROS 41d PFOA

PFO ot draded unde eroanatase crcmiancs fr POA ory
Canc ess re avs, showing he perstence of ts substance. Non of

-_
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the ested chemicals coud be transformed by ght Only the acates MFO2nd 0EFOSEAcan be transformed by yrs. Formingmmerost i s.EIFOSE, respectively. and acy acidThe peruoradil cn of 6.2 perfuorooctane sulfonate was degraded i studyunder sulfur liming conditions resulting in undentiie, vote segrasatonproducts, nats 82 FTOis partially transformedto PFOA 83 111 5 onvulnerable to dec photolysis, butindirect photolysis na via OH adds might}Felt in the complete breakdown. Thre are various suggesions tht the iperioral chin of tlomers cannot be biodegradeNo eable data re avalon th degradation o transformation of fluorinated |organic polymers. !
The bioaccumulation factofor FOS is 6300-125000; ts boconcentation factors |859 (whole sh). PFOA hardly boconcentrate, with 4 BCFof 15.<0. Tha |{elomerakohol 5:2 OH a bioconcentration factor of between 87 and 1106 hasbeen reported
When discharge to water, FOS wil partially ado to 30 and sedimentbioaccumulationof EOS wil take pace. Therefore, water, sediment an organicmaterae eleved 0bethe most portant anonments comptesPFOA wil not evaporate rom th water phase, andthe sorption pol notlea. PFOA doesnot bioaccumulate. Therefor, water eheveto bo theprimary compartment for PFOA
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5 Occurrence in the environment

54 intoducton
ne parforosiy chn offuoriated chemicals perstet se section 4.4.1)
Te oe present 1 the environment. As 2 shown in chapteri.
Te tne anerenment snot well Known. Its shown tat PEAS
eoblood pasa and ve ofbiota. Various publicationsonthe
eeoonhave been publhed. Most of these publications
im th accutane m Nornem American bot

son tre Wastin European uation se aval and with eguds 1
eeasnthe Nethertands only the reiminry, non evewed
fess of one study are sual

52 Analytical techniques (sed on Gisy & Kanan, 2002)

524 Gener remarks
Genera remasis
Ceeruorollylted substances has sated relay recently. The
eatfo thsk chert are curity under devprment and hes

et ne sie of many ongoing studies I parts he validation and
teofnyc medsfo PAS needs utes work Unt now
Oe rcseson PPAS analysis have not ben cred out Curtently
aanreference mater avaiabe on the market for ary

frosted substances. Seow a hort descrpion presentedof
ea methods or PEAS descied nthe teraure.

522 Qualitative methods
Sensof oganic molecules can be determined by destructive 10d
Te nods,schasneutron acthaton and X-ray fluorescence. These
eyechiques tht do ot enable entation or quanficatn of
eomefuonne compounds. (Ls Importantto note hat all bologecally

Seated argues contin oly onorn atom (ey et. 1597)

uae in oganic compounds can so be determined by combustion, converting
eva oon: however, fgorous conditions are requred or

erneaauton Ths echiqus have ben usedfor determin oa
aommentaandbaogical samples Sweeter, 1965; Kis, 1986 In
oece. tet that measure methylene.bl-scive substances have

eck anon. PPAS. but the approach is non-specific (vineetal.
05m,
523 Geccoms
Bdsuactants canbe determined using deratatin techniques
enps cvamatogapnyfolowed by decton cap dtecon (Hagen

ase speciomeric detection (Moody& Fie, 1993; Moody &
a. HOS has xow apout pressure, and dervaivesae unstable

524 WACBE oeic acid concentrations in biological samples hav been measured
oi prtomance quid chromatography (HPLC) and fucrescence detection

55 Tne sppicaion of tis method ited to ervionmenta
samples.

ee
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525 weNace magnet resonance(° NAR) can be used determine heconcentations of uonsted chemi n loge sme NW techniquesFae been se to mesure PAS contaminates water suri(ay oe ,2007. The 7F NAIR results were compared with LC/MS dats. ov oppshat the F NMR techn veestmted the ehorem ot65am 5.3). In the 1970, PEAS aman blood mere snap sg erquantitative NMR techies Gage oa 199. resoncemisnonts onealrere with addons grou sean procs
526 HPCsCompoundsecic methodsfor saying PFAS ingHPLCnegative onlcopray tandem mas spechamety (PLCSGms 2001)nie surveys ofthe environmentiioofPEAS nwihtotfo es |Cie & Kannan, 2007 Kanan t a 20018: Kan o.0, sooney Fosminod inprovements a needed 1 ccommotae heeAconcentations in biclogcl and envionment matics andor moptoing PEASsmasher med
53 Freshwater enironment
PFOS, PFOA and FOSA have been analysedin a vrety of medi se cites in theUnited StatesofAmerica Including king wer, safes maecorsediment, pubic owned vesment wars (FOTW) sigs SFcent andIancll ecrate mpie. Decatur, ole, Coombs an venaca ernSly chai ies. In these cis prRuasated chemina soorereor indusrly uid. Clveand an or St. Luce ae cont sey pom redes.
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No PEAS was detected upstream of the sport. The contamination is readdowrsteam over me. P05 ws th quaniately most mporiansfuorchemeat peso
The surface watrof ver upstream and downstream ofa frochemicalmanucturing acity in the USA ras seen amas for peuommaessesacantsSoh PROS nd PEO lvl creased downsteam fom th pam aosin gure 5.4 (amen et a, 2000)

wFFos|
. @PFOA PFOS and PFOA Levels in the TN RiverToodya ~oot 3 300a PC
- fC bm: } 400a hhhtant d

resvoremenToeaie iar 2°FF spill
. " o001; 320 300 280 260

Mtie MarkerFigue 5.4 PFOS and PFOA Levlin the Tense River, The ine at 301 mieIndicate the locationofth incomingeft rom he fucroemiesmanacuig plant (ransen os, 3000>
= Theaccurtenceoftlomer inthe fshwte environmenthas not ben reported,
= 5.4 Marine environment=
A No data are available on the occurrence of perfluoroalkylated substances in theoR mannesie environment
a 55 ton&- 551 The Nethaiands & elgium
3 ‘Until now only one study on the occurrence of PFAS in the Dutch environment has® benperformed (Van de Vive ta 2002. Tis study reedthepresence of= PROS in various masine and estuarine organs he waste Schem- andthe elgian oth Se

5 All samples that were analysed contained detectable amounts of PFOS. TheA highest average concentrations (1.7 ug/g tissue) were observed inplaiceSE (Pluronects platessa) romthe sua Samples of Shi and a rth NorthSea and the tury showed concentrations between 40.3303 soe5 ‘Concentrations in Trisopterus Luscus (pouting) were the lowest: between 36< Cloth Sea nd 152 5s(estuay) Von de iver oo 2000< Presumably,theseresusae not representa for te entre Netra.Upiram of the Westem Sched cua. dnghe or Sched soytotes producing fluorochemicals is operating. Sampling near a fluorochemical plant inhe Unted Sates showed that te pant ss poste soc of raion of PAS£0th envionment ee section 53) (ans et a 2009. Treretore,concentrations ownseam of th production ste we expected too higher thanitr. Thre se 10 dua valle for tomers 1 eeFo he Neer,



552 fuspe
352 BUOPE 2001) and Kannan and corer 20015 ASAP hve
CnSuroptan se dps, hls, corr, xg,
swordfish, tuna and salmon. Results are shown in table 5.5. PFOS.concentration,

eon mis and FOS ws found i al samples anes
Ee her nthe mare ibanisd ares. Orly few samples
Cesabove LOG. The highest PFOA concenaionswe
edFOa 09-4501 Non of the ssman samples and he
eCineduorochemc ove LOG. FOS concern
ned ers were igh
in sed etetBt organisms varied within sboot anorderofmagn

vers of exes rom Est Germany and Pend have been ansysed for #05
rswas quanta in smo al samples. Thre visa

meashe concentrationof PROS with me, bit1 dey
ey be ovepved (annanet a, ASAP). Therefore So vals

Eat of samples from 1975-1969 and rom 1990-1995.

Atiest one monitoring study is ndenway in Sweden, Th preiinny essof
en oasground concenatons nfo fom unpoluted ses

tan. ote PFS evs were cbse nf om
Ensource here fring fas hd been used
itents se nokyh avis Gams, 2002).

No data forthe occurence of eames in bitain Europe are avaible
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553 Global accurence. Several publicationsaeavsble on he goal occurrence of EAS i bit, ostHe information is avaable on concentstons of Po in wits from etrer.es, In tables5.63513Jeeobserved in biota from North America and other part of"ations. the world are presented.ud

= canbeeen fomtable5. large difernces could beobserved betweenvere individuals. Concentrations in eggs were higher than concentrations in erandiration
muscle.) Concentrations of FOS in whole bod of bids were ls than those in bad"tude, plasma (see table 5.7). Large differences between individual. animals wereeros Coserved. Concentrationsof PFOSwermuchhight i seas srroo bansdareas: PROSconcentrationsre 0-10 fot ar pecs none: Midway Aol than concarvations in pecs fromtei weenoc

tues are. In mustelids (table 5.8), invariably, PFOS was found above the LOQ. FOSAwas.the scond most detected fuorinied chem Consommation roksor wre her han nove mink The sugested reson rns srpattem (annan ta, 300280. Another posse xpton sena ‘bioaccumulation potential of PFOS. Concentrations of PFOS in mink and.ottero from more une snd ndusraisdresswreSgNTcanty phe morn: re remote ares (Kannan et1 20020
In maine mammals (ble 5.9 several patterns in PROS concentrations coud bebierved. The motpau explanationsorderences coneslocation of feeding (dosr shor gives higher concemsbion an ct ogreremot lcsions gulowerexports (Kutnen cua Boones0270) ‘Within species a high variability in PFOS concentrations between individual139 ‘organisms was observed.

Few samples of amphibians and reptiles have been nse. rom he dainable 5.101 can be concluded that fortes and fogs sgGres0Sconcentrations between individu re psi
The data presented in table 5.1 how that PFOS concentrations in ba fomemleocatons wee conidia ower han rss obser ndNorth America. Concentrators coud no be Qoanied ormarysy”Large diferences we cbened bees the sume specs omenpesos:poe bean the SeafortSe hs tend lower conceniavons on seesto55 Poe eafrom several vrlocations te aie a17
Many mor data are avsbi from the United States ofAmerica than om theretofthe word. However, ompareon of the avidmge es19)Shows ha FOS concanratons re het in ita hom oh same: Esed3 tyitafom Europe. However, the FOS concentration vsfo csHigher nh European ses. POS concenyabons n remotaon schod

w= Nodataontheoccurenceof telomers in botre avaiable.«
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Hoa hey rpored that PROS and PFOA accumulated in human

ram and ver
£505 and PFOA serum concentrations i occupationally expased workers are in

ea are Oy th les in wher fom the Cotage Grove plantre
gh.

order to compare thes data with the general population, aso boad fom
Eeoopaionly paved wis naysed for PEOS and PEOR. Poled
eeom mood didar back 1957 showed concentrations of

me of wg. (OECD, 2003 amples fom 198.2000 showed average
eveen 17.5 gLfo PROS and 3-17 g/L. for PFOA. No

es cold be are peween cre 7.5/0 and dey people G1 |
Sar Tae 5.14 summaries th findingsfom thse studies

emerere
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58 Conclusions and recommendations 4

No validated sampling or analysis method yet exists for the measurement of PFAS
The data observed in the freshwater environment show that point sources of
fuorochemicas leadto relatively higher levels of PFAS in the nearby environment.
Investigated point sources are amanufacturing plant, AFFF spills and industrial use |
However, freshwater samples from cities that served as control site aso contained |
PFAS. The highest concentrations of PFAS were observed in sewage sludge and to {
alesser extent in effvent and sediment.

PROS was detected in iver, blood, muscle, kidney and bran of organisms around |
the globe, even in remote locations. Concentrations are higher in more urbanised |
or industrialised areas. Within species, sometimes, large differences are observed |
between individual organisms. Other perfluoroalylated substances are less often +
detected.

single study on the occurrence of PEAS inthe Dutch environment showed the
presence of PFO in several marine and estuarine biota. All available data on
occurrence of PFOS in European biota show concentrations far above LOQ.

PROS concentrations in biota from North America exceed concentrations in biota
from Europe. Concentrations in biota from remote regions were much lower.

No data are avaiable for telomers inbiotaor water compartments

Both ECF products and telomers have been detected in air in samples. Compared
to.an urban area, concentrations in samples from a more rural sampling ste were
considerably less.

PROS and PFOA have been detected in human blood samples. Concentrations in
professionally exposed persons wereabout50 (PFOS) to 250 times higher than
concentrations in the general pubic.
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Huoring asograpne? 6 Toxicity
tne
oduct
wt 61 Mechanismoftoxicity
» The mechanism of toxicity of individual peruorosiiated substances snot wellunderstood. The peruoracurboryites including PEOR) sre parsnd stannic. proliferators (Intrasuksrietal, 1998). Several other PFAS are. hypothesised toexh thesamemechanism of oxy(Gy & Kennan, soos)

:
6.1.1 MetabolismThe scarcely avaible information an metabolism of EAS shows that FOS andals,
PFOA are not transformed in biota (OECD, 2002; USEPA, 2002). 8:2 FTOH is.ransomed o some extend inra nto POA (Hagen a 2 1967sw. 200,Westen 62 Tone effects nthe aquatic envionment
521 GeneraThe osicy to aqua organisms ofseveral PFAS has ben investigated in severalstudies. Forth telomer products few data are avalale. For tre Los po:many cata ae avaiable. Ther are several reasons why thesssaquatic toi of these products fom thse date dct cOoepn 3000,0 Avariety of diferent lt mumbers wit diferent caecompen 2dimpure were ested. Inuries may fect toxic. Moreover, pe purty of thefest material ws not suffice tested. Fo some tots formulated pau nerBeen usd, with varying concentrations of PEAS. Other tents haveEa weerwith impure chemi, wit as low 3s 19%of the etchm pene2) Tests ae perfomedduring alngpero of me. During as esod theoXact compotion ofth commercial substance may have ches sen rekesthe compaabity of test reauts more aff3) in many ofthetoi tests hopropans is added, presumably a a carrersolvent. tests wher the ts substance was not 100% pure, 5syaeswere comet for the purty percentage.In many ofthetests only nominal est chemical concentrations were sed,Mesure est concentrations ue ways recommended special se xKnown that PEAS have high sorption potential Aca companion: poreindeed been observed that were significantly below naming Lc, 300m) Sometests Have been performed at eves above the aqueous solabiy. Aeosre onythesetests havenotbeen included n the presen: svassnn50 For PROS ets have been peor with vous counterions. twasassumed that th test results with diferent sats re comparable, ns Pressdisociates immediatelyto sarin and th according countenin. ns oul thatthese counterions ae toxicological sgnfcant. tect rr tedodecydmethylammonium sat (DOA) (OECD, 3005,

Following the methodology of Tra (200) tet chemical purty hs to be over80% Ifthe concentation s between 20-80%, he st prosacesoe coletdeviting The methodology accept et concentrations up to te sms he mit ofSoubiyInthe present evaluation only studies tht had a Kiisch vale of 1 12 reincuded. The algae specie Slenssum capricorn hasbeen onaryPoeudokichneriel ubciptte (OECD, 20025. th repr he meet haseen maintained. No tet esis are avaiable fo sedima well onanThese organisms could be exposed to elevated concetrbons sear.
memr——————
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dbyvan = = v erp: Crantable 2 EAHA EET LEPROSUI [210 cso Notnotea [8Pr fe[Jeomen pan]Ty [EET ej wr22 NogeJ [Es IPROSUTer Tom Tics |ramessminron [Norse 7]| [een Eee— | <n NOELFin PROSDER LoS0 |Guegil sonah [OECD 705 [4
Table 625 Test resultsfo acute oxi of PROS to Feshwater organsobtained from tests with deviating protocols

Borie Sub-chronie/chronic toxicity® Fish appear to be much more sensitive thn invertebrate and ale to subchronic chronicexposureto PFOS (eetable 6.3). The same pateer wa foundhd with acute toxicity. The NOEC of 0.30 mg/L is consistent with results from a.bioconcentration study. In that study no efects were measured at 0.086 ma/Lduring 62 days uptake, ut 100% mortality occured at an exposure concengration01087 mg/L during 35 days.Te The two aviabe tudes for daphnids show consistent results and practical no. ehvonic toscy.
duaton
ge 2 214 NOEG

reproduction,
suntv routlintels PosK [2 ECSraproducton =]ASTMIGECD,7 231 NOECropoducton 10611 250 ECteproducionFa 030 NOECauvalx 030 NOEGorowt[1] 248 NOEChachTE Eeeeeme0 =cic7] Table 63. Sub-<hrone/chroni tovy of FFOS 1 reshwater orgamars

I] Pron
Acuteandsub-chronic/chronic toxicityin table 6.4a the acute freshwater tosicty values for PFOA are summarised. Only; studies tha hadaKimisch valueof 1or 2are reported. In the drathazardS| sessment ofthe USEPA (2002) several other cotoncy data ar reportedHowever, the rlabilty of some of these studies was imited. Orly studies forIs] heeatCou aewrroderes7] rT ———[] 70acutetoxicity of PFOAtoal species tested. The resultsobtainedfromtestswith deviating protocols, presented in able 6.4b, show that PFOA fs moderatelya toric to algae and sightly toxic t fh.
The few avaiable sub-chronic/chronic values for PFOA indicate practically no subchroic/chronic toxicity ofthis compound to algae or fe
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3 PE ESMuse [PFOA [43 aa ECSocal count | Selonasirum | Modited 0ics [3%
caprcomutum_|EpAASTMOECOox | Fish [PFOA >100 30d NOEC Fathead minnow|Adapted EPA, a“ies [35

| 1972zo
‘Table 6.5 Chronic toxicity of PFOAtofreshwater‘organismsSCA Tar

1050 s2F10HI'l Rete and hon oniAcute 10 effects concentrations have been observed in toricy tests with 8:2eA FTO seetable 6.6. Test results were based on nominal conventions 1s notwo |] Possible to appropriatelyjudge the toxicity of ths teomer from these ats. SoneChronic ticity studies ie underway (TS. 2002)ed Tor]
BdegJ al id[2m NOEC [Scenedesmus |OECD 201|46.Alm

subspicatuspuedobrates [82FTOH 1006 [dan [NOEC [Dopniamgr [OECD 07155= [Ee Tozeronfois —— Jom noc Tomer Torsela]Table 66 Acute freshwaterrityof8.2 FTO fo resaleoops
Other AS0 To For the remaining PFAS discussed in the present study the toxic datasets far© Ta romcomplete(se table 6.7). N-EFOSA exhibit sight toxic tomers® Te invertebrates, all othertestsindicate practically no toxicy. The resus of tests withs deviatingprotocolsshow sight toxicity of PEOSGE to fish. PFOS & slightyoeinvertebrates and moderately toeto fh

=] fr—oerosealotom oom Tics FameadmanouNota Tor]
[swsge|nerosa [51000 fn Teeso 1. Torcome Ta]a PF [imerebrtes IneiFosAT1as Tan Tetso |capmiamagea] dapted OECD202 |55|(En TnerosaTas Toon Timo Trammamoms] Adapted OECD203 [54x Table 7a Acute and conic (xi data of several PAStofreshmaterorganisms (standardised test protocol)z

PROSGE Photobaciarium|Mecrobicsshosphes micrtoxRose [ProseE ECS0col count Selenasinm |OECD 367[22
ECSOgrowthrate |capricomutumv [2]
NOEC

noc.= fen TeroseETse Ton Tio IrevessmmorlmA Tar][*] 327 Microbics
microtorsocCa a= elprosphoraum=] [letobams ToF0S Tz fash eco [Dussmage [Eonsson Ti]1 peoabiates [PFS [11 ath Tecso | DaphniamagnaTocco 03 Tor]Fw Toros Tas Tom TicJrabmscmemcnlosonze1a]Ato

Table 6.7b Result for acute toxicity data of several PFAS to. freshwater organisms.from deviating tet protocols
mrer——
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63. Standards 1nd derivation of IMPCs asdon Groshart eta 2007)the
631 intoductonInthe Netherands, harmonised standards fo several environmental compartmentsare derived fora numberof chemicals (WIBGWa, 1999) The popase af imentry (1999) to createa system of iit and target values for soil a str!
Alimit value is a quality level that minimally should be achieved or maintained. Atarget valueisa qual level at which no adverse effects ae expertos. Tor kotvali based upon the maximal prmisbl concentration: (PC) toonvalue onthe ‘negigivie concentration’ (NC). In 2001 the procedace fortheeration of MPCs for the seting of envionmental isk limits was spe (Tass,» 2000)or The MPC idefinedssthe concentrationat whic at least 95% ofthespecies inthe ecosystem wilbe protected (method of ldenbers & worse Gory Toejd
negligiblerisklevelis defined as 1% of the MPC.

For PFAS thee are no standard derived yet nthe Netherands,
7

632 Derivation methodq Forth derivation of MPCs direct fom ecotoicological endpoints two different7 methodsar used: the refined efect sessment method and he prema conctassessment method Long-term chronic data are prefored to shor rm eve8
data. The refined effect assessment method is preferable. However, application ofhis method is based on data avalablty: at eat four NOEC vtec cr neafour diferent txononic group. f these data ae not avaable the prelmnesyefec assesment method is applied. In ths case n principle the £1 1CO (bes,= 1996) is applied table 6.11. In igure 6.10 he direct medhodfo MPC. 4enpionis presented,

©
how © / NES. Lessthan 4Tongterm NOGCs butat||Applyrefinedsec sessment¢ leastacomplebase set according to Aldenberg io,.

no ve
completebasesetat lest hot ApplyheTD methodterm UECSO/NOEC Sccoring tothe £0yes=] 70 [Applyhe modified EPA meiod=] according tothe OECD

[*]
"MPCvalueforwater,sollandsediment

[7] There retwo exceptions otheuseof the TGD method.1. Only when ong term NOECS on three trophic eves are avaiable, aComparison with data from the (complete bas se +1 nolonger demanded.
The Completebesefr tkclogy stsofKtLECfo ch of vespcvsfi,Plicyon
-
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2. ti infeed that for more hydrophobic compounds, shot tem tosicty dayI
nay not be representative, since the time spanof an acute est maybe too
Short o reach a toxic internal level. In those cases, base set completeness
eedemanded and an assessment factor of 100 may be appliedto achronic
or which should not be an alga tet f this is the only chronic test avaiable

1f the base sets incomplete, the TGD method cannot be applied, and other
rian safety factors are used (the moified EPA-method (OECD, 1992):
factor 10 andlor 1000 will be applied to the NOEC and/or L(EIC50, respectively,
to derive the MPC. It should be sressed he that thi exception may only be usay
f the TGD can not be applied. Itable 6.11 the safety factors of the modified €px
method, dependent on the numberofavaable toxicity data. are presented

A 02stono shorten L(EIGS0 fom each of 3 rophic:
loves of the base-sat (ish, daphnia and agao)
OrTong:term NOEG (oer fh or daprmia) wm
Two Torg-lorm NOEGs rom species presenting two | 100
rophic aves (fhandlordaphiaandlor algae) 5
Tong-iem NOEGs rom atleast 3 species (pormaly fin.| 50
daphria and aigae) representing three tophic levels | 10
Froid Gamormode ecosystems RevewsdonaC35957 can

basis
Table E17 Ausessment factors for 3quabe toxicity data following EU/1G (ECE,
1996) according to EUSES (EC, 1996)

“The calculated MPC in the present report wil be defined as ‘indicative MPC’
MPO).
Contrary to the mit and target values the derived iMPCs have only a technical
Status and no environmentalpolicy value. They are not legallysetand may change
2 so0m a5 mre toxicity data become avaable and/or an MPC is derived by the
INS-project.

Lowestocuto L(E)Cr of QSARestmaton fo acto toxic pow
TowestactsLEC or GARsstmaton oracute oxic for al.
least sigae, crustaceans and fish
TowostNOECorGEAR estanfor oncorci

TowestNOECor GSARestimation for chronic och foratleast
aigas, crustaceans and fish
Table 6.12 Safety factors for the derivation of IMPCs In surface water (modiied
EPA method)
iis al wil becompasedithte valebasedon acute (ECs values.Thelowestaloe wil
be selected

Based on the toxicity data presented i this study, the MPC are derived using the
procedure described by Traas 2001). The derivation is explained in annex V.
To dere the IMPC for sediment ti generally advised to use the equilbrium
patton () method, which eles on K.. (see Slooff, 1992; Beek, 1993; Kak,

—_——
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ty aay 1999, Tras, 2001. nhs sadly this advice hs ot been allowed, because Ki1 be too not a suitable predictor for the environmental behaviour (see section 4.3.1).piloted Frthemor, oePCsotoedred Sesitoon Concentration bacass 7 awieaeon sou ects ivsoevans Semen
Ihe present stay IMC or FOS, PFOA and PFOSCE were deve, For ather other PFAS insufficient data were available. The results of this derivation arema presented in table 6.13.cv, |ocus | Only for FOS many data were aval, making possible to sea latelydies im mal assentairof5. Thhs dota ha onGos inpted. assessmentfactorof1000(seeannexV).

[pros Js

Tee 613 WC Tor FO, PRGA nd n-EOSA
633 Computhonof MPCs to snironments concentationsThe PEAS concentrations hate cared in te ronment can be compared10 thende MPC. No cecurencedtrsvata orsEon mrsi companion wi beitetoFOS 4nd PEO.

wh prosyeas ‘The highest freshwater concentrations that were observed in the multi-cityenvironmental montorng sy ssschon. were 498 pgp or Pak inw@ FOTW ffuent rom Decetur 300) n quiet water rom eta 0117 ug/L.PFOS was carved The ighet FOS water conconvaon rom comme) het219.7 Fort 5. Luck. Th Phat FOS water concmtabon ssoh ne¢ pi Gesection53)wis ZOU. Tne vives creha na.PROS may be pproihed dose ts pont sees of PEAS Hower Psnet Concentration ns non. pont outed cy cou sprout sab.ange
woe #roaThe highest eshte concentrations tht were cbenved in the mlcyenvironmen) montorg uy Gescons wee 3 28 yt for PEG inFOTW ffoent from Dace. Ih quit water om Destin 6100aokcbsrved. The highest POA wats concerto om corr Stas 0am(Pott Luc The ighet PFOA mater oncensaon i rosso0ghing vaning ste 670pL ir an AFF spl nt ghoad Poconcarraion was 113 g/L. Thee viesceths nePC or PrOA mitoy oe ncedd ahr

G4 Human tity
fied The human toxicity of PFOAandto alesserextent PFOS have beenandstillaretne subjectof many studies USEPA, 2003 OECD, 2002. For 33 rent fo sa"oa areavailable, but manystudiesareunderway. Results are expected by theendofSous rv, 3002the 641 Bhar in humansFosPFOS was shawn t be ditbutd in humans to seu and er, here not. metabolised. The excretion rom he boy ow are cers vi sm st oes
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(OECD, 2000 PFOS has an estimated excretion half in humans of 8.67 yea
This s high compared t adult rts (100 days) and Cynomelgus monkeys 200
day, PROS swell absorbed orally
von
PFOA has an estimatedhalfe between 1 and 3.5 yeasin humans. PEOA wet
aod alow oa and ain exposure and o3eser extent following |
Sermatexposur. was bsered nother biota, POR does not partion othe
Soy fot, bt coreyds to macromolecules. In ver, plasma nd dey |
PFO 1 not metabsed nthe human body
Urine nd faces are th primary routes of excretion for PFOA female ats ose |
ni dentifed xtra mechanism or the excretion of PFOA, Therefore this
hema enceted much fate in female ats than in male ats The difleence |
Between sce hs aso been observed n dogs, but not n primates and humans |
SEPA. 200. For peraarocarbonyh ads the length of the perfuorosley chan
mpotant for te excretion. Pefuorocubosylc acids with longer chin ength
res eminaed (Kudo ta, 2000).
642 Acts ontPros
The avaible rodent tosicity dats of POS have been summarised in able 6.14.

fou Thats [iog=2m | !
Co Ths mmig-5s |
[Eyeimiagon [Rabbis |iyimtaing____|
[Stn tation [Rabbits Non-imtatng |

Table 6.14 Acie ovicty dats of FOS to rodents |

son |
Te aaisbl rodent tosicity data of PFOA hve been summa in table 615. |

EE. ||(D2 250-500 (female) i
[Wat[10 < 1000female | :

[Tlibon [fats [1hNOEC>tesmel | |

[Eye imtaion [Rabbits [mtatng_______|
[Sinirtaton |Rabbits |Ineversbictosuedamage |
 —TT—

Tae £75 Ace oity of PFOA rodents
643 Chronctoncy
#ros
Inrepeat.dose oral oxicty tudes with PROS sig at and primates the exposure
esha hepatotouciy and mortalty. At an exposure level of fom 2me/Kg/day
omared effec nats are nresses i er neymes, hepatic vacuolation and
Repitoceua byperophy, gusrontestinal eects, haematological sromaltes, |
etait os, comvions and death. These efects were conimed bya 2-yeartest |

vat The lowes observed avers afectleve (LOAEL in female ras wis5 |
ne) the ssocated no abserved adverseeffec level(NOAEL was 2 mg/l. ln
mee ats the LOAEL was 0.5 mg/L: no NOEL could be determined. In3
opmental eft study he NOAEL an the LOAELfone second generation
rvatewers desomned t be 04 ma/k/day and 0.6 mg/kg/day, especie
0k, 2002)
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18.67 year, In repeat-dose oral toxicity studies with PFOS using Rhesus. monkeys the effectsys 200 observed included anorexia, emesis, diarthoea, ‘hypoactivity, prostration,Convulion, atrophy of the salvar glands an he pancres. mcd creases inserum cholesterol, and pd depletion n the adrenal. These ects ens mensrons aleve 10m 1.5 mg/kg/day and above, No sural was pore shesomis wey weeks treatment with 10 mi/Kg/day and afte seven weeks with 4.5 mayday.rung | In six-month study no efects were observed at doses of 0.15 or 0.03 rsereyToniathe | (OECD, 2002).ney
In mutagenicity test with bacteria 5. typhimurium, €. co, human lymphocytes,ere | athepatocytesnd mousemicronucleus, FOS was found 1be mos topospe | (OC, 2000,foe | ina2-yearcarinogenictyassay with Sprague-Dawleyrats significant increaseinho the incidence of hepatocelluar adenomas was observed at the highest dose of 30le a ‘mg/L of PFOS (OECD, 2002).inlength
sron
In varios sues with bacteria (5. Typhimurium, € Col and human lymphocytesPFOA ws ound 0 be nom-mutagenic. PFOA did induce cromonamel teschesandpolyploidy in Chinese hamster ovaries SEA, 00) omens Fos podeste. | negative in an ssa with mous eyo fibroblasts and 1 a vis me| micronuiess aay

| Sub-chronicstudiesinratsand miceshowedthattheliveristheprimarytarget| organ. Observed effectsar ncessed es and idney weight, Popatocshonsyyperrophy, st 1000mg/L for female rts (76.5 meKedep ne 100 pr for| mae at 5 mg/kg/day.Studs with hess monkeys resulted in deat, id depletion in th arenas,hypoplasia of the bone marrow, and moderate atrophy of the hympme iis inle 6.15. the spleen and lymph nodes at 30 mg/kg/day or higher (USEPA, 2002).| Fatsed with 300mg/L PFOA showed increased er ad ieweigh,| aematologcalfcand vereons in lsandfemales nas creasesin testicular mass (rales at 300 mg/L) 1nd varan uel hyperplanes| 230 mg/L) were observed (USEPA. 2000)
| Carcinogenity studies with rats showed that PFOA is weakly carcinogenic, inducing| Leydig cell adenomas in the males and mammary fibroadenomas in the females! following2-year expose Lo 300 mg/L Attat evelPFO hasssber tod| 10be carcinogenic to the Iverandpancreas of mle C0 Res (SEPA. 3003)

| Theresus of several key studieson PFOA (90-day primate, two gration,| Kinetics) ar ungoing (APM, 2002).
Ngday | Telomers (based on DuPont, 2002)and | Fora mixtureof 62 FTOK,82FTOM, 10:2 FTOMand12:2 FTOMthree NOELSnates, have been determined. Therepeated dose and the reproductive tony NOL asartes 25mg/day. Nodevelopmentalosicty wis observed st 200msdnass Furthermore these substances reacted negate in tne AMES, Cro p goroun | toxicy es
wation 65 Conclusions and recommendations
SAE Variousdatawere avaabietoevaluateth toxicity of FOSand PFOA. Theeabity of many of thes tess must be considered 5 ed,bec nominal| concentrations were used. Due to the special high sorptve behaviour, the actualconceniraton may have been significant reduced. thermore, maryofest
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were performed at ow test chemical purty, nd wer therefore deviating from a,
ndard methodology. Many ofthe reuls ae therefore of ted reiabity. t
Can very well seve 54 fst indication
P70S s moderately acute toxic to feshwates fish and sgh oxic to
vertebrates. FOS  pracheay non oxi o ga. PFOS i sight chronic tor
lo esate fh and practical nontoxic to invertebrates, PFOS is moderately
{acute and sight chronic toxic to marin invertebrates. For POS th dered
{MPC fs 5 ug/L. PROS concentrations were shown t equal the MPC in feshwaty
ecening wastewater effluents rom a production se. In other freshwater, the
Concentrations observed ar usl ar below, though the APC may be
Spprosched to witinafactor of 4.
Th acute toicty of PFOA fo freshwater algae, invertebrates and ih i pracy
i Fo PFO an (MPC of 300 g/L. hs been derived. is uniely that this MPC
wil be exceeded for longer penods.
N-EHFOS. exhibits sight acute toxic to invertebrates
No effects have been observefor 8:2 FTOH. No conclusions regarding he
toicty ofthis substance can be drawn, sinc nominal concentrations have been
used in ess.
Concerming humans, both PEOS and PFOA have long hlf-ives @.67 and 1-35
year: especie th human body. Both chemicals are distributed to ver,
sia and idney. To rodents PFOS and PEOA exhibit low acute toi. but
hey are eye inating.
I chronic feeding tests with rodents and primates the primary target was the er
Tor PFS and PFOA. PFOA ws found to be weakly carcinogenic. Mutagenicty
{esting of PROS id not show any mutagenic effects. PFOA induced chromosomal
herratonsand polypody in CHO cel, but dd not show mutagenic effects in
ost mutagenicy es, including an n vivo micronucieus test

na developmental ffct study with PFOS the NOAEL and the LOAEL fo the
Second generation of rodents wre determined to be 0.1 mg/kg/day and 0.4
mikeday, respectively.
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of Amer, | 7 Policy and governmental awareness
uluth,

tesor 73 National environmental polices
Jofax. 741 Nethrands
of In the National Environmental Policy Plan (NMP, 1989) and the more recently.

published National Environmental Poly Plan-3 (NAP-4, 2001 te general
of POs, environmental policy of the Netherlands is described.mercy the year 2010 the environmental targets and target vlues must have been
ales reached. Concerning the reduction of the risks caused by high concentrations of
a chemicals, specific policy targets have been set in the National Environmentalon, Poy Plan of 1985, The targets imply the am tontexceed the Masimum

Permissible Conceniratons (MPC and the Negighle Concentatons (NCO) in2010, by means of prevention and reconsructionofproduction processes, Whiehese valvesare guidelines theysre not egaly binding. When the snvronmentalQuality standards are se, other sspects, such 15 polticl and techricl festy.3 re ho taken into account. Targes values are ine et a he NC oa hebackground value,ragna, In the report on integral standardisation on substances (NS, 1997) environmental
erica quality standards have been derived. For PFAS no specific quality standards, MPCsNCE have been set.menca The cutent wate poly i reflected in th Fourth Note on Watermanagerment (4°NW 1997). In tis note th targets and headinesofth polcy for the atonal\ water management re gen.
* 7.4.2 Other country specific policies/ governmental awareness.
* ! United States of America.

Significant newuse rule
mysid ‘The United States of America Environmental Protection Agency (USEPA) has

I States initiated a significant new use rule (SNUR) for perfiuoroalkyl sulfonates. It concerns.13 chemical, including polymers hat ae deed rom perfuorooctanesuonc‘ acidand ts higherandlower homologues.Th ule requires manufacturers and
ted importers to notify the new use of these chemicals to USEPA, giving the USEPA

the oppartunity to evaluat the intended new use nd associates acivies (SEPA,
20020,ed |

! Hazard Assessment PFOA« TheUSEPAha performed ahazardssessmenton PFOA. Th corecteddrat
Jnited version has been released on April 15, 2002 and is under discussion (USEPA,20028.

| cma
! The Canadian goverment sperforming aenvironmentalscreening assessment on

peruoroalyl substances for possible priory chemicals. Thi assesment so be
Completed in Autumn2002 (Windle ta 2002).

The CASnumberf concenchercs 550-98, S381 587, 57585852, 1660-2,i 56-69.1, 4600.14. 076383, 1713-603.14BT 8.3 AEDT70800np 261s07000
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United Kingdom
The National Cente for Ecotoxicology & Hazardous Substances of the United
Kingdom has reviewed the occurrence and hazards of perfuoroalkylated
substances in the UK n 2001. It has been nitaed as a response to th decison of
3M phase out the perfuorooctanyl chemistry. Thi study takesa broader
perspective and tres to incorporate the telomersa well (NCEHS, 2001).

Denmark
The Danish EPA has performeda survey of perfluorooctyl substances in consumer
products. In three out of 21 purchased consumerproducts uorinated chemicals
were detected (PFDS, FOSA and n-EFOSE) (NER, 2002).

72 Intemational policy! awareness
724 oko
‘The Organisation or Economic Co-operation and Development (OECD) is caying
outa hazard assessmenton PFOS andts salt. The draft version of May, 13, 2007
is being discussed inthe OECD tak force of existing chemicals (OECD, 2003).
Once the informatio is avaiable, thiswillbe folowed bya isk assessment.
Accordingly decisions wil be taken on th need fo international risk management
(NCES, 2000.
722 oseAr
The OSPAR Conventionforthe Protectionofthe Marine Environment of the
Northeast Atantc has performed a selection process or possible bioaccumlative,
persistent and ecotoxic substance. Candidates were selected from a Dish QSAR
database (yl et a, 2001, Tyl et al. 2002). About 60 perfluorinated chemicals
were selected, out of a total of 92 possible substances (NCEHS, 2001)

73 Actions of industry i
734 3M studies
3 has performed many studies on toxicology. pharmaco-Kinetics and
environmental fate and effects of perfucinated chemicas. They have submited
th results of these studies to the USEPA, and discussed the resus with them GM,
2000). These data are avaiable from USEPA (USEPA, 2001).

7.32 Telomer Reseach Program
The united perforatedtelomermanufactures (Asahi Glass, Atofina, Clariant,
Daikin and DuPont) have set up 2 research program on the principal aw material
commonamongst the TRP members: 8:2 FTON. The program focuses on three
paral work streams: toxicology. pharmacokinetics and environmental date and
effect studies. Publication nthe open erature of study results is encouraged.
Environmental fae and effect studies that re included n the research are
hydrolysis, adsorpton/desorption, aerobic and anaerobic degradation, photolysis
and chronic tosctyoish and daphnids. fis anticipate that the current esearch
plan wil ake two more yearsto complete (TRP, 2002).

7.3.3 APME research program
‘Asahi Glass, Atofina, Ausmont, Dakin, DuPont, Dyneon, Mite, 30 and Solvay
have setupa research program on PFOA under the umbrella of the Association of
Plastics Manufacturers in Europe (APME). The program focuses on two parallel
work stream: pharmaco-Kinetcs and environmental date andeffect studies. |
Environmental fae and effects studies that ar included nthe research program
areadsorption)desorption, chronic toxicityto fish, daphria and algae. ts
anticpated tha th curent research plan will ake another year to complete
(APE, 2002),

|
——ere |

Perfluoroalkylated substances ~ Aquatic environmental assessment 82 |
|

000419



ey 7.4 References

ono 31,2000, eter of Mr. ZobeltothUSEPA, Ape 20, 2000
4° NW, 1997, Fourth Note on Watermanagemen, Verde Nota WateushosingRegerngavoomemen, Toe Hague. The Netarands- APME, 2002, Assoition of late Manufacturers Europe, resentation at ugar,ume May, Dordrecht, The Netherands
INS, 1997, nese Nortel tof - ieukwaltetsnomen oder, waterloch nterdeputementle Wengroes integral Normteling on. she bapeToe Netherands
NER, 2002, Nationa Envionmetal Research ste, Denmark, POS incag consume product submited 10 OECD PROS Econ Dnecsion Grp517008 NMP (1589) Nationaal Miubelditan, YROM, Th Hague, The Netertands> NMP-4 (2001) Nationaal Miieubeleidsplan 4, VROM 2001047767, The Hague,| The eherands
NCES, 2001, National Centre for Gctonclogy & Hazardous Substances, Reviewof occurence and sas of perused substance Ul. A poContdentloveviow, Environment Agony. Walnglord, es Kngoom:Li OECD, 2002, Draftassentofperucroctanesufonateands as,Jae, ENV/IM/EXCHG00DS, Par Farcepy TRP, 2002, Toomer Research Progam, Presentation at OuPont, May, Dordrecht,Toe Netnerinds
Te H. Larsen, H5. Wedebye, 8, Neml, 1, 2001, entation of potentialPATS and VAP by sof GSARs submited to OSPAR, Coperager, wana
Tie H, Larsen, HS, Wedebye, £5, Sim, , Pedersen Krog, T, Nel, 2002,detain ofpoental POT nd ves by use of QSAR,ced6Sn,ted Copenhagen, Sera

ROM. USEPA, 2001, United States Environmental Protection Agency, personalcommunication with Mi. Hermande. Washing, 06, ics ares of Arca
USEPA, 20020, United tates Environmental Protection Agency, rt Hazardwn, AssessmentofPerfucroctanicaddsnd 5su wasn. . ones uteswa | CfAmercs

~ USEPA, 2002, United Sats Envonmental Protection Agency, eruroaly; Salfonaes Finale and Supplements Proposed Rul, Fado Regn vale7,Rio.47. Washington, OC, United Sates of Amayr ara——— cteningassessment ofperucroocanesont(FO and red compet,Discusion paper, Eniorment Caras user Consds
a
wt7

Perfluoroalkylated substances ~ Aquatic environmental assessment 83
tie 000420



|
|

|

Perflucroalkylated substances - Aquatic environmental assessment 8 |

000421 |



List of Annexes

Annex] Uist of Abbreviations
Amex! Data Relabity Indicator
Annexil ProductionprocessesAnnex Vv MechanismofAFFE
AnnexV DermationofMPCs

Perfluoroalkylated substances ~ Aquatic environmental assessment 8s

Alt 000422

er ——a



|

|

Perfluoroalkylated substances ~ Aquatic environmental assessment 86

> 000423 !



Annex 1 List of abbreviations

S2FTA  1H.IH2H2H perfuoroocyl arateS2FTMA THIHZH2H perfluorooctl methacyate
S2FTOH  THIHZH2Hperfluorooctand
BIFTA  THIHZH2H perforodecy acrylateB2FTMA  1H.1H.2H 2H perfuorodecy methacrylate
BIFTON  1HIH2H2H perfuorodecinol
102FTON  TH1H2H 2H peruorododecanl
122FTOH  1H.H2H2H peruorotetradecanol
A AqueousFir FormingFoam
APME Association of Plastic Manufacturers Europe
ae Blosccumulaton Factor
ace Bioconcentaton Factor
ame Somagnication Factor
800 ological Orygen Demand

cop Chemica Oxygen Demand
Goa Oodecyldemetiylammonum sat

orl OtaRelabity Indctor
ic, Conceniration that causesaneffect for50%ofthtested organisms
Pe lectron Capture Detection
ir lecrochemcal uornaton
ww, Level tat causesan efctfo 50%ofth tested organisms
& Equilbrumpartion
sac Equibrium Criterion (Mode)BY Fluorescence detection
OSA erfuorooctanesufonamid
ac Gas ChromatographyHAC High-perormance Uuid Chromtography
iC Concentrationthatinhiois 50%ofth tested organisms
ie Indicate MaximalPemissleConcentration
ic Uquid Chromatography.
Cs ‘Concentration thaisehaor50% ofthe estedorganisms
wr Level thats tha or 50% ofth testedorganisms
LORE LowestObservedAdverse fectLevel
(00 Limit ofDetecvon
ey Lit ofQuantification
pc Masia PermissibleConcentration

ws Mass Spectrometry
AEIFOSA  nethylperloroocane sulfonamid
AEFOSE thy prforooctane ufonamioethanol
AEFOSEA thy perfuorooctane ufonamidehy ayiate
PEIFOSEMA Ethyl perfluorooctane slfonamidethyl methaciate
n-MeFOSE  n-Methyl perfluorooctane sulfonamidethanol
n-MeFOSEA  n-Methyl perfluorooctane sulfonamidethyl acrylate
wR Nucesr Magnetic Resonance
NOAEL  Noobserved Adverse Efect Concentration
NOEC  Noobered Efect Concentration
NOEL Noobserved Efect Level
OFCD Organisationfor Economic Co-operation and DevelopmentPes Perfuoroallylated substances
Pras Perfuorobuty sulfonate
Pros Perfuorodecy sulfonate
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PHpA perfluoroheptanoic acid
PHA perfluorohexanoic acid
PHS perflluorohexyl sulfonate
PFOA perfluorooctanoic acid
PrOS perfluoroocty sulfonate
PFOSGE  n-perfluorooctysulfonyl-N-ethylglycinate
prs Perfluorinated surfactants

POSE perfluorooctane sulfonyl fluoride
POW Publicly owned treatment plant
pod Parts er billon
ppm Parts per millon
PrFE Polytetrafiuorethyiene
asar QuantitativeStructure-Activity Relationship
RIKZ Riksinstituut voor Kust en Zee (Insitute for Coastal and Marine Management)
SNUR Significant New Use Rule

Tre Tetraluoroethylene
0 Technical Guidance Document
TRY Telomer Research Project
uspA United States Environmental Protection Agency
NTF Vereniging van Nederandse Tapif Fabrikanten (Associaton of Netherlands Carpet Manufacturer)
VIN Vereniging Textielindustrie Nederand (Dutch Associaton for the Texte Industry)
WWTP Wastewater Treatment Plant
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Annex II Data reliability Indicator

Outs Relbilty ndcsor
Inthe data that were gathered for this sudy age dscrepances were found invaluefocompurabe properties. Although diferentst methods mosty rest in
ferent cutcome, wel conducted expenments should ive values ntheSr
ange.
Several researchers ave tied to develop indicators for dta quality. or thepresent study two mprtant publications on this subec hve ben usd: Kl
1588) ad Kimisch eta. (1997). Bot esevehers descrcsrfo
evaluating data relay
Koll 1998) cides the indiatorin fou categories:

7. Analytical information,
2. Experimental information,

acturery 5. Statistica information,
4 Conaborav information.

Ad 1. Was the analytical method appropriate and suitable or the particularCompound? 1 no andar method has bee used, the method uffcnty
Gnscrbed?
AZ. Ave all experimental parameters Cemperature, pi, purty, etc) welltated s the chemical dented by testing?Ad3. Is the uncertainty and thereproducityof the test mentioned?Ad. Arethe data in accordance witthe resus of another independentyConducted study?
ach category contains suberthat ar developedfo various properties in
order to enable the estimationofthe laityofthe measurement within onecategory. The Data Relay Indicator (ORD const of th eae relabiy forour categories
Kimisch eta (1997) use four eliaity scoresfo experimental dta-generating
sudes:1. Relable without estictons,

2. Reluble with restos,
3. Notrelale,3 Notssgnabe.

Ad1. The tess are perfomedaccording to nemationalysecepted testudeines and preferably ncompiancewithGood Laboratory Pcie (GLPRd2. “Tne testsar ot ently peformed accordingto ntemationallyaccepted tes guidelines. Nevertheless thcondionsare seceptabe This categorylo cides investigations that have no offal testing iden, ut ha arecenticaly acceptable,
Ad3. The test designs that ae assigned to ths category may have
interference betwenth test substanceand the measuring system othetest

System snot relevant relationto the exposureorthtestmethod snot
acceptable
AS No elaity can be assigned if nuffin experimental deta regen
For various tests subcrtria ae supple for the evaluation of est that wereexecuted not according to intemabonaly acceptedtestguidelines tobe assigned“refi with restrictions’ Nevertheless, daa category 3 o 4 can ver well be

Perfluoroalkylated substances - Aqua environmental assesment 5

to 000426
—



used as cormoboratie information, o as a firs estimation if no other data ae
availabe,
Bothmethodscan be useful in the assessment of elabilty. The Kolig method
does not supplya final judgementofrfabilty: the Kiimisch method does not gy
a detailed set of critena. All data that are supplied by the 3M company have beer
‘evaluated with the Kirsch ranking system. Furthermore, most of the data.
generating experiments in the present study have been performed (partially)
according to ISO, OECD or EPA testing. Therefore t will more practical to us the
Kimisch ranking ¢ystem.

References
Kiimisch, HJ Andreae, M, Tillman, U, 1997,A systematic approach for
evaluating the qualty of experimental toxicological and ecotoxicological data
Regulatory Toxicology and Pharmacology. 25. 1-5
Kollig, HP, 1988, Cita for Evaluating the Relabiy of Literature Data On
Environmental Process Constants, Toxicological and Environmental Chemistry, 7,
287.311
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day iwe Nex il Production processes
0

wr, Introduction
faa Perfiuoroalkylated substances canbeproduced by two routes of synthesis:ay fuorinatonoforganic compounds, in which hydrogen atoms of non-fluorinated or© iy, partial fluorinated organic compounds are substituted by fluorine atoms

(Moldavsky et l., 1999), or reactions with perfluorinated compounds to form
PEAS. Two important routs of production are used commercial: 1)
electrochemical fuorinaton and 2) telomeriation. Alio methods of fuarinatonw using high-valencemetal fluorides (CoF,, MnF, AGE, or elemental fuorine (FareTian known (Field, 1992; Mollet, 2001) bu these techniques arenot importantfo the
commercial synthesis of surfactant. In the following sections th fist two routes

on of synthesis of perfuoroakylaed substances will be discussed.
tray Electrochemical fuornation

The electrochemical fluorinaton is being used by the IM company, and will be
terminate for the largest part by 2003 GM, 20004. this reaction an organic
compound s introduced in quid anhydrous hydrogen fluorine (GHP) at nickel
anodes. An electric cutent is ed over thse electrodes, resulting in th substitution
of the hydrogen atoms of the organic compound by fluorine atoms. Ths method
was developed by Simons etal. in 1944 (3, 2002). 31 bought the patent
immediately, but dd not have any commercial application unt 1956 (Recher,
2000). Since then thas been used a a commercialprocessby 3M for more than
30 years (Noel eta, 1996)
The overal reaction s the folowing:

" 2 £ oIN IAC Sr

LATATATA NN
CH,SOFF +17 HE 5 GRSOFeTTH,
1-Octanesufony fuorde Perfuoroactanesulfony fluoride
os

and existsof two subreactions, at the anode and cathode (Alsmeyer etl. 1994):
anode: C.HX+ HE + CLEX + 20H » 2ne
Cathode: 20H + 208 > nb,
POSE is futher reacted with methylo ethyl amine, resulting in N-ethyl (and
methyl pefluorooctane sulfonamide(N-EtFOSA).and subsequently with ethylene
carbonate to form ether N-methyl or N-ethylperfuorooctanesulfonamidoethanl
(N-EFOSE). N-ELFOSE and N-MeFOSE are the principal building blocks of 3M's
product ines GM, 1999),

-_
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Telomerisation

The second important route of synthesi of PFS is telomerisation. Thi process is
used by Atofina, DuPont, Clariant, aikan and Asahi Glass (Wakselman & Lantz,
‘1994; Atofina, 2001). Telomersation i a process in which 1. apolymere product
is] formed from a monomer and an titor, R. obtainedby achain transfer
reaction between a radial from acatalyst and some other compound, called atelogen. (Kirk& Othmer, 1954). In th fist stage ofthis production process
perfuoroalkyl iodidesaresynthesised. Inthe second the iodide  substtuted by ahydrogen functional group. depending on the appiication.
Thefirststageof the process, the manufacturing process forthe perfiuoroalkyl

—] iodide, involves two steps:

n BCE IF (om, +F) +2, —=055Ct
2 Cl +nC»CFE

a
ad The second stepuses a adicalintated mechanism. This can be initiated using

heat, UV lighto radical sources (Wakselman & Lantz, 1994). This manufacturing
ne process is developed by Haszeldine in 1949 and adapted by the DuPont company
bM inthe 19605 (Rao & Baker, 1994),
i Th price of compounds produced vi tis production route i high. The main
_ reasons are the propertes of the staring materials. The I, and IF, are highly
ps aggressive and th tetraluorethyiene i expensive and potenti explosive

Wakselman & Lantz, 1994),
+HE Inthesecondstageofproductionthe iodidehastobesubstituted witha

functional group. Only two important commercial products can be produced
directly from C.J. being perfuorocarboxylc acid (using oleum as reactant) and
perforoalkanesulfonyl chloride (using SO,/2n and Cl. Indirectly products can be

pu produced by ethylenation, followed by substtution of the iodide by a functional
prs 8oup of choice, thus forming R.C,H.X (Wakselman & Lantz, 1994), where R,

represents a perfuorinated alkyl op. The compounds that are produced via this
indirect route are the most important intermediates for pefuorinated surfactant
production, with 1H,1H,2H,2H-perfiuorodecanol (32 FTO,see figure 1.2)as

5 primary building block.

nts Duringthe telomerisationalso C4 and CSlodecan © 5 Fp rEF onbeformedbythe radical reaction. Two ther = ou, 5
of important possible by-products can be formed with ou
) this production process,duetothefollowing Sede dv dy
i reactions (Rao & Baker, 1994). tnt, SETTOH

" RwIF,»RE+06)
2 2RISRR

. Allundesired products are removed by ditlaion. Thisis a simple process Because:
of the radical mechanism, only linea perfuoro-n-alkyl compounds are to be
expected
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\ Compaenot production process
| The most important ifrence between the two mor production process of| PFS, is the final product. Electrochemical fluorination can produce all types of PFS1nd wie gay dependent oneSaring vgn matonah orPaty ECE way cd by Whto roduc POS and HOR, Aorta pere ihsiad vingmeri havtA0 an tered, icCepesents any ncn Foun,Win ecodhemes uaroagon and telomessaton re compre, ako thepurty of oe hl roduc a portant free, Te rojo om thcomersaton proces se mo pur th he produc fred vsceceHuannaton The tmersaion oes ve owerbypros sndamescarsepute hoe Hom desi produc otstvprerods ws obtain. To pefuonnated roduc ho ie dacrormcslrace id oth even and dd nabred perfumed cmon. in comct tohe peorochemcus thatarsyncs va omenston heh vt oy.ovenbrsofpuntedbo atoms. Aprouate 30% of he Serade olb ranches wheres he eomers wi ovSetSocha. 3001)

Last thee price difernce betwee the two proces, Telomerexeptoraly expenive products aaa at. 950 wpa heecrohameatBepinaon proces  elael chop Mealy pan 1995Cd in ody & Fld, 000. act ures ae ntule
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ANNEX IV Mechanism of AFFF

AFFE is edby severai typesofty heme nf ges, cing fe deparmens a arts
Fld 3000 Tre soa in. oft ore dling paioms i, 19998 Moody &
thebuming lid Ned light water, because they form 2fim on
“The fire fighting mechanism of foam i based11 The capably to. sea the oased on four pncies Lutter,1998:By 0d Sie fom contac oth

2. Thermal ani.
5. Lowdensy. i
2 Cotingoy he water tha prelate troughthe foun,

Theis wo principles are partially base on the prepares i
eed ater irtacants fr mishes 1s water: PetoesacAs
Tenata mica, ths pric covering the burming Rog wi ens om |
Corpart, 1999; Moody& Field, 2000). oi \

toi provides butter gp o the material in flames, producing a canto
cover (Figueredo et al, 1999). The o

Combndton of bydrocaton and
peroonndied surfactants responsible .
for the covering. ‘The films formed by > o no
ctocaoon and rccupon soistons |mammemem|
consist of two mixed monolayers of pe Qo

Sr whee vessre||ei| ¥ wo
onclayer is dominated by the
pon sulctant ard the aqueous. Fawatv1. Toa mechan
hydrocarbon phase is dominated by the » Samoti.

hydrocarbon surfactant (see figure IV.1) fightingfoams (Moody &Field, 2000)

(hoody&Fd,2000)"
The fim that is formed is les perme fo heptane vapours than the ims
ToC by piracarbons surfactant, thus preventing region of te ful Gabon
©Copan 1595 Moody&id, 2000).
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Annex V Derivation of iMPC

#r05 |
For PROSfo wo trophic levels chanTol ak howeose hrtlecoven he vophc
(ECB, 1596) an sssmen actor of 50 sppinoTES
‘mg/L (marine mysid shrimp) lowest NOEC, being 0.25.

Therefore, the MPC.vpeae 35 W/L.
Fron
For PFOA no reliable chronic NOECfo fi or daphnia ar avaiable,
ne AAC ha be derived from th reports LEC ToeletseteLire
Soo mur for fh Appling an sessment facto of 00D. ts ess man be
of 300 g/L
s2FT0H
For B13 FTOH insuficien data area avaliableto drivean MPC.

OSA
Nor arosh sficent daa are avaiable to deriv the MPC, folowing the
Eoihe com method. Two acute LEX are avaliable the owes s 14.5 mg/L
Te ashe.Appying an sessmentforof1000, the freshwater MPC = 14.5
te
References
Eee, Euopesn Chemicals Bureau, Technical Guidance Document in support
emotion recive 93/67/€EC on tisk assessment for new noted substances
or rommision relation (EC) No 1488/94on isk sessment fo exsing
Sobsances ar 113 V, pa, aly
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