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Fastsaettelse dfvalitetskriterier for vandmiljget

Per og Polyfluoralkgtoffer
(PFAS

Nedenstaende miljgkvalitetskriterier er sat for summen af P&R¥ivalentermed undtagelse af
sedimentkvalitetskritertesom kun er bestemt for PFO&=rdierne er baseret pa beregningerne
foretaget af JRC for summen af PF@&kvivalenteindsat sidst heeveerrende datablad

Vandkvalitetskriterium VKHKerskvand 0,0044g/™
Vandkvalitetskriterium VKKaitvand 0,0044ug/™
Korttidsvandkvalitetskriterium KVKlrskvanda  Ikke bestemt
Korttidsvandkvalitetskriterium KVKKaitvand Ikke bestemt
Sedimentkvalitetskriterium SKHKerskvand 13,5ug/kgterveegc% OC) (PFOS)
270ug/kg terveegtbc (PFOS)
Sedimentkvalitetskriterium SKKaitvand Ikke bestemt
Biotakvalitetskriterium, sekundeer forgif BKKekforgin.  22,3ug/kg vadvee(ftsk)
ferskvand ferskvand 6,2ug/kg vadvaegt (musling)
Biotakvalitetskriterium, sekundzer forgif BKKekforgin. 6,9 pg/kg vadvaegt (fisk)
saltvand saltvand 2 ug/kg vadvaegt (musling)
Biotakvalitetskriterjtmomman konsum HKK 0,077 g/kgvadveegt

*V e BFO#xkvivalenter s kal forst-s at RPF (Relative Pot e
sumkriterie for de 24 PFAS antzibet iL i JRQ022).
“Veerdierne er fastsat pa baggrund af human konsum af drikkevand (JRC, 2022).
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Dansk resumé og konklusioner

Dette datablad er udarbejdet som et udviddet dansk resumé af det engelske dokumnet med
miljgkvalitetskriterier for Perog polyfluaalkylstoffer, fastsat sonsummen af 24 PFASidarbejdet
af det Feelles Europaeiske Forskningscedi@ct, i 2022 (JRC, 2022). JRGdokumentet er indsat
bagerst i naerveerende datablid gide 20.

Per og polyfluoalkyktofferi i daglig taleblot kaldetPFAST eren storog komplekgruppe af
kemiske stoffemedforskelligesamfundsnyttige egenskabam lang reekke anvendels&tofferne
besidder typislegenskaber sofmoldbarhed ovefor pavirkning med lys og varn(straling og
energi)og rummersamtidig egenskaber sonvehing af vand, fedt og smudis overflader
Stofferneer alle syntetisk fremstilledelannes ellefindes ikke naturligi biologiske eller
geologiskemiljger oger dertil generelt meget sveert nedbrydelige. delaf PFAS stofferneer
tillige konstatereskadelige med effekter pa basenneskers sundhed ogganismer miljget

PFASer karakteriseret ved at veere kemiske staffed bindinger mellem kulstof (C) og fluor (F)
hvor det kemiske staf o m u d g a nndehgddarmindst eo fuldt fluoreret thgl gruppe {
CRs) eller en fuldt fluoreret methylen grupp€e2-), udenat der til disse grupper er bundet
hydrogen (H), chlor (Cl), brom (Br) eller iod {JOECD/UNEP?).

En fuld liste over de 24 PFAS samt deres kemiske identitet kan fidéR&Sdokumentetge
neervaerende datablaile22 samt side 281). Herunder er givet nogle eksempier PFASstoffer.
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Baseret pdlet enkelte stof&kemiske struktyrmolekyletsopbygning starrelseindhold af

funktionelle grupper osv. kan PFAS inddeles i grupper og undergrupper, hvoraf nogle er polymerer
givet ved at veere ate molekylermedmegetiav til ingen vandoplgselighedhens andre er mindre
molekylermed starre vandoplgselighed @gentueltet damptryk dervil fare til mulig fordampning

af stoffettil luften. Ofte ses PFAS kemisk opbygget med funktionelle grupper, hvaemrd
grundleeggende peog polyfluoreredealkylgruppe er kombineret med en keedeafsluttende
carboxylsyre ellerdfonsyre Stoffernekan ogsa veerkemisk bundet sammen med ethandinger

til entenandre kemiske stoffer eller til andre PFa®(ffer.

1 Joint Research Center (JRC) of the Commission of the European UnieAnEd?Polyfluoroalkyl Substances (PFAS)
1 Final Dossier after SCHEER final opiniordated September 2022 (JRC, 2022)
2 https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf



https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf

Generelt er @r- og polyfluoralkygruppen sveer til meget svadgmedbryde i miljgetog PFAS
vurderes derfor generedt have meget lange nedbrydningstid@mbinere denmeget lange
nedbrydningstianedmobilitet i miljget og emelativt udbredt anvendelsé flere afdisse stoffer
gennem laengere tid i en lang raekke af samfundets processer og materialer, vil sdeetonindr
st@rreemissionekunne fgre til at disse stoffer vil kunngdvisesi relevantemiljgpraverog tillige
over tidpotentieltmedfgre erophobningaf stoffenei miljgetgenerelt

JRGdokumente{JRC, 2022fokusere pade PFASstoffer, der er konstizret mobild miljget og
anvendt i starreneengder metelevanteemissioner til falgeFor dissestofferer derogsdkendt
viden om skadelige effekter pa savel organismer som menneskers sunéne@laghar de
potentialetil at kunne akkumulesgennenftgdekaederne.

Generelt er gruppen af PFASIymerer ikke omfattet af det udarbejded®Gdokument.

Overordnet omfatter det fremlagte dokumiegit 24 relevante PFAStoffer, der ud over peog
polyfluoralkylgruppen indeholddunktionelle grupper eller struktureder placerer de 24 PFAS
forbindelser i fglgende undergrupper

1 PFAAT Perfluoralkylsyrer
0 PFCA- Perfluoralkylcarboxylsyre
o0 PFSAI Perfluoralkylsulfonsyre
1 PFAET Perfluoralkylethere
o Stoffer med tqgerfluoralkyl keedekemisk bundet sammen med ether binding
91 PFAA precursor
o PFASforbindelser som ved spaltning i miljget danner PF€lfer PFSAforbindelser

Dokumentets tabel URC, 2022se nuveerrende databla®g) indeholder en liste over d&t
PFAS,der er omfattet af vurderingerne i dokumentet, og stoffernes kemiske identitet fremgar af
dokumentets afsnit 1.

En lang reekke PFAStofferer pa meveerende tidspunkt omfattet af restriktiongrklassificeringer
under REACHRegistration, Evaluation, Aborization, and Restriction of Chemicpatg) for e
reekke af stoffernemfattet af dette dokument, findes der p& nuvaerende tidspunkt konkrete
vurderingerog lovgivningsmaessige restriktionéerunder PBAvurdering (persistent,
bioaccumulative and toxic) V& C-vurdering (substances of very high concern), ROflering
(persistent organic pollutant), vurdering af hormonforstyrrende egenskaber sarkla€siRcering
Disse er beskrevetIRGdokumentets afsnit Dplysninger om den industrielle anvendelse af
PFAS og estimerede emissieraf en raekkd®FAS til miljget fremgar af afsnit 4.

Det fremlagte dokument omfatter eardering af risikdfor vandmiljge og for menneskers sundhed
for seksspecifikkePFAS stoffer: PFOS, PFOA, PFBA, PFBS, PFH>y PFPeA hvor der er
vurderet at veere et tilstraekkeligt og fagligt velunderbygget grundlag for at fastseette
miljgkvalitetskriterier Dertil omfatter dokumentet en vurderiagrisikoen ved human eksponering
for et bredes spektrum af PFAS gennem fgdekseden ved at anvende en samleparameter kaldet
PFOA-zkvivalenterDennevurderingaf risiko ved human eksoneringgennem fgden omfattele

24 specifikke PFAStoffer.



Det udarbejdede grundldgr fastseettisen af miljgkvalitetsknterier for humanrisiko ved
kombinereteksponering foforskelligePFASstoffergennem fadebygger pa tre faglige sgjler,
henholdsvis i) en tilgang baseret pa relatksicitet, ii) resultater og konklusioner fra et ngglestudie
medkombinere eksponering for fire PFAStoffer, og iii) kriterier for valget af de 24 PFASoffer,

der indgar i kriteriefastszettelsen.

Udveelgensen af de 24 PFA®ffer er baseret pa maengden af (gko)toksicitetsdata og-fysisk
kemiske parametrgherunder analytiske etoder), tilgegengeligheden af den relative potensfaktor, de
nyeste PFAS pa markedet og samspil med andre direktiver (f.eks. Drikkevandsdirektivet og
Grundvandsdirektivet).

FalgendePFAS stofferer omfattet af miljgkvalitetskriterisfor PFOA-zekvivalentebaseret pa
anvendelse af en stgpecifik faktor for stoffets relativioksiciteti forhold til stoffet PFOA og
udtrykt ved faktoren PFO&ekvivalenterPFBA, PFPeA, PFHXA, PFHpA, PFOA, PENA, PFDA,
PFUNA (eller PFUNDA), PFDoA (eller PFDoDA), PFTrDA, PFTeD?§GHXDA, PFODA, PFBS,
PFPeS, PFHXS, PFHpS, PFOS, PFDS, 6:2 FT&OHFTOH, HFPGDA (Gen X), ADONA og
C604

Der eri JRG-dokumentetidarbejdekorttidsvandkvalitetskriteri€(KVKK) og
vandkvalitetskriterier(VKK) for bade ferskvand og saltvafut de tidigere omtalte seks
specifikkePFASstoffer. For PFOS er der tillige udarbejdet et forelgbigt kvalitetskriterie for
sediment i ferskvand.

PFAS sstoffernedysisk-kemiske egenskaber, s fordeling imellem forskellige miljger, des

skaebne via abiotisk og biotisk nedbrydning sam¢sdbiologiske effekter i miljeter sammenfattet

og vurderet af JRC (JRC, 2022), der pa det fremlagte datagrundlag har bearbejdet data og beregnet
miljgkvalitetskiterier. Arbejdet og rapporteringen hagevet kommenteret af Europa

Kommissionens videnskabelige komite for sundhed og n8#HEER(SCHEER, 2022J.

Metodikken, der anvendes til udarbejdelse af miljgkvalitétsiker, er harmoniseret i EU og

baserer sig pa Européommissionens vejledning tistsaettelse af kvalitetskriterier i vandmiljget
(EC, 2018¥. Data for elevantePFAS stoffersgkotoksikologiske effekter er preesenteret og
beskrevet i rapporten. Der er fastsat kvalitetskriterier for relevante specifikke miljger og biota, for
akutte pavikninger og kroniske effekter samt for afledte effekter gennem fadekaeder og for
relevante indtag og humgkonsum. Kvalitetskriterier er fastsat pa baggruntksfesultate med

en hgjdatakvalitet ogstorbredde i forhold til undersggte akutte og kroris#fekter pa specifikke
organismer, trofiske niveauer og forskellige miljger.

3 Betegnes ogsa som maksimumskoncentrationen, og er baseret pa eksponering af kort varighed.

4 Betegnes ogsa som det generelle kvalitetskrav, og er generelt Ipdseksponering af lang varighed.

5 Scientific committeen Health, Environmental and Emerging RisREHEER) of the Commission of the European
Union:Sci enti fic Opinion on ADraft Environment al Quality
Fr amewor k i BFAG.(Pablicatieredatd 8 August2022), available otine at
https://health.ec.europa.eu/publications/sclsegntific-opinion-draft-environmentabuality-standardspriority-
substancesinderwater_en

6 European Commission (ECJechnical Guidance fdberiving Environmental Quality Standartdssuidance
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Korttidsvandkvalitetskriterium (KVKK)

KVKK -veerdier er udtryk for den maksimalt acceptable koncentration i vandmidjataigrundlaget

for fastseettelse af KVKK er soadgangspunkt studier af de akutte effektniveauer for et stof og her
fra etablering af en acceptabel maksimal koncentration i releskmstiskemiljger, der over kort

tid ikke farer til ugnskede effektewerfor organismer dissevandniljger.

Ifald etdataseeikke omfatter studier, der deekker et tilstraekkeligt antal taksonomiske grupper til at
anvende SSBnetoden (Sensitive Species Distributitihgn statistisk funderet fastseettelse af
kriterieveerdiey vil fastseettelsen af kriterieveerdier genereltesmseret pa den deterministiske
tilgang og anvendelse af relevante usikkerhedsfaktor

Grundlaget for fastseettelse af vandkvalitetskriterier for de omfagedstoffer, PFOS, PFBS,
PFOA, PFBA, PFHXA og PFPeA for ferskvand og saltvand fremg#iR&fdokumentets afsnit 7.2.

PEOSI deterministisk tilgang

Det samlede dataseet af relevante studier af akutte effekfeF©S omfatterjf. tabel 7.1 1 JRE
dokumentet23 arter, som repraesenterétaksonomiske gruppéalger, krebsdyrbladdyr,
fladorme,ledorme og fisk)Datasaettet omfatter taksonomiske grupper af potentielt sensitive arter,
men for det marine miljg er dataseettet relativt svagt, hvorfor dataseettet for ferskvand og saltvand
sléetsammen. Den anvendte usikkerhedsfaktor er pa baggruaidsaétil 1@ for ferskvand og

1000 for saltvand jf. vejledningen (EC, 2018).

Med udgangspunkt i laveste k&veerdi pa 5 mg/l for et 96timers studie af dedelighed hos
regnbuegrre@®ncorhynchus mykidsan der, med afsaet i den deterministiske met@dtiaégges
folgende KVKK-veerdier:

KVKK ferskvand= 2,5mg/l / 100 = 0,025 mg/l (omregnet til 25ug/l)
KVKK saitvand= 2,5 mg/l / 10 = 0,05 mg/l (omregnet til2,5 pg/l)

PEOAI probabilistisk ogleterministisk tilgang

Det samlede dataseet af relevante stualiakutteeffekter br PFOA omfatter jf. tabel 7.2 JRG
dokumentet34 arter, som repraesenterer 13 taksonomiske gripysmobakterier, bakterier, alger,
krebsdyr, hjuldyr, snegle, bladdyr, fladorme, insektelotene, padder, fisk og pighuder

Datasaettet omfatter taksonomiske grupper af potentielt sensitive arter, men for det marine miljg er
datasaettet relativt svagt, hvorfor datasaettet for ferskvand og saltvand slds sammen.

Det samlede dataseet er undersggafivendelighed med den statistiske tilgang SBEG
dokumentet refererer til en SSD foretaget af Holland (RIVM, 20vori dataseettet for PFOA
omfatter datapunkter fra 22 forskellige arter, der deekker 10 taksonomiske dayamebakterier,
alger, kebsdyr, hjuldyr, insekter, snegle, fladorme, ledorme, padder ggfiakasaettet har en
SSDkurve vist idokumentetdigur 7.1 med en Hgveerdi® pa 27,8 mgllKurven opfylder krav om
normalitet ved Kolmogoradmirnov test, men fravigered niveau 0,.ned Cramei/on Mises test
0g0,1 og 0,05 medndersonDarling testAnvendes HGvaerdien med en standard faktor pa 10
for ferskvand og en faktor 100 for saltvaidg et KVKKerskvandpa 2,8 mg/bg et KVKKsaivandpa
0,28 mg/I.

"RIVM 2017. Water quality standards for PFOA. A proposal in accordance with the methodology of the Water
Framework DirectiveRIVM Letter reprt 20170044. Authors: E.M.J. Verbruggen | P.N.H. Wassenaar | C.E. Smit.
8 Beskriver den koncentration, hvorved 5% af arterne er pavirket.



Kriterieveerdier ud fralendeterministiske tilgangr ogsa beregneben anvendte usikkerhedsfaktor
er pa baggrund heraf sat til 10 for ferskvéda standardafvigelsen af de {bgnsformerede
troveerdige akutte data for er under @§)1000 for saltvand jf. vejledningen (EC, 2018)

Med udgangspunkt i laveste k&vaerdi pall,9 ny/l fra et 144-timers studie af dgdelighed hden
marinefiskeartPsetta maxim&an der, med afsaet i den deterministiske metode, fastlaegges
folgende KVKK-veerdier:

KVKK ferskvana= 11,9 ng/l / 10 =1,19 nyg/l (afrundet til1,2 ng/l og omregnet til 1.200 pg/l
KVKK saitvand= 11,9 ng/l / 100 = 0,0119 ng/l (afrundet til0,012 ngy/l og omregnet til 12 gyl

JRGdokumentet er ikke hetydelig i afsnittetomkringhvilken tilgang der foretreekkes, medet er
den probabilistiske tilgangler preesentere®psummeringen over beregnede veerdier. Den
probabilistiske tilgang vil ogsa vaere at foretraekke generelt, da flere arter er inkluderet.

PFBAT deterministisk tilgang

Det samlede dataseet af relevante stuafiekutte effekterdr PFBA omfattey jf. tabel 7.3 i1 JRE
dokumentety arter, som repraesenterer 6 taksonomiske grupper (bakterier, alger, planter, krebsdyr,
hjuldyr og fisk) Dataseetteindeholderaleneét studie af marine artehyvorfor dataseettet for

ferskvand og saltvand slas sammi@an anvendte usikkerhedsfaktor er pa baggrund heraf sat til

100 for ferskvand og 10Dfor saltvand jf. vejledningen (EC, 2018).

Med udgangspunkt i lavesteCso-vaerdi pal10mg/l fra et 24-timers studie af dadelighed hos
invertebraterBrachionus calycifloru&an der, med afsaet i den deterministiske metode, fastleegges
folgende KVKK-veerdier:

KVKK ferskvand= 110mg/l / 100 = 1,10 g/l (omregnet til 1.10Qug/1)
KVKK saitvand= 110 g/l / 10 = 0,110mg/lI (omregnet til 11qug/l)

PEBSI deterministisk tilgang

Det samlede dataseet af relevante stuafiakutte effekterdr PFBS omfatterjf. tabel 7.4 i JRE
dokumentet10 arter, som repraesenterer 4 taksonomiske grupper (bakterier, alger, krebsdyr og
fisk). Dataseettet indeholdaleneét studie af marine artenvorfor datasaettet for ferskvand og
saltvand slas sammen. Den anvendte usikkerhedsfaktor er pa baggrund heraf sat til 100 for
ferskvand og 1000 for saltvand jf. vejledningen (EC, 2018).

Med udgangsunkt i lavested Cso-vaerdi pd372mg/l fra et 96timers studie af dadelighed hos
invertebraterAmericamysidahiakan der, med afsaet i den deterministiske metode, fastleegges
falgende KVKK-veerdier:

KVKK ferskvana= 372 g/l / 100 = 3,72 g/l (omregnet til 3720ug/1)
KVKK saitvand= 372 g/l / 10 = 0,372mg/l (omregnetil 372ug/l)

PEHXAT deterministisk tilgang

Det samlde dataseet af relevante studi€akutte effekterdr PFHxA omfatterjf. tabel 7.5 1 JRC
dokumentet9 arter, som repraesenterer 5 taksonomiske grupper (bakterier, alger, hjuldyr, krebsdyr
og fisk). Dataseettet indeholder studier af marine arter, men det samlede datasaet er begraenset,




hvorfor dataseettet for ferskvand og saltvand slas sanibegnanvendte llskerhedsfaktor er pa
baggrund heraf sat til 100 for ferskvand og 1000 for saltvand jf. vejledningen (EC, 2018).

Med udgangspunkt i lavesECso-veerdi pd86 ng/l fra et 72-timers studie afaekstratdosalgen
Scenedesmus subspicakas der, med afseetlen deterministiske metode, fastleegges falgende
KVKK -veerdier:

KVKK ferskvana= 86 g/l / 100 = 0,86 ng/l (omregnetil 860ug/l)
KVKK saitvand= 86 mg/l / 100 = 0,086 ng/l (omregnet til 86.g/)

PHPEA i deterministisk tilgang

Det samlede dataseet af relevante stualiakutte effekterdr PHPeAomfatter jf. tabel 7.6 i JRE
dokumentetp arter, som repraesenterer 5 taksonomiske grupper (bakterier, alger, krebsdr, hjuldyr
og fisk). Dataseettet indeholdaleneét studie af marinarter, hvorfor dataseettet for ferskvand og
saltvand slas sammeBtandardafvigelsen af de ligansformerede troveerdige akutte data er under
0,5, hvorfor @n anvendte usikkerhedsfaktorsat til 10 for ferskvandg 100for saltvandf.
vejledningen (EC, 2018).

Med udgangspunkt i laveste k&vaerdi pd31,8mg/l fra et 96timers studie af dgdelighed hos
padderPimephales promeldsan der, med afseet i den deterministiske metode, fastleegges falgende
KVKK -veerdier:

KVKK ferskvana= 31,8mg/lI / 10 =3,18 ng/l (omregnet til 3.18Qg/l)
KVKK saitvand=31,8mg/l / 100 =0,318mg/l (omregnet til 3181g/1)

Vandkvalitetskriterium (VKK)

Datagrundlaget for fastseettelse af VKK er som udgangspunkt studier af de kroniske effektniveauer
for etstof, og fradette datagrundlagtablering af en acceptabel koncentration i relevakitatiske

miljger, der ikke farer til ugnskede langtidseffeldeerfor organismer dissevandniljger.

Grundlaget for fastseettelse af vandkvalitetskriterier fard@attedeseksstoffer PFOS, PFBS,
PFOA, PFBA, PFHXA og PFPeA for ferskvand og saltvand fremg#R&dokumentetsfsnit 7.3.

PFOSI deterministisk tilgang

Det samlede dataseet af relevante studier af kroniske effekleFOSomfatter jf. tabel 7.7 i JRE
dokumentet20 arter, som repraesenteBetaksonomiske grupper (algéiselalger,cyanobakterier,
planter, krebsdyr, insekter, fisk, padder og hjuldpataseettet omfattstudier af for fa
taksonomiske grupp¢it at anvende SSD metoden, og pa dettediag efastsaettelse af
kriterieveerdier baseret pa den deterministiske tilgangnegndelse af relevant
usikkerhedsfaktar.

Med et solidt dataseet for kroniske effekter pa mererertcbfiske niveauer og med flere NOEC
veerdieraf nogenlunde samme stagrrelsesorden (00095 mg/l) vil anvendelse af den
deterministiske metode med en usikkerhedsfaktor pa 10 for ferskvand og 100 for saltvand jf.
vejledningen (EC, 2018) veere udgangspunktet for fastseettelse af kriterieveerdier.



| dataseettet er der imidlertid flere studier med rapportdeagst observerede effektniveauer
angivet somavestekoncentrationer foeffekt (LOEC), som er lavere end de angivne NOGEC
veerdier i datasaettdtvortil anvendelse af en usikkerhedsfaktor pa 1apeste NOEG/aerdi vil
resultere i en underbeskyttende VKigerdi

Med udgangspunkt i den lavest®ECGveerdi p&2,3 g/l fra et studie afotal fremkomst af
dansemyggefhironomus tentansg anvendelse af den deterministiske metode med en
usikkerhedsfakir pa 1@ for ferskvand od 000 for saltvand jf. vejledningen (EC, 201&nder
fastseettes fglgende Vkieerdier:

VKK ferskvand= 2,3 Hg/l /100 = 0,@3 Hg/l
VKK satvand= 2,3 g/l / 1000= 0,0®@3 pg/!

PFOAI deterministisk tilgang

Det samlede dataseet af relevante studier af kroniske effekfeFOAomfatter jf. tabel 7.8 i JRC
dokumentet16 arter, som repraesenterer 8 taksonomiske grupper (alger, cyanobakterier, planter,
krebsdyr, hjuldyr, bladdyr, padder og fisKataseettet orattermangetaksonomiske grupper af

potentielt sensitive arter, men for det marine miljg er datasaettet relativt svagt, hvorfor datasaettet for
ferskvand og saltvand slas sammen.

Med udgangspunktden lavestdNOEC-vaerdi pa B mg/l fra et studie af fiskearteRhimephales
promealasog anvendelse af den deterministiske metode med en usikkerhedsfaktor pa 10 for
ferskvand og 100 for saltvand jf. vejledningen (EC, 2018) kan der fastseettes fglgende VKK
veerdier:

VKK ferskvand= 0,3 mg/l / 10 =0,03 mg/I (omregnet til30 pg/l)
VKK saitvand= 0,3 mg/l / 100 = 0,08 mg/l (omregnet til3,0 ug/l)

PFBAT deterministisk tilgang
Det samlede datasder PFBAindeholder ikke undersggelser af kroniske effekieorfor
fastseettelseaf kriterier for langtilseffekterer baseret péata afakutte effekter.

Det samlede dataseet af relevante stuafiakutte effekter af PFBA omfattgf. tabel 7.3 i JRE
dokumentet, 7 arter, som repraesenterer 6 taksonomiske grupper (bakterier, alger, planter, krebsdyr,
hjuldyr og fisk). Dataseettet indeholdalene €studie af marine arter, hvorfor dataseettet for

ferskvand og saltvand slas sammen.

Med udgangspunkt i laveste k&vaerdi pa 110 mgfia et 24timers studie af dadelighed hos
invertebraterBrachionuscalyciflorusog anvendelse af den deterministiske metode med en
usikkerhedfaktor pa 1000 for ferskvand dd.000for saltvand jf. vejledningen (EC, 201&n der
fastleegges folgendéKK -veerdier:

VKK ferskvana= 110 g/l / 1000= 0,11 mg/l (omregnet tilL10pg/l)
VKK saitvand= 110 mg/l / 10.000= 0,011 mg/I (omregnet till1 pg/l)

PEBSI deterministisk tilgang
Det samlede dataseet af relevante studier af kroniske effekfeFBSomfatter jf. tabel 7.9 i JRE
dokumentet3 arter, som repraesenterer 3 taksonomiske grfplger, krebsdyr og fiskPDataseettet




erkombineret og daekker derfor over studier af effektearper for savel det ferske som dearine
miljg.

Med udgangspunkt i NOEC=aerdien pd g/l fra et studie af hele livscyklus for fiskédryzias
melastigmabg anvendelse af den deterministiske metode med en usikkerhedsfaktor pa 10 for
ferskvand og 100 for saltvand jf. vejledningen (EC, 2018) kan der fastsaettes fglgende VKK
veerdier:

VKK ferskvand= 1 ug/l /10 = 01 ug/l
VKK saltvand= 1 IJg/I / 100 = 0,0. I.lg/l

PFHXA 1 deterministisk tilgang

Det samlede dataseet af relevante studier af kroniske effekfeFHxA bestar alene af studier
knyttet til ferskvandsarteng omfatter2 arter, som repraesentergiaRsonomiske grupp€krebsdyr
og fisk).

Med udgangspurk lavesteNOEGveerdi p&d,96 mg/l for effekter pa tidlige livsstadidra et
studieaf helelivscyklus forfiskenOncorhynchus mykissy anvendelse af den deterministiske
metode med en usikkerhedsfaktorg@éfor ferskvand o000 for saltvand jfvejledningen (EC,
2018) kan der fastseettes folgende \Viaderdier:

VKK ferskvand= 9,96mg/l / 50 = 01999 mg/l (omregnet og afrundét 200 ug/l)
VKK saltvand= 9,96 mg/l/ 500 = 0,A99mg/l (omregnet o@frundet til20 pg/l)

PEPeAI deterministisk tilgang
Det samlede datasaet for PFPeA indeholder ikke undersggelser af kroniske, éivekter
fastseettelsen af kriterier for langtidseffekter er baseret pa data af akutte effekter.

Det samlede ataseet af relevantkuttestudier br PFPeAomfatter jf. tabel7.6 i JRCdokumentet,
5 arter, som repraesenterer 5 taksonomiske grfppkterier, alger, krebsdr, hjuldyr og fisk)
Dataseettet indeholder aleéestudie af marine artehvorfor dataseettet for ferskvand og saltvand
slds sammen.

Med udgangspunkt i lagee LGo-vaerdi pa 31,8 mg/l for et 2dmers studie af dgdelighed hos
ferskvandsfiskePimephales promelasg anvendelse af den deterministiske metode med en
usikkerhedsfaktor pa 1000 for ferskvandldn000for saltvand jf. vejledningen (EC, 2018) kan der
fastleegges falgende Vkieerdier:

VKK ferskvand= 31,8 g/l / 1000 = 0,818 mg/I (omregnet o@frundet til32 pg/l)
VKK saitvand= 31,8 mg/l / 10000= 0,0818 mg/l (omregnet o@frundet til3,2 pg/l)

Kvalitetskriterium for sediment (SKK)

| henhold til retningslinjer EuropaKommissionensejledning til fastseettelse af kvalitetskriterier i
vandmiljget (EC, 2018), skal der udarbejdes kriterier for sediment med henblik pa at beskytte det
bundlevende dyreliv mod forgiftnin@yis der er evidas for, at et stof har potentiale for at kunne
adsorbere til suspenderede stoffer og sedinueiviser toksicitet overfor bundlevende organismer
eller viser evne til at akkumulere i sediment.



Grundlaget for fastseettelse af kvalitetskriterier for sedirfrde omfattedseksstoffer, PFOS,
PFBS, PFOA, PFBA, PFHXA og PFPeA fremgadRfGdokumentets afsnit 7.4.

For stoffet PFO3oreligger der et langtidsstudie for overlevelséeaskvandsangloppen

Monosporic affining understgttendaformationer for @ anden art (ferskvandspaddefudet

medM. affiniser udfart over 22 dage og viserlavesteNOEG-veerdi pa 1.300 pg/kg tarveegt for

et sediment med 4,8% OC (organisk kulstof). Med udgangspunkt i dette studie, og baseret pa en
usikkerhedsfaktor pa 100 jf. vejledningen (EC, 2018) kan der fastleegges falgende SKK for
ferskvand for PFOS:

SKKferskvand= 1.300 ug/kg tarveegt 100 = 13 ug/kg tarveegt (svarende til 13,5 pg/kg terveegt ved
5% OC eller 270 pg/kg tarveegt ¥d

Det bemaerkes i JRGokumentet at overstaende vaerdi bgr anses som en forelgbig veerdi grundet det
yderst begreensede maengde af data og danf@ndelse af den hgjere usikkerhedsfaktor pa 100.

Der er ikke beregnet en kriterieveerdi for saltvandssedifoeFOS i JR&lokumentet.

For deresterende fem stoff&tFOA, PFBA, PFHXAPFPeA og PFB&emgar det i JRC
dokumentetat grundlagtfor at udarbejde et kvalitetskriterium for sediment (SkKusikkerteller
begraenset grundet manglende toksicitetsdata, hvorfor der ikke er bestemt SKK for disse stoffer

Anvendelse afstofspecifikke faktorer for relativ potens(RPF) i forhold til et indeks-stof
Generelt er det velkendst, mtangePFAS stofferhar relativt lille tksicitet overfor vandlevende
organismer, men ogsa at de kaadfarebiologiskeeffekter pa lavere koncentrationsniveauer og
tillige potentielt karudgere ehumantsundhedsmeessigtoblem ved optagennenftgdekasedeing
dervedgennemhumantindtag afakvatisk fgde som fisk og musling@&en udfarte toksikologiske
og gkotoksikologiske analysgdRGdokumenteer derfor hovedsagelig fokuseret pa at kunne
udlede kvalitetkriterier baseret pa menneskers indtagkafatisk fade

For at undgaat kriteriefastseettelse skal afvente sikre undersggelser for alle-®16#& og for at
sikre atensartede effekter inddrages i en samlet vurdering af human ekspoeedegjJRC-
dokumentet taget udgangspunkt i at anvende en sammenlignelig effekt foraremgeckke
relevantePFASstofferog derfra tildele hver enkelt dfssestofferen relativpotersfaktor ° (RPF)
baseret pa et effektniveau vedséikaldt Benchmark Dosis (BDN), hvor der med stor sikkerhed er
sammenlignelighed stofferne imellem.

Den valgte effekt for beregning af RPF er PF&t8ffernepavirkning af leverewedoralt indtag i
dyreforsgg med harotter (hepatotoksicitetf-or de enkelte PFAS er den anvendiBden dosis,
der svarer til et Benchmark Respons (BMR) pa 5% forggelse af den relative lev&wa gt for
hvert enkelt stof kan derved beregnes \eaammenliging medtilsvarende BMD folPFOAved
ligningen:

9 Relative potensfaktorer kvantificerer stoffers relative styrke i forhold til en effekt. Faktoren anvendes til at udtrykke
kombinerede eksponeringer af flere stoffer i form af en eksponeringsveerdi for et valgt indeksstof (dvs. som
indeksstofaekvivalenterittps://mcra.rivm.nl/documentation/9.0.40/modules/haraodules/relativepotency
factors/relativepotencyfactorsdataformats.html
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RPF = BMDproa/ BMD; (hvor i angiver det enkelte stof)

Det fremgar af ovenstaende ligning PEOA anvendes som indeksstof,RRRFproa= 1.
Udgangspunktet for beregninger af kvalitetskriterier for biota, sekundaer forgiftning og humant
indtag baseret pa effekter af PFQKanderved udledes som PF@akvivalenteridet forskelle
imellem stofferneinddrages vurdeingerne Metoden er vist skematisk i figuren herunfegur 7.3

i JRGdokumentet)

I

Concentration or
consumption limit

1
Estimation of the cumulative exposure < vatues

Figur fra Niegowska et al., 2021

Metoden er beskrevet af Bil et &1.(Bil et al., 2021), som har udledt RREerdie for 14 per og
polyfluoralkylsyrer (PFAA) ogo PFAA-precursor stoffer. Dertil er der for yderligesgv (otte nar
C604 inkluderesPFAS stofferestimeret RF-veerdier ved readcross Seks af disser givet ved
intervaller for RPF, idet der er antaget sammenlignelighed med henholdsvis-B&h8xylsyrer og
-sulfonsyremed kortere eller leengere alkgdeleengder.

Ved anvendelse af denmeetode og ved vurdering af de udfarte hepatotoksiske studier suppleret
med reaeaaoss er der forde24 PFAS udarbejdetPE-veerdier som vist i nedenstaende tabel
(tabel 7.12 i JR&lokumentet)

Tilfgjelseoktober2024: Hvor RPF er angivet som interar middelaerdiensom udgangspunkt
og hvis ikke anden konkrete vurderinger kan lasddgrund, anvendes, hvilkéRC ogsa anvender
i deres regneeksempler i JRIBkumentetMiddelveerdien er angivetparentes i tabellen herunder

Akronym CAS number Relative potency factors (Bil et al., 2021)
PFBA 37522-4 0,05

PFPeA 270690-3 0, ORPB® 05*(003)

PFHxXA 307-24-4
PFHpA 375859 001 O RRGB05D 1 *
PFOA 33567-1 1

PFNA 375951 10

PFDA 33576-2 4 O RPR7)O 10 *
PFUnAeller PFUNDA 205894-8

PFDoDAeller PFDoA 307-55-1

PFTrDA 7262994-8 03 O RP@ESGSD 3 *

=
[@]
H

“

10 Bl w, Zeilmaker M, Fragki S, Lijzen J, Verbruggen E, Bokkers B. 2623k Assessment of P&and
Polyfluoroalkyl Substance Mixtures: A Relative Potency Factor Apprdaayironmental Toxicology ahChemistrg
Volume 40, NumbeB, pp. 859870, 2021
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PFTeDA 376067 03

PFHxDA 67905195 0,02

PFODA 1651711-6 0,02

PFBS 375735 0,001

PFPeS 270691-4 0,001 O6*R®BEB)O 0,
PFHXxS 355464
PFHpS 37592-8 06 O RPE3O 2 *
PFOS 1763231

PFDS 33577-3

6:2 FTOH 647-42-7 0,02

8:2FTOH 678397 0,04

HFPODA (Gen X) 6203780-3 / 1325213-6 0,06

ADONA 95844544-8 0,03

C604 119093127-1 0,06 *
* faktor etableret ved reaatross

o
)

Grundleeggende kan der for enhver analyseret miljgprgve beregnes et indhold af PFOA
aekvivalenter baserpti summen af de enkelte paviste stoffers bidrag, udtrykt ved stoffets
koncentration multipliceret med stoffets RR¥ktor jf. ovenstaende figur og givet ved:

Indhold af PFOAP k v i v a | e nxtRPH), hvor i #giertvert enkelt stof

Der er i dokumermt vurderet og beskrevet faglige styrker, forbehold og begraensninger i anvendelse
af beregningsmetoden til fastseettelse af relevante kvalitetskriterier. Det er dog fastslaet savel af JRC
og SCHEERsom af andre faglige bedemmelser, at metoden er megetimhigemen skal ses i

lyset af de enkelte stoffers egenskaber i forhold tilébenkelte stofferordeling i miljget,

bioakkumulering etc.

Der er i dokumentet fremlagt en analyse, der er baseret pa anvendelse af den ovenfor beskrevne
metode med udlednjnaf RPFfaktorerrelativt til stoffet PFOA (PFOAeekvivalent) til vurdering af
risikoen ved den samlede og samtidige eksponering for en raekke stoffer med nogenlunde ensartede
effekter. Udgangspunktet for anvendelse af PF@lvivalenter sorkvalitetskriterum er fastsatte

kriterier for indexstoffet PFOA.

Der er hertil gennemgaet en laengere reekke af forhold, der kan have indflydeliseried g
relevansen af at beregne et kvalitetekie til indhold af PFAS i biota, og herunder anvendelsen af
PFOA-zekvvalenter udtrykt ved BMD som grundlag for kriteriefastsaettelsen.

For hvert enkelt kriterium er dedRGdokumentet diskuteret og vurderet anvendelse af RFOA
aekvivalenter som grundlag for kriteriefastseettelskmunderer derforetaget vurdering af de
faktorer, der har indflydelse pa fastseettelse af kriteriet i forhold til sammenlignelighed mellem
24 PFAS, som esmfattet af beregningen af PF@#kvivalenter.

Kvalitetskriterium for biota, sekundaer forgiftning (BKK  sex. forgiftn.)
| henhold til retningslinjer EuropaKommissionens vejledning til fastseettelse af kvalitetskriterier i
vandmiljget (EC, 2018) skal der kun udarbejdes kriterier for biota med henblik pa at beskytte
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dyrelivet mod sekundaer forgiftningyis der er evidens fo at et stof har et potentiale for at kunne
bioakkumuleresamtidig megdat stoffet har farlige egenskaber

Fastseettelse af et kvalitetskriterium for sekundeer forgiftning ved ekspoaéenkgemisk stof er
udlgst som falge af stoffets evne til at kuak&umulere i fadekseden samtidig med at stoffet
besidder relevante farlige egenskaber.

Den klassiske tilgang tidt bestemme stoffers potentiale for at kunne bioakkumulereser pa
stoffernesiomagnifikationgaktorer BMF) og biokoncentratiorfaktorer (BCF) (eller
bioakkumuleringsfaktorgBAF)) i ofte ogsdbaseret pa vurdering af det enkelte stofs
fordelingskoefficient imellem en organisk fagetano) og vand(Kow). Denne tilgang er ikke
mulig for stoffer som de konkret undersggte PFAdT er, idet deer hydrofobe og lipofobe pa
samme tid

Det er dog konstateret ved en reekke studier, at stoffet PFOA udviser malelige og dokumentérbare
egenskaber til at bioakkumulere ved optag fra vandjasaem geellemedenderaf falgende
opkoncentrering i akvatiskarganismeig over trofiske niveauer.

Disse oplysninger udlgser beregning af kvalitetskriterier for biota baseret pa indtag, der kan fare til
sekundeer forgiftning for biota (BKd«. forgittn). Beregningsgrundlaget i MethodiAuropa
Kommissionens tekniske vejledning (EC, 2018) er anvendt

Der er taget udgangspunkdata fra samme studieom har givet input data til beregning af BMD

for PFOA (=1). Dettestudie indeholder en NOAE\zerdifor draegtige mus eksponeret for PFOA

pa 0,3 mg/kg kropsveegt/dagd undersggelse affekter pdbade madre og afkarben lavere
NOAEL-veerdi pa 0,06 mg/kg kropsvaegt/dag for hepatotoksicitet fra samme studie er ikke anvendt,
idet pavirkning af reproduktigrsammen med den lavere kropsveegt hosmbyer mere sasitiv

som effektend levertoksiitet

| henholdtil den tekniske vejledning (EQ018) kan det daglige indtag af energi fra fgde (DEE)
knyttes til kropsveegtefor pattedyved fglgende udtryk:

Log DEE [kJ/d] = 0,8136 + 0,7149 * log [Kneveegt ()]

Kropsveegten af fadedygtige mus er sat til 30,9 g, hvorved det ngdvendige daglige energibehov kan
beregnes til DEE = 753kJ/dag.

NOAEL-veerdierkan omregnes til eenergnormaliserékoncentratior faden bstemt pa
baggrund af dosis, DEE dégopsveegt:

KenerginormaliseredmM@/kJ] = dosis x (kropsveegt[kg] / DEE)
= 0,3 mg/kg kropsveedtlag x 0,0309kg / 75,63kJ/dag
= 0,000123 mg/kJ foder

Den energinormalisered®ncentration i detonkretefadeemne i fadekaeden kiaearfraberegnes
ud fra errgiindholdet i dekonkrete fadeemneed falgende ligningr for Ktgdeemnd mg/kgw]:

Ktadeemnd Ma/kgn] = Kenerginormaiiserdim@/kJ] X energiindholddeemnetonveegtx (1-vandindholébdeemny
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Ktadeemnd MA/kgw] = Kenerginormaiiserdtn@/kJ] x energiindholésdeemneyadveegt

Energiindholdet pa tarveegtsbasis er for fisk p@@akJkg tarveegt og for muslinger pa 290
kJkg tarveegt. De tilknyttede vandindhold i disse fadeemner er henholdsvis 73,7% for fisk og
91,7% for muslinger. Pa detgeundlag kan falgende koncentrationer i fadeemnerne fisk og
musling beregnes:

Kfisk [mg/kgw] = 0,000123 mg/kJ x 21000 kJ/kg x (10,737) =0,67 mg/Kgw
Kmusting[Ma/kgw] = 0,000123 mg/kJ x 19300 kJ/kg x (20,917) =0,19 mg/kgw

Med en usikkerhedsfaktor p@nholdsvis3 og 10, samlet 30jf. tabel 9 og tabel 10 (EQR018)
baseret dels pa anvendelse af en kronisk veerdi fizbktoniskstudie (faktor3) og dels pa
ekstrapolation til miljetfra toksikologiske studier i laboratori@aktor 10), er der beregnet
falgendebiotakvalitetskriterier(BKK sek. forgitt) | ferskvand

BKK sek. forgift., ferskvand 0,67 mg/kg,v /30 =0,0223 mg/kg védvaegt (fISk)
BKK sek. forgitt, ferskvand= 0,19 mg/kg / 30 = 0,008 mg/kg vadveegt (musling)

Det marine miljg omfatter tilligen reekke topovdyr somf.eks.spaekhugger og isbjgrderudger
etyderligeretrofisk niveau. For at tage hensyn heedtilder iJRGdokumenteforetaget vurdering af
grundlaget for aberegne et kvalitetskriteriufor sdtvand basergpa anvendelse af yderligere en
faktor til sikring af dette trofiske niveau.

Dentekniske vejledning (EC, 2018ngiver, at et kvalitetskriterium f&KK sek. forgittn, saltvandSOM
beregnet for fugle og pattedyrs indtag af akvatigkkeemner som fisk og muslinger, og som
beregnet ovenfor, skal tillaegges yderligerdaitor baseret pa stoffets BMér fugle og pattedyr
(BMFbirds/mammal}-

Ved at anvende den energinormaliserede koncentrigigaginormaliseredmg/kJ] =0,000123 mg/kJ

foder], de i den tekniske vejledning (EC, 2018) angivne energiindhold baseret pa tgrveegt i fugle og
pattedyr [23000kJkg tarveegt] samtteilknyttet vandindholdor hvirveldyr pa68,4%, fas

folgende koncentration i fadeemner for fugle og pattedyr:

KtgdeemndMg/kgw] = 0,000123mg/kJ x B.000 kJ/kg x (10,684) = 0,9 mg/kgv

De hollandskenyndigheder (RIVM, 2017) har beregnet BMF for disse gruppergammetriske
middelveerdier af data for PFOA med veaerdier pa 4y&:kgy/KQvadveegt binfor fisk og 15
kQvadveegtkQvadveegt birfOr muslinger.

BKKsek_ forgiftn, salvand = 0,9 mg/kg\/\// 30 / 4,3 :0,0(B% mg/kg VédV%gt (f|Sk)
BKK sek. forgiftn, salvand = 0,9 mg/kg vadveaegt 80 / 15 =0,002 mg/kg vadvaegt (musling)

Med udgangspunkt i ovenstaende beregninger kan der fastsaettes fhigéskaalitetskriterier for
sekundeer forgiftningdtrykt somsummen aPFOA-aekvivalenter:

BKK sek. forgiftn. ferskvand® 22,3 Hg/Kg védv&gt (fisk)
BKK sek. forgiftn. ferskvand® 6,2 Hg/Kg vadreegt (musling)
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BKK sek. forgiftn saivand = 6,99 pg/kg vadveegt (fisk)

BKK sek. forgiftn.saltvand = 2 ug/kg védvaegt (musling)

Kvalitetskriterium for humant konsumaf vandlevende organismer (HKK)

Kvalitetskriteriet for biota tihumant konsunskd sikre mennesker mod sundhedsskadelige
pavirkninger fra indtag afontaminereddiskeriprodukter. Principielt er kvalitetskriteriet (HKK)
fastsat pa baggrund af toksikologiske studier af pattedyr og bestemmelse af en NO(A)EL

(No Observable Adverse Effetevel) for oralt indtag, oftest fastlagt som en teerskelveerdi for et
acceptabelt eller tolerabelt dagligt humant ind&D! eller TDI) eller enreferencedosiéRfD). Pa
grundlag akenberegningsformel med standdndmant konsunaf vandlevende organismer kan der
bestemmes et kvalitetskriterium for biotahilmant konsungeC, 2018).

Generelt ma det fastslas, at epidemiologiske studier har konstateret sammenhaenge mellem
menneskers eksponering for specifikke PFA&ferog en laig raekke af forskellige
sundhedseffektesa som aendrede immun og thyroid funktioner, levgmyre sygdomme,
pavirkning pa reproduktion og udvikling, samt kragfksperimentelle undersggelser af tilsvarende
pavirkninger hos forsggsdyr bekraefter mangesas@mme effekteEksakt viden om arsag og
virkning for mange af disse pavirkninger udestar dog fortsat.

Det Europeeiske agentfor fadevaresikkerheBFSA (EFSA, 2020) fastsatte pa grundlag af studier
over nedsat respons pa menneskamunsystem en taerskeerdipa4,4 ng/kg kropsvaegt som et
tolerabelt ugentligt indtag (TWI) for summen af PFOA, PFNA, PFHxS og PP&8ette grundlag
anbefaler SCHEERat derudarbejdes et kvalitetskriterium foumant konsunaf vandlevende
organismer (HKK).

Med malet om afastseette et kvalitetskriterie for parameteren PRElvivalenter er der diskuteret
og beskrevet et fagligt og beregningsmaessigt grundlag for omregning fra etk&tsi& for sum
af fire PFASstoffertil et kriterie baseret pA PFQ#&kvivalenterDet er lesluttet, at
kriteriefastseettelsen for PFGa&kvivalenter skal ske ved at betragte EHSiferiet for sum affire
PFASstofferinklusive PFOA som et kriterie udelukkende for PF(@4 dermed en faktor 1 for
PFOA-eekvivalenter)

Ved anvendelse dferegningsgrundlagét fastsat i Europ#&ommissionens tekniske vejledning
(EC, 2018) er der beregnet fglgende kvalitetskriteriuninémnant konsunaf vandlevende
organismer:

HKK = 0,2 x0,63ng/kg kropsveegt/dag / 0,001637% ng/kg biota vadveedbmregnetil 0,077
ug/kg biota vadvaegt)

Kriteriet er udtrykt som PFO&ekvivalenter.

Vandkvalitetskriterium baseret pa BKK sek. forgitn. 0 HKK

11 3f. side 91 i EC (2018) beregnes HKK ved fglgende formel: HKK = (0,2mx[ib/kg kropsveegt/dag]) / 0,00163 [kg
fisk/kg kropsveegt/dag]. Veerdien p& 0,2 er en default allokeringsfaktor p& 20% sat for at beskytte mennekser fra
sundledskadelige effekter ved indtag af fisk og skaldyr. Ved, lorkortelse forthreshold level, human heajth

anvendes TDI, ADI eller anden reference dosis. Veerdien pa 0,00163 svare til 95 percentilen for et dagligt indtag af fisk
og skalddyr for voksne faden generelle befolkning i Europa.
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Der er beregnet et kvalitetskriterium for sekundeer forgiftning af vandlevende organismer (biota) for
beskyttelse aflyrelivet BKK sek. forgittn) 1 henholdsvis muslinger og fiskg for samme type

vandlevende organismer er der beregnet et kvalitetskriterium for ho@sum (HKK)
BestemmelserneBuropaKommissionens tekniske vejledning (EC, 2018) fastslar, at der derfor

skal vurderes, hvilken af disse veerdier, der skal veere afgagrende for et kvalitetskriterium for biota.
Vurderingsgrundlaget er en konvertering af begge veerdier til en sammengligmedientration i
vandsgilen ved beregning baseret pa tilvejebragte data for bioakkumulationsfaktorer (BAF).

Grundlaeggende er BAF som faktor knyttet til et specifikt stof, og derfor vil der principielt kun
kunne beregnes et vandkvalitetskriterium for RARg ikke for PFOAaekvivalenterDertil er BAF
afhaengig af koncentrationen i vand og afhaengig af taksonomisk gruppe, hvorfor standardmetoden
jf. den tekniske vejledning ikke er direkte anvendelig.

Der er af de hollandske sundhedsmyndigheder (RIVM, 20dmMemgaet en lang raekke data og
udledt en sammenhaeng mellem kvalitetskriteriunb&skyttelse af biotavand kvalitetskriterium
for sekundeer forgiftning og BAkeerdier jf. fglgende ligning

VKK vand, biota= 10 * ((log BKKsek forgit. T log BAFved1 ng/l) / (kurveheeldning + 1)

Kurveheeldningen e0,449 for alle fiskedata og gennemsnits log BAE 1 ng/l er 224, mens
kurvehaeldningen e0,428 for muslingedata og gennemsnits log B&B1 ng/l er 2103 (RIVM,
2021).

Baseret pa kvalitetskriteriernerfeekundaer forgiftningomregnet til ng/kg vadveedr
henholdsvis fisk og muslinger i ferskvarBK(K sek. forgiftn. ferskvanh 09 SaltvandBKK sek. forgiftn.salvand),
kommer JR@okumentet frem tifalgende vandkvalitetskriterium for fadekeedeudera
overstaende ligning

VKK baseret pa fisk i ferskvand =667 ng/l

VKK baseret pa musling i ferskvand80 ng/l

VKK baseret pa fisk i saltvand &13ng/I

VKK baseret pa musling i saltvand329ng/I

Kriterierne er baseret pa stoffet PFOA alene og ikdkeykt som PFOAeekvivalenter

Kriteriet for humant konsum (HKK) ved indtag af kontaminerede fadevarer er udtrykt ved en vaerdi
i PFOA-eekvivalenter, men ved omregning til et vandkvalitetskriterium (VKK) ma der

ngdvendigvis inddrages oplysninger om en bikomhkulationsfaktor (BAF) for det konkrete stof. Da

en sadan veerdi ikke kendes for den samlede gruppe af PFAS inkluderet i den beregnede veerdi for
PFOA-zkvivalenter, sa kan der alene laves en beregning af en VKK baseret pa stoffet PFOA.
Baseret pa en BApa350 I/kg for PFOA kan der beregnes en Vi#erdi baseret pa HKK:

VKK baseret pA HKK =77 ng/kg vadveegt / 350 I/kg®;22 ng/l

Kriteriet er baseret pa stoffet PFOA alene og ikke udtrykt som P&Rwivalenter.
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Kvalitetskriterium for humant konsumaf drikkevand (HKK prikkevand)
Kvalitetskriteriet for drikkevand skal sikre mennesker mod sundhedsskadelige pavirkninger fra et
almindeligt dagligt indtag af drikkevand.

For stoffetPFOA & der hverken fastsat en geeldende EU kvalitetsstandard for duiktt@ler en
retningsgivende koncentrationsveerdi fra verdenssundhedsorganisationerD/@HO. er i EUG s
drikkevandsdirektiv (EU2020') fastsat kriterier fohenholdsvisSum af PFAS?[0,10 pg/l] og

Total PFAS'4[0,50 ug/l].

Principielt er kvalitetskriterietor humant konsunaf drikkevandHKK prikkevand fastsat pa baggrund
af toksikologiske studier af pattedyr og bestemmelse af en NO(A)EL for oralt indtag, oftest fastlagt
som en teerskelveerdi for et acceptabelt eller tolérdbgligt humant indtag eller referencedosis

Der eraf EFSA EFSA, 2020") tilvejebragtet datagrundlagnedoplysningom enTWI (totalt
ugentligt indtagpa7 x 0,63 ng/kg krogvaegt/dagvarende til 4,4 ng/kg kropsvaegt/uge ved
inkludering af oplysningeom lange halveringstidemmennesker udsat falefire PFAS stoffer,
PFOA, PFOS, PFHxS og PFNAaBeret pdammenlignelighed mellem diee PFASmed hensyn
til effekter og lange halveringstider er det valgt at anvende dennev@@idi direkte for PFOA.

Ved anvendelse af standardveerdier for kropsvaegt og indtag af drikkevand, kdfedes et
kvalitetskriteriumfor summen af PFOekvivalentefor humant konsunaf drikkevandf.
beregningsgrundlagét fastsat i Europ&ommissionens tekniske vejledning (EZD18)

HKK prikkevand= (0,2 x0,63ng/kg kropsvaegt/dag x 70 kg) / 2 U41ng/l = 0,0044 pg/l

Overstaende veerdi svarende til 4,4 ng/l seettes idk@ment lig med den endelige veerdi for
VKK for bade ferskvand og saltvand.

Vandkvalitetskriteriet (@044 ug/l) beskytter ved humant konsum af drikkevand, men ikke ved
humant konsum af fiskeriprodukter. JRIGkumentet konkluderer derfor, at det bar veere et krav at
male PFAS i biota, da tilbageberegning af biotakvalitetskriteriet til et vandkvalitetikgteer

meget lave koncentrationer, som vil veere sveere at male. Samtidig bar PFAS ogsa moniteres i vand,
eftersom mange af stofferne er mobile.

2 EuropaParlamentets og Radets direktiv (EU) 2020/2184 af 16. december 2020 om kvaliteten af drikkevand.
https://eurlex.europa.eu/lgal-content/DA/TXT/?uri=CELEX:32020L2184

B@umaf P Fomfatter summen gfer og polyfluoralkyl-forbindelser som er vurderet at udggre en bekymring ved indhold i
vand, der bliver anvendt filumart konsumsom ofistet under punk8 i Del B & Bilag Ill. Denne delmzengde éfotalP F A’ S 0
forbindelser indeholder grerfluoralkylgruppe med tre eller flere kulstofatonfee. 1 CnF2ri,  n eller el )

perfluoralkykthergruppe med to eller flere kulstofatorfiee.i CnF2nOCmF2in, n and&ya2@p 1)

“5Total PFAS® bet y e ogpdhfluor-akgl-forbihdelsei (Dirktv (ELU)R026/2184).

15 EFSA2020. Risk to human health related to the presence of perfluoroalkyl substances EFfsAdcientific

Opinion. doi: 10.2903/j.efsa.2020 B2

16 3f. side 73 i EC (2018) beregnes Hifievanaved falgende formel: HK Kikkevand= 0,2 X TLin[ng/kg kropsveegt/dag]

X 70 [kg kropsveegt] / 2 [L]. Veerdien pa 0,2 er en default allokeringsfaktor pd 20% sat for at beskytte mennekser fra
sundhedskadeligeffekter ved indtag drikkevand. Ved iil(forkortelse forthreshold level, human heajtanvendes

TDI, ADI eller anden reference dosis. Vaerdien for kropsvaegt pa 70 kg og veerdien for dagligt indtag af drikkevand pé& 2
| er standardveerdier foresladede i edjhingen.
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Konklusion
Falgende kvalitetskriterier for vandmiljgeterstemfor summenaf PFOAaekvivalentemed
undtagelsaf sedimentkvalitetsom kun er bestemt for PFOS.
Vandkvalitetskriterium
VKK ferskvand O y 0044ug/|
VKK saltvand 0,0044“9/'
Korttidsvandkvalitetskriterium
KVKK ferskvand Ikke beStemt
KVKK saltvand Ikke beStemt

Sedimentkvalitetskriteriur(forelgbig veerdi

SKKferskvand 13,5ug/kg tﬂrv&gt (5% OQPFOS)
270ug/kg tarveegt xdc (PFOS)

SKKsaItvand Ikke beStemt

Biotakvalitetskriterium, sekundaer forgiftningrskvand

BKK sek.forgiftn. 22,3 ug/kg f|Sk Védvagt
BKK sek forgiftn. 6,2 ng/kg musling vadvaegt

Biotakvalitetskriterium, sekundaer forgiftning, saltvand

BKK sek.forgiftn. 6,% ug/kg fisk Védv&gt
BKKsek.forgiftn. 2 l.lg/kg musling védvaegt

Biotakvalitetskriterium, human konsum

HKK 0,077ug/kg fade vadvaegt

Biotakvalitetskriterium, human konsum af drikkevand

H KK Drikkevand 0 y 0044 ug/l

Der er udover overstaen#ealitetskriterierogsa beregnet VKKog KVKK -veerdier forseks
enkelte PFASstoffer. Disse er listet i nedenstaende taBésse veerdier anvenddsg ikke som



endelige kvalitetskriterier, da der er fastsat en veerdi (overstaende) for summen af PFOA
aekvivalentepa baggrund af veerdien for human konsum af drikkevand

Stoffets navn VKK ferskvand VKK saltvand KVKK ferskvand KVKK saltvand
(akronym) (na/l) (na/l) (na/l) (na/l)
PFOS 0,023 0,0023 25 2,5
PFOA 30 3,0 2800 280
PFBA 110 11 1100 110
PFBS 0,1 0,01 3720 372
PFHxA 200 20 860 86
PFPeA 32 3,2 3180 318
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PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS)

Changes on the dossier after SCHEER final opinion:

Following the final SCHEER opinion published d8" August 202ZSCHEER, 2022) the dossier

has been updated by the JRCinghect i ons 7. 2 A DQ8Bvevat &78d of t he
ADeri vati Saced .t he AA

The SCHEER endorsdHte use of Relative Potency Factors (RPFs) used in the derivation of quality
standards for PFAS for humari$e proposal is these of the RPBpproach with a tentative

QShiota,hh expressed as the sum of 24 PFOA equivalents and a QS in water based on a threshold
level for the sum of four PFAS (PFOA, PFENA, PFHXS, PFOS) taken from the TWI and expressed
asPFOA equivalents.

The SCHEER also endosthe QSiota,hn0f 0.07 7€ g/kgbiota wwand the proposed Qgnn of 4.4 ngl

(PFOA equivalents) and recommeuddo use this value also for protecting groundwater.

The SCHEER endordeéhe MAC-QSw.ecoand MAGQSsw.ecovaluesbased on the deterministic
approactor PFBA (1.1 and 0.11 mg/L, respectively), for PFPeA (3.2 and 0.3R,megpectively),

for PFHXA (0.86 and 0.086 mig, respectively), PFBS (3.7 and 0.37/ingrespectivelyand for
PFOS(0.025 mdL and0.0025 m¢L, respectively)A typo in the MAC-QSsw.ecofor PFOS has been
corrected by the JRC. For PFORe SCHEERIid notaccept the AF of 10 ithe deterministic
MAC-QSw.eco The JRC has included a clarification for the selection of an AF of 10, therefore it has
been proposed the MAQSfw,ecoof 1.2 mg/L and the already endorddAC-QSsw,eco0f 0.012

mg/L. For PFOA, the MACs for freshwater and saltwater detiusing probabilistic approach,
MAC-QSfw,eco of 2.8 mg/L and MAQSsw,eco of 0.28 mg/lwere accepted with reservations
because they atmsed on data published before 2015.

The SCHEER accepted the ABSw,ecoand AA-QSswecovalues for PFOA (0.03 and @8 mgl/L,
respectively), PFBAQ.11 and 0.011 mg/L, respectively), PFPeA (0.032 and 0.0032 mg/L,
respectively), PFHxA (0.2 and 0.02 mg/kspectively), and PFBS (0.1 and 0.01 mg/L,

respectively) and AQSwecof 0 PFOS o0 However(BCHEERdIg hoLendorséhe AA-
QSsw.ecovalue derived for PFOS and the SCHEER progosepply an AF of 100. Therefore, AA
QSwecovalue for PFOShaseen updated to 0.0023 eg/(222as rec
The SCHEER endorsed the QS for sediments 1 3 .gWbderiwegl fokPgOS for a sediment with

5% organic carbon. However, the SCHEER did not agree with the conclusions that no QSsed is
needed for PFOA, PFBS, PFBA, PFPeA and PFHXxA, and recommends that more recent sediment
studies should be evaluated in ordevedify the correctness of current conclusionss®ection

has not been modifidaly the JRC since the justification of not derive the sediment is based on
physical chemical properties and there were insufficient data to derive such a threshold.

The SCHERR endorsedhe tentative Qta,sec poi®f 22.3€g/kgww for fish and 6.2 g/kgww for

bivalves (PFOA equivalents).

SCHEER considered the gap in the dossiers, due to the lack of ecotoxicity data for the period 2015
2021, to be a serious deficiency andéfiere recommended an update to the EQS dossier. The JRC
proposed an update of the ecotoxicity datdhe near future due to time constraints.

SUMMARY

17 SCHEER final opinion ofFAS (Publication date 18 August 2022), availabldis at:
https://health.ec.europa.eu/publications/scise@ntificopinion-draft-environmentaluality-standardspriority-substancesinder
water_en
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The current EQS dossier for the assessment of twentyper and polyfluoroalkyl substances (PFAS), is based on
three key pillars, i) relative toxicity approach) key study of the EFSA conclusion on combined exposure of four
PFAS and iii) criteriadr selection of the 24 PFAS.

The relative toxicity approadmas been already applied to other classes of chemicals, such as
dioxins and dioxidike PCBsfor performing the riskesulting from mixture exposure. For PFAS,

the derivation of th®elative Potacy Factor (RPE$ or the ToxicEquivalent Factor (TERpr
twenty-three substanceis described in Bil et a{2021)and summarised at the paragraph 7.5

In addition to the RPRhe keystudy, is the EFSA conclusion on risk assessment of the combined
exposure to four PFAS based on decreased response of the immune system to vaccination
establishing th&olerableWeekly Intake (TWI) as threshold valter main categories for food
consumpbn, among thenthe fish meat consumptidiEFSA, 2020).

Selection of PFAS were based on the followingecia i) most (eco)toicity data and physico
chemical parameters rich including analytical methbgi) availabilty of the relative potency

factar as described in the paper Bil et(@021) iii) most recent PFAS on the market; iv) coherence
with other directives i.e. the Drinking Water Directi@WD)?° and Ground Water Directive
(GWD)?%: 16 and 18 common PFAS the DWD and GWDrespectively (se&able 1. Currently

PFAS, in the GWD, are volunterly measured under the Watch List program and proposed to be
included in the directiv@.

Among the selected PFAS, there are 6 perfluoroalkyl sulfonic acids, 13 perfluoroalkyl carboxylic
acids,3 perfluoroalkyl ether carboxylic acids, and 2 fluorotelomer alcohols (TabRelgvant

details for each substance are described in the parag(@ttetical identity).

Currently monitoring datdor exposure in the inland surface water comcpartiwerg found for

17 of thetotally considered2PFAS. Thesevensubstances missing measurements are ADONA,

6:2 FTOH, 8:2 FTOHC604,PFHXDA, PFTrDA (for this substance is availalialy one sample

thus itwas excluded from analygeand PFODAOverall, the conbined dataset for the 17 PFAS

with available data includes 159411 samples (33.3% quantified) collected at 4042 sites in 20 MS
during the period 2008021. Details for each of the 17 PFAS with available data, including a
information about number of repartj MS, monitoring sites and collected samples, is presented in
section 6.2. Six of considered 17 PFAS are monitored in less than 4 MS but have individually from
1000 to more than 7200 samples; 18 MS have reported more than 32700 samples for PFOA; the
mostdatarich substance is PFOS with more than 44500 samples from 16 MS. Indeed, about 48.5%
of all samples in the combined dataset are for PFOS and PFOA.

Bhttps://circabc.europa.eu/ui/group/9ab59dedi443229aa79964bbe8312d/library/8b25bdBb3c47ce93a8
638bf4b2b724
https://circabe.europa.eu/ui/group/9ab59beai443229aa79964bbe8312d/library/56e984€laadc8baadh
€85f6d465d70/dtails

20 Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water intended
for human consumption (recast). Official Journal of the European Umniips.//eutlex.europa.eu/legal
content/EN/TXT/HTML/?uri=CELEX:32020L.2184&from=EN

21 DIRECTIVE 2006/118/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCILof 12 December 20060n the
protection of groundwateigainst pollution and deterioratiohttps://euslex.europa.eu/legal
content/EN/TXT/HTML/?uri=CELEX:32006L0118&0id=1625041961202&from=EN

22\WFD CIS (2020). Voluntary Groundwater Watch List (GWWL). Study on RedPolyfluoroalkyl Substances (PFAS)
Monitoring Data Collection and Initial AnalysiB.26.
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10
11
12

13

14

15

16
17
18

19
20

21

22

23

24

PFBA
PFPeA
PFHXA

PFHpA
PFOA
PFNA

PFDA

PFUNA or
PFUNDA
PFDoDA
or PFDoA
PFTIDA

PFTeDA
PFHxDA

PFODA
PFBS
PFPeS

PFHxS
PFHpS
PFOS

PFDS
6:2 FTOH

8:2 FTOH
HFPO-DA
(Gen X)
ADONA

C604

37522-4
270690-3
307-24-4

375859
33567-1
375951

33576-2
205894-8

307-55-1

7262994-8
376-06-7
67905195

1651#11-6
375735
270691-4

35546-4
37592-8
1763231

33577-3
647-42-7

678397

62037%80-3 %

95844544-8 %4

119093141-9

Carboxylic acid
Carboxylic acid
Carboxylic acid

Carboxylic acid
Carboxylic acid
Carboxylic acid

Carboxylic acid
Carboxylic acid

Carboxylic acid

Carboxylic acid
Carboxylic acid
Carboxylic acid

Carboxylic acid
Sulfonic acid
Sulfonic acid

Sulfonic acid
Sulfonic acid
Sulfonic acid

Sulfonic acid
Telomer alcohol

Telomer alcohol

Ether carboxylic acid
Ether carboxylic acid

Ether carboxylic acid

yes

yes

yes
yes
yes

yes
yes

yes

yes
NO
NO

NO

yes

yes

yes
yes
yes

yes

yes

yes

yes
yes
yes

yes
yes

yes

yes
yes
yes

yes

yes

NO

yes
yes
yes

yes
NO

NO

NO

NO

NO

mobile
mobile
mobile

mobile
mobile

Not really
mobile
Not mobile

Not mobile
Not mobile

Not mobile
Not mobile
Not mobile

Not mobile
mobile
mobile

mobile
mobile

Not really
mobile

Not mobile
PFHXA
precursor
Not mobile
(PFOA
precursor)
mobile

mobile

mobile

not likely
bioaccumulative

Not likely
bioaccumulative data
Not bioaccumulative
(ECHA)

Potentially bioaccumul

bioaccumul
bioaccumul

bioaccumul
bioaccumul

bioaccumul

bioaccumul
bioaccumul

Potentially
bioaccumulative
No data

Not bioaccumul
(ECHA)
Potentially
bioaccumulative
bioaccumul

Potentiallybioaccumul
bioaccumul

Potentially bioaccumul
No data

Potentially
bioaccumulative

Evaluation of
bioaccumulation
Not bioaccumulative
(ECHA 2021)

Not bioaccumulative

Table 1 List of the 24 PFAS assessed in the present EQS doBseyr araetrieved from the
publication of Bil et al. (2021) and following the comment of the ex &S are ordered from

Z For dette stof er anfart CAS nr. for saltet. Det forventes aendret til CAS nr.-13Z5fr syren, jf. Europa

Kommissionens rettelser af 23. november 2023 til forslag af 26. oktober 2022 til direktiv om sendring af
vandrammedirektivet, grundvandsdirektivet og direktiv om miljgkvalitetskrav.
24 For dette stof er anfart CAS nr. for saltet. Detvémtes aendret til CAS nr. 919008-4 for syren, jf. Europa
Kommissionens rettelser af 23. november 2023 til forslag af 26. oktober 2022 til direktiv om aendring af
vandrammedirektivet, grundvandsdirektivet og direktiv om miljgkvalitetskrav.
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shorter to longer chain lenght starting from PHCaArboxylic acidrom C4 to C18) and PFSA
(sulfonic acidfrom C4 to C10)Telomers and ethers are reported at the end

TheTablel includes two precursors, telomere alcohol, some experts suggested to remove because
they easily can be degradedthe environment producinerfluoroalkyl acids.This is true for
WasteWater Treatment Plants (WWTP), where the microbial communities in the sludge and the
nutrient loads are abundant. However in environments with no light, low temperatures, very low
nutrient load and low microlal metabolism such as groundwater or low anthropogenic impacted
area, these substances may be persistent for long time and travel for many kilometers distant from
the sourcesTherefore it is justified to include as well the precursors in the list faigke

assessment.

From current knowldge, it is known that PFOS, PFOA and other PFAS have a relatively low
toxicity to aquetic organismsalthough this may be due to the methods and assumptions that do not
asses the complete number of possible endpditagnjan et al., 2020). HowevétFAS pose a

concern for human health through the drinking water and aquatic food consunipeoefore, the
analysis was mainly focused on deriving human health based quality standards for fish consumption
and drinking wate For the human health assessment, during'fheektingit was agreed that use

of the EFSAO6s TWP(EFSA, 2020)as Tindot thegalchlatibnabiathe QSiann,

is consideredo bethe preferred option, since it relies on a Europesiablished and peesviewed
human based guidance value. Based on this selection, the @®r the sum of PFAS (expressed

as PFOAequivalents) was calculated to be @07 € gots, &eg paragraph 7.8his latter value as

back calculation to wates inotfor PFOA-equivalents since it is derived only using the BAF for
PFOA, therefore it would ndde protective for seandarypoisoningsince other PFAS can be the
driver of toxicity. Threfore as explained in the Table 2 point 2, the BAF of the othé&SP$hould

be taken into account.

Regarding the ecotoxicological assessmiémnelied on past evaluations performed by Italy and The
Netherlands for some available PFAS, and no additional data searches and ecotoxicological
assessments were performed ia pinesent EQS dossier.

The overall evidence for bioaccumulation in the food chain for some PFAS triggered the inclusion
of secondary poisoning in the present EQS derivation, where the relative potency factor (RPF)
methodology was applied. The calculatidritee QSec pois biotvas performed for the index

compound PFOA, using the No Observed Adverse Effect Level (NOAEL) of 0.3 mg/kg bw/day for
litter loss and pup survival in mice. Using the critical NOAEL value, thgs@Sc pois, nfor the

sum PFAS (gpressed as PFO@quivalents) was calculated to be 22.3 and 6.29 ug/fay fish

and molluscs, respectively.

However, as explained in the paragraph 7.8., the human health is the main driver with a tentative
QSviota,nh Value 0f0.077 & gota, kaggsunof PFOA equivalent€onsequently, the matrix to

measure the PFAS should be mandatory in biota, e.g. in fish, since the back calculated QS in water
would provide values which are very low and would be very difficult to measure.

Furthermorethe manitoring in water should be parmedwell, since many PFAS are very mobile,
and the PFAS, as group aret yet bannedherefore, the permitting of discharge will still be

needed

Therefore, the JRC proposed, supported by other experts, to derive also a QBrf(Q&a nr), as
complementary to the mandatory measurement in biota standard for human@&adth ),
considering all the surface water as drinking water use and implement the QS drinking water
derived from Thn, using thee F S AG6 s  Taespoading to 4.4 ng/L. This value would be the

25 This pointwas not agreelly stakeholdersand there was some question over the relevance of the epidemiological data used in the
EFSA TWI.
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provisional for the sum of PFOAquivalent (see parag. 7.8.1) using PFOAhasstarting point for

the RPFE It would protect water organisms from secondary poisosimce the Thn based on
EFSAOGs Tdwéternrme a Q, awlower than the backalculated watebased Q8ota

althoughthe latter value is only for PFOAN the other hand, the @s»nwould not be protective

for human health based on fish consumption (see Table 2, proposal 2) andriEagbrsthe

QSviota, hh is mandatory along the QSwater (Q3n).

In the current dossier, PFOA is the index compound, and the va@®,efnn0 . 0 7 7 viat€isg / k g
the QS for the sum of PFOA equivalents measured in fish. In water thef&lue is proposed

as threshold for the sum of PF&®Quivalent at 4.4 ng/IDuring the meeting the need for an MAC

EQS was also pointed out, since for PFOS it is available. Actually the MAC is derived for few of
them (see paragraph 7.2).

All PFAS isomerglinear and branched) should be measured as remarked by the arpetis

results presented as the sum of all isom@osnpliance should be checked against the sum of all
isomers

At the fourth meeting, JRC showed the proposal and comments receiadAfbelr the meeting,

into the light of the additional comments after June 18, 2021, and reflections below are summarised
two possible proposals (1 and 2 are similarAn agreement on the best way forward should be
reached among experts. Otherwise, SCHEER Opi ni on wi | | be requeste

Table 2. Overview of the proposals made for PFAS risk assessment .

Proposal Content of the proposal Support from
1D experts
1. Use of the RPF approach with a tentative QSbhiotahhO . 0 7 7 & g dslsugnbof RFOA | Several experts

equivalents measured in biota e.g. fish. This option is similar to the one proposed by the
NL. The tentative QS valueisbas ed on t he. THe mEnAcdirg in Divtd ( fish)
should be mandatory.

Complementary to the mandatory QSbiotae QS in water, implementing the RPF approact

proposedwith aprovisionalQS(Q Suw, hn) limit of 4.4 ng/Las sum of PFOA equivalents to b

measured in water ( e.g. abstraction drinking water, permit and close to the GW area). Th Supported by CH
value of4.4 ng/Lis the provisional drinking wat standard derived for PFOA, based on EFS

TWI value. Itwould be lesgonservative than the watbased QEotanhfor PFOA (0.22 ng/L)

but still protective for all aquatic organisms, since thenTkould determine QS in water

lower than the watebased QSbiota.

2. If the RPF method is chosen for toxicity, something similar has to be done with the | JRC agreed with use

differences in bioaccumulation potential. This can be done by comparing the @ of RPF method, and
bioaccumulation factors of the different PFASs to those of PFOA. To make use of | the biota matrix to
consistent data, the data from the review by Burkhard (2021) could be used. measure the PFAS.
Concentration dependency is not included in this data set, but it is already implicitly | The back calculation
included in the derivation of the value for the index compound PFOA (note that although | to water would lead
the average of individual log BAF values used in the PFOA report are lower than reported | to a value very low
by Burkhard, the calculated log BAF at the EQS from regression is slightly higher than | and not possible to
the average from Burkhard because of the low concentration that is related to the EQS). = measure.
If the concentration dependency is considered to conservative for all PFASs, and
especially the bioaccumulative ones like PFOS, it could be considered to take the
average log BAF for PFOA of 2.16 instead. The EQS for the index compound PFOA
would then be 0.53 ng/L, instead of 0.22 ng/L. The assessment of PFASs in water for
the endpoint fish consumption will then be: EPFOA equivalents = & Caq,*RBF*RPFi. This
should be compared against the QSwater, hh fish consumption of 0.22 ng/L (or 0.53
ng/L) for PFOA. As an example: the RBF for PFOS = 1073.55/1072.16 = 24.5, the RPF
for PFOS = 2 and the concentration of PFOS should thus be multiplied by 24.5 * 2 = 49
before summation with the rest of the PFAS. However, because the concentration of
PFOS that leads to an equivalent effect level as PFOA is 49 times lower than that of
PFOA, the concentration at which the EQS is exceed is 4.6 pg PFOS/L. As such
concentrations might not be able to be measured routinely, compliance checking against
a biota standard might be mandatory.
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3. PFAS should be separated into two groups: bioaccumulative and mobile PFAS. The QS | JRC and NL are not
for bioaccumulative PFAS, which are more difficult to be analysed in water and are more | in favour of this
frequently detected in biota, should be derived according to the RPF approach. proposal because at
Therefore, the monitoring should be carried out in biota, while those which are mobile | the moment, for
should be measured in water. many PFAS is not

known if they are
bioaccumated (Table
1). Only three are
according to ECHA
are not
bioaccumulative,
while for the
monitoring in water,
these would exclude
those which are
measured in the DW
and GW directives.
Furthermore also the
less bioaccumulative
PFAS might attribute
considerably to the
overall biota
concentrations if local
concentrations are
high enough
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Introduction to PFAS as group

Themostupdateddescription of PFAS as a class derives from OECD/URER?® which

identifies those chemicals &8uorinated substances that contatrieast one fully fluorinated

methyl or methylene carbon atom (without any H/CI/Br/l atom attached to it), i.e. with a few noted
exceptions, any chemical with at least a perfluorinated methyl gr&@K8{ or a perfluorinated
methylene groupi CF2) is a FFASO Bucket al (2011) proposed a simplified distinction,
addressing PFAS as belonging to two main families:

1 perfluoroalkyl substances( 6 6 per fl uorodé66é and O06perfl uor.i
described by Bankst al, 1994): aliphatic compounds thi all H atoms ohon-fluorinated
precursor replaced by F atoms, with the exception of those H atoms whose replacement would
change the nature of any functional groups present

1 polyfluoroalkyl substances aliphatic compounds in which not all H atoms botm@ atoms
have been substituted by F atoms to form perfluoroalkyl moiety

Furthermore, always following Buck et al. (2011), PFAS can be distinct based on the presence or
absence of repeated molecular units, which brings to two respectrge@yis:

1 polymeric, composed of very long alkyl chains (e.g., reaching 180 000 C atoms in PTFE resins)
including (i) fluoropolymers, (ii) side-chain fluorinated polymers and (iii) perfluoropolyethers. They are
represented mainly by polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP),
perfluoroalkoxy alkanes (PFA), ethylene tetrafluoroethylene (ETFE) (Henry et al., 2018). A more
detailed overview of other different types of fluoropolymers is given by Gardinier, 2015.

1 non-polymeric , usually containing up to 13 C atoms in the alkyl chain and possible side chains,
including (i) perfluoroalkane sulfonyl fluoride (PASF) and derivatives, (ii) perfluoroalkyl iodides (PFAI),
fluorotelomer (FT) and based compounds, (iii) per- and polyfluoroalkyl ether (PFPE) and derivatives,
and (iv) perfluoroalkyl acids (PFAA) including perfluoroalkyl carboxylic acids (PFCA), perfluoroalkane
sulfonic acids (PFSA), perfluoroalkyl phosphonic acids (PFPA) and perfluoroalkyl phosphinic acids
(PFPIA) (Buck et al., 2011).

The present dossier will consider PFAS which are non-polymeric and represent both the perfluoroalkyl and
polyfluoroalkyl moieties. Concerning the functional groups, the PFAS here represented belong to:

1 PFAA (perfluoroalkyl acids):
o PFCA (perfluoroalkyl carboxylic acids)
0 PFSA (perfluoroalkyl sulphonic acids)
1 PFAE (ethers) which consist of two perfluorocarbon chains combined by an ether-linkage,

1 PFAA precursors (polyfluoroalkyl substances with a perfluoroalkyl moiety and a nonfluorinated one,
which degrade when released in the environment, leading to the formation of PFCA and PFSA).

Perfluoroalkyl carboxylic acids (PFCA) and perfluoroalkyl sulphonic acids (PFSA) acids are classified as

flong-c h a & n &hofi-chaind compounds dependi ng on tflue@inatedicartboar of (
chain. OECD (2013) defined non-polymericlong-c hai n PFAS as PFCA with O7 perf
08 total carbons), PFSA with 06 perfluorinated-carbor
chain PFCAs or PFSAs. Short-chain PFAS include PFCA with seven or fewer perfluorinated carbons and

PFSA - five or fewer perfluorinated carbons.

As summarised in the JRC technical report (Niegowska et al., 2021), short -and long-chain PFASs have
different behaviour when it comes to water/soil mobility, adsorption to soil and bioaccumulation potential
as reported in table 3.
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Table 3. Behaviour of short-chain vs. long-chain PFAS in the environment and organisms based on
physicochemical properties (in Niegowska et al. 2021, adapted from AECOM, 2019).

Physicochemical properties

Short-chain PFAS

Long-chain PFAS

Water solubility Higher Lower
Water/soil mobility Higher Lower
Adsorption to soil and sediment Lower Higher
Bioaccumulation potential ianimals Lower Higher
Bioaccumulation potential in plants Higher Lower
Overall expected toxicity Lower Higher
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PFAS are ordered from shorter to lon@echain lenght starting from PFCAdrboxylic acidrom

C4 to C18) and PFSAs(Ifonic acidirom C4 to C10)Telomers and ethers are reported at the end

Synonym(s)

Common name(1) PFBA

Chemical name (IUPAC) Perfluorobutanoic acid
Perfluorobutanoate
Perfluorobutyrate

Heptafluorobutyrate
Heptafluorobutanoic acid
Perfluorobutyricacid
Heptafluorobutanoate
Heptafluorobutyric acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

37522-4 (perfluorobutanoic acid)
379464-7 (silver salt)

7375528-9 (Rhodium (II) dimer)
2218544 (sodium salt)

EU (EC) number 206-786-3
Molecular formula C4sHF,0O»
Molecular structure

Molecular weight (g.mof?) 214.04
Common name(2) PFPeA

Chemical name (IUPAC)

Perfluoropentanoic acid

Synonym(s)

Nonafluoropentanoate
Perfluoropentanoate
Perfluorovalerate
Nonafluorovalerate
Nonafluoropentanoic acid
Perfluorovaleric acid
Nonafluorovaleric acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

270690-3 (perfluoropentanoiacid)
6825911-0 (perfluoropentanoiacid,
ammoniumsalt)

131852583 ubChem CID (perfluoropentang
acid potassium salt)

884086977PubChem CID (perfluoropentanoi
acid silver salt)

EU (EC) number

220-300-7
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Molecular formula CsHFO»

Molecular structure ’

Molecular weight (g.mo}1) 264.05

Common name(3) PFHXxA

Chemical name (IUPAC) Perfluorohexanoic acid
Perfluorohexanoate

Synonym(s)

Undecafluorohexanoic acid
Perfluorocaproic acid
Undecafluorocaproic acid
2,2,3,3,4,4,5,5,6,6;6ndecafluorohexanoic
acid

Chemical clasgqwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

307-24-4 (perfluorohexanoiacid)
2161547-4 (perfluorohexanoi@mmonium
salt)

292326-4 (perfluorohexanoisodium salt)

EU (EC) number

2061966

Molecular formula CeHF1102
Molecular structure

Molecular weight (g.mof?) 314.05
Common name(4) PFHpA

Chemical name (IUPAC)

Perfluoroheptanoic acid

Synonym(s)

Tridecafluoroheptanoic acid
Perfluoren-heptanoic acid
Perfluoroenanthic Acid
2,2,3,3,4,455,6,6,7, 7
Tridecafluoroheptanoic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

375-85-9 (perfluoroheptanoic acid)
2104936-5 External ID PubChem
(perfluoroheptanoic, potassium salt)
bt-441480External ID PubChem
(perfluoroheptanoic, cesium salt)
D947939%xternal ID PubChem
(perfluoroheptanoic, sodium salt)
BD01221287External ID PubChem
(perfluoroheptanoic, ammonium salt)

EU (EC) number

2067989
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Molecular formula C/HF1302

Molecular structure .

Molecular weight (g.mol?) 364.06

Common name(5) PFOA

Chemical name (IUPAC) Perfluorooctanoic acid
Perfluorooctanoate
Pentadecafluorooctanoate
Perfluorocaprylate

Synonym(s)

Pentadecafluorocaprylate
Pentadecafluorooctanoic acid
Pentadecafluorocaprylic acid
Perfluorocaprylic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS numbe *

33567-1 (perfluorooctanoic acid)
382526-1 (perfluorooctanoate, ammonium
salt, APFO)

3349648-9 (anhydride)

335955 (perfluorooctanoate, sodium salt)
239500-8 (perfluorooctanoateyotassium salt
33593-3 (perfluorooctanoate, silver salt)
335955 (perfluorooctanoic acid, mono
hydrochloride salt)

6814102-6 (perfluorooctanoic acid, chromiu
(3+) salt)

33566-0 (perfluorooctanoic acid, fluoride)
376-27-2 (perfluorooctanoic acid, meth

ester)
3108245 (perfluorooctanoic acid,, ethyl
ester)

EU (EC) number 206-397-9

Molecular formula CgHF1502

Molecular structure ’

Molecular weight (g.mol?) 414.07

Common name(6) PFENA

Chemical name (IUPAC)

Perfluorononanoic acid

Synonym(s)

Heptadecafluorononanoic acid
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Nonanoic acid,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9
heptadecafluoro

Nonanoic acid, heptadecafluoro
Perfluoro-n-nonanoic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

375951 (perfluoromnanoic acid)
21049398 (perfluorononanoic acid, sodium
salt)

414960-4 (perfluorononanoic acid,
ammonium salt)

2104938-7 (perfluorononanoic acid,
potassium salt)

138396349 PubChem Clpérfluorononanoic
acid, Nmethylmethanamine)

EU (EC) number 206-801-3
Molecular formula CoHF1702
Molecular structure
Molecular weight (g.mol?) 464.08
Common name(7) PFDA

Chemical name (IUPAC)

Perfluorodecanoic acid

Synonym(s)

Nonadecafluorodecanoic acid
PerfluoreN-decanoic acid
Nonadecafluorasn-decanoic acid

Chemical clasgqwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

33576-2 (perfluorodecanoic acid)
383045-3 (perfluorodecanoic, sodium salt)
310842-7 (perfluorodecanoic , ammonium

salt)
EU (EC) number 2064003
Molecular formula C10HF1602
Molecular structure
Molecular weight (g.mof?) 514.08

Common name(8)

PFUNA or PFUNDA

Chemical name (IUPAC)

Perfluoroundecanoic acid

Synonym(s)

Henicosafluoroundecanoic acid
Perfluoren-undecanoic acid

2,2,3,3,4,4,55,6,6,7,7,8,8,9,9,10,10,11,14,]
henicosafluoroundecanoic acid
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Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

205894-8 (Perfluoroundecanoic acid)

EU(EC) number

2181654

Molecular formula C11HF2:102
Molecular structure
Molecular weight (g.mol?) 564.09

Common name(9)

PFDoDA or PFDoA

Chemical name (IUPAC)

Perfluorododecanoic acid

Synonym(s)

Tricosafluorododecanoic acid
Perfluorolauric acid

Dodecanoic acid, tricosafluoro
2,2,3,3,4,4,55,6,6,7,7,8,8,9,9,10,10,11,11,]
2,12-Tricosafluorododecanoic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number

307-55-1 (perfluorododecanoic acid)
10197927 PubChem CID
(perfluorododecanoic acid, ammam salt)
87756575PubChem CID
(perfluorododecanoic acid, silver(l) salt)
23683936PubChem CID
(perfluorododecanoic acid, sodium salt)

EU (EC) number

2062032

Molecular formula C1oHF2302
Molecular structure -
Molecular weight (g.mol?) 614.10
Common name(10) PFTrDA

Chemical name (IUPAC)

Perfluorotridecanoiacid

Synonym(s)

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,]
2,13,13,13pentacosafluorotridecanoic acid
Pentacosafluorotridecanoic acid
Perfluorotridecanoate

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

7262994-8 (perfluorotridecanoic acid)
23666663 ubChem CID
(perfluorotridecanoic acid, sodium salt)

EU (EC) number

2767452

Molecular formula

Ci13HF2502
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Molecular structure

Molecular weight (g.motl?)

664.10

Common name(11)

PFTeDA

Chemical name(IUPAC)

Perfluorotetradecanoic acid

Synonym(s)

Perfluorotetradecanoate

Perfluoromyristic acid
Heptacosafluorotetradecanoic acid
2,2,3,3,4,45,5,6,6,7,7,8,8,9,9,10,10,11,11,1
2,13,13,14,14,14heptacosafluorotetradecan
acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

376:06-7 (perfluorotetradecanoic acid)
153530621PubChem CID
(perfluorotetradecanoic sodium salt)
153530613 ubChem CID
(perfluorotetradecanoic, lithium salt)
10173318%ubChem CID
(perfluorotetradecanoic ammonium salt)
101166998 PubChem CID
(perfluorotetradecanoic silver (Ink)

EU (EC) number

2068034

Molecular formula C14HF2702
Molecular structure

Molecular weight (g.mol?) 714.11
Common name(12) PFHxDA

Chemicalname (IUPAC)

Perfluorohexadecanoic acid

Synonym(s)

Perfluorohexadecanoate
Perfluoropalmitic acid

Hexadecanoic acid, hentriacontafluoro
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,]
2,13,13,14,14,15,15,16,16;:16
hentriacontafluorohexadecanoic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

67905195 (Perfluorohexadecanoic acid)
153530622PubChem CID
(Perfluorohexadecanoic Lithium salt)
15353062@ubChem CID
(Perfluorohexadecanoic sodium salt)
10116699%PubChem CID
(Perfluorohexadecanoic silver (1) salt)
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22904208PubChem, CID
(Perfluorohexadecanoic ammonium salt)

EU (EC) number

267-6381

Molecular formula C16HF3102
Molecular structure 1
Molecular weight (g.motl?) 814.13
Common name(13) PFODA

Chemical name (IUPAC)

Perfluorooctadecanoic acid

Synonym(s)

Perfluorooctadecanoate
Perfluorostearic acid
Octadecanoic acid, pentatriacontafluoro

2,2,3,3,4,45,5,6,6,7,7,8,8,9,9,10,10,11,11,1
2,13,13,14,14,15,15,16,16,17,17,18,18,18

pentatriacontafluomctadecanoic acid

Chemical clasgqwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

1651711-6 (perfluorooctadecanoic acid)
13964344PubChem CID
(pefluorooctadecanoic sodium salt)
139643441PubChem CID
(perfluorooctadecanoic potassium salt)
13964344@PubChem CID
(perfluorooctadecanoic lithium salt)
12128055PubChem CID
(perfluorooctadecanoic silver(l) salt)

EU (EC) number

2405825

Molecular formula C1gHF3502
Molecular structure | el
Molecular weight (g.mol?) 914.1
Common name(14) PFBS

Chemical name (IUPAC)

Perfluorobutanesulfonic acid

Synonym(s)

Perfluorobutanesulphonic acid
Nonafluorobutane sulfonate
Nonafluorobutanesulphonate
Perfluorobutane sulfonate
Nonafluorobutand-sulphonic acid
Perfluorobutane.-sulphonic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

375735 (perfluorobutanesulfoniacid)
68259109 (perfluorobutanesulfoniacid,
ammonium salt)
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29420493 (perfluorobutanesulfoniacid,
potassium salt)

39847397 (perfluorobutanesulfoniacid,
imide salt)

146444611PubChem CID
(perfluorobutanesulfoniacid, Lithium)
141718833PubChem CID
(perfluorobutanesulfoniacid, butyldimetyl

ammonium)
EU (EC) number 2067931
Molecular formula C4HF9O3S
Molecular structure £ o
Molecular weight (g.mol?) 300.10
Common name(15) PFPeS

Chemical name (IUPAC)

Perfluoropentanesulfonic acid

Synonym(s)

Perfluoropentasulfonate
1-Pentanesulfonic acid, 1,2,2,3,3,4,4,5,5:5
undecafluore

Perfluoropentané-sulfonic acid
1,1,2,2,3,3,4,4,5,5;6ndecafluoropentant
sulfonic acid

Chemical clasgqwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

270691-4 (Perfluoropentanesulfonic aqgid
139914361PubChem CID
(Perfluoropentanesulfonic agitetrametyl
ammonum salt)

139842338 ubChem CID
(Perfluoropentanesulfonic agidilver salt)
139842304ubChem CID
(Perfluoropentanesulfonic agidubidium salt)
13984221®PubChem CID
(Perfluoropentanesionic acid cesium salt)

EU (EC) number

220-301-2

Molecular formula CsHF1103S
Molecular structure v
Molecular weight (g.mol?) 350.11
Common name(16) PFHXS

Chemical name (IUPAC)

Perfluorohexane sulfonic acid
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Synonym(s)

Tridecafluorohexané-sulfonic acid
Perfluorohexand-sulfonic acid
Perfluorohexanesulfonate
1,1,2,2,3,3,4,4,5,5,6,6,bridecafluorohexane
1-sulfonic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

35546-4 (perfluaohexane sulfonic acid)
34103571-0 (perfluorohexane sulfonate
gallium salt)

35083693-0 (perfluorohexane sulfonate
scandium 3+ salt)

4118465-0 (perfluorohexane sulfonate
neodymium 3+ salt)

4124212-0 (perfluorohexane sulfonate
yttrium 3+ salt)

7013672-0 (perfluorohexane sulfonate zinc
salt)

8238212-5 (perfluorohexane sulfonate
sodium salt)

9201217-1 (Perfluorohexane sulfonate cesi
salt 1:1)

5512077-9 (Perfluorohexane sulfonate
lithium salt)

3871996 (Perfluorohexane sulfonate
potassiunsalt)

6825908-5 (Perfluorohexane sulfonate
ammoniumsalt)

EU(EC) number 206587-1

Molecular formula CeHF1303S

Molecular structure ) o
Molecular weighi{g.mol-1) 400.12

Common name(17) PFHpS

Chemical name (IUPAC)

Perfluoroheptanesulfonic acid

Synonym(s)

Perfluoroheptane sulfonate
Perfluoroheptanesulphonic acid
1,1,2,2,3,3,4,4,5,5,6,6,7,7,7
pentadecafluoroheptariesulfonic acid
1,1,2,2,3,3,4,4,5,5,6,6,7,7,7
Pentadecafluoroheptatiesulphonic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

37592-8 (Perfluoroheptanesulfonic acid)
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140312318ubChem CID
(perfluorotridecanoic acid, silver salt)
13982915%°ubChem CID
(perfluorotridecanoic acid, tetrametyl
ammonium)

8755813%PubChem CID
(perfluorotridecanoic acid, sodium salt)
87246875PubChem CID
(perfluorotridecanoic acid, potassium salt)

EU (EC) number

206-800-8

Molecular formula C7HF1503S
¥ £ Fs s £ Fa £ &£
Molecular structure o
Molecular weight (g.mol?) 450.12
Common name(18) PFOS

Chemical name (IUPAC)

Perfluorooctane sulfonic acid

Synonym(s)

Perfluorooctane sulfonate
Perfluorooctane sulphonic acid
Heptadecafluorooctanesulfonate
Perfluorooctylsulfonic acid
Heptadecafluord-octanesulfonic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

176323-1 (perfluorooctanesulfonic acid)
141391012PubChem CID (prfluorooctane
sulfonate hydrate, silver salt
139842138ubChem CID (prfluorooctane
sulfonate rubidium salt)

139597@1 PubChem CID (prfluorooctane
sulfonate tetraethyl ammonium)
88651763PubChem CID (perfluorooctane
sulfonate, Iron)

88425507 PubChem CID (perfluorooctane
sulfonate, Calcium)

88080702 PubChem Clpérfluorooctane
sulfonate ethykmethytdi(propan2-yl),

ammonium)
EU (EC) number 217-1798
Molecular formula CgHF1703S
Molecular structure
Molecular weight (g.mol?) 500.13Da
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Common name(19)

PFDS

Chemical name (IUPAC)

Perfluorodecane sulfonic acid

Synonym(s)

Perfluorodecane sulphonic acid
Perfluorodecane sulfonate
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10
henicosafluorodecant sulfonic acid
Henicosafluorodecanesulphonic acid

Chemical clasgwhen available/relevant)

Perfluoroalkyl acids (PFAAS)

CAS number”

33577-3 (perfluorodecane sulfonic acid)
280616-8 (perfluorodecane sulfonic acid,
potassium salt)

6790642-7 (perfluorodecane sulfonic acid,
ammonium salt)

87772728ubChem CID (perfluorodecane
sulfonic acid, sodium salt)

EU (EC) number 206401-9
Molecular formula C10HF2103S
Molecular structure H -
Molecular weight (g.mof?) 600.15
Common name(20) 6:2 FTOH

Chemical name (IUPAC)

3,3,4,45,5,6,6,7,7,8,8i8decafluorooctasl-
ol

Synonym(s)

3,3,4,4,5,5,6,6,7,7,8,8,Bridecafluorel-
octanol
1H,1H,2H,2HPerfluore1-octanol
2-(Perfluorohexyl)ethanol

6:2 fluorotelomer alcohol

Chemical clasgqwhen available/relevant)

Per and polyfluorinated substanc€PFAS)

CAS number”

647-42-7 (3,3,4,4,5,5,6,6,7,7,8,8,8
tridecafluorooctasi-ol)

EU (EC) number 2114771

Molecular formula CgHsF130

Molecular structure ’
Molecular weight (g.mol?) 364.10

Common name(21) 8:2 FTOH

Chemical name (IUPAC)

1,1,2,2Tetrahydroperfluord-decanol

Synonym(s)

1H,1H,2H,2HPerfluore1l-decanol
2-(Perfluoren-octyl) ethanol
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8:2 fluorotelomer alcohol

Chemical clasgwhen available/relevant)

Per and polyfluorinated substanc€PFAS)

CAS number”

678397 (1,1,2,2Tetrahydroperfluorel-

decano)
EU (EC) number 211-6480
Molecular formula CioH5F170
Molecular structure
Molecular weight (g.mol?) 464.12

Common name(22)

HFPODA (Gen X)

Chemical name (IUPAC)

2,3,3,3tetrafluore2-(1,1,2,2,3,3,3
heptafluoropropoxy) propanoic acid,
ammonium salt

Synonym(s)

MS-20244
Q29388239

Chemical clasgwhen available/relevant)

Per and polyfluorinated substanc€PFAS)

CAS number”

6203780-3 2,3,3,3tetrafluore2-
(1,1,2,2,3,3,heptafluoropropoxy) propanoic
acid (ammonium salt)

13252136 (2,3,3,3tetrafluore2-
(1,1,2,2,3,3,sdheptafluoropropoxy) prmanoic
acid

88643334 PubChem CID 2,3,3&rafluoro2-
(1,1,2,2,3,3,heptafluoropropoxy) propanoic
acid, Lithium salt

67118552 2,3,3,3tetrafluore2-
(1,1,2,2,3,3,sheptafluoropropoxy) propanoic
acid, potassium salt

3765118 PubChem CIP,3,3,3tetrafluore2-
(1,1,2,2,3,3,heptafluoropropoxy) propanoic
acid, sodium salt

EU (EC) number 700-242-3
Molecular formula CeHaF11NO3
0 g
Molecular structure
f f 0 L
I
¥ }
Molecular weight (g.mof?) 347.08
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Common name(23)

ADONA

Chemical name (IUPAC)

Ammoniumz2,2,3trifluoro-3-(1,1,2,2,3,3
hexafluore3-(trifluoromethoxy)propoxy)
propanoate

Synonym(s)

Ammonium 4,8dioxa3H-perfluorononanoate

Chemical clasgwhen available/relevant)

Per and polyfluorinated substanc€PFAS)

CAS number”

95844544-8 Ammonium2,2,3trifluoro-3-
(1,1,2,2,3,3nexafluore3-
(trifluoromethoxy)propoxy) propanoate
91900514-4 2,2,3trifluoro-3-(1,1,2,2,3,3
hexafluore3-(trifluoromethoxy)propoxy)
propanoic acid

138394366 PubChem CID 2,2y#luoro-3-
(1,1,2,2,3,3nexafluore3-
(trifluoromethoxy)propoxy) propanoic acid,
sodium salt

131730125 PubChem CID 2,2/¥luoro-3-
(1,1,2,2,3,3hexafluore3-
(trifluoromethoxy)propoxy) propanoic acid,
potassium salt

EU (EC)number 4803104
Molecular formula C7HsF12NO4
o

Molecular structure i

i I L] .' L0 ]

P F . [
I I
0 |

]
Molecular weight (g.mof?) 395.10
Common name(24) C604

Chemical name (IUPAC)

Acetic acid, 2,Aifluoro-2-[[2,2,4,5
tetrafluore5-(trifluoromethoxy}1,3-dioxolan
4-ylloxy] -, ammonium salt (1:1)

Synonym(s)

Chemical clasgqwhen available/relevant)

Per and polyfluorinated substancéPFAS)

CAS number”

1190931-27-1 Acetic acid, 2,2-difluoro-2-[[2,2,4,5-
tetrafluoro-5-(trifluoromethoxy)-1,3-dioxolan-4-
ylloxy]-, ammonium salt (1:1)

1190931395 Acetic acid,2,2-difluoro-2-
[[2,2,4,5tetrafluore5-(trifluoromethoxy} 1,3
dioxolan4-ylloxy] -, potassium salt
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119093141-9 Acetic acid, 2,Aifluoro-2-
[[2,2,4,5tetrafluore5-(trifluoromethoxy} 1,3
dioxolan4-ylJoxy
EU (EC)number 682-238-0
Molecular formula CH.FENOs
HN'H
Ho+y
o
Molecular structure N
2SN
e O
P F
Molecular weight (g.mof?) 357.08

* The list of substances reported in the table is not exhaustive of all the molecules present on the market. More isaligittan ex
both inorganic and organic cation. The first CAS nuntbported in the list corresponds to the substance mentioned in the table. For

some compounds, either the PubChem CID number or external ID PubChem are reported.

2 EXxisting evaluations and Regulatory information

Together with the compounds mentioned in this table, many other PFASs has already received restriction
under REACH, with the prohibition of use with some exceptions. A complete list can be found in

https://echa.europa.eu/de/registry-of-restriction-intentions

Annex | EQS Dir. (2013/39/EU)

Currently, oy PFOS is listed

Plant Protection Products (EC No
1107/2009, repealing Directive
91/414/EEC)

Not applicable

Biocides (EU No. 528/2012,
repealing Directive 98/8/CE)

Not applicable

PBT substances

PFOA meets the criteria for a PBT substance accor
to Article 57(d) (ECHA, 2013a&).

PFDA is PBT in accordance with Annex XllII of the
REACH Regulatioff.

PFNA is listed as PBT substaige

PFBS® and HFPGDA (Gen X)*! are currently under
assessment as PBT.

27 Available online at https://echa.europa.eu/documents/10162/3d5f{88f31f7-6eb77820c0001be7

28 Available online athttps://echa.europa.eu/pltislist/details/0b0236e18074c771

29 Available onine at: https://echa.europa.eu/pifdislist/details/0b0236e18074d032

30 Available online athttps://echa.europa.eu/substaim@rmationt/substanceinfo/100.006.176

31 Available online athttps://echa.europa.eu/piitfislist/details/0b0236e180a0503e
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Thefollowing substances are listed as SVHC: PE€)/
PFDA®3, PFNA*, PFHxS®, PFBS®, PFTIDA,
PFDoDA, PFUNnA, PFTeDX, HFPODA (Gen X)®
Reason for inclusion:

PFOA, PFDA and PFNA: Toxic for reproduction
(Article 57c) and PBT (Article 57d). PFHXS: vPvB
(Article 57e).

PFBS: Equivalent level of concern having probable
serious effects to human health (Article 57(fHuman
health) and equivalent level of concerving probable
serious effects to the environment (Article 57(f)
environment).

PFTrDA, PFDoDA, PFUNA, PFTeDA: vPvB (Article
57e).

HFPODA (Gen X): Equivalent level of concern
having probable serious effects to human health
(Article 57(f) - human healthand equivalent level of
concern having probable serious effects to the
environment (Article 57(f) environment).

PFOA, its salts and PFQrelated compounds are list
in Annex A (Elimination) of the Stockholm
Conventiori®, and therefore their production and use
should be eliminated. However, a few specific
exemptions for the production and use of PFOA, its
POPs (Stockholm convention) salts, and PFOArelated compounds are allowed
(UNEP, SG9/12).

(PFQOS), its salts and perfluorooctane sulfonyl fluori
(PFOSF) are listed in Annex B (Restriction) of the
Stockholm Conventianin order to restrict their
production and usés.

Other relevant chemical regulation| ADONA*%4t and HFPGDA (GenX)*?*3 are included if
(veterinary products, medicament, | Annex | (Authorised Use) of the FCM Recycled Plag
») & Articles Regulation (Reg. 10/2011/EU), and in

Substances of Very High Concern
(1907/2006/EC)

32 Available onine at: https://echa.europa.eu/candidéist-tablet/dislist/details/0b0236e1807db2ba

33 Available online athttps://echa.europa.eu/documents/10162/df3d@a9Z2c3a2c7b:90c267642086

34 Available online at https://echa.europa.eu/documents/10162/725605€E48c989a5500ee2dabel6

35 Available online athttps://echa.europa.eu/documents/1016228365334b1-bb4848877ea77bedc637

36 Available online athttps://echa.europa.eu/documents/10162/079c246@4168f132-a22ffb04d910

37 Available online athttps://echa.europa.eu/documents/10162/dd8287944d49-84c300082732059b

38 Available online athttps://echa.europa.eu/documents/10162/fc7ééas5fcb5c4e358467ca832

39 Available online athttp://chm.pops.int/TheConvention/ThePOPs/AIPs/tabid/2509/Default.aspx

40 Available online athttps://echa.europa.euteecycled plastiart 4 b#/leqgislatonlist/detailssEURECYCLED PLASTIG
ART 4 b100.297.918/SK-D8C02E

41 Available online athttps://echa.europaifplasticmateriatfood-contact/legislationlist/details/ELPLST FCM

ANX | AUTHORIS-100.297.918/SK-24A45B

42 Available online athttps://echa.europa.euteeicycled plasti@art 4 b#/legislationlist/details/ELRECYCLED PLASTIG
ART 4 b100.032.928/SK-DS8BDAC

43 Available online athttps://echa.europa.eu/plastiateriatfood-contactf/legislationlist/details/ELPLST FCM

ANX | AUTHORIS-100.032.928VSK-24A21C
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https://echa.europa.eu/documents/10162/fc76aefc-fc86-a5fc-b5c4-e358467ca832
http://chm.pops.int/TheConvention/ThePOPs/AllPOPs/tabid/2509/Default.aspx
https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-ART_4_b-100.297.918-VSK-D8C02E
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https://echa.europa.eu/plastic-material-food-contact/-/legislationlist/details/EU-PLST_FCM-ANX_I_AUTHORIS-100.297.918-VSK-24A45B
https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-ART_4_b-100.032.928-VSK-D8BDAC
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https://echa.europa.eu/plastic-material-food-contact/-/legislationlist/details/EU-PLST_FCM-ANX_I_AUTHORIS-100.032.928-VSK-24A21C
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Annex | (Authorised Substances) of the FCM and
Articles Regulation.

HFPODA (GenX), PFTeDA, PFTrDA, PFUNA.
PFDoDA, PFDA, PFBS, PFHxS, PFOS, PFNA, PF(
are listed akazardous substance under lin&itro
Medical Devices Directive, the Medical Devices
Directive, the General Product Safety Directive, the
Construction Product Regulation, the Active
Implantable Medical Devices Directive, the EU
Ecolabel Regulation, anddghiMarine Environmental
Policy Framework Directivi454647:484950
Additionally, PFOS, PFOA, PFDA, PFNA are also
listed as hazardous/prohibited substance under the
Chemical Agents Directive, the Cosmetic Products
Regulation, the Endf-Life VehiclesDirective, the
Food Contact Active and Intelligent Materials and
Articles Regulation, the Protection of Pregnant and
Breastfeeding Workers Directive, the Protection of
Young People Directive, the Safety and Heatlh of
Workers at Work Directive, the Safetgdior Health
Signs at Work Directive, and the Waste Framework
Directive’52%3,

PFOS is also recognised as polluting substance un
the Industrial Emissions Directive

Endocrine disrupter

EFSA concluded that the available evidence is
insufficient tosuggest that exposure to PFASs are
associated with thyroid disease or changes in thyro
hormones, and pr@r postnatal exposures to PFASs
are associated with effects on pubertal developmen
male fertility/female reproduction outcomes or pube
(EFSA,2020).

CLP Classification (Regulation
(EC) No. 1272/2008)

The harmonised classification and labelling is availg
for the following substances

PFOA (H302 Acute Tox 4, H318 Eye Dam. 1, H332
Acute Tox 4, H351 Carc. 2, H362 Lact., H372 (liver
STOT RE 1H360D Repr. 1Bf

44 Available online athttps://echa.europa.eu/substant@rmationt/substanceinfo/100.032.928
45 Available online athttps://echa.europa.eu/substant@rmationt/substanceinfo/100.006.186
46 Available online athttps://echa.europa.eu/substai@rmationt/substanceinfo/100.069.747
47 Available online athttps://echa.europa.eu/substaintermationt/substandefo/100.016.515

48 Available online athttps://echa.europa.eu/substai@rmationt/substanceinfo/100.005.641
49 Availale online athttps://echa.europa.eu/substairfermation//substanceinfo/100.006.176

50 Available online athttps://echa.europa.eu/substaitdfermation//substanceinfo/100.005.989
51 Available online athttps://echa.europa.eu/substantermationt/substancefo/100.005.819

52 Available online athttps://echa.europa.eu/substaitdfermation//substanceinfo/100.006.184
53 Available online athttps://echa.europa.eu/substaitdfermation//substanceinfo/100.005.817
54 Available online athttps://echa&uropa.eu/substandsformationt/substanceinfo/100.015.618

55 Available online athttps://echa.europa.eu/information-chemicals/cinventorydatbasefdiscli/details/67229

43


https://echa.europa.eu/substance-information/-/substanceinfo/100.032.928
https://echa.europa.eu/substance-information/-/substanceinfo/100.006.186
https://echa.europa.eu/substance-information/-/substanceinfo/100.069.747
https://echa.europa.eu/substance-information/-/substanceinfo/100.016.515
https://echa.europa.eu/substance-information/-/substanceinfo/100.005.641
https://echa.europa.eu/substance-information/-/substanceinfo/100.006.176
https://echa.europa.eu/substance-information/-/substanceinfo/100.005.989
https://echa.europa.eu/substance-information/-/substanceinfo/100.005.819
https://echa.europa.eu/substance-information/-/substanceinfo/100.006.184
https://echa.europa.eu/substance-information/-/substanceinfo/100.005.817
https://echa.europa.eu/substance-information/-/substanceinfo/100.015.618
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/67229

September 2022 PFAS_Final EQS Dossier after SCHEER final opinion

PFOS (H302 Acute Tox 4, H332 Acute Tox 4, H351
Carc. 2, H362 Lact., H372 STOT RE 1, H360D Rep
1B, H411 Aquatic chronic 2§

PFNA (H302 Acute Tox 4, H318 Eye Dam. 1, H332
Acute Tox 4, H351 Carc. 2, H362 Lact., H372 (liver
thymus, spleenSTOT RE 1, H360Df Repr. 1B8)
PFDA (H351 Carc. 2, H362 Lact., H360Df Repr. 1B

56 Available online athttps://echa.europa.eu/information-chemicals/cinventorydatabase/discli/details/82756
57 Available online athttps://echa.europa.eu/information-chemicals/cinventorydatabase/discli/details/31321
58 Available online at https://echa.europa.eu/information-chemicals/cinventorydatabasel/discli/details/117043
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3 Proposed Quality Standards (QS)

3.1 Environmental Quality Standard (EQS)

QS forhumanhealthi s t he #dAcritical QS0 for derivation of an Env
Value Comments
0.077 ug.kg'lbiotaww (PFOA-
Proposed AAEQS for human health[ug.kg equivalents) Critical QS is QSfor
Lhiota ww] human health
4.4 ng/L for PFOA-
ProposedAA-EQS inwater[ng.L™] equivalents See sectiory.87

3.2 Specific Quality Standard (QS)

Protection objective®® Unit Value | Comments
Pelagic community (freshwater) [ug.IY

Pelagic community (marine waters) [ug.I?

See sectiom7.17.1, 7.2, 7.3

Benthic community (freshwater) [Hg.kg? aw]

See sectior.4
Benthic community (marine) [Hg.kg? aw]

QShiota,sec pois, fw IS 22.3 Hg/KQww
for fish and 6.2 ug/kgww for
[1g.kg biota | molluscs (PFOA-equivalents)

WW] [ng-l-l] QSbiota, secpois,sw is 6.99 ug/kgww
for fish and 2 pg/kgww for
molluscs (PFOA-equivalents)

Predators (secondary poisoning) See sectiof0

Human health via consumption of [1g.kg Ybiota 0.077 pg/kgpiota for PFOA-

fishery pr ng.I"t equivalence _

shery products wi] [Ng.17] q ) See sectioii.87.8
Human health via consumption of [ug.I7] 0.0044 for PFOA-equivalents

water HY- PFOA,

59 Please note that as recommended in the Tech@ival dance for deriving EQS (EC, 2018),
6transitional and marine waterso, but either for vdlabesQswat er
for the different protection objectives are givedependently for transitional waters or coastal and territorial waters.

45



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion

4 Major uses and Environmental Emissions

4.1 Uses and Quantities

An overview of the possible uses identified for PFAS is shown in Table 4.1 below.
Table 4.1. List of the main applications of PFAS in industrial and consumer products (Niegowska et al., 2021)

Industrial sector

Type of material

Use

Automotive

Raw materials for
components and

Wiring and fuel delivery tubing; loviriction
bearings and seals; surface treatment for textiles

and defense

lubricants (seats, carpets, leather and extesimfaces);
lubricants
Aviation, aerospace Mechanical Pipelines, seals, gaskets, cables, and insulators

components and
hydraulic fluid
additives

Cable andviring,
semiconductors ang

Coating materials
and insulators and

Surfacetreatment to protect from weather, fire an
soil; working fluids in mechanical vacuum pumps

electronics raw materials for | component material in cell phones, computers,
equipment speakers, etc.

Building and Coating materials | Additives in paint, ink, varnish, polish and coating

Construction and paint additives| film to cover solar collectors; surfateatment

protection on fabrics, metals, stone, concrete, et
metal and plastic coating; adhesives and surface
treatment agent

Cosmetics and
Personal Care

Cleaning fluids,
cosmetic and

Shampoos, hair conditioner, hand creams, nail
polish, eye makeup, denture cleaners, dental flos

Products hygiene products | and micro powders used in creams and lotions; @
and water repellent in sun creams and body lotio
Fire-fighting Raw materials for | Fuel repellents, foam stabilizers and {iighting

components and
equipment

foams; coating for firdighting equipment

Food processing

Food packaging
materials and
coating materials

Oil /grease repellent on paper, cardboardsfaod
packagingfast Food packaging; coating materia
trays, ovens, grills

Household products

Nonstick coating
materials and
wetting agent in
cleaning products

Teflon production; floor polishing and cleaning
agents
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Medical articles Raw materials and | Surfacetreatment protection on surgical textile;
stain- and water surgical patches;ardiovascular synthetic grafts ar
repellents medical implants; video endoscopesray film

Pesticides Active and inert Active ingredients in fant growth regulators,
ingredientsn herbicides and ants and termites baits; inert
pesticides ingredients in pesticide formulations

Textiles and leather] Raw materials for | Surfacetreatment oil, water and stain repellent or|
highly porous carpets, furniture, outdoatothing,textile-related
fabrics articles and leather

Data from CONCAWE, 2016, Appendix 1 in pp. 88-89; ITRC, 2020, table 2-4 in pp. 32-34; OECD, 2018, Table
1land 2in pp. 12-13.

In addition, fluoropolymers derived from one or several of the 24 listed PFAS are used extensively upstream,
ie. in the chemical industryés production apparatus.
acid or diisocyanates relies on fluoropolymers like PTFE for the lining of pipes, gaskets, etc.
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Table 4.2. Global Emissions of PFOS, xFOSA/Es (x-perfluorooctanesulfonamides/sulfonamido ethanols) and
POSF (Pefluorooctanesulfonyl fluoride) from the Life Cycle of POSF-Based Products in the mentioned study
(in Tonnes). Global Estimated Emissions of PFHxS and PHxSF (perfluorohexanesulfonyl fluoride) from the
Life Cycle of PHxSF-Based Products and of PFDS and PDSF (perfluorodecanesulfonyl fluoride) from PDSF-
Based Products (rounded to the nearest metric ton). Table extracted from Boucher et al. (2018) and Wang et

al. (2017).

PFOS

emissions from
production (to water
and soil)

emissions from use
and disposal (to
water)

emissions from
degradation of
XFOSA/Es
emissions from
degradation of POSF

total
XFOSA/Es

emissions from
production (to air,
water, and soil)
emissions from use
and disposal (to air
and excluding
Sulfluramid)
emissions from
application of
Sulfluramid (to air
and soil)

total
POSF

emissions from
production (to air and
soil)

PFHXS

emissions from
production
emissions from use
and disposal
emissions from
degradation of
XFHXSA/ESO
emissions from
degradation of
PHXSF

total
PFDS

emissions from
production

195871 20(

71471 7
2671 2
51337
1601 4
11461 4
5571 6
17517 6!
1147 1
8461 7
6521 6
861 86
61307
11410
20161
11371 86
41 5

20031 20!

27128

481 62

11 36

6117
821 70

211 26

13171 50

3501 4

3841 9

71158

Oto<i

80 xFHXSA/Es = perfluorohexanesulfonyl sulfonamidetidoetharols
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201671 20:¢
2110
61113
01 25
01 5
81153
2110
2178
01610
41698
21 9
011
1121
1166
011
21 89
Oto<1

total (t)
7431 7
3211 3
61398
1661 5
12361 E
5801 7
1901 7!
4641 1:
123471 ¢
6781 6
881 89
1071358
31600
2171 64
122111
415
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emissions from use 331358 01T 6 01 1 331365
and disposal

emissions from 071 3 01 2 01 1 0T 6
degradation of

XFDSA/Es

emissions from 17 4 Oto <1 Oto<i 1717 4
degradation of PDSF

total 381370 01 8 01 2 381380

PHXSF
emissions from 787178 21 2 071 1 8071 81

production

PDSF

emissions from 471 4 Oto <1 Oto<i 41 4
production
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5 Environmental Behaviour

5.1 Environmental distribution

Perfluoroalkyl sulphoniacids (PFSAse.g. PFOS) anderfluoroalkylcarboxylic acidsRFCAs,
e.g. PFOA are widely distributed in the globahvironment due to their high solubility in water,
low/moderate sorption to deiandsediments and resistance to biological and chemezaiadiation.
Little or no breakdown of PFOS and PFOA by photolysis is anticipated endeonmental
conditions(Concawe, 2016).

While many studies have been published on environmental concentrations of &felSASCAS,
little data is available for precurnssubstances due to the difficuibherent in their identification
and analysisOver the pH range normally found in soil, groundwater and surface watersqpH 5
PFSAs and PFCAs are normally present as anions, and this reduces sorptionang ssidnents,
which usually carry a net negative charge. Their retardation dwangport in groundwater
increases with perfluorocarbon chain length and the fraofionganic carbon in the soil, with
PFSAs binding more strongly than PFCAs of $hene carbonumber. The presence of-co
contaminants has a variable impact onrttobility of PFAS, depending on PFAS chain length,
PFAS concentrations and thlearacteristics of the emontaminant. The environmental mobility of
other PFASsubstances is not welhderstood due to the lack of analytical d®@cursors are
likely to have different physical and chemical properties to their breakdown prdéadisg to
differences in their transport behavior (Concawe, 2016).

Some PFAS are bioaccumulative, and &sidevealed thdiioaccumulation increases with
increasing length ahe alkyl chain with perfluorgarboxylic acids (Martin et a003a, 2003In
Burkhard, 202} Other studies have reported that perfluorooctati®nic acid (PFOS),
perfluorononanoic@d (PFNA), perfluorodecanoicid (PFDA), and longer perfluagakyl
carboxylicacids biomagnify in aquatic food webs, as demonstratétbpiiic magnification factors
>1 (Martin et al. 2004; Houde et @008; Loi et al. 201in Burkhard, 202). It shoul be noted that
literaturereviews indicate that BAF data from both laboratory Beld studies are inconsistent, a
fact that may possibly be explainkg the concentration dependence oABKLiu et al., 2011)
Based on laboratory BCF measurem&ntlies, accumulatioof some PFAS appears to be
inversely related to concentratidfield data for some but not all PFAS, even thotlngiie is a fair
amount of scatter in the measuremehnésie trends consistent with the laboratory studiesvever,
moredata are needed to understand the mechanism(s), if they exist, responsible for the
concentration dependenoy bioaccumulation of PFAS chemicals (Burkhard, 2021).

An overview of the environmental distribution data found for some PFAS is available in the
Appendix sections 11.1 to 11.21.

5.2 Abiotic and Biotic degradations

PFAS are ordered from shorter to longer C chain lenght starting from PFCA (from C4 to C18) and PFSA (from
C4 to C10). Telomers and ethers are reported at the end.

(1) PFBA Master reference
Hydrolysis Hydrolytically stable under no;nlgélAenwronmental conditions as a ECHA 2019a
. Data support no photolysis under normal environmental conditi .
Photolysis (also at high altitude 2568200 m) Taniyasu et al. 2013
Biodegradation Supposedly very stable to biodegradation as all PFCA Liou et al 2010;
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ECHA 2019a
DISSIpatIO!'l In No info available
water/sediment
Metabolites No info available
(2) PFPeA Master reference
Hydrolysis Hydrolytically stable under no;rpgl:nwronmentahdltlons as all th ECHA 2019a
. As other PFCA, it is supposed to be photolytically stable under ng
Photolysis environmental conditions. ECHA 2017
. . . . Liou et al 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20193

Dissipation in
water/sediment

No info available

Metabolites No info available
(3) PFHxA Master reference
Hvdrolvsis Hydrolytically stable under normal environmental conditions. ECHA 2019a
yaroly Hydrolysis halflife of 92 yr ECHA 201&
Photolysis Photolytically stable under normal environmental condition ECHA 201&
. . . . Liou et al 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 2019a

Dissipation in No info available
water/sediment
Metabolites No info available
(4) PFHpA Master reference
Hydrolysis Hydrolytically stable under nolgnlgglinV|ronmental conditions as al ECHA 2019a
. Supposedly photolytically stable under normal environmental

Photolysis condition as PEOA EPA 2016

. . . . Liou et al. 2010;
Biodegradation Supposedly vergtable to biodegradation as all PFCA ECHA 2019a

Dissipation in No info available
water/sediment
Metabolites No info available
(5) PFOA Master reference
ECHA 2018a;
Hydrolytically stable under normal environmental conditions (Hg GiEZfazlozlg;ll'
Hydrolysis life > 92 yr). Hydrolysis happens under harsh condition: witimuth ) .
oxychloride nanosheets, VUV light at 184 nm Chen et al 2007;
' Giri et al, 2012;
Song et al., 2019
EPA 2016
Photolytically stable under normal environmental conditions. song etal.,, 2019, .
. Photolysis observed under harsh conditidsismuth oxychloride Vaalgama et al, 2011;
Photolysis ' Wang et al .2008;

nanosheetsigh altitude 2502200 m; with ferric ion; UVFenton
process; very slow degradationsarface water)

Tang et al.2012;
Taniyasu et al. 2013;

Biodegradation

Very stable to biodegradation as all PFCA. Degraded by
Acimicrobium sgstrain A6

Liou et al 2010;
ECHA 2019za;
Huangand Jaffe, 2019

S208 2) and 100% (by use of S208 Pafter 6 h in 80°C water

Dissipation in _ NIBIO Norsk Institutt for
water/sediment DT50=99 years, non degradable biookonomi (2019)
Metabolites Not available
(6) PFNA Master reference
- E——
Hydrolysis No hydrolysis tested under relevant env. Conditions; 97% (abser ECHA 2017
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Photolysis

Photolytically stable under normal environmental conditions as
PFCA. Photolysis observed under harsh conditions: high altitu
25004200 m

EPA 2016;
Taniyasu eal. 2013;

Biodegradation

Supposedly very stable to biodegradation as all PFCA

Liou et al 2010;
ECHA 2019a

Dissipation in
water/sediment

Supposed to have DT50>92 yrs as PFOA

ECHA 2015

Metabolites No info available
(7) PFDA Master reference
Hydrolysis Hydrolytically stable under no;n;gl:nvwonmental conditions as a ECHA 2019a
. . . EPA 2016
Photolysis Photolytically stable under normal environmental conditions as ECHA 2017

PFCA. Photolysis under harsh conditions: high altitude 280D m

Taniyasu et al. 2013;

Biodegradation

Supposedly very stable to biodegradation as all PFCA

Liou et al 2010;
ECHA 2019 a

DISSIpatIO!’l In No info available
water/sediment
Metabolites No info available
(8) PFUNDA or PFUNA Master reference
Hydrolysis Hydrolytically stable under nolgrg?:l:nwronmental conditions as a ECHA 20192
. No photodegradation tested under relevant env. Conditions 77%

Photolysis 12 h by use of persulfate ion (S208) 2n water ECHA 201

. . . . Liou et al. 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

Dissipation in No info available
water/sediment
Metabolites No info available
(9) PFDoDa or PFDoA Master reference
Hydrolysis Hydrolytically stable under nolgrlrzwgt;wronmental conditions as all t ECHA 20192
. Supposedly photolytically stable under normal environmental

Photolysis condition as other PFCA, EPA 2016

. . . . Liou et al. 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

D|SS|pat|o_n In No info available
water/sediment
Metabolites No info available
(10) PFTrDA Master reference
Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a
. As other PFCA, it should be considered stable under normal

Photolysis environmentatondition EPA 2018

) . . . Liou et al. 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

Dissipation in
water/sediment

No info available

Metabolites No info available
(11) PFTeDA Master reference
Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a
. As other PFCA, it should be considered stable under normal
Photolysis environmental condition EPA 2018
] . . . Liou et al. 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

Dissipation in
water/sediment

No info available

Metabolites

No info available
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(12) PFHXDA Master reference
Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a
Photolysis As other PFCA, it should be con&de@d stable under normal EPA 2018
environmental condition
. . . . Liou et al. 2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

Dissipation in
water/sediment

No info available

Metabolites No biodegradable as mentioned above
(13) PFODA Master reference
Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a
Photolysis As other PFCA, it should be con&dgrgd stable under normal EPA 2018
environmental condition
. . . . Liou et al.2010;
Biodegradation Supposedly very stable to biodegradation as all PFCA ECHA 20192

Dissipation in
water/sediment

No info available

Metabolites No info available
(14) PFBS Master reference
Hvdrolvsis Hydrolytically stable under normal environmental conditions. ECHA 2019c
ydroly Hydrolysis happens under harsh condition: with zero valent Hori etal. 2006
. . . . ECHA 2017
Photolysis Data support no photolysis (also at high altitude 25200 m) Taniyasu et al. 2013
Biodegradation Supposedly very stable to biodegradation as all PFAA ECHA 2019c

Dissipation in . .
water/sediment No info available
Metabolites No biodegradable as mentioned above
(15) PFPeS Master reference

Hvdrolvsis No hydrolysis observed in other PFSA under normal environme ECHA 2017;

ydroly condition. ECHA 2019%

. Supposedly photolytically stable undermal environmental

Photolysis conditions as other PFSA ECHA 2017
Biodegradation Supposedly very stable to biodegradation as all PFAA ECHA 2019c

Dissipation in
water/sediment

No info available

Metabolites No info available
(16) PFHxXS Master reference

. . . . ECHA 2017;

Hydrolysis No hydrolysis observed under normal environmental conditiorn ECHA 201%
Data support no photolysis under normal environmental conditi Tanivasu et aR013:
Photolysis (also at high altitude 2566200 m). ECHA does not show data of Y '

. ECHA 2019b

photolysis
Biodegradation Supposedly very stable to biodegradation as all PFAA ECHA 2019c

Dissipation in
water/sediment

No info available

Metabolites No info available
(17) PFHpS Master reference
Hvdrolvsis No hydrolysis observed in other PFSA under normal environme ECHA 2017;
yaroly condition. ECHA 201%
. Supposedly photolytically stable under normal environmental

Photolysis conditions as other PFSA ECHA 2017
Biodegradation Supposedly very stable biodegradation as all PFAA ECHA 2019c
Dissipation in . .

. No info available
water/sediment
Metabolites No info available
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(18) PFOS Master reference
Hydrolytically stable under normal environmental conditions (half UNEP 2006
Hydrolysis > 41 yr). Hydrolysis happenmdgr harsh condition e.g. with zero Hori et al. 2006
valent iron.
Photolytically stable under normal environmental conditions. LEI?;’:IZOZ%)ES
Photolysis Photolysis observed under harsh conditions: high altitude-2300 Y ) :

m; under appropriate pH ateimperature in water; under UV light

Taniyasu et al. 2013;
Olalekan et al. 2020

Biodegradation

Very stable to biodegradation as all PFCA. Degraded by
Acimicrobium sgstrain A6

Liou et al. 2010;
ECHA 2019a;
Huang and Jaff&019

Dissipation in _ NIBIO Norsk Institutt for
water/sediment DT50=99 years, non degradable biookonomi (2019)
Metabolites Not available
(19) PFDS Master reference

Hvdrolvsis No hydrolysis observed in other PFSA under normal environme ECHA 2017;

yarolyst condition. ECHA 2019
Photolvsis Photolytically stable under normal environmental conditions. ECHA 2017;

Y Photolysis under harsh conditions: high altitude 25200 m Taniyasu et al. 2013;

Biodegradation Supposedly very stable to biodegradation aBBAA ECHA 2019c

Dissipation in No info available
water/sediment
Metabolites No info available
(20)6:2 FTOH Master reference
Hydrolysis No data available
Photolysis At high altitude 25084200 m Taniyasu et al. 2013;
Zhang efl. 2013;
. . Liu et al. 2010;
Biodegradation Yes Qiao et al2021
ECHA 201&
D|55|pat|o_n In No info available
water/sediment
Metabolites Poly- and perfluorinated acids Dinglasan et a2004
(21)8:2 FTOH Master reference
Hydrolysis No data available
Photolysis Photolysis at about 32 C in r lake. Also at high altitude 26200 m Gauthier et al. 2005

Taniyasu et al. 2013;

Biodegradation

Yes

Wang et al. 2009;
Nabb et al. 2007;
Liu et al. 2007;
Zhang et al. 2013
ECHA 2018

Dissipation in
water/sediment

No info available

Metabolites Poly- and perfluorinated acids Dinglasan et al2004
(22) HFPODA (GenX) Master reference
. Stable to Hydrolysis. No Hydrolysis observed atGh 5 days at
Hydrolysis different pH by Dupont EPA 2018
Photolvsis Stable tgphotolysis. Degraded in harsh condition in a UV/sulfite EPA 2018
Y system Bao etal. 2018
Biodegradation Stable to biodegradation EPA 2018

Dissipation in
water/sediment

No info available

Metabolites

No info available

(23) ADONA

Master reference
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Hydrolysis

Hydrolytically stable

ECHA (ADONA) 1

Photolysis

No info available

ECHA (ADONA) 1

Biodegradation

Not readily biodegradable

ECHA (ADONA) 2

Dissipation in
water/sediment

No info available

Metabolites No info available

(24) C604 Master reference
Hydrolysis No info available
Photolysis No info available

Biodegradation

No info available

Dissipation in
water/sediment

No info available

Metabolites

No info available
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6 Aquatic environmental concentrations

6.1 Measured concentratfoms the literature

The measured aquatic concentratitros literature forfive compound®ut ofthe considered 2
PFASIn this dossier arpresented belowrl he information igaken from the existing Italian

dossiers for PFAS,

In addition, arecent invesgation of 29 perand polyfluoroalkyl substances in seawater at the
border between Adntic and Arctic oceans (Joerss et al., 2020) showed higher total PFAS
concentrations in the surface water exiting Arctic (260 + 20 pg/L) comparing to the watergenterin
in Arctic from North Atlantic (190 + 10 pg/L). Besides, it was detected in Arctic seawater for the
first time hexafluoropropylene oxiedimer acid (HFPEDA), a replacement compound for
perfluorooctanoic acid (PFOA), which evidenced its loagge transpo to remote areas. The
estimated mass transport of seawater indicated a net inflowetldtngi n PFAS (O 8 pe
carbons) via the boundary currents and a net outflow of skadréen homologues. The study
hypothesized that this reflects highentributions from atmospheric sources to the Artic outflow
and a higher retention of the loggain compounds in seawater of melting snow and ice.

6.1.1 PFBA

Compartment Measured environmental concentration (MEC) Master reference

(Eschauzier et al.,

European rivers: 0.2-90.4 ng/L 2012)

Rhine river: <1.60-188 ng/L
Rivers discharging in North Sea: <1.60-335 ng/L
Italian rivers:
Freshwaters 1 Armo basm:. 8.8-78.7 ng/L .
1 Brenta basin: <5-333.2 ng/L (Valsecchi et al., 2014)
1 Bormida: <5-234.5 ng/L
1 Po:<5-17.4 ng/L
1 Tevere and Adige: <5-13.0 ng/L
Llobregat basin, ES

<LOQ-111 ng/L (mean 19.5; frequency 93%)

(Mdller et al., 2010)

(Campo et al., 2015)

Italian groundwaters:
n: 68

frequency of detection:28%
max: 125 ng/L CNR-IRSA database

mean: 8 ng/L
median: <LOQ ng/L
90t percentile: 24 ng/L
Italian drinking waters:

1 n:202

frequency of detection:37%
max: 553 ng/L CNR-IRSA database

mean: 27 ng/L
median: <LOQ ng/L
1 90t percentile: 46 ng/L

Marine waters North Sea : <1.15-4.16 ng/L (Moller et al., 2010)

Groundwaters

= =4 -8 -8 _a_9

Drinking waters

f
f
f
f

51 The tables reported existing data only up to 2015
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Adriatic lagoons (Venice, Goro, IT): <LOQ-30.6 ng/L

CNR-IRSA database

transitional)
WWTP Como, IT: <LOQ weekly average CNR-IRSA database
(municipal
effluents) 0.04-153 ng/L (Campo et al., 2014)
Miteni (Trissino, 1): <LOQ
WWTP ARICA sewage pipe (Vicenza, I): <LOQ CNR-IRSA database
, , Chemical industry (Appiano Gentile, 1): <LOQ
(industrial
effluents) Bulgarograsso, IT: <LOQ-24 h
average Fino Mornasco, IT: <LOQ CNR-IRSA database
Limido Comasco, IT: <LOQ
T Lake, China:
angxun -ake, “hina (Zhou et al., 2013)
4200-7800 ng/L
di Tangxun Lake, China: (Zhou et al., 2013)
Sediment 5.26-61.2 ng/g 5
(Freshwaters) Lioh basin ES
obregat basin,
ng/g dw Campo et al., 2015
0.61-12.9 ng/g (mean 3.67; frequency 100%) ( P )
Sediment
(Coa_st'al and Pearl River Delta and Hong Kong, China:
transitional (Zhao et al., 2014a)
waters) 0.09 £0.0.1 - 1.50 + 0.26 ng/g
ng/g dw
Baiyangdian Lake,North China;
1 Bird: <0.25 ng/g, dw
1 Common carp: 0.35 ng/g, dw
1 Loach: <0.25 ng/g, dw
1 Crab: 2.72 ng/g, dw (Zhou et al., 2012)
1 Shrimp 0.71 ng/g, dw
1 River snail 4.31 ng/g, dw
1 Ceratophyllum demersum: 0.78 ng/g, dw
Biota 1 Salvinia natans: <0.5 ng/g, dw
(Freshwaters) 1 Plankton: 0.58 ng/g, dw
ng/g fw Tangxun Lake, China:

1 Crucian carp 0.60

1 Sharpbelly <LOQ

1 Lotus Root 4.66

1 Common Duckweed 7.62

1 Common Water Hyacinth 11.7

(Zhou et al., 2013)

Llobregat basin, ES

Freshwater Fish: <LOQ-20.6 ng/g (mean 4.00;
frequency 58%)

(Campo et al., 2015)

57




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

North Sea; German Bight:
Harbor seals (Phoca vitulina)
9 Liver: <LOQ
Biota 3 E‘d”eﬁfgoQ
ng:
(Coastal and q Hléagr]t' <LO%
transitional 1 Bloo d.' <LOQ (Ahrens et al., 2009)
waters) 1 Brain: <LOQ
ng/g fw 1 Muscle: <LOQ
1 Thyroid: <LOQ
1 Thymus: <LOQ
9 Blubber: <LOQ
French Freshwater and Marine Fish
(Yamada et al., 2014)
<LOQ-0.77
Hong Kong, China: Pearl River Delta (Zhao et al., 2014a)
oysters and mussels: 0.14 + 0.02 - 0.80 + 0.17 h
6.1.2 PFBS
Compartment Measured environmental concentration (MEC) Master reference
Rhine river: 0.59-118 ng/L
) ) o (Mdller et al., 2010)
Rivers discharging in North Sea: 0.22-181 ng/L
European rivers: <LOQ-290 ng/L (Eschauzier et al., 2012)
Italian rivers:
1 Arno basin: <1-31.4 ng/L
1 Brenta basin: 23.1-1666 ng/L (Valsecchi et al., 2015)
I Bormida: <1-17.0 ng/L
1 Po:<1-159ng/L
Freshwaters 1 Tevere and Adige: <1 ng/L
Llobregat basin, ES (Campo et al., 2015)
<LOQ-4.10 ng/L (mean 0.32 frequency 14%)
Taiwan, rivers Touchien and Xiaoli: ]
_ (Lin et al., 2009)
1 Mean concentration: 5.7 ng/l
Fuxin, China: River waters: 297-426 ng/l (Bao et al., 2011)
European groundwaters:
1 n:164
1 frequency of detection: 15.2%
Groundwaters T max: 25 ng/L (Loos et al., 2010)
T mean:<LOQ
1 median: <LOQ
1 90" percentile: 1 ng/L
Italian groundwaters:
1 n:68
1 frequency of detection: 28%
1 max:15 ng/L CNR-IRSA database
1 mean: 1ng/L
1 median:<LOQ
1 90 percentile:2 ng/L
Fuxin, China: Groundwaters: 5.0-872 ng/I (Bao et al., 2011)
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Drinking waters

Italian drinking waters:

n: 213

frequency of detection: 31%
max: 347 ng/L

mean: 24 ng/L

median: <LOQ

90t percentile: 44 ng/L

CNR-IRSA database

EU drinking waters:

n: 121
about 50% < 1 ng/L

median: 8 ng/L
Per90: 28 ng/L

(Eschauzier et al., 2012)

Stockholm, S: 0.96 ng/L
Antwerp, B : 2.94 ng/L
Amsterdam, NL: 7.61 18.8 ng/L
Ispra, I: 0.50 ng/L

Tromsg, N: <LOQ

== - - _a|-a-a-2-8 O [P _a_a_a-2-a

(Ullah et al., 2011)

Marine waters
(coastal and/or

North Sea: 1.1-3.9 ng/l
River Elbe estuary: 1.5 ng/I

(Ahrens et al., 2009b)

North Sea : <0.08-4.76 ng/L

(Moller et al., 2010)

ARICA sewage pipe (Vicenza, 1): 26,000 ng/L
Chemical industry (Appiano Gentile, 1): <LOQ ng/L

transitional) Adriatic lagoons (Venice, 1): 3.6-9.9 ng/L
) CNR-IRSA database
River Po Delta (Goro, I): < 1-6.9 ng/L
Norway : 1.00-2.60 ng/L
_ (Kallenborn et al., 2004)
Finland : 2.61-3.09 ng/L
River Elbe, Germany: 2.3-6.7 ng/l (Ahrens et al., 2009a)
Fuxin, China: 0.20 ng/| (Bao et al., 2011)
WWTP
(municipal Como, IT: <LOQ weekly average CNR-IRSA database
effluents)
Bulgarograsso, IT: <LOQ -24 h
average Fino Mornasco, IT: <LOQ CNR-IRSA database
Limido Comasco, IT: <LOQ
0.02-305 ng/L (Campo et al., 2014)
WWTP Effluent of a wafer photolithographic plant: 75.43 ng/l | (Lin et al., 2009)
(industrial
effluents) Miteni (Trissino, IT): 4,800,000 ng/L

CNR-IRSA database

Tangxun Lake, China:
4600-5300 ng/L

(Zhou et al., 2013)

River Bormida, IT:

< 0.6 ng/g d.w. upstream fluoropolymer plant

< 0.6 ng/g d.w. downstream fluoropolymer plant
River Po, I: 0.92 ng/g d.w.

CNR-IRSA database
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, Llobregat basin, ES
Sediment (Campo et al., 2015)
<LOQ-3.53 ng/g (mean 1.27; frequency 64%)

(Freshwaters)
Tangxun Lake, China:
ng/g dw (Zhou et al., 2013)
21.1-114
Taiwanese rivers:
<0.4 upstream industrial WWTP (Lin et al., 2014)
<0.4 downstream industrial WWTP
Sediment
(Coastal and
transitional Goro Lagoon, Po Delta, IT: <0.6-1.3 ng/g d.w. CNR-IRSA database
waters)
ng/g dw

Baiyangdian Lake,North China;

1 Bird:0.26 ng/g, dw
Common carp:0.27 ng/g, dw
Loach: 0.40 ng/g, dw
Crab: <0.25 ng/g, dw
) (Zhou et al., 2012)
Shrimp 1.05 ng/g, dw
River snail 0.45 ng/g, dw

Biota

Ceratophyllum demersum: <0.5 ng/g, dw
(Freshwaters)

= =4 =4 A -4 A -

nglg fw Salvinia natans: <0.5 ng/g, dw

1 Plankton: <0.25 ng/g, dw

Tangxun Lake, China:
1 Crucian carp 2.18
1 Sharpbelly 1.18
(Zhou et al., 2013)
i Lotus Root 0.50
1 Common Duckweed 10.8

1 Common Water Hyacinth 5.96

Llobregat basin, ES

A Fish: < LOQ-7.12 ng/g (mean 7.07; frequency | (Campo et al., 2015)
67%)

Tokyo bay:

A Sea bass: < 138 ng/ml

A sole: blood : < 61 ng/ml; liver: < 142 ng/ml

A Japanese stingfish : blood: < 21 ng/ml; liver: <
67 ng/ml

Osaka bay:
A Sea bass: blood: < 11 ng/ml; liver: < 40 ng/ml
A mackerel : blood: < 8 ng/ml; liver: <53 ng/ml
Tokyo bay:
A Corvus corone : liver: < 45 ng/g

A Anas platyrhynchos : liver: < 44 ng/g
A Anas acuta : liver: < 45 ng/g

(Taniyasu et al., 2003)
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Biota

(Coastal and
transitional
waters)

ng/g fw

Goro Lagoon, Po Delta, IT:
Tapes philippinarum: < 0.3 ng/g
Mytilus galloprovincialis:< 0.3 ng/g

CNR-IRSA database

Dutch Wadden Sea:
Phoca vitulina Spleen: 2.17 ng/g

(Van de Vijver et al., 2005)

Norwegian Arctic Sea:
Larus hyperboreus (Glaucus Gull):

Eggs and plasma: <LOD ng/g

(Verreault et al., 2005)

North Sea; German Bight:
Harbor seals (Phoca vitulina)
Liver: 0.32 £0.34

Kidney: 0.10 +£0.15

Lung: 0.17 £+ 0.16

Heart: 0.13 + 0.18

Blood: 4.32 + 8.45

Brain: <LOQ

Muscle: 0.02 + 0.05
Thyroid: 0.11 + 0.22
Thymus: 0.07 £ 0.12
Blubber: <LOQ

(Ahrens et al., 2009c)

Fish
T n:15
i detected number: 10
T Min.i Max: <0.044i 0.24
1 Mean (median): 0.065 (0.040)

A n:44

A detected number: 40

A Min.i Max: <0.068i 1.6

A Mean (median): 0.25 (0.17)
Gastropods

A n11

A detected number: 10

A Min.i Max: <0.0467 0.21

A Mean (median): 0.096 (0.077)
Bivalves

A n5

A detected number: 4

A Min.i Max: <0.036i 0.12

A Mean (median): 0.044 (0.023)

(Naile et al., 2013)

Fish <DLi 2.4
Bivalve <DL7i 0.57
Crab <DLi 4.7
Gastropod <DLi 9.2
Shrimp <DL 0.21

(Hong et al., 2014)

6.1.3 PFHxA

Compartment

Measured environmental concentration (MEC)

Master reference

USA Great Lakes: 1 ng/l

(Kannan et al., 2005)
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Freshwaters

ng/L

European rivers:

1 n:122

frequency of detection: 39%
max: 109 ng/L

average :4 ng/L

median: 0 ng/L

1 Per90: 12 ng/L

f
f
f
1

(Loos et al., 2009)

European rivers:

Elbe = 15.4 ng/L

Po =19 ng/L

Danube = 3 ng/L
Senne = 13.3 ng/L
Thames = 32 ng/L
Rhine = 18.2 ng/L

Loire = 3.4 ng/L

Total estimated flux : 2.8 t/year

=2 =4 =4 -8 _-a_a_9

(Mc Lachlan et al.,
2007)

European rivers: <LOQ-18.2 ng/L

(Eschauzier et al.,
2012)

Rhine river: 0.62-4.48 ng/L
Rivers discharging in North Sea: <0.25-49.9 ng/L

(Mdller et al., 2010)

Rivers discharging in Baltic Sea: <LOQ-22 ng/L

(Filipovic et al., 2013)

Taiwanese rivers: 2-3 ng/l

(Lin et al., 2009)

Italian rivers:
1 Arno basin: <0.2-40.3 ng/L
1 Brenta basin: ng/L
i Bormida: 10.1-253.7ng/L
1 Po:<0.2-20.4 ng/L
1 Tevere and Adige: <0.2 ng/L

(Valsecchi et al., 2015)

Llobregat basin, Spain
<LOQ-25.2 ng/L (mean 2.43; frequency 29%)

(Campo et al., 2015)

Groundwaters

ng/L

Italian groundwaters:

n: 68

frequency of detection: 62%
max:842 ng/L

mean:21 ng/L

median:2 ng/L

90t percentile: 26 ng/L

CNR-IRSA database

Drinking water

ng/L

Stoccolma, Svezia: 2.86 ng/l
Ispra, Italia: 2.1 ng/I

Antwerp, Belgio: 3 ng/|
Amsterdam, Olanda: 5.15 ng/!

E N I |

(Ullah et al., 2011)

Italian drinking waters:

n: 213

frequency of detection: 47%
max: 240 ng/L

mean: 16 ng/L

median: <LOQ ng/L

90" percentile: 17 ng/L

= =a 4 -a_-a_-9

CNR-IRSA database

EU drinking waters:
1 n121
1 about 55% < 1ng/L
1 median: < 1ng/L
1 90t percentile: about 20 ng/L

(Eschauzier et al.,
2012)

62




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

. i (Kallenborn et al.,
North Sea: 0.08-4.39 ng/I 2004)
Marine waters North Sea, German Bight : 0.47-9.56 ng/I (Ahrens et al., 2009b)
(coastal and/or North Sea : <0.03-0.37 ng/L (Moller et al., 2010)
transitional)
ng/L Baltic Sea: mean: 0.147 ng/L (n=62) (Filipovic et al., 2013)
Adriatic lagoons (Venice, Goro, IT):0.7-4.3 ng/L CNR-IRSA database
Adriatic sea, I: 0.368-2.202ng/L (Loos et al., 2013b)
Finland: 8.08-13.5 ng/L 2004)
River Elbe, Germany: 4.6 1 5.8 ng/l (Ahrens et al., 2009a)
WWTP European WWTPs:
(municipal T n:90
effluents)  frequency of detection: 72%
ng/L f  max: 23800 ng/L (Loos et al., 2013a)
1 average :304 ng/L
i median: 5.7 ng/L
1 90" percentile: 18.2 ng/L
3WWTPs (Milano, IT): 1 ng/L weekly average CNR-IRSA database
Como, IT: 1 ng/L weekly average CNR-IRSA database
18 WWTPs, Baltic countries:
1 Sweden: 5.95 ng/L
1 Finland: 4.78 ng/L o
1 Poland: 2.38 ng/L (Filipovic et al., 2013)
1 Latvia: 0.975 ng/L
1 Estonia: 0.675-0.688 ng/L
1 Lithuania: 0.109-0.133 ng/L
0.4-51.6 ng/L (Campo et al., 2014)
Norway: 70 ng/L (landfill leachate) (Kallenborn et al.,
Finland: 140 ng/L (landfill leachate) 2004)
Effluent of a wafer photolithographic plant: 76.4 ng/l (Lin et al., 2009)
Miteni (Trissino, IT): 811431 ng/L
WWTP ARICA sewage pipe (Vicenza, I): 5386 ng/L CNR-IRSA database
(industrial : . . )
effluents) Chemical Industry (Appiano Gentile, I): 364 ng/L
ngiL Bulgarograsso, IT: 48 ng/L-24 h average
Fino Mornasco, IT: 45 ng/L CNR-IRSA database
Limido Comasco, IT: 53.8 ng/L
Tangxun Lake, China:
(Zhou et al., 2013)
815-945 ng/L
Norway: 0.14 ng/g (Kallenborn et al.,
Finland: 0.03 ng/g 2004)
River Bormida, IT:
1 <0.2 upstream fluoropolymer plant i
Sediment 1 <0.2 downstream fluoropolymer plant CNR-IRSA database
(Freshwaters) River Po, I: <0.2-0.2 ng/g
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Tangxun Lake, China:
<0.31 ng/g

(Zhou et al., 2013)

Taiwanese rivers:

1 0.6+0.3 ng/g upstream industrial WWTP
1 0.6-1.0 ng/g downstream industrial WWTP

(Lin et al., 2014)

Sediment (Coastal
and transitional
waters) ng/g dw

Baltic Sea: 0.025 ng/g

(Filipovic et al., 2013)

Goro Lagoon, Po Delta, IT : 0.4 + 0.4 ng/g

CNR-IRSA database

Biota
(Freshwaters)

ng/g fw

Norway:

1 Liver Perch (Perca fluviatilis): 0.62-1.08 ng/g
1 Liver Trout (Salmo trutta): 0.86 ng/g
1 Liver Pike (Esox lucius): 1.1 ng/g

(Kallenborn et al.,
2004)

Baiyangdian Lake,North China;

Bird: 1.68 ng/g, dw

Common carp: 5.69 ng/g, dw

Loach: 1.35 ng/g, dw

Crab: 13.87 ng/g, dw

Shrimp 6.93 ng/g, dw

River snail 31.39 ng/g, dw
Ceratophyllum demersum: 6.66 ng/g, dw
Salvinia natans: 0.78 ng/g, dw

Plankton: 2.04 ng/g, dw

=A== -8 -0_9_9_9_4._>-2-

(Zhou et al., 2012)

Tangxun Lake, China:

1 Crucian carp <LOQ

1 Sharpbelly <LOQ

1 Lotus Root <LOQ

1 Common Duckweed 0.36

1 Common Water Hyacinth 0.30

(Zhou et al., 2013)

Norway:

Herring gulls (Larus argentatus):
1 eggs: <215 pg/g

Verreault et al., 2005

North Sea; German Bight:
Harbor seals (Phoca vitulina)
Liver: <LOQ
Kidney: <LOQ
Lung: <LOQ
Heart: <LOQ
Blood: <LOQ
Brain: <LOQ
Muscle: <LOQ
Thyroid: <LOQ
Thymus: <LOQ
Blubber: <LOQ

=4 =4 =4 -8 8 _a_a_98_9_°

(Ahrens et al., 2009c)

64




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

Biota
(Coastal
and
transitional
waters)

ng/g fw

Norway:
9 Liver Grey seal (Halichoerus grypus): 0.48-
0.62 ng/g

Denmark:

91 Liver Flounder (Platichthys flesus): <LOQ-
0.74

1 Liver Harbour seal (Phoca vitulina): 1.0-3.5

Iceland:
1 Liver Minke whale (Balaenoptera
acutorostrata): 0.68-0.99 ng/g
1 Liver Long rough dab (Hippoglossoides
platessoides): <LOQ-9.6 ng/g
1 Liver Sculpin (Myoxocephalus scorpius): 11
ng/g
Faroe Islands:

1.0 ng/g

1 Liver Eelpout (Zoarces viviparous): 0.90 ng/g

1 Liver Pilot whale (Globicephala melas): 0.53-

(Kallenborn et al.,
2004)

Fish <LOQi 0.78
Bivalves <LOQi 3.5
Crabs<LOQi 0.44
Gastropods <LOQi 2.3
Shrimps<LOQ1 0.39

= =4 8 =4 -9

(Hong et al., 2014)

Goro Lagoon, Po Delta, IT:

I Tapes philippinarum: < 0.1 ng/g
1 Muytilus galloprovincialis: 0.1 + 0.08 ng/g

CNR-IRSA database

French Freshwater and Marine Fishes
<LOQ-1.6

(Yamada et al., 2014)

6.1.4 PFOA

Compartment

Measured environmental concentration
(MEC)

Master reference

Freshwaters
(ng/L)

European rivers:
T n:121
1 frequency of detection: 97%
1 max: 174
1 average :12
1 median: 3
90" percentile 26

(Loos et al., 2009

European rivers:

Elbe = 7.6

Po =200

Danube = 16.4

Senne = 8.9

Thames = 23

Rhine = 12

Loire = 3.4

Total estimated flux : 14.3 t/year

E ]

(Mc Lachlan et al.,
2007

European rivers: <LOQO00

(Esdhauzier et al.,
2012
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Rhine river: 0.614.1

Rivers discharging in North Sea: 0-82.1

(Mdller et al., 201D

Rivers discharging in Baltic Sea: <LGR

(Filipovic et al., 2013

River Danube: < 50
i Basin closure: 12

(Loos et al., 2010b

[talian rivers:
1 Arno basin: <LOQ@222
i Brenta basin: 82284
1 Bormida: 2536480
1 Po:<LOQ124
1 Tevere and Adige: <LOQ

(Valsecchi et al., 2024

Llobregat basin, &

<LOQ-146 (mean 20.3; frequency 86%)

(Campo et al., 23)

Groundwaters
(ng/L)

European groundwaters: <LOI®00

(Esthauzier et al.,
2012

European groundwaters:
n: 164

max: 39

mean :3
median: 1

90" percentile 6

frequency of detection: 65.9%

(Loos et al., 2010a

D|=m = =a == == —a

Italian groundwaters:

n: 68

max: 29.900
mean: 936
median: 8

90" percentile 1936

frequency of detection: 71%

CNR-IRSA database

Drinking waters
(ng/L)

Stockholm, S: 6.2
Antwerp, B : 2.7
Amsterdam, NL: 5.743.6
Ispra, I: 4.9

Tromsg, N: 2.2

|ToToToTOT™ . _m . . —a —a

(Ullah et al., 2011

Ita

5

drinking waters:

n: 213

frequencyof detection: 54%
max: 1886

mean: 113

median: 3

90" percentile 69

ST G g g g

CNR-IRSA database

EU drinking waters:
1 n:121
1 about40% <1
1 median: about 1
§ 90" percentile about 75

(Esthauzier et al.,
2012

Marine waters
(coastal and/or
transitional)

North Sea : <LOGD.59

(Moller et al., 201D

North Sea3.6-4.0
River Elbe estuary: 3-3.3

(Ahrens et al., 2009b
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(ng/L)

Baltic Sea: mean: 0.347 (n=62)

(Filipovic etal., 2013

Adriatic lagoons (Venice, Goro, I): 610.4

CNR-IRSA database

Adriatic sea, I: 0.792.505

(Loos et al., 2013p

Norway: 20.222.5
Finland : 19.922.8

(Kallenborn et al.,
2009

River Elbe, Germany: 12-27.5

(Ahrens et al., 2009a

European WWTPs:

T n:90
1 frequency of detection: 99%
1 max: 15,900 (Loos et al., 2013a
1 average :255
WWTP 1 median: 12.9
(municipal 90" percentile 60.9 -
effluents) 3 WWTPs (Milano, ): 8-17 weekly average g%?%tlghom etal.,
ng/L
(ng/L) Como, I: 32 weekly average CNR-IRSA database
18 WWTPs, Baltic countries:
Sweden: 8.39
Finland: 9.86
Poland: 7.66 (Filipovic et al., 2013
Latvia: 3.10
Estonia: 4.81
Lithuania: 3.24
0.0467.9 ng/L (Campo et al., 2034
Miteni (Trissino, I): 712,877
ARICA sewage pipe (Vicenza, 1): 3,668 CNR-IRSA database
WWTP Chemical industryAppiano Gentile, I): 2,322
(industrial Bulgarograsso, I: 260 ng/24 h average o
effluents) Fino Mornasco, I: 78 ng/L (zcci)?stlgllonl etal,
(ng/L) Limido Comasco, I: 786 ng/L 9
Tangxun Lake, China:
26383040 ng/L (Zhou et al., 2013
Germany: 0.018.068 ng/g (n=4)
Austria: 0.062.8 ng/g (n=19) .
USA: 0.050.625 ng/g (n=15) (Zzoalr;'ta'abad etal,
Japan: 0.1:3.9 ng/g (n=14)
China: 0.09203 ng/g (n=22)
River Bormida, T:
. 1 1.2 ng/g upstream fluoropolymer plant
Sediment CNR-IRSA database
1 7.0 ng/g downstream fluoropolymer pla
(Freshwaters) . )
na/a dw River Po, I: 0.72.7 ng/g
9’9 Llobregat basin, & (Campo et al., 2G)
<LOQ-1.52 ng/glmean 0.64; frequency 86%) P "
3125’2‘3% Lake, China: (Zhou et al., 2018
Taiwaneseivers:
0.5 ng/g upstream industrial WWTP (Lin et al., 2014
3.1-5.6 ng/g downstream industrial WWTP
Sediment Orbetello Lagoon, IT: 0.98.38 ng/g (Renzi et al., 2013

Goro LagoonPo Delta, T: 0.2-1.0 ng/g

CNR-IRSA database

67




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

(Coastal and
transitional
waters)

ng/g dw

Marine:

Svalbard, NO < 0.1:0.44 ng/g
Cantabrian Sea, ES: < LOQ13 ng/g
North Sea, NL: < 0.417.6 ng/g
Tyrrhenian sea,Tl: < 0.1 ng/g

(Perra et al., 2033

Baltic Sea: 0.147 ng/g

(Filipovic etal., 2013

Biota
(Freshwaters)
ng/g fw

Raisin river. USA
A Amphipods: < 5 ng/g
Dreissena polymorpha< 5 ng/g
A Gobio gobio 0.22 ng/g

A Dicentrarchus labrax Micropterus

dolomieui < 2 ng/g

(Kannan et al., 2005

Michigan, USA:
A Salmon, liver: < 72 ng/g
A Coregonus, liver: < 36 ng/g
A Trout, eggs: < 18 ng/g
A Carp: 36 ng/g
A Bald eagle : 188 ng/g

(Kannan et al., 2005

Al river, Japan:
Trachemys scripta elegaasdChinemys
reevesij Turtles Serum: <0.2 to 870 ug/L

(Morikawa et al.,
2006

North Sea; German Bight:
Harbor sealsRhoca vituling
Liver: 0.70 = 0.59
Kidney: 0.40 £ 0.41
Lung: 0.75 £ 0.46
Heart: 0.42 + 0.42
Blood: 0.62 + 0.58
Brain: 0.06 £ 0.10
Muscle: 0.07 £ 0.11
Thyroid: 0.09 10.11
Thymus: 0.70 £ 0.25
Blubber: 0.03 + 0.04

A A48 _45_9_9_-9_-45_-°5_-°

(Ahrens et al., 2009c

Roter Main River, Bayreuth, R
Leuciscus cephalus

A liver: 0.53.6 ng/g

A kidneys: 0.6206 nglg

A gonads: 0.4.7 ng/g

A hearth: 39 ng/g

A muscle: < 1.5 ng/g
Gobio gobio

A organs: 0.63 ng/g

A muscle: 27.8 ng/g

(Becker et al., 2000
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Korean rivers and lakes:
Plankton: <LOQ
Carp:
A blood: <LOQ0.89 ng/mL
A liver: <LOQ-0.33 ng/g
Mandarin fish
A blood: 0.060.34 ng/mL
A liver: 0.090.33 ng/g ww

(Lam et al., 2011

European rivers and lakes
1 Fish: 0.17206 ng/g

(Houde et al., 2001

Baiyangdian Lake, North China;

Bird: 2.29ng/g, dw

Common carp: 3.83 ng/g, dw

Loach: 16.84 ng/g, dw

Crab: 6.09 ng/g, dw

Shrimp 10.48 ng/g, dw

River snail9.17 ng/g, dw
Ceratophyllum demersur.62 ng/g, dw
Salvinia natans12.67 ng/g, dw
Plankton: 2.17 ng/g, dw

=4 =4 =48 -8 _8_48_9_°_2

(Zhou et al., 201p

Tangxun Lake, Chiax
1 Crucian carp <LOQ
1 Sharpbelly <LOQ
1 Lotus Root <LOQ
1 Common Duckweed 1.03
1 Common Water Hyacinth <LOQ

(Zhou et al., 2013

Lake Maggiore, T

Coregonus lavaretu@European whitefish) and
Perca fluviatilis(European perch)

Muscle: < 0.50 ng/g

(Squadrone et al.,
2014

Po river, T:

Eel (Anguilla anguilla)
1 blood: <0.489.19 (detection freq: 54%)
1 kidney: <0.469.33 (detection freq: 44%
71 liver: <0.484.63 (detection freq: 25%)
1 gonad: <0.478.25 (detection freq: 25%)
1 muscle:<0.412.76 (detection freq: 2549

(Giari et al., 201%

Llobregat basin, &
Fish: < LOQ31.4 ng/g (mean 5.93; frequency
25%)

(Campo et al., 2@3)

Biota
(Coastal and
transitional
waters)

ng/g fw

Mediterranean Sea:
A dolphin, liver: 3672 ng/g
A sword fish, liver: < 36 ng/g
A tuna fish, liver: 3672 ng/g
A sea crow, liver: 3@150 ng/g

(Kannan et al., 2002

Comacchio lagoon;Tt

Eel (Anguilla anguilla)
1 blood: <0.468.16 (detection freq: 54%)
1 kidney: <0.449.37 (detection freq: 14%

(Giari et al., 2013
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1 liver: <0.427.33 (detection freq: 32%)
1 gonad: <0.492.77 (detection freq: 33%)
1 muscle: <0.424.71(detection freq: 11%)

Goro Lagoon, Po DeltaTl
1 Tapes philippinarum2.2-4.5 ng/g
9 Mytilus galloprovincialis 0.1-0.3 ng/g

CNR-IRSA database

Ariake Sea, Japan:
1 Oysters: 6 ng/g
1 Mussels: 9.5 ng/g
1 Clams: 7.5 ng/g
1 Lumbrineris Lutei 82 ng/g

(Nakata et al., 2006

Mediterranean Sea:
Pelagic fishes:
A Muscle: < 1.512 ng/g
A Liver: < 1.513 ng/g
Bentonic fishes:
A Muscle: < 1.540 ng/g
A Liver: < 1.537 ng/g
Molluscs
A Squids and Redshanks: <% ng/g
A Mussels: < 1.8.5 ng/g
A Clams: 1216 ng/g

(Nania et al., 2009

Arctic Sea: geometric means (ng/qg)
Macroalgae (tissue.14
Capelin (whole body): 0.12
Cod (muscle): 0.36

Salmon (muscle): 0.30
Eider ducks (liver): <0.03
Scoters (liver) <0.03

Beluga (liver): 0.54 (female); 0.46 (malg
Beluga (muscle): <0.07
Beluga (blubber): 1.52

= =4 -8 _9_9_9_9_2°_2

(Kelly et al., 2009

Norwegian Arctic Sea:
Larus hyperboreuéGlaucus Gull):
Eggs and plasma: <0.74 ng/g

(Verreault et al., 2005

European Sea:

1 Invertebrates: 0.245 ng/g

1 Fish: <0.1614 ng/g

9 Birds: 0.084.68 ng/g

1 Marinemammals: 0.0®.75 ng/g
North American sea

1 Marine mammals: <5.10 ng/g

(Houde et al., 2001

Mediterranean sea:
9 Caretta caretta (blood): <0.4 ng/g ww

(Guerranti et al., 2023

Mediterranean sea:
A Caretta carettgliver): 0.28+ 0.09
ng/g d.w.

(Guerranti et al., 2024

Mediterranean sea:

1 Swadfish: <3 ng/g (liver and muscle)

(Corsolini et al., 2008
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Compartment

Measured environmental concentration (MEC)

Master reference

Freshwaters

River Elbe, Germany:

1 River water = 2.2-6.4 ng/l

(Ahrens et al., 2009a)

Rhine river: < 0.66 - 9.99 ng/L
Rivers discharging in North Sea: < 0.66 - 59.3 ng/L

(Méller et al., 2010)

Llobregat basin, ES
<LOQ-2.5 ng/L (mean 0.40; frequency 79%)

(Campo et al., 2015)

Italian rivers:
1 Arno basin: <2-9.9 ng/L
1 Brenta basin: 4.5-189.7ng/L
1 Bormida: <2-584.7 ng/L
1 Po:<2-29.9 ng/L
1 Tevere and Adige: <2-2.4 ng/L

(Valsecchi et al., 2015)

Groundwaters

Italian groundwaters:

n: 68

frequency of detection: 25%
max: 62 ng/L

mean: 2 ng/L
median:<LOQ ng/L

90t percentile: 6 ng/L

CNR-IRSA database

Drinking
waters

E NE E X E R E]

Antwerp, Belgium : 1.39 ng/L
1 Amsterdam : 0.73-2.69 ng/I

(Ullah et al., 2011)

Italian drinking waters:

n: 213

frequency of detection: 27%
max: 267 ng/L

mean: 13 ng/L

median: <LOQ ng/L

90t percentile: 18 ng/L

E ]

CNR-IRSA database

Marine waters
(coastal and/or

North Sea, Germany: 0.81-1.5 ng/I
North Sea, Germany: <0.15-0.59 ng/I

(Ahrens et al., 2009b)

River Elbe, Germany:
i Estuary: 1.0-1.6 ng/l

(Ahrens et al., 2009b)
(Mdller et al., 2010)

transitional) § brackish waters : 2.0-4.7 ng/|
Adriatic lagoons (Venice, Goro, IT): <LOD-8.0 ng/L CNR-IRSA database
Adriatic sea, IT: 2.349 ng/L (Loos et al., 2013)
River Elbe, Germany: 1.5-4.6 ng/l (Ahrens et al., 2009a)
WwWTP Como, IT: < LOD ng/L weekly average CNR-IRSA database
gpf:i]neiggil 3 WWTPs (Milano, IT): 1-2 ng/L weekly average CNR-IRSA database

0.04-54.6 ng/L

(Campo et al., 2014)

71




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

Miteni (Trissino, IT): 582,881 ng/L
ARICA sewage pipe (Vicenza, 1): 6,194 ng/L
Chemical Industry (Appiano Gentile, I): <LOD ng/L

CNR-IRSA database

(Coastal and

WWTP Bulgarograsso, IT: 14.5 ng/L-24 h
g?f?uu::t':)l average Fino Mornasco, IT: 18.8 ng/L CNR-IRSA database
Limido Comasco, IT: < LOD ng/L
Tangxun Lake, China:
(Zhou et al., 2013)
229-309 ng/L
Llobregat basin, ES
(Campo et al., 2015)
<LOQ-1.06 ng/g (mean 0.33; frequency 71%)
Sediment River Bormida, IT:
(Freshwaters) 1 <0.6 ng/g d.w. upstream fluoropolymer plant CNR-IRSA database
1 <0.6 ng/g d.w. downstream fluoropolymer plant
ng/g dw River Po, I: 0.21 ng/g d.w.
Tangxun Lake, China:
(Zhou et al., 2013)
<0.54 ng/g dw
Sediment

Plankton: <0.25 ng/g, dw

transitional Goro Lagoon, Po Delta, IT: <0.6 ng/g dw CNR-IRSA database
waters)
ng/g dw
Baiyangdian Lake,North China;

1 Bird: 0.37 ng/g, dw

1 Common carp: 1.88 ng/g, dw

1 Loach: <0.25 ng/g, dw

, T Crab: 1.29 ng/g, dw (Zhou et al., 2012)

Biota 1 Shrimp 0.52 ng/g, dw
(Freshwaters) 1 River snail <0.25 ng/g, dw

1 Ceratophyllum demersum: <0.5 ng/g, dw
ng/g fw § Salvinia natans: <0.5 ng/g, dw

1

Tangxun Lake, China:

1 Crucian carp <LOQ

1 Sharpbelly <LOQ

1 Lotus Root <LOQ

1 Common Duckweed <LOQ

1 Common Water Hyacinth <LOQ

(Zhou et al., 2013)

Llobregat basin, ES
Freshwater Fish: 8.53-9.69 (mean 2.25; frequency 25%)

(Campo et al., 2015)

Goro Lagoon, Po Delta, IT:
1 Tapes philippinarum: < 0.3 ng/g
1 Mytilus galloprovincialis: < 0.3 ng/g

CNR-IRSA database
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Biota

(Coastal and
transitional
waters)

ng/g fw

North Sea; German Bight:
Harbor seals (Phoca vitulina)
Liver: <LOQ
Kidney: <LOQ
Lung: <LOQ
Heart: <LOQ
Blood: <LOQ
Brain: <LOQ
Muscle: <LOQ
Thyroid: <LOQ
Thymus: <LOQ
Blubber: <LOQ

= =4 -8 _8_9_9_9_°5_2

(Ahrens et al., 2009c)

French Freshwater and Marine Fishes
<LOQ=0.48

(Yamada et al., 2014)
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6.2 Measured concentrations from EU monitoring data

6.2.1 Freshwater

Note: Thissection has been revised and updated after the final adoption of QS feall BEASby

the SCHEER committee in the plenary meeting&Auust2022. The term Predicted No Effect
Concentration (PNEC) is utilised sometimes in the text as a more generahteskiassessment
and for keeping approach used in the prioritisation exercise, started 2014 (Carvalho et a)., 2016

6.2.1.1 Data availability and data scenarios

To update the information on exposure in B¥AS dossier, the JRC has collected as much as
possible officially reported monitoring data from the EU Member States (MS). So far, monitoring
data were found for7lof thetotally considered 2PFAS. Thesevensubstances missing
measurements are ADONA, 6:2 FTOH, 8:2 FT@804,PFHxDA, PFTrDA (availabe only one
sample andor this reasofPFTrDA was excluded from analy$esd PFODA.

The currently available disaggregated raw data for measured environmental concentratiog)s (MEC
in inland surface waterzompartmenare summarised in Table 6.2far thel7 PFAS with found
exposure datashowing the source, dataset and corresponding periods of monitoring. A short
description of each of the referred datasets is provided thereafter below.

Table 6.2.1 Sources, dataset and available disaggregated rawamogitiata for measured
environmental concentrations (MECFor confidentiality, coded instead of real names of MS were
used.

Source/ Dat ¢ Avail able disaggrega
48526 samples (30.2% quan
JRC, Prioritis|(20@&1f409r 18 heoean s icdd4e FASa b o
28. 3% of samples are for
PFOA: 1326 samples (39. 9%
MS (T120038)
EEA, WISE (202PFOS7789 samples (23.3% q
9 MS igQ0O8&])
MS(#:07)40642 samples (24.:
Data receiVed 75051 6) ofudr hodh s iz FAS
meeting of WFD |
Chemicals (hel MS(#24) 37410 sampl es (
(202B20) ofudtr hodbth s i 2L F A S
. . 331ls8amp222udédnt i f229¢6 t £JVSM
Additional 1eci ymopy fopmttheebnsieFASab o
EEA, WISE (202
99. 8% of samples are for

The Prioritisation dataset (Carvalho et al., 2Q1t€ys://circabc.europa.eu/w/lwse/52c8d8d3
906¢48b5a75e53013702b20kincludes data collecteat the beginning ahe second prioritisation
exercise which are taken from following sources:

U SoE- monitoring data reported by MS under the State of the Environment (SoE) WISE (Water

Information System for Europe) managed by the European Environment Agency (EEA).
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U MSDAT 1 monitoring data directly submitted to the JRC by EU member states following a
request of DG ENV to the EU Water Directors (on 21 March 2014). In addition, some
monitoringdata have been submitted on behalf of the European drinking water companies.

U EMPODAT - a database of geferenced monitoring data managed by NORMAN (Network
of reference laboratories, research centres and related organisations for monitoring of
emerging environmental substancésips://www.normametwork.nef). The EMPODAT
data were provided to the JRC in March 2015.

U JDS - monitoring data from the third Joint Danube Survey (JDS) from the year 2013
https://www.icpdr.org/

U IPCheM- the Informdion Platform for Chemical Monitoring data, managed by the JRC was
downloaded in January 201ti{ps://ipchem.jrc.ec.europa)eu

The monitoring data from the WISED20datdbase managed by the EEA, hasdn received in
November 2020 (information about WISE data could be fourfttps://www.eea.europa.eu/data
andmaps/data/waterbaseaterquality-icm-1). Recently, he JRC has retrieveatiditionaldatafor

the period 2012021 from WISE databasg022)

Further, the JRC acknowledged the point raised by the stakeholders that despite the constant
improving of sensitivity of analytical techniques, any set of measurécbamental concentrations
(MECs) may contain a portion of natetectedornogquant i fi ed sampl es, cal
values or censored concentrations (Helsel 2006; Gardner 2011; Helsel 2012; Shoari and Dubé,
2018; Merrington et al., 2021). The cerebor less than values are measurements for which the
observed concentration is less than the limit of detection (LOD) or limit of quantification (LOQ)

and for them, the true sample concentration is somewhere between zero and the reporting limit
(Helsel,2006; Gardner, 2011). Three approaches exist for tackling the censored data problem: i)
ignoring less than data, ii) substituting less than data and, the third one iii)) comprehensive
mathematical techniques (Helsel 2006; Gardner 2011; Helsel 2012; Stub&rube, 2018). The

practice of analysing datasets with censored data in regulatory agencies, US EPA and EFSA is
summarised in Shoari and Dube (2018) showing that either substitution or mathematical techniques
are applied according to levels of censoring.

Accordingly, the JRC has adopted to deal with the uncertainty from censored data, when deriving
statistics of MEC, by using the Kaplheier nonparametric method and/or as alternative, if

feasible, the substitution approach. The latter follows the gog&lelithe European Food Safety
Authority (EFSA, 2010) which suggests making the calculations of statistics twice, once for a lower
bound by substituting nedetects with null and once for an upper bound by substitutinglatatts

with the LOD or LOQ. If he difference between the upper and lower bound of the estimated
parameter is negligible, then substitution with the LOD or LOQ is recommended (this is the worst
case scenario but other scenarios are also possible, i.e. ¥2 LOQ). When the difference is not
negligible or the upper bound estimate is in the range of (eco)toxicological threshold, then
alternative estimation techniques should be used. A similar approach is applied also by the US EPA
(Shoari and Dube, 2018). As a software tool dealing with datagetling censored data (in

particular deriving statistics by the Kaptdfeier method which is especially useful because avoids
assumptions about the data distribution) the JRC is using ProUCL v5.1 of US EPA
(https://www.epa.gov/landesearch/prouesoftware.

Moreover, h monitoring datasets, the usage of4gorantified samples is a challenge when not all
Limits of Quantification (LOQ) of applied analytical methods are adequate in relation to the
Predicted No Effect Concentration (PNEC). For this reason, and also fajltvarexperience from

the latest review of the priority substances (PS) list (Carvalho et al., 2016), three data sasnarios
considered in PFAS dossier (Table 6.2.2).
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Tabl e D&ta. 3cenari os considered in a@adfhe datte tam
the scenari o indic®&2N&@CabsnSt B e whbaassteadmbparditoSrciPtni
exercise (Carvalho et al., 2016) .

Data sc|/Description

?ggg;’”' Only queonhi foedng samples (i.e.
Al |l moni torniquagng ampleaesnand i ean .

Scenari|ln ,Scvdhen the substittuhe gomamppf O:i

(Sc2) are set equal to half of LQQt Aasr
Ssubstitutions are atsatphb®) bl e
Quantmdémiedor i pd ns@mMEnesd melde s who

S OPNECor EQS)

cenar.i .

(Sc3) Sc3 is a more re_Ievant d_ata_scen
t hegswhip on -Revofewt {&Gpri ¢ Caryats
al .,. 2016)

Scenario 1 (Scl) includes only quantified samples, thus clearly overestimating the risk. In both
Scenario 2 (Sc2) and Scenario 3 (SeB)en feasible, theornrquantified samples are set to half

LOQ®2. However, Sc2 comprises all monitoring records, which could lead teonfirmed

exceedances when %2LOQ>PNEC, while Sc3 takes into account quantified monitoring samples and
nonquantified samples only when -confirim@@xe€ianees.E C,
According to the subgroup on review (SGR) of the priority substances list, Sc3 is the most

relevant scenario to assess whether the substance poses arisk atlé¢l( Car val ho et a
2016)

Then, the records shown in Table 6.hdye been aobined in a single dataset (called thereafter
COMBI dataset). However, it should be noted that duplicated records are possible between the
individual datasets, which have been found and eliminated from the COMBI d&raskll, the
combined dataséor the 17 PFAS with available datecludes 159411 samples (33.3% quantified)
collected at 4042 sites in 20 MS during the period 2B0B1. Details for each of the 17 PFAS with
available datancluding a information about number of reporting MS, monitoritessand

collected samples, is presented in Table 6.2.3 for Sc2 data scenario (information for Sc3 data
scenario is given in the next section after the data quality checlgf &msidered7 PFAS are
monitored in less than 4 M&ut have individually fron1000 to more than 7200 samples;M8

have reportedhore than 32700 samplés PFOA; the most datdach substancés PFOSwith more
than44500 samples from@MS. Indeed, about 48.5% of all samples in the combined dataset are
for PFOS and PFOA.

Table 6.2.3. Availableraw data for measured environmental concentrations (§1/&€ross EU MS
(jointly data from all countries after the elimination of duplicated records) iB¢Bescenariaf

the combined (COMBI) datastr the period 2006 2021 . The substances are presented in
alphabetic order.

62 Under the QA/QC Directive and EQS Directive, MS are requibeeplace the nequantified samples by half LOQ to assess
compliance with the EQS for individual substances. However the amended EQSD mentions that "when the calculated mean value
of a measurement, when carried out using the best available techniquernoa i | i ng excessive costs, is
of quantificationo, and the | imit of quantificatiasaredof t hat
shall not be considered for the purposes of assessing tredl @emical status of that water bddy
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CAS Acronym Number of Number of | Number of | Quantified samples
reporting sites samples (% from all for this
MS substance)
6203780-3 HFPODA (Gen X) 1 46 1028 224
375224 PFBA 3 451 7276 44.2
375735 PFBS 10 512 7819 47.7
33576-2 PFDA 10 727 8327 204
307551 PFDoDA (PFDoA) 6 458 4089 11.2
33577-3 PFDS 2 200 3349 0.2
375859 PFHpA 12 628 7976 33.9
37592-8 PFHpS 2 178 2385 10.9
307-24-4 PFHXA 10 542 7970 48.4
355464 PFHxS 4 479 9001 39.0
375951 PFNA 13 615 8405 22.8
33567-1 PFOA 18 3150 32770 34.3
1763231 PFOS 16 2913 44583 36.1
270690-3 PFPeA 4 466 7341 39.2
270691-4 PFPeS (PFPS) 1 46 1055 76.1
376:06-7 PFTeDA (PFTDA) 1 48 2681 1.2
205894-8 PFUNA (PFUNDA) 6 530 3356 12.5

6.2.1.2 Quality of data

The quality of measured environmental concentrations (MEC) is essential for making a proper risk assessment
analysis. The requirements for data quality check and the procedures for treatment of outliers and duplicates
are described in two JRC reports (Carvalho et al., 2016; and Loos et al., 2018). The records of PFAS in the
COMBI dataset fulfil the general requirements for appropriate data reporting (where, when, what, how was
measured, etc.). The dataset was made also free of duplicates and outliers. Therefore, a special attention is
paid here on the sensitivity of the applied analytical methods (LOQ-PNEC criterion), union representativeness
of data and uncertainty (bias) related to non-quantified (censored) concentrations.

For instance, considering the data from all MS together, it was observed that the quantification rates of
individual PFAS in Sc2 data scenario (see Table 6.2.3) vary from very low (0.2% from all samples in case of
PFDS), about 1% for PFTeDA (PFTDA), to about 11-12.5% for PFHpS, PFDoDA (PFDoA) and PFUNA
(PFUNnDA). The remaining 12 substances are quantified at levels starting from about 20% to about 40-50%
and higher for PFPeS (PFPS) up to 76%.

Moreover,Figure 62.1 shows the range of LOQs of nqonantified samples psubstance for Sc2
data scenario of the combned dataketas found thathe majority of nomuantified samples were
taken with LOQs in the range of O@0i 0.01 pg/L. In this context, the quality of available
monitoring data fothe considered 1PFAS in theCOMBI dataseseens acceptablbeecause the
monitoring is done with sufficiently sensitive analytical methods.

However, in order to reduce eventual false exceedances froquamtified samples taken with
higher LOQgCarvalho et al., 2016; Loos et al., 201i8was decided to exclude from the
combined dataset (Sc2 scenario) the-goantified samples of all substances taken with method
having LOQs>0.041g/L, i.e. about 2 times higher than the AZQS=0.023ug/L of the most data
abundant substance (PFOS) amtheg17 PFAS with available data. In this whg decisive Sc3
data scenario is developéat the 17 PFAS of interest.
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The decisive Sc3 dataset includes totally 153816 samples (34.5% quantified) from 3736 sites in 20
reporting MS for the period 20a821.Relevant étails for each of the 17 PFAS with available
datain the Sc3 ar@resented in Table 64.

PFAS combined dataset (Sc2): LOQs of non-quantified samples
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Figure 6. 2.1. Range of Limits of Quantification (LOQs) of non-quantified samples for PFAS in the Sc2 data
scenario of COMBI dataset considering together data from all reporting MS. The overall number of non-
gquantified samples per substance are indicated at the bottom line of the plot. The substances are presented
in alphabetic order.

Table 6.2.4 Available data for measured environmental concentrations @)liaGhe period 2006
T 2021 across EU MS (jointly data from all countrjéis theSc3 scenaricof the combined
(COMBI) dataset after theéata quality checklhe substances are presented imaltgtic order.

CAS Acronym Number of Number of Number of | Quantified samples
reporting sites samples (% from all for this
MS substance)
6203780-3 HFPODA (Gen X) 1 46 1028 2237
37522-4 PFBA 3 451 7276 44.20
375735 PFBS 10 512 7818 47.71
335762 PFDA 10 727 8326 20.38
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307551 PFDoDA (PFDOA) 6 458 4089 11.15
335773 PFDS 2 200 3349 0.24
375859 PFHpA 12 628 7976 33.91
37592-8 PFHpS 2 178 2385 10.90
307-24-4 PFHXA 10 542 7969 48.37
355464 PFHxXS 4 479 9001 39.00
375951 PFNA 13 615 8404 22.83
335671 PFOA 18 2830 28960 38.80
1763231 PFOS 16 2769 42804 37.60
270690-3 PFPeA 4 464 7339 39.26
270691-4 PFPeS (PFPS) 1 46 1055 76.11
376067 PFTeDA (PFTDA) 1 48 2681 1.16
205894-8 PFUNA (PFUNDA) 6 530 3356 12.46

6.2.1.3 Sumary statistics of measured concentrations

The summary statistics of measured environmental concentrationss|M&Gsshe EU MS,
regardinghe 17 PFAS with available measurements in toenbineddatasetindconsidering
together the data from all M presented ifable 6.2.5or Sc3 scenariancluding minimum,
averagestandard deviationmedian, 98 percentile (P90), 95percentile (P95) and maximum
concentration. The statistics is derived assuming substitution at ¥2 LOQ fgunatified samples
because the nity of considered PFAS have higher quantification réRegjarding theleven
substancesvhich have been monitored @ MS (see Table 6.2.3}he analysis showed mean
concentrations from 0.0®5ug/L to 0.086 pg/L (average ~@1 pg/L), while the 98 percentiles
of MECsranged from 0.005 pg/L to 0.1 pg/L (average 20.Qg/L).

In addition, boxplots of MECs of the17 PFAS with available measurements in toenbined
datasetconsidering together data from all reporting Mg shown on Figure 6.2@r Sc3
scenarioThe plot is prepared assuming substitution at ¥2 LOQ forquamtified samplesdigher
MECs have been observed for PFBA, PFBEDA, PFHpA, PFHXA PFHXS,PFOA, PFOS,
PFPeA and PFUhK Indeedfor these 1Gubstances the mean concentratmmeO0.0049ug/L (see
Table 6.2.5) and alsdgher95" percentils of MECs(P9500.01 ug/L) have beerstimatedor
the aforementionettn PFAS(see Table 6.2.5).

Table 6.25. Summary statistics of measured environmental concentrations (ug/L) for eeh of
17 monitored PFASdescribed in the dossjeronsidering jointly data from all MS f@&c3 data
scenarioin the combined dataséfthe summary stistics is derived assuminglsstitution at %2
LOQ for nonquantified samples because the majority of considered substances have higher
guantification ratesThe substances are presented in alphabetic order.
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Acronym Min Mean StDev Median P90 P95 P99 Max

HFPODA (Gen X) | 1.00E07 7.18E04 1.81E03 9.65E05 1.93E03 2.95E03 5.48E03 3.76E02

PFBA 1.00E07 1.08E01 4.30E+00 | 5.00E03 2.10E02 5.20E02 1.52E01 2.35E+02
PFBS 1.50E04 1.44E02 9.10E02 5.00E03 1.90E02 3.50E02 1.20E01 4.33E+00
PFDA 1.00E07 5.45E03 1.87E02 2.50E03 5.00E03 6.68E03 1.00E01 1.00E+00

PFDoDA (PFDoA) | 1.00E07 1.95E03 3.25E03 5.00E04 5.00E03 5.00E03 5.00E03 1.00E01

PFDS 1.00E07 2.36E03 2.37E03 8.50E04 5.00E03 5.00E03 5.00E03 5.00E03
PFHpA 2.37E04 7.75E03 2.36E02 5.00E03 1.00E02 1.90E02 1.00E01 1.00E+00
PFHpS 1.00E07 3.05E03 9.62E03 5.00E04 5.00E03 5.00E03 4.72E02 1.50E01
PFHxA 2.00E04 1.11E02 3.68E02 5.00E03 1.50E02 2.80E02 1.60E01 8.92E01
PFHXS 1.00E07 4.86E03 1.80E02 5.00E03 5.60E03 1.50E02 3.90E02 9.80E01
PFNA 1.00E07 3.65E03 7.12E03 5.00E03 5.00E03 5.00E03 1.40E02 3.20E01
PFOA 1.00E06 3.37E02 3.87E01 2.50E03 2.00E02 4.80E02 7.09E01 3.50E+01
PFOS 5.00E07 7.40E03 4.67E02 3.20E03 1.00E02 1.40E02 4.80E02 4.00E+00
PFPeA 1.00E07 7.70E03 2.32E02 5.00E03 1.10E02 1.90E02 8.16E02 9.74E01
PFPeS (PFPS) 1.00E07 2.68E04 2.62E04 2.20E04 5.34E04 9.23E04 1.21E03 1.72E03

PFTeDA (PFTDA) | 1.00E07 1.72E04 3.97E04 1.00E07 9.40E04 9.50E04 1.57E03 4.02E03

PFUNnA (PFUnDA) | 1.00E06 9.49E03 4.41E02 1.25E03 5.00E03 1.00E01 1.00E01 1.18E+00
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PFAS: combined dataset
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Figure 6.2.2. Box-plots of measured environmental concentrations, considering together data from
all reporting MS, for each of the7f PFAS with available measurements in toenbineddatasefor

Sc3 scenariof the combined dataséthe plot is prepared assuming substitution at ¥2 LOQ for
non-quantified sampleshe lowest line of the figure shows the overall number of sanpgles
substane The substances are presented in alphabetic order.

Besidesfor a sake of completeness, Tabl2.6presentdor each of the 17 PFAS with avaible
monitoring data the meaf measured environmentbncentrations fogcl, Sc2 and Sc3 data
scenams (jointly data from all MSn the period 200&€021). The Scl includes only quantified
sampleswhilein Sc2 scenario a substitution ayalf of LOQ is applied for censored daba the
case of Sc3, the mean concentratioasismated either with the commorbstitution appoach (1/2
LOQ) or by the KaplatMeier method for datasets containing censored data (ProUCL 5.1 tool)
Then,Table 6.27 shows an analogous comparisontef@5" percentilef measured
environmental concentrations for Scl, Sc2 and Sc3sdatzarios (jointly data from all MS in the
period 20062021).Further details of the descriptive statistics derived for Sc3 dataset by the
KaplanMeier norparametric method could be seen inaseompaning Excel file entitled
MEC_PFAS_dossier

Finally, he JRC has tried to verified titemporal trend ofhe considered 17 PFAB the period
20062020 (the 2021 is excluded since scarce dataprding to annual variability of 95
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percentiles (P95) of MECs estimatedthg common substitution approach fonmguantified
samples (1/2 LOQHowever, the available monitoring data (see the supporting Excel file) allow
such analysis to be done only for two of the 17 substances (PFOS and Rle@#\jlering data

from all MS togetheronwards 2011hoth substanceshowed generally a gradudécreasing trend

of P95to about0.01-0.02ug/L with some yearly variability and oscillatiotattention should be
paid that the substitution approach could give up tottmes lower estimates for P95 in
comparison to the KM metial).

Table 6.26. Mean of measured environmental concentration§ug/L) for Scl, Sc2 and Sc3 data
scenarios (jointly data from all MS in the period 2@21)for each of the 17 PFAS with avaible
monitoring dataSc1l includes only quantified samplesjile in Sc2 scenario a substitution by a

half of LOQ is applied for censored data. In the case of Sc3, the mean concentration is estimated
either with the common substitution appoach (1/2 LOQ) or by the Kap&er method for

datasets containing censomata (ProUCL 5.1 toadf the US EPA

Sc1l | Se S8 scena Sc3 scenario
Substance scenar.i scenario Substitution of nor- Kalpan-Meier method
quantified samples by (ProuqQL 5
a half of LOQ
HFPODA (Gen X) 2.59E03 7 18E04 7.18E04 1.35E03
PFBA 2.40E01 1.08E01 1.08E01 1.08E01
PFBS 2.49E02 1.44E02 1.44E02 1.33E02
PFDA 1.28E02 5.46E03 5.45E03 2.94E03
PFDoDA (PFDoA) 1.36E03 1.95E03 1.95E03 2.23E04
PFDS 1.22803 2.36E03 2.36E03 3.54E05
PFHpA 1.42E02 7.75E03 7.75E03 5.90E03
PFHpS 1.12E02 3.05E03 3.05E03 1.33E03
PFHxA 1.78E02 1.11E02 1.11E02 1.01E02
PFHxS 5.37E03 4.86E03 4.86E03 2.74E03
PFNA 3.77E03 3.66E03 3.65E03 1.39E03
PFOA 8.17E02 4.32E02 3.37E02 3.23E02
PFOS 1.03E02 1.71E02 7.40E03 4.68E03
PFPeA 1.33E02 7.70E03 7.70E03 6.69E03
PFPeS (PFPS) 3.33E04 2.68E04 2.68E04 2.77E04
PFTeDA (PFTDA) 1.20E04 1.72E04 1.72E04 3.41E05
PFUNA (PFUNDA) 5.66E02 9.49E03 9.49E03 7.46E03

Table 6.27. 95" percentilesof measured environmentakoncentrations(ug/L) for Scl, Sc2 and
Sc3 data scenarios (jointly data from all MS in the period ZW.)for each of the 17 PFAS with
avaible monitoring daté&scl includes only quantified samples, while in Sc2 scenario a substitution
by a half of LOQ $ applied for censored data. In the case of Sc3, the mean concentration is
estimated either with the common substitution appoach (1/2 LOQ) or by the Kdpianmethod

for datasets containing censored data (ProUCL 5.1ofabke US EPA

‘ ‘ Sc1 ‘ Se ‘ S8 scena| Sc3 scenario |
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Substance scenar.i scenario Substitution of non- Kalpan-Meier method
quantified samples by (ProuqQL 5
a half of LOQ
HFPODA (Gen X) 5.29E03 2.95E03 2.95E03 2.95E03
PFBA 9.20E02 5.20E02 5.20E02 5.20E02
PFBS 6.43E02 3.50E02 3.50E02 3.50E02
PFDA 1.00E01 6.92E03 6.68E03 1.00E02
PFDoDA (PFDoA) 2.74E03 5.00E03 5.00E03 1.00E02
PFDS 4.39E03 5.00E03 5.00E03 1.00E02
PFHpA 1.00E01 1.90E02 1.90E02 3.00E02
PFHpPS 8.41E02 5.00E03 5.00E03 1.00E02
PFHXA 6.53E02 2.80E02 2.80E02 3.00E02
PFHXS 2.20E02 1.50E02 1.50E02 2.50E02
PENA 1.30E02 5.00E03 5.00E03 1.00E02
PFOA 2.10E01 5.90E02 4.80E02 4.80E02
PFOS 3.00E02 2.50E02 1.40E02 2.00E02
PFPeA 5.00E02 1.90E02 1.90E02 1.90E02
PFPeS (PFPS) 9.99E04 9.23E04 9.23E04 9.23E04
PFTeDA (PFTDA) 4.21E04 9.50E04 9.50E04 9.50E04
PFUNA (PFUNDA) 1.00E01 1.00E01 1.00E01 1.00E01
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6.2.2 PFOA risk assessment (freshwater)

Data availability, quality of data and summary statistics

The data analysis amsk assessmenR@) of PFOA developed in this section, utilisd?NEC

equal to the critical AAEQSreshwater=0.0044ug/L for the sum of PFOAquivalentgerivedin the
current dossiefrom TWI of EFSA (2020) for drinking wateln this case, the threshold is applied
only to PFOA. Additional analysis for the sum of the other PFAS is presented in the next section.
Overallinformation about the numbers of reporting MS, monitoring sites and collected samples in
Scl and Scxcenarigis presented for PFOA in Talbie2.8for the period 2006 2021 in the

combined dataseDetails per reporting country could be found in the supplementaty Excel file.

Table 6.2.8 Available data for the measured environmental concentrations gVde8ss EU MS

(jointly data from all countries after the elimination of duplicated records) for the period 2006

2021 in the combined dataset (COMBI dataset) for Scl and Sc2 data scenarios (the information for
Sc3 is given after the data quality check).

.| Member States . Quantified samples (% from
SOEMENE (MS) S Sellpls all for this scenario)
Scl 18 1779 11237 100
Sc2 18 2830 28960 38.8

Regarding the quality of available daFagure6.2.4shows the range of LOQs of nguantified
samples per country while Figuse2.5informs how many nouantified samples fulfilled the
LOQ-PNEC condition (%2 LOQPNEC) in each of the MS. It was found tsatme othe

participating MS partiallyr fully montored with insufficiently sensitive analytical methods the
majority of reported censored measurements have fulfilled the RREC criterion (excludingll

6 censored sampleg MS #13 and some of nequantified samples reported by the MS #06 and
#24). The detailed information about the LOQ values per MS forquamtified samples in Sc2
dataset is provided in the accompanying Excel file.

After the LOQPNEC check the decisive Sc3 data scenario is developedRISEG=0.0044 pg/L
The summarynformationfor this data scenario is presented in Td&b®9 Seemingly, there is a
sufficient amount of representative data with a good quality in Sc3 for making awidi@misk
assessmensince the higher quantification frequency (47.8% from all samples ardified
samples) the substitution of censored data is pos§ibteails per reporting country could be found
in the supplementaty Excel filEhree MS (#0, #12 and #1Rareoverrepresented in th&c3

scenario of theombined dataset holdinggetherabou 88.3% of all samples

Then, the measured environmental concentratin8&3 scenario of the combined dat42606
2021)arevidualised orfFigure6.2.6asbox-plots per countryThe censored samples are set equal to
% LOQ. Majority of the reporting MShewed exceedances.

Afterwards, the summary statistics of measured environmental concentrations across EU (min,
average, standard deviation (StDev), mediaff, @centile (P90), 95percentile (P95), 99
percentile (P99) and maig presented in Tablé.2.10considering together the data from all MS for
different data scenari@s$cl, Sc2 and Sc3)he censored samples are set equal to ¥2 LOQ in Sc2
and Sc3. The table displays also statistical estimates found by the Hégikemmethod for Sc3.

The compason of statistical parameteia Sc3 scenariestimated by Kaplaivieier method
(ProUCL 5.1 tool) and substitution approach showdlgt identical results.
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Figure 6.2.4 Range of LOQs fonon-quantified samples in Scacenario of combined dataset per
country. The lowermost line of the figure shows the overall number efjnantified samples in

each reporting MS. Faronfidentiality, thec ount ri esd® names are coded.
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Figure 6.2.5 Number ofnon-quantified samplesthat fulfilled LOQ -PNEC condition (%2
LOQCPNEC) as percentage from reported-gorantified samples per country in Sc2 scenario of
the combined datased®?NEC=0.0044 pg/l). The lowermost line of the figure shows the overall
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numberofnouanti fi ed samples in each reporting MS
are coded.

Table 6.2.9 Available data for the measured environmental concentrations (MEC) across EU MS
(jointly data from all countries) for the period 302021 in Sc3 scenario of the combined dataset
(PNEC=0.0044 ug/l). Details per reporting country could be found in the supplementaty Excel
file.

Me mber . Quanti fie
Scenar ( MS) Site Sampl (% from
Sc3 18 2462 235271 47 . 8
PFOA
1e+02 —

PMEC = 0.0044 ug/L

—
1le+01 —
1e+00 — g
o
1e-01 — =§“
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]
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Figure 6.2.6 Box-plot of measured environmental concentrations (g@r country foiSc3
scenarioof the combined dataset. The lowermost line of the figure shows the overall number of
samples in each reporting MS. The red line represents the PNEC Madueensored samples are
set equal to %2 LOQ
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Table 6.2.10 Statistics of measured environmental concentrations (ug/L) across EU (jointly data
from all MS) for different data scenarios in the combined dat@ketcensored samples are set
equal to ¥2 LOQn Sc2 and Sc3lhe table displays for Sc3 also statistics found by the Kaplan
Meier method. The comparison of statistical parameters for Sc3 estimated by-Kiapdamethod

(ProUCL 5.1 tool) and substitution approach showed fully identical results.

Sc3
Comamtr e Sc3 ,
( Aa/ L Sc1 Sc 2 Substitution of non Kalpan-Meier
g9 quantified samples by method
Min 2.10E06 1.00E06 1.00E06 2.00E06
Mean 8.17E02 3.37E02 3.97E02 3.93E02
StDev 6.19E01 3.87E01 4.29E01 4.30E01
Median 0.006 0.0025 0.0025 0.0029
P90 0.082 0.02 0.024 0.024
P95 0.21 0.048 0.075 0.0749
P99 1.139 0.709 1 1
Max 35 35 35 35
PFOA
1e+02 —
— PMNEC = 0.0044 ug/L
1le+(1 —
-
Ne+00 1 ¥ &
E1 01 =
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Figure 2.6.7. Temporal trenaf 95" percentiles (P95) of measured environmental concentrations
(MECs) for Sc3 scenario of the combined dataset considering together data from &l/&t8ll,
the P95 of MEG always exceeded the PNEC vall2etails for P95 per year could be found in the

supplementaty Excel file.
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The temporal trend of PFOA is verified for the period 20080(the 2021 is excluded since scarce
data)according to the annual variability of'9Bercentiles (P95) of ME€(see Figure.6.7)
Considering data from all MS together), in the period 200K it was found atabledownward
trendof P95 (lowering about two orders of magnitude)dxtluding 2012vhen 2 MS reported

very high concnetration®©nward 2014, thestabledownward trenaf P95is changed ta low
diminishing pattern followed by a sden increasand oscillationsn 20192020 Overall, the P95

of MECs always exceeded the PNEC valB@ce thestatistical parameters for Sc3 estimated by
KaplanMeier method (ProUCL 5.1 tool) and substitution appraaelidentical thefigure is
preparedassuming thatensored samples are set equal to ¥2 LOQ in3etils for P95 per year
could be found in the supplementaty Excel file.

Risk Assessment

The Risk Assessment (RA) analysisPFOA developed after the adoption EQS values by the
SCHEER committee, includes two componéntisst, a screening of overall risk for inland surface
water compartment and second, a compliance check in regardcrtittes freshwater AAEQS.

Screening ofisk

The screening of overall risk was elaborated following the procedure adopted by-tire gulof

revision of the Priority Substances list (Carvalho et al., 2016;
https://circabc.europa.eu/w/browse/52c8d8@Bc48b5a75e53013702b20a Accordingly, the

risk screening is based on MECs in Sc3 data scenario of the combined dataset and utilizes PNEC
equal to theritical freshwater AAEQS=00044ug/L. The risk screenintakes into account the

Risk Quotient RQ(P95), the Spatial, Temporal and Extent of PNEC exceedances (STE score) and
number of exceeding MS (see Tabl2.81).

The Risk Quotient RQ(P95) is estimated by th® gércentile (P95) of measured concentrations
considering the data in Sc3 from all MS and for the entire time period. A given country is specified
as AExceedi ngperddsild of itsfowntmeasuredl Boncentrations is higher than the
freshwater AAEQS. The STE (Spatial, Temporal and Extent oERNexceedances) is assessment
tool developed ifhouse by the JRC. The STE method is widely described and discussed in
Carvalho et al., 201&({tps://circabc.europa.eullarowse/52c8d8d306c48b5a75e
53013702b20a The STE calculates for each substance a risk score by summing the Spatial,
Temporal and Extent of PNEC exceedance factors (indexes) using P95 of MECs at monitoring
sites. The range of STE scores is betweendd3asince the individual factors vary from 0 to 1,

where a STE score of 0 indicating null concern, while a score of 3 showing an extremely high
concern.

The relevant P95 of MECs (see Tabl2.60 are estimated by Kaplavieier nonparametric method

for datasets containing censored data (ProUCL 5.1 tool of the US EPA). The P95 of reporting MS,
respectively exceedances in each MS, are evaluated also with the-Kegé&amethod and

ProUCL tool (see the complementary Excel file). However, the STE scaakcidated in a

traditional manner using the substitution by half of LOQs forquantified (censored) data.

Table 2.6.11 Risk assessment screening resiadtsPFOA The evaluation is based on measured
environmental concentrations in Sc3 scenario ottmbined dataset and PNECB®M4ug/L. The

Risk Quotient RQ(P95) is calculated with"98ercentile (P95) of measured concentrations

considering together the data from all MS. The P95 is estimated by Kdplen nonparametric

method for dataset containicgnsored data (ProUCL 5.1 tool of the US EPA). The STE (Spatial,
Temporal and Extent of PNEC exceedances) is assessment tool developed by the JRC (the table
shows also the Spatial, Temporal and Extent of PNEC exceedance factors of the STE score). A
gvencountry is specif i eperderEle of tsengdsureg contBnirationsis t h e
higher than the PNEC value.
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Exceeding UieiEL
Scenario | RQ(P95) | Fspat Ftemp | Fext SlI= MS (% from numbgr o
score reporting
total)
MS
Sc3 18.75 0.367 0.68% 041 | 1.4& | 14 (77.8%) 18

The performedisk screening indicated a presence of fmkinland surface wateest EU level

because the overall RQ(P938-75 viz. it is considerably higher than one, the STE score is

elevated>1) and 14MS out of thel8reportingMS in Sc3 could be specified as exceeding MS

(about77.8% from all MS).

Not es:

1. The wHEWe concern for faleohwdt dahseu nnoasntto mVESt ra(mée
and #19) are excluded from badeawcoanbi e pdo dil
P95=0. é¢x Oxtéhtle PNELEP/ IORes p RO iPR&I). W, and excee
were observed in 11 reporting MS.

2. Thmoni tdhati pgfecerapioc 202B210)) kewi se cRm@®Aornmei dn utehs
to pos-wiednriBlk i n the r ecde.alnSoyuveta rosf esp tnectei8 nRYQ (
showxdt eedances

Compliance check

The compliance check, which is a core part of the developed risk assessment, was performed
according to the EQS Directi®(amended by the iBective 2013/39/EU). The compliance is based

on MECs in Sc3 scenario of the combined dataset and is considered to be fulfilled (not failed) if the
annual average measured concentrations at monitoring sites in the participating MS do not exceed
the AA-EQS. In the compliance analysis the nqoantified concentrations in the Sc3 dataset were
assumed to be equal to a half of L&Q. the substitution approach, adopted by the Directives
2009/90/EC and 2013/39/EU, was applied.

Firstly, Figure 62.8 visualisesa boxplot of annual average concentrations at monitoring sites (Sc3

data scenario) for the time period 26@®&0 (the 2021 is excluded since scarce data) comparing to
thecritical freshwater AAEQS=0.0044ug/L. The annual mean concentrationsiéds

demonstrated a pattern similar to the already described temporal trend of P95 of PFOA MECs.
Thereafter, a relevant statistics about the n
mean concentratrobpbhbeeahkw&td e(dgAlAvheen al so as a pe
tot al number of si2e.8?2The eariedseemdt&etide tihna cTearbtl ey ¢
(2022®20) on average 24.8% of ammonmmathmr icrogh cseinttea sa
(range of iywegarsliyt eesx cfereodn 31 to 322, i.e. 14.1%9
Sift.es

Ths the above olms$arvateons comprirtaineaf r eas r eagta
AAEQS.

53 Directive 2008/105/EC Annex | Part B

Paragraph 1 "For any given surface water body, applying th&@®8 means that, for each representative monitoring point within
the water body, the arithmetic meanofthe ncentr ati ons measured at di fferent ti mes
and

Paragraph 2 AFor any gi ven <£Q3 means thattheaneasuredicancegtratioragpany y i n
representative monitoring point withintheat er body does not exceed the standar
Directive 2009/ 90/ EC \Whete thedmeunts of phgsictaeqicahop ¢chenilcal méasutards in dgiven
sample are below the limit of quantification, the measurement results shall béaébfthe value of the limit of quantification
concerned for the calculation of mean values

he

g t
d6o.
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Conclusion:

The performed risk screening and the observed failures of compliance in regard to tloeitical
freshwater AA-EQS, estimated through the monitoring datafor exposure describedn this
dossier, showed thaPFOS poses an EUwide risk for in inland surface watrs.
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Figure 2.6.8 Boxplot of annual average values of measured concentrations at monitoring sites in
Sc3 scenario for the time period 262@&0. In this analysis the nequantified concentrations are
assumed to be equal to a half of LOQ (Directives92B0'EC and 2013/39/EU). The lowermost
line of the figure gives the overall number of monitoring sites in each year. The red line indicates
thecritical freshwater AAEQS.

Table 62.12.Number of monitoring sites in Sc3 dataset which annual mean costo@msr

exceeded theritical freshwater AAEQS (given also as a percentage from the total number of
sampling locations). In this analysis the foprantified concentrations are assumed to be equal to a
half of LOQ (Directives 2009/90/EC and 2013/39/EU).

Year Number of Total number of Number of % of exceeding sites
reporting MS sites exceeding sites from all
2006 3 146 129 88.4
2007 10 142 110 775
2008 3 54 43 79.6
2009 3 104 83 79.8
2010 3 91 69 75.8
2011 4 141 103 73.0
2012 5 211 165 78.2
2013 11 200 132 66.0
2014 4 58 25 43.1
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2015 2 106 39 36.8
2016 3 117 32 27.4
2017 5 146 31 21.2
2018 5 320 45 14.1
2019 6 1156 322 27.9
2020 7 797 173 21.7

6.2.3 Cumulative RA of PFAS (freshwater)

The currentumulative RA exercismcludesthe17 PFAS described in section 6.2.hecauseach

individual substanchas available a considerable amount of exposure sampiee(than 100
samplessee Table 6.2.3) regarding the data in Sc2 scenario (Sc2 includes quantified-and non

guantified records). Sinceap of data in Sc2 are naquantified samples, taken sometimes with

analytical methods with higher LOQs (for instance > 0.01 ug@le details in Figure 6.3,ve
decided to include in theumulative RAeitheronly quantified samples (i.e. data in Sclnste)

avoiding in this wayanypossible artificial exceedancesthe complete Sc2 dataset assuming a
substitution of censored data by ¥2 LOQke same approach was proposed and applied in the

article of Bil et al. (2020) that originally introduced tReative Potency Factors (RBFN
evaluation of mixtures ofggZand polyfluoroalkyl substanceghis section presents the outcome of
the awimulative RAbased on data of tt#cl datasewnhile the results for Sctor a recent data
abundant year (2019Yye given in the supporting Excel file.

Regarding thd7 PFASof interestjn Scl scenario there are available overall 45459 quantified
samples gathered at 1494 monitoring sites in 18 MS for the perioe22@Wgthe additional recent
data, described in Tab&2.1, are not included in Scl datasélje relevantetails per substance

are providedn Table2.6.13 together with thRelative Potency Factors (RPF) which were applied
to calculate PFOAequivalents according the paper of Bil et al. @02 cases, Wen RPFs are
nt erval
value(i.e. RPF=7 foPFDA). Then, the events (cases) of eventual simultaneous monitoring of 17
PFAS were identified, i.e. the combinations of moiitgisites and dates for measurements in Scl

esti

dataset. Totally, 14689 combinations (cases) were found including also a single substance
monitoring (Table %.14). Attention should be paid thtte datas ofmonitoring at sites could differ

mat ed

considerably.

Table 2.613. Available monitoringdatain Sc1 datasdbr the considered 17 PFAS in the JRC

to be i

n a

gi ven

(for

dataset 2020. The table shows also Relative Potency Factors (RPF) related tedqRi@kents

according the paper of Bil et al. (2021). In cases, when RPFs emnatest to be in a given interval

it was chosen the mean value.

CAS Arconym Number of | Number of | Number of Relative
reporting sites samples Potency
MS Factor
(RPF)
6203780-3 HFPO-DA (Gen X) 1 27 230 0.06
37522-4 PFBA 3 273 3216 0.05
375735 PFBS 9 367 3727 0.001
33576-2 PFDA 9 280 1696 7
307-55-1 PFDoDA (PFDoA) 4 135 455 3
33577-3 PFDS 2 8 8 2
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375859 PFHpA 11 388 2704 0.505
37592-8 PFHpS 2 35 260 13
307244 PFHxA 9 348 3850 0.01
35546-4 PFHxS 4 224 3510 0.6
375951 PFNA 12 311 1919 10
33567-1 PFOA 16 890 7240 1
1763231 PFOS 13 1077 12512 2
270690-3 PFPeA 3 267 2881 0.03
270691-4 PFPeS (PFPS) 1 42 803 0.3
376:06-7 PFTeDA (PFTDA) 1 19 31 0.3
205894-8 PFUNA (PFUNDA) 5 183 417 4

Table 2.6.4. Events (cases) of eventual simultaneous or individual monitoring BFAS in Scl
dataset (i.e. combinations of monitoring sites and dates of measurements; monitoring dates at sites
could differ considerably).

Number of dataset of Number of stes wherewas Combinations
monitoring monitored
from 1 to 10 1057 3266
from 11 to 20 239 3317
from 21 to 30 95 2365
from 31 to 40 28 901
from 41 to 50 18 813
from 51 to 60 28 1526
from 61 to 100 22 1580
from 101 to 139 7 833
Total: 1494 14689

Table 2.6.15. Cumulative RA othe 17 PFASbased on theummed PFOAequivalentsas
proposed in Bil et al., 2@R according the number of monitored PFaiSsites

Number of | Combinations Cases when all Cases when all individual % of additional
monitored of monitoring individual PFOA- PFOA-equivalents are exceedances from all
PFAS sites and dates | equivalents are below| below 0.0044 pg/L butthe | combinations for this
0.0044 ug/L sum of PFOA-equivalents event
is higher than 0.0044 pg/L
1 8368 3586 0 0.0
2 2076 693 161 7.8
3 621 71 21 3.4
4 691 68 26 3.8
5 424 60 40 9.4
6 367 86 65 17.7
7 560 80 77 13.8
8 209 15 11 53
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9 103 45 2 1.9
10 252 205 113 44.8
11 444 261 258 58.1
12 419 88 88 21.0
13 122 6 6 4.9
14 32 3 3 9.4
15 1 1 1 100.0
Total: 14689 5268 872 5.9

Then, following the cumulative RA conddpased orthe Relative Potency Factors (RfF

described in Bil et al. (2021), the measured concentratiotne &7 PFAS were converted to
PFAO-equivalents multiplying by the RBFAfterwards, for each monitoring site, thems of
PFOAequivalents othel7 PFAS werealculatedand the sums are compared to the threshold value
of 0.0044 pg/L in order to evaluate eventual exceeda(dividual and cumulativeadnda

presence of risksee Table 2.65). Generally, could be observed that the cumulative RA of the 17
PFAS (using summed PFG&quivalents) showed 5.9% increase of exceedances comparing to the
assessmenthen all individual PFOAequivalentsare belowthe threshold 00.0044 pdL.
Expectedly the percentage of additional cumulative exceedances is higher (about 13.8%) if the
cases of single substance monitoring withitlavidual PFOAequivalents< 0.0044 ug/Lare

excluded from the analysis because they do not contributetatthé cumulative RA (see the fist

row in the Table 2.6.15).

Regarding exceedances of PR@4uivalents for individual substances (overall 4782 from 8368
cases)n Sc], it was found that PFOS is dominant being responsible for about 74.8% of all
individual exceedances, followed by PFOA with about 21.3%. Five other substances demonstrated
alsosome exceedances, the percentages from all exceedaeasdollows- PFDA 08%, PFHpA
0.02%, PFHpS 1.1% PFHxS 0.02% and PFNA 1.9%, which however are considerably smaller
comparing to PFOS and PFOA.

Finally, the sums of PFO&quivalents othe17 PFAS, considering the complete set of
combinationsn Sci, vary from 1.2 *10 ug/L to 19.7 pg/L. The statistical analysis, based on alll
combinations of dates and sites (including monitoring of single substances), estimé&dwing
concentrations fathe sums of PFOAequivalents ofthe 17 PFAS: mean=0.075 ug/L (standard
deviation 0.21 pg/L), 90" percentile=0.096 pg/L and ¥percentile=0.22 ug/L. The estimated

mean, P90 and P95 are considerably higher than the threshold of 0.0044 pg/L.
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7 Effects and Quality Standards

From existing evaluations, it is known that PFOS, PFOA and other PFAS have a relatively low toxicity to water
organisms, but they may pose a problem when entering the food chain via fish. Therefore, the analysis was
mainly focused on deriving human health based quality standards for fish consumption (see sections 7.5 1
7.8).

The ecotoxicity data and the hazard assessment performed in the Italian EQS dossiers drafted for PFOA,
PFBA, PFBS, PFHxA, PFPeA (IT, 2015a,b,c,d,e) were fully considered in the present EQS dossier. For PFOA,
also the Dutch EQS dossier (RIVM, 2017) was taken into account. In general, no further evaluation of the
studies was carried out, and the MAC- and AA-QS were derived following the evaluations performed by Italy
(Valsecchi et al., 2017) and RIVM (2017).

Ecotoxicity data on PFOS were collected from the EQS dossier of 2011, revised by the JRC in 2017. Sediment
ecotoxicity data were instead retrieved from the Swiss EQSsed dossier prepared in 2020.

No additional ecotoxicological data searches were performed in the present EQS dossier.

7.1 ACUTE AND CHRONIC AQUAT IC ECOTOXICITY

PFOS: ACUTE EFFECTS
Table 7.1. Acute ecotoxicity data on PFOS collected from the updated EQS dossier on PFOS (2017)

. ) . LC50 EC50
Species Exp time | Endpoint mg/L mg/L Master reference
Algae
Selenastrum capricornutum 71 .
(akaPseudokirchneriella 96h 126 Environment Agency,2004
subcapitatd
Environment Agency, 2008 (Noted that this
Selenastrum capricornutum study should be considered with care as it is
(akaPseudokirchneriella 96 h 48.2 based on nominal concentrations and the stud
subcapitatd duration islonger than the recommended test
duration.)
Pseudokirchneriella 72h 120 OECD, 2002 in RIVM 2010
subcapitata
Navicula pelliculosa 96 h 283 OECD, 2002 in RIVM 2010
) Environment Agency, 2004; Boudreau et al,
Chlorella vulgaris 96 h 81.6 2003b in RIVM2010
Environment Agency, 2004; OECD, 2002 in
Anabaena flogquae 96 h 176 RIVM 2010
; Environment Agency, 2004; Boudreau et al,
Lemna gibba 7d 311 2003b in RIVM 2010
Marine algae )
Skeletonema costatum 96 h >3.2 Environment Agency, 2004
Crustacean .
Daphnia magna 48 h 27 Environment Agency, 2004
Environment Agency, 2008 (This value was
: generated in a static system with nominal
Daphnia magna 48h 4 concentrations and therefore the data should G
treated with care.)
OECD, 2002, Boudreau et al, 2003b, Ji et al
Daphnia magna 48 h 48 2008, and Li, 2009 in RIVM 2010 (geometric
mean of 6 values)
Daphnia magna 48 h 79.35 Liang et al. 2017 (R1)?
Daphnia pulicaria 48 h 124 Boudreau et al, 2003b in RIVM 2010
Moina macrocopa 48 h 18 Ji et al.,2008 in RIVM, 2010
Neocaridina denticulate 96 h 9.3 Li, 2009 in RIVM 2010
Platyhglmlnthgs 96 h mortality 18 Li, 2008 and Li, 2009 in RIVM 2010 (geometriq
Dugesia japonica mean of two values)
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Mollusc 96 h mortality | 165 Li, 2009 in RIVM 2010
Physa acuta
. . Environment Agency, 2004; OECD, 2002 in
Unio complanatus 96 h mortality 59 RIVM 2010
Annelida Liu et al. 2016 (Reliability: 2) (Geometric mean
24 h mortality 55.75 of 45.36, 46.23, 60.7, 64.48 and 65.74 mg/I

Limnodrilus hoffmeisteri (studyconducted at pH 5, 6, 7, 8, 9, respectivel

Marin_e crustacean 96 h 36 Environment Agency, 2004; OECD, 2002 in
Americamysis bahi RIVM 2010

Artemiaspp. 48 h mortality 8.9 Environment Agency, 2004

Artemiaspp. 48 h mortality 8.3 OECD, 2002 in RIVM2010

Marine mollusc 96 h Shell >3 Wildlife international (2000) referenced in

Crassostrea virginica deposition OECD 2002

Environment Agency, 2004 (This study was

Fish 96 h 47 conducted in a static system with nominal test

Pimephales promelas ) concentrations and should therefore be treateq
with care)

Pimephales promelas 96 h mortality 9.5 Environment Agency, 2008

Pimephales promelas 96 h mortality 6.6 OECD, 2002 in RIVM 2010 (geometric mean d
two values)

Lepomis macrochirus 96 h mortality 6.9 Environment Agency, 2004

Lepomis macrochirus 96 h mortality 6.4 OECD, 2002 in RIVM 2010

Oncorhynchus mykiss 96 h mortality 7.8 Environment Agency, 2008

Oncorhynchus mykiss 96 h mortality 13 OECD, 2002 in RIVM 2010 (geometric mean g
two values)

Danio rerio 72 h mortality 68 Zheng et al., 2012 (Reliability 1)

Danio rerio 72h Spine croc_)k 37 Zheng et al., 2012 (Reliability 1)

malformations

Danio rerio 96 h mortality 22.2 Sharpe et al., 2010 (Reliability 2)

Oncorhynchus mykiss 96 h mortality 25 Sharpe et al., 2010 (Reliability 2)

Oncorhynchus mykiss 96 h mortality 13.7 Environment Agency, 2004

Marine fish 96 h >15 Environment Agency, 2004

Cyprinodon variegatus

PFOA: ACUTE EFFECTS
Table 72. Acute ecotoxicity data on PFOA collectzgdm the Italian and Dutch EQS dossiers (IT,
2015a; RIVM (2017)

Ex LC50 EC50
Species =XP Endpoint (95% ClI) (95% ClI) Master reference
time
mg/L mg/L
FRESHWATER SPECIES
Cyanobacteria . 72h biomas8 247.8+12.4 Latala et al., 2009
Geitlerinema amphibium
luminescence 19.81
Anabaena CPB4337 24 h inhibition (15.44 26.44) RodeaPalomares et al., 201
luminescence RodeaPalomares et al., 201
Anabaena CPB4337 24 h inhibition 78.88 in RIVM, 2017
Q?eau%ochirchneriella 72h | growth rate and >100 Colombo et al., 2008
. 96 h biomass >100 "
subcapitata
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Pseudochirchneriella 72 h | growth rateand >400
subcapitata 96 h biomass >400 OECD, 2006
Pseudochirchneriella growth inibition 96.2
subcapitata 72h (biomass) (88.6113.7) Rosal etal., 2010
Pseudokirchneriella . 746.40 .
subcapitata 4.5h | photosynthesis| (726.99768.29) Ding et al., 2012a
Scenedesmus quadricandd 96 h Not reported 269.63 Yang et al., 2014
(207.83349.82) "
Chlamydomonas reinhardti 96 h . gr_oyv_th 51.9+1.0 Hu et al., 2014
inhibition
Scenedesmus obliquus 96 h . gr_oyv_th 44.0+1.5 Hu et al., 2014
inhibition
Chlorella vulgaris 72h biomas$ 974.82 + 49.56 Latala et al., 2009
Invertebrata: Crustacean | g1, | immopilization 480 OECD, 2006
Daphnia magna
Daphnia magna 48 h | immobilization 480 Colombo et al., 2008
24h (559%5%%% 50)
Daphnia magna immobilization 476 52' Ji et al., 2008
48h (375.32577.72)
219.33
. 24h | . I (209.0%229.25)
Daphnia magna 48 h immobilization 211.07
(184.22254.86) .
17596 Ding et al., 2012b
. 24h | . I (92.11:221.81)
Chydorus sphaericus 48 h immobilization 116.48
(50.39142.51)
. . I Le and Peijnenburg, 2013 i
Chydorus sphaericus 48 h | immobilization 91.1 RIVM 2017
. 24h | (2723g58£1723 87 | .
Moina macrocopa immobilization i99 51' Ji et al., 2008
48h (153.89245.13)
. . 201.85
Daphnia magna 48 h mortality (134.68302.50) Yang et al., 2014
. 24h | . I 298 (278321) .
Daphnia magna 48 h immobilization 181 (166198) Li, 2009
24h > 1000
Neocaridina denticulate 48 h . 712(663764) .
(green neon shrimp) 72h mortality 546 (502594) Li, 2009
96 h 454 (418494)
Macrobrachium nipponens . 366.66
(freshwater shrimp) 96h mortality (253.09531.18) Yang etal., 2014
Invertebrata: Rotifers .
Brachionus calyciflorus 24 h mortality 150 Zhang et al., 2013
24 h 856 (768954)
Invertebrata: Gastropoda 48 h . 732 (688779) .
Physa acuta 72 h mortality 697 (661735) Li, 2009
96 h 672 (635711)
Cipangopaludina . 740.07
cathayensis 96h mortality (597.66916.41) Yang etal., 2014
Invertebrata: Mollusca 48 h viability (shell 162.6 Hazelton et al., 2012 in
Lampsilis siliquoidea closure) ’ RIVM 2017
Lampsilis siliquoidea 96 h mortality >500 Hazelton et al., 2012 in

RIVM 2017
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. . viability (shell Hazelton et al., 2012 in
Ligumia recta 48 h closure) 161.3 RIVM 2017
. . . Hazelton efl., 2012 in
Ligumia recta 96 h mortality >500 RIVM 2017
Invertebrata: 24 h 352 (331374)
o 48 h . 345 (325366) :
gf%g?;me;m:r?iia 72h mortality 343 (324364) Li, 2009
gesia jap 96 h 337 (318357)
24 h 548
o . 48 h . 536 : .
Dugesia japonica 72h mortality 519 Li, 2008 in RIVM 2017
96 h 458
Invertebrata: Insecta . 402.24
Chironomus plumosus 96 h mortality (323.83499.63) Yang etal,, 2014
. . p MacDonald et al., 2004 in
Chironomus tentans 10d Mortality NOEC O RIVM 2017
Invertebrata: Anellida . 568.20
Limnodrilus hoffmeisteri | 2P mortality (476.33677.80) Yang etal., 2042
Vertebrata: Amphibia . 114.74
Bufo gargarizans 96 h mortality (83.02158.58) Yang etal., 2014
Vertebrata: Fish . 365.02
Pseudorasbora parva 96 h mortality (269.78493.86) Yang etal., 2014
. . 606.61
Carassius auratus 96 h mortality (460.93798.32) Yang et al., 2014
Feng et al., 2015 in RIVM
Carassius auratus 96 h Mortality >5.0 2017
(Reliability: 3)
Cyprinus carpio 96 h Mortality >55.6 Kim et al., 2010 in RIVM
2017
Cyprinus carpio 96 h growth NOEC O § ;)mﬂet al,, 2010 in RIVM
Oncorhynchus mykiss 96 h mortality 707 OECD, 2006
(rainbow trout)
Oncorhynchus mykiss 96 h mortality 800 OECD, 2006
(rainbow trout)
. 430
mortdity (290-710)
Danio rerio :
(zebrafish embryo test) 144 hpf| mortality a_nd 350 Ulhag et al., 2013
malformation
(290-430)
effects
205.72
Danio rerio 96 hpf | mortality and > 500 (168.25251.53)
) malformation Hagenaars et al., 2011
(zebrafish embryo test) 120 hof effects > 500 113.05
P (96.22132.84)
MARINE SPECIES
Marine Algae: 72h | biomass 367524165 | Latala et al., 2009
Skeletonema marinoi
. Growth 163.6 .
Isochrysis galbana 72 h inhibition (131.7203.2) Mhadhbi et al., 2012
Marine Bacteria : luminescence -
Vibrio fischeri 30 min inhibition 570.19457.33 Mulkiewicz et al., 2007
S . . luminescence 524
Vibrio fischeri 15 min inhibition (505- 538) Rosal et al., 2010
Photobaterium 15 min Iumlne§pence 14.65 Wang et al., 2011a
phosphoreum inhibition
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Invertebrata: Marine . 15.5 .

Crustacea Siriella armata 96 h mortality (13.0'18.6) Mhadhbi et al., 2012

Invertebrata:

Echinodermata (marine) 48 h . Gr_O\_A{th 1?0'0 Mhadhbi et al., 2012
L inhibition (99.2121.9)

Paracentrotus lividus

Vertebrata: Marine Fish Abnormalities/ 11.9 .

Psetta maxima 144 h Mortality (9.5114.9) Mhadhbi et al., 2012

NOTES
2 at the beginning of the test
5 nominal concentrations. The measured concentrations are in the rarg@6864
dthe measured concentrations were between 82 and 91%
¢ biomass assessed by optical density
f'standard deviation
9 malformation of head and tail and effects on growth
hpf: hours post fertilization

PFBA: ACUTE EFFECTS
Table 7.3 Acute ecotoxicity data on PFBA collected from the ltalian EQS dossiers (IT, 2015b)

EX LC50 EC50
Species =24 Endpoint (95% ClI) (95% ClI) Master reference
time
mg/L mg/L
Bacteria Luminescence
Photobacterium 15 min S 14.07 Wang et al., 2011a
inhibition
phosphoreum
Algae _ ) . 260.96 :
Pseuqulrchnenella 4.5h | Photosynthesig (213.03319.55} Ding et al., 2012a
subcapitata
Plant . 891.74 .
Lactuca sativa 5d Rootelongation (830.82952.64} Ding et al., 2012a
184.27
24 h (182.78185.55%
Invertebrata: Crustacean " > 4260.6 .
Daphnia magna Immobility 180.65 Ding et al., 2012b
48 h (179.15182.35%
> 4260.8
534.49
24 h (513.19-555.37)2
. - > 4.28 .
Chydorus sphaericus Immobility 260 14 Ding et al., 2012b
48 h (440.97479.10%}
>4260.6
Invertebrata: Rotifera 24h Mortality 110 Wang et al., 2014
Brachionus calyciflorus
Mortality >3000
Vertebrata: Fish - >2200
Danio rerio 144 hpf| Mortality and (120022000} Ulhaq et al., 2013
malformation
effects
96 hpf | Mortality and >3000
Danio rerio malformation Hagenaars et al., 2011
120 hpf effect >3000
NOTES

2 at the beginning of the test

b nominal concentrations. The measured concentrations are in the rarg@6864
dthe measured concentrations were between 82 and 91%

¢ biomass assessed by optical density

f'standard deviation

9 malformation of head and tail and effects on growth

hpf: hours post fertilization

PFBS: ACUTE EFFECTS
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from ECHA registration dossiet®

EX LC50 EC50
Species =24 Endpoint (95% ClI) (95% ClI) Master reference
time
mg/L mg/L
Sewage microorganisms 3h Respiration >1000 NICNAS, 2005
inhibition
Bacteria .| Bioluminesceng
Vibrio fischeri 15 min e inhibition 17520 (1685618200) | Rosal et al., 2010
Growth >20 250 Rosal et al., 2010
Algae inhibition (37%growth inhibition
Pseudokirchneriella 72h (biomass) at 20 250 mg/L) 5 T
i nnamed, n
subcapitata Growth rate 5661 4 )
.| Bioluminescend 8386 Rosal et al., 2010
Anabaena CPB4337 30 min e inhibition (7752 8693)
Growth 5733
Pseuqulrchnerlella 96 h inhibition (56595817) NICNAS, 2005
subcapitata Biomass 2347
(20182707)
Desmodesmus subspicatuy 72 h Growth rate >115.5 Unnamed, 2008n ECHA)
. Liu W et al 2008 (In
Scenedesmus obliquus 72h Growth rate >676 ECHA)
2183
NICNAS, 2005
Crustacean 48h | Immobilit (17073767)
Daphnia magna obity .
O 106 . 8| Unnamed, 2003 (In ECHA)
1500
Fish Mortality and (1100- 1900)
Danio rerio 144 hpf malformation 450 Ulhag et al., 2013
(350-600)°
96 hpf | Mortality and >3000 1900.78
. ) . (1728.762089.92)
Danio rerio malformation 1502 32 Hagenaars et al., 2011
120 hpf effects >3000 (1316.191776.96f
Danio rerio 96 h Mortality 0105 Unnamed, 2003 (In ECHA)
. . 1938
Pimephales promelas 96 h Mortality (8883341 NICNAS, 2005
Lepomis macrochirus 96 h Mortality 6452 NICNAS, 2005
L Mortality and
Marine fish 372
. . . 96 h abnormal NICNAS, 2005
Americamysidahia behaviour (314-440)
NOTES

* saltwater organism
f freshwater organism
et hours post fertilization

¢ values based on combined sublethal and lethal embryotoxicity effect data

¢ malformation of head and tail and effects on growth
9juveniles 35+5 mm and mean wet weight 320 +100 mg

P juveniles 44+10 mm and mean wet weight 1000 +600 mg

PFHxA: ACUTE EFFECTS

Table 75. Acute ecotoxicity data on PFHXA collected from the Italian EQS dossiers (IT, 2015d)

andECHA. (20193.

85 https://echa.europa.eulit/registratidossier/registereedossier/22432/6/2/2/?documentUUID=06c3cddle 40d5a042

487d9d9496f3
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EX LCso ECSO
Species =XP Endpoint (95% ClI) (95% ClI) Master reference
time
mg/L mg/L

FRESHWATER
SPECIES

) Hoke et al., 2012
Algae 72 h Biomass >100

d bspi h h ECs: 86 ENVIRON, 2014
Scenedesmus subspicatus| 72 Growth rate NOEC 50
Rotifera . 24 h Mortality 140 Wang et al., 2014
Brachionus calyciflorus
Crustacea 48h Mortality >96.5 Hoke et al., 2012
Daphnia
Daphniamagna 48 h Immobility 1048 Barmentlo et al., 2015)
Fish . 96 h mortality >99.2 Hoke et al., 2012
Oncorhynchus mykiss ’ "
MARINE SPECIES
Algae . 72h Biomasé 4019.51 +200.35
Chlorella vulgaris
Skeletonema marinoi 72 h Biomas$ 1477.58 +72.00 Latala et al., 2009
Geitlerinema amphibium 72 h Biomas$ 995.49+50.09
Bacteria 30 min | MUminescence 1335.39+123.18 | Mulkiewicz et al., 2007
Vibrio fischeri inhibition
Photobacterium 15 min Luminescence 17.20 Wang et al., 2011a
phosphoreum inhibition
NOTES:

2biomass assessed by optical density

b standard deviation

PFPeA ACUTE EFFECTS
Table 76. Acute ecotoxicity data on PFPeA collected from the Italian EQS dossiers (IT, 2015e)

Species =XP Endpoint (95% ClI) (95% ClI) Master reference
time
mg/L mg/L
Bacteria Luminescence
Photobacterium 15 min o 16.22 Wang et al., 2011a
inhibition
phosphoreum
Algae 81.7
Pseudokirchneriella 72 h Biomass (76 7_5'37 5)
subcapitata - Hoke et al., 2012
Crustacean .
Daphnia magna 48 h Immobility >112
Rotifera ;
Brachionuscalycifiorus 24 h Mortality 130 Wang et al., 2014
Fish . 31.8
Pimephales promelas 96 h Mortality (10.398.3) Hoke et al., 2012

NOTES:
° saltwater organism
ffreshwater organism

PFOS: CHRONIC EFFECTS

Table 7.7. Chronic ecotoxicity data on PF@S8llected from the updated EQS dossier on PFOS

(2017)

Species

Exp time

Endpoint

EC10

mg/L

NOEC
mg/L

Master Reference

FRESHWATER SPECIES
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Algae 96 h 5.3 Environment Agency, 2008 (Noted ttiae algal study
Selenastrum needs to be treated with care as based on nominal
capricornutum(aka concentrations and also of 96hr duration rather than the
Pseudokirchneriella recommendation of 72hrs)

subcapitatd

Raphidocelis subcapitata | 96 h 53 OECD, 2002 in RIVM, 2010

(akaP. subcapitath

Chlorella vulgaris 96 h 8.2 Environment Agency, 2008; Boudreau et al., 2003b in
RIVM, 2010

Algae - diatom 96 h 44 Environment Agency, 2004; OECD, 2002 in RIVM 2010

Navicula pelliculosa

Algae - cyanobacteria 96 h 44 OECD, 2002 in RIVM, 2010

Anabaena floaquae

Higher aquatic plants 7d 15.1 Environment Agency, 2004

Lemna gibba

Lemna gibba 42d 0.2 Environment Agency, 2008 (Noted that this data generg
in an outdoor microcosm study and the study details arg
incomplete)

Lemna gibba 7d 6.6 Environment Agency2008; Boudreau et al., 2003b in
RIVM, 2010

Myriophyllum sibiricum 42d 0.092 Hanson et al., 2005 in RIVM 2010

Myriophyllum spicatum 42d 3.2 Hanson et al., 2005 in RIVM, 2010

Crustacean 21d 12 Environment Agency, 2004

Daphnia magna

) ) ) LCso N

Danio rerio 120 hpf mortality 29 Huang et al., 2010 (Reliability 2)

Daphnia magna 28d 7 Environment Agency, 2004 (Noted that these studies w
undertaken with nominal concentrations and therefore
should be treated with caréowest valid datapoint is 12
mg/l).

Daphnia magna 21d 5.3 Environment Agency, 2004 (Noted that these studies wj
undertaken with nominal concentrations and therefore
should be treated with care

Daphnia magna 21-28d 7 Boudreau et al., 2003b, OECD, 2002 and Ji et al., 2008
RIVM, 2010 (geomean of 4 values)

Moina macrocopa 7d 0.4 Ji et al., 2008 in RIVM 2010

Insect 10d 0.049 Environment Agency, 2008

Chironomus tentans

Chironomus tentans 36d NOEC: MacDonald et al., 2004 iRIVM, 2010

0.049 mg
<0.032mg/I
LOEC with
32% effect
Chironomus tentans 36d Emergence NOEC: < MacDonald et al., 2004 in RIVM, 2010
0.002 mg/I
LOEC
0.002 mgl/l
Enallagma cyathigerum 120d NOEC: < Bots et al., 2010 in RIVM 2010
0.01 mgl/l
LOEC with
18% effect

Monoporeia affinis 22d mortality 0.064 Jacobson et al., 2010 (Reliability 2), Water/sediment
microcosm study

Fish 42d 0.3 Environment Agency, 2004

Pimephales promelas

Pimephales promelas 21d 0.028 Environment Agency, 2008; Ankley et al., 2005 in RIVM

2010

101



September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

Oryzias latipes 14d <0.01 Ji et al., 2008 in RIVM, 2010
LOEC with
80% effect
Lepomis macrochirus 62d <0.87
Danio rerio 120d Swimming LOEC: 0.25 | Chen et al., 2013 (Reliability: 2), Unclear effect at
behaviour population level. Effect observed at the single
concentration tested. No NOEC value was therefore
extrapolatedUsed as supporting information.
Danio rerio 70d Malformation 0.01 Du et al., 2009 (Reliability 2)
in F1
generation
Danio rerio multi-gen F1 and F2 LOEC: Keiter et al., 2012 (Reliabiliy: 2), Effect observed at the
length and 0.0006 lowest concentration tested. No NOEC value was there
weigh extrapolated. Used as supporting information.
Danio rerio multi-gen Altered FO 0.05 Wang et al., 2011 (Reliability: 2)
sex ratio
Danio rerio multi-gen FO males 0.005 Wang et al., 2011 (Reliability 2)
body weight
and length
Danio rerio 72h Malformation LOEC: 12.5 | Zheng et al., 2012 (Reliability). No % effect of LOEC
value is known. Therefore, the NOEC value was not
extrapolated. Used as supporting information.
Danio rerio 48 h Incidence of LOEC: 50 Zheng et al., 2012 (Reliability: 1). No % effect of LOEC
edemas value is known. Therefore, tiMOEC value was not
extrapolated. Used as supporting information.
Danio rerio 72h Hatching LOEC: 6.5 | Zheng et al., 2012 (Reliability: 1). No % effect of LOEC
delay value is known. Therefore, the NOEC value was not
extrapolated. Used as supportingprmation.
Danio rerio 120 h Malformation 4 Chen et al., 2014 (Reliability: 2)
Danio rerio 6 dpf Length of 0.7 Hagenaars et al., 2014 (Reliability: 2)
larvae
Amphibian 96 h 5 No reference available in the EQS dossier
Xenopus laevis
Rotifer 96 h Mictic rates LOEC: 0.25 | Zhang et al., 2014 (Reliability: 1). Effect observed at the
Brachionus calyciflorus of F1 lowest concentration tested. No NOEC value was there
generation extrapolated. Used as supporting information.
MARINE SPECIES
Marine algae-diatom 96 h >3.2 Environment Agency, 2004; OECD, 2002 in RIVM, 201
Skeletonema costatum
Marine crustacean 35d 0.25 Environment Agency, 2004; OECD, 2002 in RIVM 2010
Americamysis bahia

PFOA: CHRONIC EFFECTS

Table 78. Chronicecotoxicity data on PFOA collected from the Italian and Dutch EQS dossiers

(IT, 2015a; RIVM (2017)

102

ECyo
Species =42 Endpoint (95% ClI) NOIEE Master reference
time mg/L
mg/L
FRESHWATER SPECIES
Algae 72 h . 200
Pseudochirchneriella subcapitata 96 h growthrate and biomass 125 Colombo et al., 2008
Pseudochirchneriella subcapitata gg E growth rate and biomasg 122% OECD, 2006
Pseudokirchneriella subcapitata 45h photosynthesis 413.06| Ding et al., 2012a
Algaei cyanobacteria . . RodeaPalomares et al.,
Anabaena 24 h Bioluminescence 49.05 2015 in RIVM 2017
Anabaena 24 h Bioluminescence 30 RodeaPalomares et al.,
2015in RIVM 2017
. . 315
?qilé:?ucnljlant Myriophyllum 354 growth (plant length) (0-68.2) 23.9 Hanson et al., 2005
P root number 10.2 23.9
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(6.6-13.7)
8.8
root length (5.9-11.7) 23.9
longest root © zég 7 23.9
node number 83 23.9
(5.3-11.4) :
biomass (wet mass) (0?25':? 5) 74.1
biomass (dry mass) © 195; 5) 74.1
23.7
growth (plant length) (5.3-42.1) 23.9
root number (0?2'92 2) 23.9
root length © Zéf 1) 23.9
Myriophyllum sibiricum f| 35d longest root © 338 6) 23.9 | Hanson et al., 2005
node number G 07% 7 239
. 21.6
biomass (wet mass) (0-59.07) 23.9
biomass (dry mass) © 2;,142 7 23.9
Invertebrata - Crustacea reproduction NR
Daphnia magna f 21d growth (as length) 44.2 Colombo et al., 2008
Daphnia magna fl 21d reproduction 12.5 |Jietal., 2008
Moina macrocopa f 7d reproduction 3.125 | Jietal, 2008
Daphnia magna f 214 survwal' >100 Li, 2010
reproduction 10
. f reproduction 20
Daphnia magna 21d growth( as length) 442 OECD, 2006
21d reproduction rate 22
Daphnia magna fl| 14d reproduction 8 OECD, 2006
14d survival 60
Daphnia magna f survival 11.12 Yang et al., 2014
21d -
reproduction 7.02
Invertebrata - Rotifera r 4d Intrinsic rate of population 4 Zhang et al., 2014 in RIVM
Brachionus calyciflorus increase 2017
Brachionus calyciflorus r 6d Hatching rate 0.25 ggi?%;;ﬁ;mﬁglé)m RIVM
Brachionus calyciflorus ] Zhang et al., 2014 in RIVM
r 6d Time to hatch <0.125 2017 (Reliability: 3)
Brachionus calyciflorus ; 6d Hatching rate 0.25 ggigg et al, 2014 in RIVM
Brachionus calyciflorus ) Zhang et al., 2014 in RIVM
r 6d Time to hatch <0.125 2017 (Reliability: 3)
Brachionus calyciflorus ; 3d Resting egdormation 0.07 ggir;g etal, 2014 in RIVM
Vertebrata - Amphibia Bufo ) Yang et al., 2014
gargarizans f{ 30d survival 5.89
Vertebrata - Fish .
Oncorhynchus mykiggainbow troutj® f| 85d mortality 40¢¢ | Colombo et al., 2008
o " mortality and
Oncorhynchus mykigsainbow trout) f| 85d growth (length) 40¢ | OECD, 2006
Danio rerio r| 120h Malformations 033 ng;lla efal., 2012 in RIVM
Gobiocypris rarus f| 14d Adverse effects 030 ;82? etal., 2010in RIVM
Gobiocypris rarus f| 28d Mortality 030 \é\(l)e1|7et al,, 2007 in RIVM
survival >74.F
time for first oviposition 50
Pimephales promelas fl 39d maleplasma 11 OECD, 2006
ketotestosterone and 0.3
testosterone
. Hatchability, survival OECD, 2006
Pimephales promelds f| 30d growth and histopathology > 100
Pseudorasbora parva fl| 30d survival 11.78 Yang et al., 2014
Salmo salar f| 52d Hatching, weight, length 0o0. Szbﬂvgoebal” 2013in
Salmo salar f| 52d | Hatching, weight, length 60 . | Spachmo and Arukwe,

2012 in RIVM 2017
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MARINE SPECIES

Marine algae R 41.6 25 )
Isochrysis galbana s| 72h Growth inhibition (25.9 66.6) Mhadhbi et al., 2012

; 0.01 : .
Marine mussels s| ash D-shaped larvae Fabbri et al., 2014 in RIVM

Mytilus galloprovincialis 2017

NOTES

ffreshwater organism

areal concentrations applied to mesocosm
¢embryos

dlarvae and juveniles

efor all life stages

feggs and fry

PFBS. CHRONIC EFFECTS
Table 79. Chronic ecotoxicity data on PFBS collected from the Italian EQS dossier (IT, 2015c)
andECHA (2019d).

ECio
) Exp . (95% | NOEC
Species time Endpoint ch mg/L Master reference
mg/L
FRESHWATER SPECIES
Algae growthinhibition 1077
Pseudochirchneriella subcapitata fl 96h biomass 1077 NICNAS, 2005
grusta_cean fl 21d Reproduction/length 502 NICNAS, 2005
aphnia magna
MARINE SPECIES
NOEC=1.0
Fish Life impair development in fisend caql L
. . s decreased body length of mal 9 — | Chen et al. 2018a
Oryzias melastigma cycle LOEC=
medaka
2.9 ¢
Oryzias melastigma S Cl;fje Eye weight 2.9 4 Chen et al. 2018b
NOEC=1.0
. ) Life . eg/ L
Oryzias melastigma S cycle Larvae mortality LOEC= Chenet al. 2019a
2.9 ¢

PFHxA: CHRONIC EFFECTS
Table 7.10. Chronic ecotoxicity data on PFHXA collected from E@HA dossier(20193.

ECio
Species Exp time Endpoint (95% ClI) MEISE LSS
mg/L reference
mg/L
FRESHWATER SPECIES
. ECso: 776 mg/L Barmentlo et al.,
Crustacean o1 davs reproduction EC,: 724 mg/L 2015
Daphnia magna Y population EGso: 853 mg/L Barmentlo et al.,
growth rate EGs: 779 mg/L 2015
. hatching success, | Fish early life .
(F)Irigorh nchus mvkiss survival, length and stage LNOOEEé; ggg mg;t Burke, 2008
Y Y weight toxicity test ) 9

7.2 DERIVATION OF THE MA C-QSwaTer,Eco

7.2.1 FRESHWATER MAC -QSrreSHWATER,ECO

According to the EQS Technical Guidance (EC, 2018), pool of data can be assembled with fresh
and marine waters species, following by the choiddelowest value which with an appropriate

AF will be used for deriving the MAEQS. This rule wilbe appliel for all substance unless

specified in case i.e. sensitivity of organisms differs significantly between freshwater and saltwater
environmentskurthermorefor the QS derivation, wherever sufficient data are available, the

probabilistic approach will beeported together with the deterministic one.
PFOS
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Deterministic approach

Although acute data was available for a number of species, the range of taxonomic groups covered
was insufficient to enable use of the Species Sensitivity Distribution approdelivie the MACG

QS. The assessment factopeagach has therefore been used.

Therefore, the lowest acute toxicity endpoint isrimtality (96h) LG of 2.5 mg/L for

Oncorhynchus mykisghe EQS Technical Guidance notes that an assessment(fs€jaf 100

should be applied to the lowest reliable acute endpoint if acute data are available for the three
trophic levels, i.e. fish, invertebrate and algae, and the standard deviation of the log transformed
L(E)Cso values (all reliable acute toxicity data weredisis greater than 0.5 (i.e., standard deviation
of 0.7). AnAF of 100 was therefore applied to the lowest acute effect concentration of 2.5 mg/L.
This gives a MAGQS for the freshwater environment of 0.025 mg/L.

PFOA

Deterministic approach

As mentionedabove, freshwater and marine water data were combined for quality standard (QS)
derivation without statistical analysis (EC, 20IB)e lowest relevant value from theutedataset

is theLCso of 11.9mg/L for the marine fish specidasetta maxim&l44 h d&normalitiesimortality).
According to the EQS TGD (EC, 2018Y)he standard deviation of the log10 transformed L&)C
values is < 0.5, an assessmiaactor of 10 could be appliedpplying an assessment factor of 10 to
the lowest LGo of 11.9 mg/L wouldhen result in MAC-QSw, eco0f 1.2 mg/L(RIVM, 2017).
Probabilistic approach

The criteria for construction of a Species Sensitivity Distribution (SSD) are listed BQS
Technical Guidance (EC, 2018Jhe output from an SSBased quality standarddsnsidered

reliable if the database contains preferably more than 15, but at least p@id&gafrom different
species covering at least eight taxonomic groups.athedataset covers 22 species from 10
taxonomic groups. Below, the criteria are copiegether with the representative species from the
present dataset:

A F Casabsius auratugfamily Cyprinidae)

A A second f ami | y Gneorhyndhes mpkigsnily Saiménidaey d at a :

A A cr (Chydaus sphaericus

A An Chirenenwgplumosugorder Diptera, family Chironomidae)

A A family in a phyl um o Dugesiajaporicdphylusr t hr opod a
Plathyltelminthes, family Dugesiidae)

A A family in any order of i nsimmdrilushofmastery phy |
(phylum Annelida) Cipangopaludina cathayensiphylum Gastropoda)

A Al Sgenedesmus obliquus

A Higher plants: no | aborat or ydaysEGyfear, but out d
Myriophyllum spicatunandM. sibiricumis > 100 mg/L.

The HG value is 27.8 mg/L (13-46.9 mg/L).TheSSDcurve is represented below in figure.7.1
The assumption of normality is accepted at all levels with the Kolmogamuwov test, but is
rejected with the Crameéron Mises test at 0.1 and the Anderddarlingtest at 0.1 and 0.05
Applying the standard factor of 10 to the $1@heSSD-based MACQSw, ecois 2.8 mg/L(RIVM,

2017).
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1 =

A+l 4deron
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sl ¥ Fwi

2 3
log10 toxicity data

Figure 7.1. Species Sensitivity Distribution for PFOA based on acute toxicitysdatammbinedor
freshwateland marinespeciesThe X-axis represents legjansformed L(E)Gb values in mg/L, the
Y -axis representsie fraction of species affected (RIVM, 2017).

PFBA

Deterministic approach

Only one acute toxicity value is determined with marine organisms. There are insufficieot data
enable a statistical comparison of the freshwater and saltwater data and to define marine quality
standards based only on saltwater toxicity values. Therefore, accor@Qfstd echnical Guidangce
the freshwater and saltwater data for PFBA have beebioeoh

Shortterm toxicity data are available for six taxonomic groups including bacteria, algae, plant,
crustaceans, rotifers and fish and the standard deviation of the log transformed reliable acute
toxicity data is >0.5.

The range of taxonomic groupsvesed is insufficient to enable use of the Species Sensitivity
Distribution approach to derive the MA@S. Thereforgthe assessment factor (AF) approach has
been used

The EQS Technical Guidance notes that, when there are at least-®ghdests ofpecies from
three trophic levels of the base set (algae, crustacean and fish) and the acute toxicity data for
different species have a standard deviation higher than a factor of 3 in both direction (log
transformed reliable acute toxicity data SD>0.5¢, MPAC-QSw, ecois derived by applying an
assessment factor of 100 to the lowest Lgg)C

From the available dataset for PFBA, the lowest acute toxicity data (15 reg=H@.07 mg/L) has
been obtained for the bioluminescence inhibition ofRhetobactelum phosphoreupbut the

study has been considered not reliable since it is not well documented. For this reason that value has
been excluded in the QS derivation and the study on the freshwater inverBrbci®nus
calyciflorus(Wang et al., 2014) is the key driving study for MAIS setting. The 24h Lggfor B.
calyciflorusis 110 mg/L.

By applying an AF of 100 to the lowest acute effect concentration of 110 MdACaQS for the
freshwater environment of 1.1 mg{Li . e . L)Jlislderived¢Ilg 2015b).

PFBS

Deterministic approach

Only two acute toxicity values are determined with marine organisms. There are insufitéetd
enable a statistical comparison of the freshwater and saltwater data and tondeiireequality
standards based only on saltwater toxicity values. Therefore, accordmgEQS Technical
Guidancethe freshwater and saltwater data for PFBS have been combined.
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Shortterm toxicity data are available for four taxonomic groups including bacteria, algae,
crustaceans and fish and the standard deviation of the log transformed reliable acuteltiaicsty
>0.5.

The range of taxonomic groups covered is insufficient to enable use of the Smwdwity
Distribution approach to derive the MA@S. The asssment factor (AFapproach has therefore
been used

TheEQS Technical Guidana®tes that, when there are at least 3 stavm tests of species from
three trophic levels of the base set (algae, crustacean and fish) and the acute toxicity data for
different species have a standard deviation higher than a factor of 3 in both direction (log
transformed reliable acute toxicity data SD>0.5), the M3&w,ecoiS derived by applying an
assessment factor of 100 to the lowest L@g)C

From the available datader PFBS, the lowest acute toxicity data (96hs&€£372 mg/L) has been
obtained for thestuarine/marinenvertebrateAmericamysidahiaand the study has been
consideed reliable without restriction (IT, 2015c)

By applying an AF of 100 to the lowestude effect concentration of 372 mgdMAC-QS for the
freshwater environment of 3.72 mg/Li . e . 3,720 €9/ L) is derived

PFHxA

Deterministic approach

Short term toxicity data are available for five taxonomic groups including bacteria, algae,
crustaceans, rotifers and fish and the standard deviation of the log transformed reliable acute
toxicity data is >0.5.

The range of taxonomic groups covered is insufficient to enable use of the Species Sensitivity
Distribution approach to derive the MA@S. The assessment factor (AF) approach has therefore
been used.

TheEQS Technical Guidana®tes that, when there are at least 3 short term tests of species from
three trophic levels of the base set (algae, crustacean and fish) and the acute toxicity data for
different species have a standard deviation higher than a factor of 3 in both wliflectio
transformed reliable acute toxicity data SD>0.5), the M3&., ecoiS derived by applying an
assessment factor of 100 to the lowest L@g)C

From the available dataset for PFHxA, the lowest acute toxicity dath, ECso = 86 mg/L) has

been obtaiad for thegrowth rateof thealgaeScenedesmus subspicatEdNVIRON, 2014.

By applying an AF of 100 to the lowest acute effect concentrati@6 ofg/L a MAG-QS for the
freshwater environment &86mg/L (i.,e.860e g/ L) i s deri ved.

PFPeA

Deterministic approach

Only one acute toxicity value is determined with marine organisms. There are insufficient data to
enable a statistical comparison of the freshwater and saltwater data and to define marine quality
standards based only on saltwater toxicity values. Therefocerding t&QS Technical Guidance,
the freshwater and saltwater data for PFPeA have been combined.

Short term toxicity data are available for five taxonomic groups including bacteria, algae,
crustaceans, rotifers and fish and fish and the standaratidevof the log transformed reliable

acute toxicity data is <0.5.

The range of taxonomic groups covered was insufficient to enable use of the Species Sensitivity
Distribution approach to derive the MAQS. The assessment factor (AF) approach has therefore
been used.

TheEQS Technical Guidang®tes that where there are at least 3 short term tests of species from
three trophic levels of the base set (algae, crustacean and fish) and the acute toxicity data for
different species have a standard deviation tdtvan a factor of 3 in both direction (log
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transformed reliable acute toxicity data SD<0.5), the M38., ecois derived by applying an

assessment factor of 10 to the lowest L#E)C

From the available dataset for PFPeA, the lowest acute toxicity damiflEGo= 16.22 mg/L)

has been obtained for the bioluminescence inhibition dPhwtobacterium phosphoreutout the

study has been considered not reliable since it is not well documented. For this reason that value
was excluded in the QS derivationdathe study on the freshwater fiBimephales promelg$ioke

et al., 2012) is the key driving study for MAQS setting. The 96h Lggfor P. promelasvas 31.8

mg/L and the study was considered reliable without restriction.

By applying an AF of 10 to the lagt acute effect concentration of 31.8 mg/L and M®E for the
freshwater environment of @T,2086emg/ L (i . e. 318

7.2.2 SALTWATER MAC -QSsaLtwaTER ECO

PFOS

Deterministic approach

As noted above for freshwater, the lowest reliable acute toxicity study from the available dataset for
PFOS is thenortality (96h) LG of 2.5 mg/L forOncorhynchus mykiséccording to the EQS

Technical Guidance (EC, 2018), the proposed additional assesfutor of 1000 can be lowered

if the dataset includes data for additional marine taxonomic groups. The dataset for PFOS includes a
reliable acute toxicity study for the marine moll@@assostrea virginical o the extent of our
knowledge, no differeritfe forms or feeding strategies were identified for the crustacean species
available for the marine environmehtence, an AF of 1000 was applied to the acuteoP® mg/l

for O. mykisgyiving a MAGQSsw,eco0f 0.0025mg/LPFOA

Deterministic approach

Thelowest marine L(Ep value is 11.9 mg/L for the marine figtsetta maximaAt least one short

term L(E)Gofrom each of the three trophevels of the base set (fistrustaceans and algaee

available in the acute toxicity dataset of PF@A.initial assessment factor of 1000 should be

applied to derive the MA@QSw, eco TO the extent of our knowledge, no different life forms or

feeding strategies were identified for the species available for the reasimenmenturther

lowering is not possible, bause the standard deviation of thefiansformed marine L(kjvalues

is >0.5. With an assessment factod 600 to the LGp of 11.9 mg/L, the AFbasedMAC-QSsw, ecdS

0.012 mg/L

Probabilistic approach

For theSSDbasedVAC-QSsw,eco, the defaulAF to be used on the H& 10. However, when the
datasets for frestand saltwater are combined, for a MAIS:w ecoderivation an additional

assessment factor of 10 is used to deal with residual uncertainty, resulting in a total AF of 100. This
additionalAF can be reduced to 5, when one additional marine taxonomic group is available in the
dataset. Whereas, when two further marine taxonomic groups are available, no additional
assessment factor is necessary (EC, 2018). As above mentioned, to the extekhofvledge, no
different life forms or feeding strategies were identified for the available marine species compared
to the freshwater ones available in the acute toxicity ddimsBFOA Therefore, no additional
taxonomic groups were identified in theesent evaluation.

The application of an AF of 100 to the kizalue of 27.8 mg/Ltesulted in an SSbasedMAC-
Qst,ecoOf 0.28 mg/L

PFBA

Deterministic approach

According to the considerations reported for the assessment of theQ®\Gcothe lowesteliable
acute toxicity study from the available dataset for PFBA is a 24b 4t1Gdy on the freshwater
invertebrateBrachionus calyciflorusThe 24h LGofor Brachionus calycifloruss 110 mg/L At
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least one shoiterm L(E)Gofrom each of the threteophiclevels of the base set (fistrustaceans
and algaegare available in the acute toxicity dataset of PFBAInitial assessment factor of 1000
should be applied to derive the MAQSsw, ecadl o the extent of our knowledge, no different life
forms orfeeding strategies were identified for the species available for the reasimenment.

The application ofin assessment factor of 1000 to the acute stu@yawwhionus calyciflorug24h
LCs0110 mg/L) gives a propos@dAC-QS for the marine environment @110 mg/L(i.e. 110
eg/ L) (I'T, 2015b) .

PFBS

Deterministic approach

According to the considerations reported for the assessment of theQ®8AGcothe lowest reliable
acute toxicity study from the available datasetABBS is a 96h E4g study on thenvertebrate
Americamysishahia The 96h EGp for A. bahiais 372 mg/L.At least one shoiterm L(E)Gofrom
each of the three trophievels of the base set (fistrustaceans and algas@k available in the acute
toxicity dataset of PFBAAN initial asessment factor of 1000 should be applied to derive the
MAC-QSsw, ecoTo the extent of our knowledge, no different life forms or feeding strategies were
identified for the species available for the maeneironment.

The application ofin assessment factor of Ddfeing applied to the acute studyArbahia(96h
ECso 372 mg/L) gives a proposeMAC-QS for the marine environment of 0.372 m@/e. 372
eg/ L) (LT, 2015¢c)

PFHXA

Deterministic approach

According to the considerations refea for the assessment of the MALSw, ecothe lowest reliable
acute toxicity study from the available dataset for PFHxA72 AECso study on the algae species
86 mg/L) has been obtained for tgeowth rateof thealgaeScenedesmus subspicatEdlVIRON,
2014). The 72h ECsois 86 mg/LL.

At least one shoiterm L(E)Gofrom each of the three trophevels of the base set (fish,
crustaceans, and algaep available in the acute toxicity dataset of PFBAInitial assessment
factor of 1000 shoultle applied to derive the MAQSsw, ecoTo the extent of our knowledge, no
different life forms or feeding strategies were identified for the species available for the marine
environment.

The application ofan assessment factor 00 to the acute study & suspicatué’/2h ECso 86
mg/L), gives a proposed MAQS for the marine environmen of 0. 086 mg/ L (i . e

PFPeA

Deterministic approach

According to the considerations reported for the assessment of theQ@\Gcothe lowest reliable
acute toxicity study from the available dataset for PFPeA is a 48hsk@y on the freshwater fish
Pimephales promelaghe 96h LGywas 31.8 mg/L.

In the case of the freshwater value an assessment factor of 10 was applied to dei$/eStherQ

term L(E)o are available for algae, invertebrates and fish but data was not available for an
additional marine taxonomic group. In this situation combined toxicity data can be used to derived
the QSw, eclapplying an additional AF of 10 (EC, 20IEC, 2018. This results in an assessment
factor of 100 being applied to the acute studyonephales promelasf 96h LGo 31.8 mg/L. This
gives a proposed MAQS f or the marine environ(ife20t5e)of 0. 3

7.3 DERIVATION OF THE AA-QSwaTerECO

7.3.1 FRESHWATER AA -QSrReSHWATER,ECO
PFOS
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Deterministic approach

Long-term data are available ferght taxonomic groups including algae, cyanophyta, crustaceans,
insects, fish, macrophytes, rotifers and amphibians. However, no NOEC caldd\ez for the

rotifer species, being the LOEC value the lowest concentration tested. Therefore, this value was
only retained as supporting information. The lowest effect concemtsedre noted in Section 7.1.
Although chronic data was available foramber of species, the range of taxonomic groups
covered was insufficient to enable use of the Species Sensitivity Distrilagiwoach to derive the
AA-QS.The assessment factor approach has therefore been used

The lowest chronic NOECs for a number ofertebrates and fish are in a similar order of
magnitude with a number of NOECs being reported in the range of ©.0B5mg/L. The lowest
chronic NOECs however have been reported for the invertelhtesnomus tentanand

Enallagma cyathigeriumA NOEC for total emergence &@hironomus tentan@acDonald et al

2004) indicated a NOEC of <0.0028y/L. A NOEC forEnallagma cyathigeriuntBots et al,

2009) for effects on metamorphosis indicated effects at concentrations ofsl01Both of these
NOECsrelate to the study of the effect of PFOS on the emergence of invertebrates. This looks to be
a particularly sensitive endpoint. In terms of @l@ronomus tentanstudy, the EGo for total
emergence was reported as 0.0888L which is considerably higihéhan the NOEC of <0.0023
mg/L. The paper by Mac Donald et £004) however does not indicate any reasoirto consder

the NOEC for this endpoint.

As chronic data is available for three trophic levels an assessment factoriifridimally be

applia to the lowest reliable NOEC or Efvalue.This is only sufficient whether the species tested
available in the datasetpresent the more sensitive species groups. However, in the chronic dataset
of PFOS there are several LOECs that are far below thestaMOEC, and consequently, applying
an assessment factor of 10 on the lowest NOEC, would leadlAc@S highly underprotective.
Therefore, pplying an assessment factor o010 the lowest OE C o fg/L giveSa AA-
QSreshwater,ec® f 0.023 ¢eg/ L.

PFOA

Deterministic approach

For the AAQSw.eco, ONly the AFmethod is applicable since too few data are available for the SSD
approach. The lowest chronic value from laboratory tests is the NOEC of 3.125 mg/L for the
crustaceamoina macrocopaln addtion, the outdoor tests delivered a NOEC of 0.3 mg/L for the

fish Pimephales promelasnd EGo values of 5.7 an8.7 mg/L for the macrophytédyriophyllum
spicatumandM. sibiricum In line with the Italian assessment, the NOEC of 0.3 mg/Pfor

promelasis selected as the basis for EQ&ivation. Using the default assessment factor of 10, the
AA-QSw, ec0is0.03mg/l( 30 €g/ L). Lowering the assessment
microcosm results for fish relate to single species outdoor(fit#, 2017).

PFBA

No chronic toxicity data are available on PFBA for &S derivation. Therefore, the hazard
assessment is based on the acute toxicological data (EC, 2011; EC T2@li8@shwater and

saltwater data for PFBA are combined and assessment factor (AF) approach is used. The combined
shortterm toxicity dataset for PFBA comprises six taxonomic groups including algae, crustacea and
fish and the lowest reliable acute toxicstyidy from the available dataset for PFBA is a stern

study on the freshwater invertebr&eachionus calyciflorug24h LGo110 mg/L).When only

shortterm toxicity data are available for at least algae, invertebrates and fish an assessment factor
of 1000 is applied to the lowest L@ )alue of the relevant available toxicity data (EC, 2@EC,

2018. By applying an AF of 1000 to the lowest acute effect concentration of 110 mg/L aQ$AC

for the freshwater envir owdenedIT,20%b) 0. 11 mg/ L (

PFBS
Deterministic approach
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For the AAQSw.eco, ONly the AFmethod is applicable since too few data are available for the SSD
approach. The lowest chronic value from laboratory testsisthe NOEE€ gfL L f or t he Li
study with the fish specie®ryzias melastigméChen et al. 2018a; 20194&).the chronic dataset of

PFBS are available lowest logrm results for three freshwater or saltwater species (algae,
crustaceans and fish) representing three trophic level. Accordihg QS Technical Guidance,

the AA-QSuater, ecdS derived by using an assessment factor of 10 to the I@@sbr NOECof the
long-term tests (EC, 2018).

By applying an AF of 10 to thige cycle studyfor O. melastigmaf 1€ g /aprovisional AAQS

for the freshwater environment®fle g/ L i s deri ved.

PFHxA

Deterministic approach

For the AAQSw.eco Only the AFmethod is applicable since too few data are available for the SSD
approach. The lowest chronic value from laboratory tests is the NO8©6 mg/Lfor the Fish
early life-stagetoxicity testwith thefish specie®©ncorhynchus mykidsr the endpoinhatching
success, survival, length and weight (Burke, 2008).

In the chronic dataset of PFHxA are available two {@rgn results fronspecies representing two
trophic levels (crustaceans and fishgcording to the EQS Technical Guidanttee AA-QSyater, eco
is derived by using an assessment factd@Oai the lowesECio or NOECof the longterm tests
(EC, 2018)By applying an AF o860 to thelife cycle studyfor O. mykissof 9.96 mg/La
provisionalAA-QS for the freshwater environment of 0.1999 mg/terived.

PFPeA

Deterministic approach

No chronic toxicity data are available onF#Afor AA-QS derivation. Therefore, the hazard
assessment is based on the acute toxicological data (EC, 2011; EC, 2018).

The freshwater and saltwater data for PFPeA is combined and assessment factor (AF) approach is
used. The combined shddrm toxicity daaset for PFPeA comprises five taxonomic groups

including algae, crustacean and fish and the lowest reliable acute toxicity study from the available
dataset for PFPeA is a shterm study on the freshwater fiBtimephales promela®6h LG 31.8

mg/L).

When only shoriterm toxicity data are available for at least algae, invertebrates and fish an
assessment factor of 1000 is applied to the loweskt.{B)ue of the relevant available toxicity data
(EC, 2011 EC, 2018. By applying an AF of 1000 to the lowtexcute effect concentration of 31.8

mg/L a MACGQS for the freshwater environmentof 0.08%4 / L (i . e. 32 &g/ L) i
2015e).

7.3.2 SALTWATER AA -QSsaLTwATER, ECO

PFOS
Deterministic approach

Chronic data wreavailable for ajae, invertebrates and fishccording to the EQS Technical

Guidance (EC, 2018), AF of 100 should be applied to the lowest of twadomgresults (e.g. EG

or NOEC) covering three trophic levels (freshwater or saltwater algae and/or crustacean and/or
fish). As mentioned above, freshwater and marine water data were combined for quality standard
(QS) derivation without statistical analysis (EC, 2018) twedowest. OEC @6days)of 2. 3 e g/
for emergence foChironomus tentan@acDonald et al 2004)waschosen as the lowest value for

the derivation of the AAQSsw, eco

No true longeiterm studies for species representing additional marine taxa are available. However,
there is a 9éour study with thenarine specie€rassostrea virginic§ECso > 3.0 mg/L). Shell
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deposition is a very sensitive parameter, which can be considered as representative of chronic
effects(RIVM, 2010). With one additional marine taxon, an additional assessment factor of 5 can

be applied to the LOE@6 d)of2 . 3 fergmelkgence of. tentangtotal assessment factor

500).

This results in the application of an assessment facted®fot he | owest NOEC val
to give aAA -QSsaitwater,ec® f 0.0046 €4d / L

However, according to the SCHEER final opinion (2022eECsovalueo f A >8 thapte &

seem to indicate that shell deposition is a 0
for using this AF is lacking. The SCHEER therefore suggests to use the AKtofdl@ssessment

factor 100)which would resulin an AAQSwecc0 f 0. 0023 eg/ L.

PFOA

Deterministic approach

The corresponding AR Sw, ecdS derived with an additional assessment factor abliie NOEC

of 0.3 mg/L forP. promelasbecause chronic data for specific marine taxa are not available. The
AA'Q&W, ecdS 0.003 mg/L(3 . 0 €4g /| L ) .

PFBA

Deterministic approach

No chronic toxicity data are available on PFBA for &S derivation. Therefore, the hazard
assessment is based on #doete toxicological data (EC, 2011; EC, 2018).

In the case of the freshwatan assessment factor of 1000 to the lowestsh(Elue of the relevant
available toxicity data was applied to derive the QS value. $&ont toxicity data are available for
atleast algae, invertebrates and fish but no toxicity data is available for additional marine
taxonomic group and therefore an additional factor of 10 is applied to derive HESAA(EC,

2011 EC, 2018. This results in the application of an assesdrfaator of 10000 to lowest acute

effect concentration of 110 mg/L to give a A2Swecc0 f 0. 011 mg/(0,201bb) e. 11

PFBS

Deterministic approach

Long-term toxicity data are available for algae, invertebrates and fish. The lowest chroric valu

from laboratory testsisthe NOECDbE g/ L f or the Life cy®©tymasst udy
melastigmgChen et al. 2018a; 2019aln assessment factor of 100 to the lowest chronic study

value of the relevant available toxicity data was applied to derive the QS value.

The application of an assessment factor of 100 to the lowest acute effect concentratiog @bl

give aAAQSwec0f 0. 01 eg/ L.

PFHxA

Deterministic approach

In the chronic dataset of PFHXA are available two {®rgn results from species representing two
trophic levels (crustaceans and fishie lowest chronic value from laboratory tests is the NOEC of
9.96 mg/Lfor thefish early lifestagetoxicity testwith thespecieOncorhynchus mykider the
endpointhatching success, survival, length, and weight (Burke, 2008).

According to the EQS Technical Guidantes AA-QSsw,ecolS derived by using an assessment
factor of500 to the lowesECio or NOECof the longterm tests (EC, 2018Ry applying an AF of

500 to thelife cycle studyfor O. mykissof 9.96 mg/LaprovisionalAA-QS for the freshwater
environment of 0.0199 mg/fis derived.

PFPeA
Deterministic approach
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No chronic toxicity data are available onFRfAfor AA-QS derivation. Therefore, the hazard
assessment is based on the acute toxicological data (EC, 2011; EC, 2018).

In the case of the freshwater an assessment factor of 1000 to the lowesval(Ee) of the relevant
available toxicity data is applied to derive the QS value. Skart toxicity data are available for at
least algae, invertebrates and fish but no toxitata is available for additional marine taxonomic
group and therefore an additional factor of 10 is applied to derive th® &\eco(EC, 2011 EC,
2018. This results in the application of an assessment factor of 10000 to lowest acute effect
concentréion of 31.8 mg/L to give a AK)Ssw,eco0f 0.0032 mg/L (T, 2015e)

7.4 DERIVATION OF THE QS sebivent

PFOS

The derivation of Q&qis determined using assessment factors (AFs) applied to the lowest credible
datum from longterm toxicity testsThe data and the evaluation based on the AF approach as
performed by the Swiss Ecotox Centre are reported below (CH, 2020).

Reliable longterm effect data are available for PFOS for one species, with additional supportive
information for another speciebhe lowest NOEC is 1.3 mg/kg dier the survival oMonoporeia
affinis (Jacobson et al., 2010 in CH, 2020) (Table 7.11).

Table 7.11 Most sensitive relevant and reliable chronic deg&rieved from the Swiss EQS

dossier on PFOS (CH, 2020).
Species Exp time Endpoint NOEC (ug/kg dw) OC (%)
Monoporeia affinis 22d Survival 1300 4.8

In case of longerm tests (NOEC or EQ) being available for one species, @S Technical

Guidance (EC, 2018ecommends the application of an assessment factor of 100 onititted

datum (Table 11 in EQ018). Thisresultsina Qsaa= 13 €9/ kg, whdlawhst cor r €
val ue of 1f& a $edimegtivikhd %@

The EQSedfor protecting bentic organisms is considered preliminary given the conservative AF of

100 applied because of the small number of available effect data.

No sufficientdata from spiked sediment toxicity tests are available for applying the SSD approach
Furthermore, ndield or mesocosm studies that provide effect concentrations of PFOS in sediment

are available, thus, no Qsbased on field data or mesocosm data has been dédi@020)

PFOA

The evaluation reported below entirely relies on the Italian EQS dassRIFOA (IT, 2015a).

The criteria for triggering the development of asé®eninclude log kcand log kw properties,

toxicity to benthic organisms and evidence of accumulation in sediment (EG,E2D1201§.

As many perfluorocarboxylic acids are hgghobic and lipophobic at the same time, they tend to
form three immiscible layers when they are added to an oeteatel system. Thus, it is impossible

to directly determine theirdyv al ues wusing Oregul ardé met hods tF
chemicalsExperimental Kw data for perfluorocarboxylic acids are therefore very sq@uoey and
Peijnenburg, 2013 Calculated log kw for PFOA, ranging from 4.30 to 6.38rp et al., 2006

Wang et al., 2011aVang et al., 201 Dbfulfils the criteria for triggering a Qsadgimentaccording to
TGD-EQS(EC, 20B).

Reported log K values for PFOA ranged from 1.9 to 4. The upper value, above the threshold of 3
of the EQS guidance, has been obtained in a bank filtraxpariment with a sandy sediment

which is not really representative of the river bed sediment. Nevertheless the use Qb thK

key parameter of the adsorption mechanism could not be valid for this substance: in fact the
sorption of PFOA at near neal pH is controlled by the electrostatic sorption on ferric oxide
minerals, and not by the sorption to organic carfb@nrey et al., 2012
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No data on the toxicity of PFOA to sediment dwelling organisms are available and therefore it is
not possible to determine whether PFOA is of high toxicity to benthic organisms.

The final criterion relates to evidence of agwlation of PFOA in sedimentssdéwatervalues are

lower than those measured for legacy POPs such as chlorinated pesticides and are very variable
depending on the sediment characteristics. From PFOA dossier, maximum concentration (7 ng/g
dw) in Europearfireshwater sediments was measured downstream a fluoropolymer plant.
Transitional sediments reached 48 ng/g dw in some estuarial zones, but freshwater and coastal
sediments were generally < 1 ng/g dw. From these data we can conclude that the accurhulation o
PFOA in sediment is limited.

Based on the above, it seethat insufficient informatioms available to support a decision to derive

a QSedimendor PFOA (IT, 2015a@nd furthermord&FOA is not sorptive enough to trigger a QS for
sediment, as more Ime with the conclusions for the other PFCAs

PFBA

The evaluation reported below entirely relies on the Italian EQS dossier on PFBA (IT, 2015b).
The criteria for triggering the development of asé®eninclude log kcand log kw properties,

toxicity to benthic organisms and evidence of accumulation in sediment (EG,E2D1201§.

As many perfluorocarboxylic acids are hydrophobic and lipophobic at the same time, they tend to
form three immiscible layers when they are added to an oeteatel systm. Thus, it is impossible

to directly determine theirdyv al ues wusing Oregul ard met hods tF
chemicals. Experimentalds data for perfluorocarboxylic acids are therefore very scarce (Ding and
Peijnenburg, 2013). Calculated logus for PFBA range from0.52 to 2.82 (Arp et al., 2006; Wang

et al., 2011a; Wang et al., 2011b) and the criteria for triggeringaitasaccording to EQS

guidance (log kw >3) is not fulfilled.

Log Kocvalues for PFBA in sediment range from 0.8 to @ifh a single value of 4.3 (Campo et

al., 205). Log Ko, calculated by EPISuite, is 1.8. Excluding the out of range value, alljsgke

<3.

No data on the toxicity of PFBA to sediment dwelling organisms are available and therefore it is not
possibleto determine whether PFBA is of high toxicity to benthic organisms.

The final criterion relates to evidence of accumulation of PFBA in sediments.&Vvalues

(0.004214) are generally lower than those measured for legacy POPs such as chlorinaiddgest
and are very variable depending on the sediment characteristics. From PFBA dossier, freshwater
and coastal sediments ranged from 0.1 to 61.2 ng/g dw. From monitoring data accumulation of
PFBA in sediment can be considered possible.

Based on the abeuit is felt that there is no need for afdmen for PFBA and that in addition there
would be insufficient data toedive such a threshold for PFBA (IT, 2015b).

PFBS

The evaluation reported below entirely relies on the Italian EQS dossier on PFRB1®T).

The criteria for triggering the development of asé®eninclude log kcand log kw properties,

toxicity to benthic organisms and evidence of accumulation in sediment (EG,E2D1201§.

As many perfluorocarboxylic acids are hydrophobic &maoldhobic at the same time, they tend to

form three immiscible layers when they are added to an oeteatel system. Thus, it is impossible

to directly determine theirdyv al ues wusing Oregul ardé met hods tF
chemicals. Experiment#low data for perfluorocarboxylic acids are therefore very scarce (Ding and
Peijnenburg, 2013). Calculated logws for PFBA range from0.52 to 2.82 (Arp et al., 2006; Wang

et al., 2011a; Wang et al., 2011b) and the criteria for triggeringaiRsacwording to EQS

guidance (log kw >3) is not fulfilled.

Log Koc values for PFBS in sediment range from 1.6 to 2.7, with a single value of 4.9 (Campo et al.,
2015). Log Ko, calculated by EPISuite, is 2.3. Excluding the-oldtange value, all log s are <

3.
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No data on the toxicity of PFBS to sediment dwelling organisms are available and therefore it is not
possible to determine whether PFBS is of high toxicity to benthic organisms.

The final criterion relates to the evidence of accumulation of PFBS imeath. Kedwatervalues

(0.07759) are generally lower than those measured for legacy POPs such as chlorinated pesticides
and are very variable depending on the sediment characteristics. From PFBS dossier, freshwater and
coastal sediments generally randiemin < 1 to 3.5 ng/g dw, except for a more polluted Chinese

lake (Zhou et al., 2013). From these data we can conclude that the accumulation of PFBS in
sediment is limited but possible.

Based on the above it is felt that there is no need forsaiafor PFBS and that however there

would be insufficient data to derive such a threshold for PFB015c).

PFHxA

The evaluation reported below entirely relies on the Italian EQS dossier on PFHXA (IT, 2015d).
The criteria for triggering the developmentaoQSedimeninclude log kcand log kw properties,

toxicity to benthic organisms and evidence of accumulation in sediment (EC,E2012018.

As many perfluorocarboxylic acids are hydrophobic and lipophobic at the same time, they tend to
form three imniscible layers when they are added to an octarater system. Thus, it is impossible

to directly determine theirdyv al ues wusing Oregul ard met hods tF
chemicals. Experimentalds data for perfluorocarboxylic acids are therefore very scarce (Ding and
Peijnenburg, 2013). Calculated log Kows for PFHxA range from 0.70 to 4.37 (Arp et al., 2006;
Wang et al., 2011a; Wang et al., 2011b): only the highest values in the range fulfrltetiee for
triggering a Q&udimeniaccording to EQS guidance.

Log Koc values for PFHXA in sediment range from 1.3 to 3helog Ko, calculated by EPISuite,

is 3.1. As in the case of logoionly the highest values are > 3.

No data on the toxicity of A to sediment dwelling organisms are available and therefore it is

not possible to determine whether PFHXA is of high toxicity to benthic organisms.

The final criterion relates to evidence of accumulation of PFHXA in sedimegtsa&values

(0.66:316) are generally lower than those measured for legacy POPs such as chlorinated pesticides
and are very variable depending on the sediment characteristics. From PFHXA dossier, freshwater
and coastal sediments were generally < 1 ng/g dw. From these daa a@nclude that the
accumulation of PFHXA in sediment is very limited.

In summary it is therefore proposed that there are insufficient data available to confirm the need for
a QSedimenfor PFHXA and that however there would be insufficient data to eeteh a threshold

for PFHXA.

PFPeA

The evaluation reported below entirely relies on the Italian EQS dossier on PFPeA (IT, 2015e).
The criteria for triggering the development of asé®eninclude log kcand log kw properties,

toxicity to benthic orgaisms and evidence of accumulation in sediment (EC,;20€1201§.

As many perfluorocarboxylic acids are hydrophobic and lipophobic at the same time, they tend to
form three immiscible layers when they are added to an oetaatel system. Thus, it impossible

to directly determine theirdyv al ues wusing Oregul ardé met hods tF
chemicals. Experimentalds data for perfluorocarboxylic acids are therefore very scarce (Ding and
Peijnenburg, 2013). Calculated logus for PFPeA ranggom 0.09 to 3.43 (Arp et al., 2006; Wang

et al., 2011a; Wang et al., 2011b): only the highest values slepfitsedhe criteria for triggering

a QSedimenaccording to EQS guidance.

Log Koc values for PFPeA in sediment range from 1.4 to 2.3, withglesvalue of 4.7 (Campo et

al., 205B). Log Ko, calculated by EPISuite, is 2.4. Excluding the out of range value, alllscake

<3.

No data on the toxicity of PFPeA to sediment dwelling organisms are available and therefore it is
not possible to deterine whether PFPeA is of high toxicity to benthic organisms.
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The final criterion relates to evidence of accumulation of PFPeA in sedimegisadivalues

(0.04251) are generally lower than those measured for legacy POPs such as chlorinated pesticides
and are very variable depending on the sediment characteristics. From PFPeA dossier, freshwater
and coastal sediments were generally <1 ng/g dw. From these data we can conclude that the
accumulation of PFPeA in sediment is very limited.

Based on the abovtis felt that there is no need for a &fmenfor PFPeA and that in addition there
would be insufficient data to derive such a threshold for PFPeA.
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. Relevant study for Assessment .
Tentative QSwater derivation of QS factor Tentative QS- PFOA
MAC freshwater, eco HCs 27.8 mgl;l (134| 10 2.8 ng.L-l
MAC marine water, eco 46.9 mgtl) 10x 10 0.28 mgtl
AA-QSireshwater, eco Pimephales promelas / 39 | 10 0.030 mg.[*
days 1
AA-QSmarine water, eco NOEC: 0.3 mg.L-l 10x 10 0.003 mgL
- Hg.-kgtww
AA' S reshwater, sed. =
QStreshwater, sed - 1g.kgaw
. Relevant study for Assessment .
Tentative QSwater derivation of QS factor Tentative QS- PFOS
MAC freshwater . eco * Oncorhynchus mykiss | 100 0.025mg.L?
96 h
) -1
MAC marine water , eco LCso: 2.5 mg/I 1000 00025mg|
AA-QSfreshwater , eco Chironomus tentans / 36-d | 100 0.023 ug.L™”
AA-QSmarine water , eco LOEC: <0.0023 mg:t |100x5 0.0046 ug.t* "
Monoporeia affinig 22 13 pg.kgtaw
AA-QStreshwater, sed. d 100 (: 135ugkgldw for
NOEC: 1300ug/kg d.w. 5% OC)
. Relevant study for Assessment .
Tentative QSwater derivation of QS factor Tentative QS- PFBA

MAC freshwater . eco * Brachionus calyciflorus| 100 1.1mg.L?
/24 h N
MAC marine water , eco LC50: 110 mg/L 100 x 10 0.110 mgL
AA-QStreshwater . eco No chronic toxicity datal 1000 0.11mg.L*?
assessment based on t
AA-QSmarine water , eco lowest acute toxicity | 1000 x 10 0.011 ny.L™
value
AA'QSfreshwater, sed. -
. Relevant study for Assessment .
Tentative QSvater derivation of (gS factor Tentative QS- PFBS
MAC treswater  eco * Americamysisbahia/ | 100 3.72mg.L?
MAC marine water , eco z?:::) 372 mg/L 1000 0.372 mg.L‘l
AA'QSfreshwater , eco OryZiaS me|aStigma 10 Ol [,g.l_-l
Life cycle study 9
AA-QSmarine water , eco NOEC 1 £ g /L 100 0.01 o.L
AA'QSfreshwater, sed. -
Tentative QSwater dR:rlsl\;%r;tns(t)L;(gSfor gscigfsment Tentative QS- PFHXA
MAC freshwater , eco * 100 0.86mg.L*?
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Scenedesmus
MAC marine water , eco SUbSpicatU$ 72 h 1000 0.086 mg.L'l
ECso: 86 mg/L
AA'QSfreshwater , €co OncorhynChUS mykljs 50 0199mgL'1
early life-stagetoxicity
test .
AA'QSmarinewater , eco NOEC: 996 mg/L 500 0019 r‘gL
(Burke, 2008).
AA'QSfreshwater, sed. -
Tentative QSwater dReerlii\;z;r(;tnsg#deSfor gs;grssment Tentative QS- PFPeA
MAC freshwater , eco * Pimephales promelds |10 3.18mg.L*
MACmarinewater,eco Eg;:). 31.8 mg/L 10 X 10 0.318 r]g.L-l
AA'QSfreshwater , eco NO ChroniC tOXiCity data 1000 00318mg|_-1
assessment based on t
AA-QSmarine water , eco lowest acuteoxicity 1000 x 10 0.0032 ny.L*

value

AA- Q Sfreshwater, sed.
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7.5 THE RELATIVE POTENCY FACTOR (RPF) APPROACH

This section aims at introducing the Relative Potency Factor (RPF) approach, which will be used
for carrying out the secondary poisoning and human health assessments of the PFAS substances, as
reported irthe next sections 7.5 and 7.6.

The RPF methodologwr toxic equivalencyactor (TEF) approaclprovides a means to assess the
risk resulting from mixture exposure (Bil et al., 2021). This approach was already applied to other
classes of chemicals, such as dioxins and dibixenPCBs.

The principle of the RPF approach is wediscribed in Bil etla(2021), as following reported:

In theRPF approach, the toxic potencies of a set of compoun@xaressed relative to the toxic
potency of the index compountihe substances that are less potent compared tadidne

compound receive an RPF smalleariti; the compoundsith a higher potency than the index
compoundeceive an RPF larger than 1. Quantities of individual compouarasixture are

multiplied with their correspondingPF and consequently are converted to index compound
equivalents. The sk associated with a mixture occurringsmme matrix (e.g., drinking water, food,
air) can be assessby comparing the sum of the index compound equivaleragétevant limit
value(Figure 7.3).

Figure 7.3 Schematic representation of the relatieggnmcy factor (RPF) methodology applied to
PFAS.The RPF is defined as the ratio of the benchmark dose (BMD) of the PFAS index compound
(i.e., PFOA) and the BMD of any other PFAS (PRAShe individual PFAS concentrations)C

per sample are then multipd by their corresponding RPF to obtain the concentration in PFOA
equivalents. The sum of all PFOA equivalents can then be compared to an available drinking water
concentration limit or fish consaption limit (Bil et al., 2021)Figure taken fronNiegowskaet al.,

2021).

Bil et al. (2021) derived RPF for JpeiZandpolyfluoroalkyl acids (PFAARNnd 2 PFAA precursors,
usingone of the besttudiedPFAA as the index compound, i.e. PF(QMoreover, the RPFs fat
additional PF/A were estimated by reZxtrossand are provideds a range because these were
assumed to be ipetween the derived RPFs of either the perfluoroalkyl carboawstlfonic acids
with a shorter or a longer alkyl chain

Relative potencies were calculated using liver toxicity after oq@dsure in the male rat as the
common effect. Hepatotoxicity is one of the most datia endpoints and is a phenomenon
commonly observed for PFAS (Bil et al., 2021). For each PFAS, the benchmark dose (BMD),
corresponding ta benchmark response (BMR) ¢foSncrease imelative liver weightwas used to
derive an RPF using Equation 1:

RPF = BMDproA/BMD;
Equation 1
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BMD values were preferred over NOAEL values, besggipotent doses. Equipotent doses are
required to ensure that the differenceshm doses in the nominator and denominator of equation 1

are not caused by differences in the effect related to these WdseseasNOAELs from different
substances could relate to different effect levels (somewhere below the detectable effect size of the
experiment), i.e. NOAELs may not reflect equipotent doses (Bokkers, 2007; Slob and Pieters, 1998
in RIVM, 2018)

An overview of theelative potencies dhe23 PFAS compared to the potency of index compound
PFOAIs given in Table 7.12.

Table 7.12 List of the24 PFAS compared to the potency of index compound PFOA with the
available RPFsas derived in Bil et al. (202Except forceos. The RPF oteosawasestimated
based on readcross, comparing withFPoDA (Gen x)molecule. Chemical detaild the listed PFAS
are reported in section 1 of the present EQS dossier
Acronym CAS number Relative potency factors (Bil et al., 2021)
PFBA 375224 0.05
PFPeA 270690-3 0.01 O RPF O 0.05 *

PFHxA 307-24-4 0.01
PFHpA 375859 0.01L O RPF O 1 *

PFOA 33567-1
PFNA 375951

PFDA 33576-2
PFUNA or PFUNDA 205894-8

PFDoDA or PFDoA 307-55-1
PFTrDA 7262994-8 0.

PFTeDA 376067 03
PFHXDA 67905195 0.02
PFODA 1651711-6 0.02
PFBS 375735 0.001

PFPeS 270691-4 0.001 O RPF O 0.6 *
PFHxS 35546-4

PFHpS 37592-8 0.6 O RPF O 2 *
PFOS 1763231
PFDS 33577-3

6:2 FTOH 647-42-7 0.02
8:2 FTOH 0.04

HFPO-DA (Gen X) 6203780-3 / 1325213-6 0.06
ADONA 95844544-8 0.03

o
o)}

NN
*

(o))
~

C604 119093127-1 0.06 *
*Based on reacross

The underlying mechanism(s) related to the Pfa&Sociated liver toxicity still needs to be
revealed. Nonethelessstablishmendf RPFs allows for grouping of chemicals with different mode

66 Although percentages irbsolute and relative liver weight gain are shown, no avalaible raw daE&@t in the ECHA

registration dossiehftps://echa.europa.eul/it/reqistratidossier//reqistereedossier/5712/7/6)2arepublicly reported. Therefore, it

is not possible to set up a normalized dmssponse curve, as suggested in Bil et al. (2021), for the evaluation of the potency of
C604 andsubsequentlyhe RPFvalue. For this reason, the readross method has been chosen for the derivation of the RPF for
C604, obtaining a value of 0.06. This data is equal to that for the PFAS GenX produ@@2RED3. In fact, both molecules
possess a NOAEL of 1 mg/kg/d faver toxicity, as reported in th@604 registration dossier and in the RIVM Report 2Q050
(Zeilmaker et al., 2018). Furthermore, both molecules belong to the ether carboxylic acid PFAS family, sharing similar
characteristics, such as a carboxylic acid ather groups.
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of action or when information on modé action is lackingleading to 1) the same toxicological

effect, where 2) thehemicals only differ in potency and 3) are concentrataidfitive(EFSA,

2019). The first two assumptions are met for PFAS, considering that hepatic toxicity is a
phenomenon commonly observed for PFAS, and the PFAS considered showed similarly shaped and
parallel dosaesponse curves for several liver toxicity endpofBiket al., 2021). The verification

of the third assumption requires further validation. However, a preliminary assessment based on
vitro andin vivo studies confirmed the doseldition concept (Bil et al., 2021).

In general, it wa concluded that piuoroalkyl carboxylic andulfonic acids with 7 to 12
perfluorinated carbon atoms aqually potent to, or more potent than PFOA. ShgaedlongeZ

chain perfluoroalkyl carboxylic and sulfonic acids E®s potent. The perfluoroalkyl ether
carboxylicacids HFP@A and ADONA and théwo analyzed fluorotelomer alcohols (62 OH

and 8:2 FTOH) are less potent compared to PFBet al., 2021)

To sum up,hie RPF apmachis suitable for evaluating the cumulatiigk of oral exposure to

mixtures of PFASand of PFAS mixture concentrations occurring in various matriceghioch

humans or wildlife may be orally exposed (e.g., foodrinking water)Bil et al., 2021). This

facilitates the risk assessment of PFAS, since sufficient and reliable toxicolbaiaahight not be
available for the derivation of human health and secondary poisoning QS for the majority of PFAS
under evaluation. Asnderstanding of PFABiixture toxicity will improve, this methodology may

be extendedb more substanceand further efined and validateoh the future(Bil et al., 2021).

7.6 THE RELATIVE BIOACCU MULATION FACTORS (RB F)

Partitioning coefficients used to predict the environmattidtibution of chemicals, such as
are independent of concentratidithough more speciesnd environmental factaependentthe
BAF in many ways is similar to these partitionicmefficients.For nonionic organic chemicals,
lipid normalisation causes whaiody and muscle/fillet BAFs tobecome equal. With this equality,
one set of BAFs canebdevelope@nd used with any of the criteiBurkhard, 2021)However, he
use of different BAFs for PFAS chemicals is different frin@ procedures for developing criteria
for nonionic organichemicals Perfluorinated compounds do not behave like lipibp compounds
that accumulate in fat tissues (ECHA, 2013b, OECD 2006). Perfluorinated substances have
combined properties of oleophobicity, hydrophobicity, and hydrophilicity distributed over
fragments of a particular molecule, making a straightforwesdiption of bioaccumulation
impossible (RIVM, 2017).

Literaturereviews indicate that BAF data from both laboratory field studies are inconsistent, a
fact that may possibly be explainkg the concentration dependence oABKLiu et al., 2011)
Basal on laboratory BCF measurement studiesaccumulatiorfactorsof some PFAS appear to be
inversely related to concentratidfield data for some but not all PFAS, even thotlngie is a fair
amount of scatter in the measuremehésie trends consistenittvthe laboratory studieslowever,
moredata are needed. There is a need to understand the mecharespigs}ible for the
concentration dependenof bioaccumulation factors of PFAS chemicals (Burkhard, 2021).
Although furtherresearch work is stitheededthe concentration factor should tag&en into
consideratiowhenassessing the bioaccumulation of PFAS (Liu et al., 2011).

The recent review of Burkhard (2021) provided PFAS bioaccumulation data, but it also well
described the gaps and the limas of these data, as below summarised (Burkhard, 2021):

1. Overall, measurements of BAF and BCF are limited for PFAS.

2. There is an inherent variability in BCF and BAF measurements. With legacy chemicals, it is
not uncommon to see order of magnitude diffeesna BCF and BAF measurements for a
chemical (Arnot and Goba2006), and this variability is present in th@seasurements.
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3.

Bioaccumulation of PFAS appears to have a slight dependency on concentration of the
chemical (Liu et al. 2011; Chen et al. 2018)d different studies have different exposure
concentrations.

In some studies, whalgody residues and their resulting BCFs or BAFs were determined by
summing the concentrations in dissected tissues (e.qg., liver, plasma/blood, muscle, ovary, etc.)
and theremainder of the organism after accounting for the mass of the individual tissues.
Wholedody residues determined in this manner are more uncertain in compaitbon
measurements made directly on the whole organism

The BAF for the Asomer and the brahed isomers may be different. In extracting the data
from the I|iterature, compounds | abel ed wi
assigned by default as th#&somer and not the summation of ttésamer and all its branched
alkyldsomers. Brancheidomers will always be present in field studies whereas in laboratory
studies, depending on the chemicals used, branched isomers may or may not be present.

Laboratory measurements suggest that BCFs decline with increasing exposure concentration
(Liu et d., 2011; Inoue et al2012; Dai et a).2013; Fernande€®anjuan et a/2013; Hoke et

al., 2015; Chen et 3l2016). For example, Inoue et al. (2012) reported BCFs of 720 and 1300
with aqueous concentrations of tHcémnomairp,1. 8 8
a 1.&old increase in BCF with an 88ld decrease in exposure concentration. For PFOS and
PFOA, this trend is generally observed across taxonomic classes except for plants.
Comparisons for other chemicals are limited by lack of measurements.

Cause(s) of the decrease in BCFs with higher eoimations are unknown. However, PFAS
residues are known to be controlled by a combination of passive diffusion and active transport
processes (Ng and Hungerbih2014; Ankley et a].2020).

Field measurements provide a mixed message on the relatibiesivgeen BAF and exposure
concentration. For PFOS, the chemical with the most measurements, there is no dependence
on concentration and these data contradict the observations by Inoue et al. (2012). For the
other PFAS, there may or may not be dependencementration, but more data are needed.

It is important to note that BAFs include all exposure routes (water, dietary, sediment contact
and ingestion), whereas BCFs are purely an aqueous exposure. The role of exposure routes
on the relationship, if anys unknown.

With mixtures, laboratory testing suggests there are effects after accumulation. Theuvehavio
of PFAS is different in comparison with nonionic organics like PCBs, DDTs, and
polychlorinated dibenzp4lioxins/dibenzofurans, with their uptake aelimination being
controlled by diffusional processes. For PFAS, active transport mechanisms such as renal
clearance and biotransformation processes along with diffusional processes are involved in
their elimination. When nondiffusional processes are lirad in their elimination, it is
unclear if the composition of the PFAS mixture affects the accumulation of the individual
PFAS compounds

10. Lastly, it is unclear whether there gut@ysiological reasons to expect BAFs for marine species

to be similar, greatehan, or less than the BAFs for freshwater species

Based on the abovaentioned considerations, it was felt that the simple use of BAF data for the
derivation of relative bioaccumulation factors (RBF) to be applied to the already available RPFs for
thePFAS under investigation was not fully correct, due to the concentration dependency of the
bioaccumulation of some PFAS, also including the index compound PFOA.

RIVM (2017) assessed the concentration dependency of the bioaccumulation of PFOA by
performingregression analyses on all the available data per taxonomic group and, separately, per
species. Results of these analyses were considered in the present dossier fordaleldatkbn of
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the waterbased Q®uterviotabased on PFOA data, however the bealkulation to water should

taken into account the relative bioaccumulation for each PFAS.

Similar regression analyses could be performed for other PFAS, for which a concentration
dependency is clearly identified. However, it should be better undetsteotb then extrapolate
relative bioaccumulation factors from the different regression analyses based on PFOA, and the
other PFAS.

To date, based on the available information, no relative bioaccumulation factors on PFAS were
derived. Additional analyses @he concentration dependency of the bioaccumulation of several
PFAS should be further carried out, and discu
Alternative solutions for considering the wabersed Qaterbiotawere therefore proposed in the
following sections.

7.7 SECONDARY POISONING

Scientific evidence, briefly here introduced, showed that several PFAS bioaccumulate in the food chain.
Therefore, secondary poisoning and human fish consumption should be taken into account.

This section focuses on the secondary poisoning assessment and its EQS derivation based on the relative
potency factor (RPF) methodology. Further details on this approach are reported in section 7.5.

7.7.1 Background

For secondary poisoning of predators, the derivation of a biota standard is triggered by the possibility of
accumulation in the food chain in conjunction with hazard properties of the chemical of interest.

A BMF greater than 1, or a BCF greater than or equal to 100, is used as an indication of the potential for
bioaccumulation (EC, 2018). These criteria apply to lipophilic, hydrophobic substances. However,
perfluorinated compounds do not behave like lipophilic compounds, which accumulate in fat tissues (ECHA,
2013b, OECD, 2006). Perfluorinated substances have combined properties of oleophobicity, hydrophobicity,
and hydrophilicity distributed over fragments of a particular molecule, making a straightforward prediction of
bioaccumulation impossible (RIVM, 2017). Studies have also shown that, at the organism level, protein-rich
tissues (such as yolk, liver and blood), rather than lipids, are the primary repositories for some PFAS (Ankley
et al., 2021). Furthermore, many equilibrium partitioningi based models assume that if uptake occurs by the
same mechani s-mspiringd organismis €erg., fish and aquatic invertebrates) and air-breathing
organisms (e.g., terrestrial/marine mammals and birds), then similar uptake rates should be observed (Mackay
and Fraser, 2000; Kelly et al., 2004 in Ankley et al., 2021). For classical non-ionic organic pollutants, this allows
the use of fish BCF or BAF data to estimate bioaccumulation in air-breathing organisms. However, for some
PFAS, studies show that food-web bioaccumulation seems to occur to a greater extent in air-breathing
organisms (e.g., polar bears, dolphins, seals, Arctic birds) than in aquatic organisms (Environment Canada
2006, 2012ain Ankley et al., 2021). Thus, for PFAS, fish bioaccumulation data cannot be used alone to predict
bioaccumulation in air-breathing organisms reliably. Perfluoroalkyl substances also display substantial
interspecies variability in tissue distribution, clearance rates, and sexzpecific differences in elimination rates
(Ankley et al., 2021). Lastly, the octanol/water partition coefficient (log Kow) has been widely used to describe
the partitioning of neutral organic chemicals from water to the lipid of organisms to predict bioaccumulation
potential. A log Kow value cannot be used for surface-active and ionising organic chemicals, such as PFOS,
PFOA, and shorter chain PFAS (Ankley et al., 2021).

As an example, PFOA, like other perfluorinated compounds, primarily binds to albumin proteins in the blood
of biota. As a result, PFOA is present in blood and highly perfused tissues such as the liver and kidney rather
than in lipid tissue (RIVM, 2017). Bioconcentration Factors (BCFs) for PFOA are below 100, indicating limited
bioconcentration in aquatic organisms due to uptake from the aqueous phase by diffusion via the gills. The
high water solubility of PFOA enables fish to quickly excrete this substance via gill permeation, facilitated by
the high water throughput. However, bioconcentration values in fish may not be the most relevant endpoint
because other accumulation mechanisms might be of relevance (ECHA, 2013b). Field studies show that air-
breathing organisms are more likely to biomagnify PFOA compared to water-breathing organisms. When air-
breathing organisms are top predators in the aquatic and terrestrial food chains, biomagnification of PFOA
was quantitatively demonstrated by TMFs and BMFs > 1. For example, a TMFs 6.3 1 13 were shown in the
food chain of dolphins and 1.4 7 2.6 (protein corrected) in the food chain of beluga whales (ECHA, 2013a,b).
Furthermore, PFOA accumulates in humans, increasing blood concentrations with increasing age (ECHA,
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2013a,b). Therefore, taken all available information together, PFOA is considered to be bioaccumulative
(ECHA, 2013a,b).

Generally, several data indicate that some PFAS are bioaccumulative and readily transported within food
webs, accumulating to greater concentrations at higher trophic levels. Thus, BMF and TMF values may be the
most relevant basis currently available for determining the overall bioaccumulation potential of some PFAS at
upper levels of the food chain instead of using BCF and BAF values derived from fish (Ankley et al., 2021).
Other studies also reveal that bioaccumulation increases with increasing alkyl chain length in perfluoro-
carboxylic acids (Martin et al., 2003a, 2003b in Burkhard, 2021). Furthermore, perfluorooctane sulfonic acid
(PFOS), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), and longer perfluorozalkyl carboxylic
acids seem to biomagnify in aquatic food webs, as demonstrated by trophic magnification factors >1 (Martin
et al., 2004; Houde et al., 2008; Loi et al., 2011 in Burkhard, 2021).

Overall, there is evidence for bioaccumulation in the food chain for some PFAS. This triggers the inclusion of
secondary poisoning in the present EQS derivation.

QSsec pois,biota fOr the index compound PFOA

The NOAEL of 0.3 mg/kgow/d for pregnant mice exposed to PFOA from gestation day 1 to 17 with analysis of
the effects on dams and offspring (Abbott et al., 2007; RIVM, 2017) was chosen to derive the quality standards
for secondary poisoning. The highest toxicity was recorded on the endpoints litter loss and pup survival
(between postnatal day 1 to 22) at a concentration of 0.6 mg/kgow/d (LOAEL), while the NOAEL was observed
at a concentration of 0.3 mg/kgew/d (Abbott et al., 2007).

For the derivation of secondary poisoning quality standards, organ effects, or more specific effects, were not
taken into account. Nonetheless, it is noted that the liver toxicity NOAEL value of 0.06 mg/kg bw/d, obtained
from the same study used for the determination of the BMD for the RPF approach (Perkins et al., 2004), is
lower than the above-reported NOAEL for mice. According to the EQS Guidance Document (EC, 2018), the
endpoint of organ weight can be considered as population relevant when a definite correlation or causal
relationship with population sustainability can be established. However, in this case, the reproduction endpoint
for mice in combination with the lower body weight (bw) is more sensitive than the liver toxicity endpoint for
rats and was used for deriving the quality standards.

For completeness, the mammalian toxicity data found to be available for PFOA and the other PFAS listed in
Table 11.22 is reported in the Appendix section.

In order to protectop predatorsthe QS for secondary poisoning needs to be expressed in the food
item (i.e. prey organism) that leads to the highest PFOA exposure of birds or mamialsalya

feed on this food itenT herefore, fist, the most critical food item needs to be selected before
energy normalised effect concentrations can be converted to an effect concentration in (the most
critical) food item.The most critical food item can be selected based on the bioaccumulation
charcteristics of a substance throughout the food chain in combination with the energy content of
food items in the food chaiAn extensiveevaluation of bioaccumulation was made by RIVM
(2017)for several taxonomic groups from the food chain, inclufisty molluscs, crustacegrend
aguatic plantsThe selection of the most critical food items follows from this assessment of
bioaccumulation factordRIVM, 2017).

According to RIVM report (2017)he BAF values are highly variable and that there may be
relativelysignificantdifferences between similar species, e.g. mussels. Further, salinity and

exposure concentratianightinfluence the height of the BAF valuéhere is rather strong

evidence thaPFOA's bioaccumulation potential dependsthe exposie concentratioand is not

the same for the differetdxonomic groupsas observedihot h f i sh and bivalve
assessmentish appear to be the most critical food item for the freshwater food i€ tiaén

regression of all BAF data per taxaniz group is usedHowever, if the regression of the generic

slope for individual species is used, mollusc is the critical food item (RIVM, 20h&)secondary
poisoning assessment was therefore conducted for both fish and molluscs in the present EQS
dosser.
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According to the technical guidelifeC, 2018) the selected endpoint BMD 0.3 mgikiglay for

PFOAfor mice(Abbott et al., 2007RIVM, 2017) could be expressed as a diet concentration
normalised to the energy content of the food. This value repsege amount of foothatan

animal has to consume to meet its energy requirements and is defined as daily energy expenditure
(DEE; kJ/d).

DEE is calculated as follows:

logDEE [kJ/d] = 0.8136 + 0.7149 * log bw [g]
Equation 2

Thematernabw of mice, 30.9¢, was selectedApbott et al., 2007RIVM, 2017) and added to
Equation 2, obtaining a value ©5.63kJ/day.

Afterward, the BMD of 0.3 mg/kg/d PFOA was normalised to the energy content as shown in
Equation 3:

Cenergy normalisd [mg/kJ] = dose * (bW [kg]/DEE)
Equation 3

The obtained €nergy normaiisevas equivalent to 0.00@3mg/kJ orl23 ng/kJ.

Successively, the energy content of a critical food item in the food chain was used to calculate the
concentration in that food item fromeergy normaiisefEquation 4):

Ciood item[M@/Kgw] = Cenergy normaiisefmg/kJ] * energy contemod item, aw' (1-moisture fractiorod iten)
Equation 4

= Cenergy normalisefmg/kJ] * energy contemod item, fw

The energy contents on a dry weight basis were 21 aB&kd/@n for fish and bivalves,
respectively (EC, 2018 able 7. The corresponding moisture fractions wége7%for fish and
91.7%for bivalves, andor the Gnergy normaiisetvasused thel23 ngkJ for PFOA. These values were
put in Equation 4, obtaining adea itemOf 0.67 mg/kgw for fish and (019 mg/kgw for bivalves.

These values were thus divided by an AR@{AF 3 from Table 9, and AF 10 from Table 10 of
EC, 2018), obtaining a fin& Sviota, secpois,iv0f 0.0223 mg/kgww or 22.3ug/kgww for fish and
0.0062mg/kgww or 6.2 pg/kgww for bivalves.

An additional step is considered for the marine food chain sincedishg predators like birds and
mammals could be eaten by a top predator, such as killer whales and polar bears. Birds and
mammals are unsuitable for environmental monitoring for teahaind ethical reasonsor
calculating he biota standard for the marine environmentyESec pois, sy the NOAEL of 0.3
mg/kgw/day for PFOA Abbott et al., 2007RIVM, 2017) was selectedsuccessivelythederived
Cenergy normalise¥alue of123 ng/kJfor PFOAwasmultiplied with the energy content on a dry weight
basis for birds and mamma3(kj/giw (EC,2018 Table 7) and with the dry weight fraction for
vertebrates (D.68 (EC, 2018Table 7), according to Equation 4. The resultingo&itemfor birds
and mammal$Ciood itemb/m) Was0.9 mg/kgww.

According to the EC (2018), the QSuiota, sec pois, sw Should then be derived by dividing the final value for birds or
mammals by the BMFumto arrive at a QSbiota, sec pois, sw in fish. Usually, this value is multiplied by a proper lipid

or dry weight normalisation between birds/mammals and fish. However, normalisation of PFOA concentrations
on dry weight or lipid weight was not considered appropriate. In fact, normalisation of perfluorinated
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compounds is not straightforward because their accumulation behaviour is different from lipophilic substances
(RIVM, 2017).

The Gnergy,normaiiseswvalues for PFOA fobirds and mammalsere divided thus by an AF of 30
(AF 3 from Table 9, and AF 10 from Tabl@ &f EC, 2018andagain by the corresponding BMF
for birds and mammals (BM). The geometric meaof BMFumVvaluesfor PFOA for fish and
bivalves are respectively 4.3 and 15J#xgww bm (RIVM, 2017). As a result, the Q&a, secpois, sw
should bestricter than the Qsta, secpois, fw

Finally, the finalQSoiota, secpois,swvas thus.99 ug/kgww for fish and2 pg/kgww for bivalves

If the default protein contents instead of default energy contents for the groups mussels, fish, and birds and
mammals would have been used to normalise the BMF values, the geometric mean BMFwm values would be
somewhat lower: 7.3 kgww fis/kgww b/m fOr biomagnification from fish to fish-eating predators and 4.05 kgww
bivalves/KQww b/m fOr biomagpnification from mussel to mussel-eating predators (RIVM, 2017).

By using the derived Q@tasecpoisas risk limitsfor PFOA, the sum of PFOA equivalents estimated
based on the RPF approach would then be compared to thediatavalues o42.13 and 11.73
pg/kgmw for fish and molluscsespectively, and to the bigt@vatervalues of 13.2@nd 4.5 ¢ g /wk @
for fish and musselsespectively It should be noted thaiomagnification, which is relevant for the
marine environment, is substance specific and not repessbgtthe RPFs.

Example

The following fictitious PFAS concentrations were assumed to be measured in fish samples collected in a
(freshwater) monitoring site:

PFAS Fictitious concentration RPF PFOA equivalent (Lg/kg biota)
(H9/Kg biota )
PFOA 0.2 1 0.2
PFOS 0.4 2 0.8
PFTeDA 0.33 0.3 0.099
PFNA 0.001 10 0.01
PFBS 0.02 0.001 0.00002
Sum of PFOA equivalents| 1.109

The individual PFAS concentrations in fish, per sample, are multiplied by their corresponding RPFs to obtain
the concentration in PFOA equivalents. The sum of all PFOA equivalents is then compared to the fish QSbiota,sec
pois Of 42.13 pg/kgww calculated for PFOA. In the example shown, the sum of PFOA equivalents does not exceed
the proposed QSbiota,secpois for the monitoring site under evaluation.

Derivation of the QS fw,sec pois @nd QS sw,sec pois for PFOA

The QSwater,sec pois IS general calculated by dividing the QSbiota, sec pois by the appropriate BAF.

It should be remarked that the below calculation is only related to PFOA and not the other PFAS, since a
relative and appropriate BAF should be applied. Moreover, for PFAS, e.g. PFOS, the most relevant biota is
fish. Because the bioaccumulation factor is dependent on the aqueous concentration and is not the same for
the different taxonomic groups, this standard equation cannot be applied as such. Therefore, the following
equation is used to calculate the QSwaterbiota, according to RIVM (2017):

QSWater,biota = 10 A ((IOgQSbio[a,sec pois T |OgBAF at 1 ng/L)/(S|0pe+l))
Equation 5

The slope is -0.449 for all fish data, and the average log BAF at 1 ng/L is 2.241 for fish species. For molluscs,
and considering the regression of the generic slope for individual species, the slope is -0.428, and the logBAF
at 1 ng/L is 2.103 for molluscs (RIVM, 2017).
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For the freshwater food chain, fish appear to be the most critical food item if the regression of all data per
taxonomic group is used. Based on the above-reported Equation 5, the corresponding value for QSwater, sec pois, fw
is 6667 ng/L. However, if the regression of the generic slope for individual species is used, the QSwater, sec pois, fw
for molluscs is 900 ng/L, and thus substantially lower than the value for fish.

For the marine environment, the QSwater, sec pois, sw are 813 and 329 ng/L for fish and molluscs, respectively, if
the BAF is based on all data per taxonomic group. However, similar to the freshwater compartment, the lowest
value is obtained for molluscs if the regression of the generic slope for individual species is used. The resulting
QSwater, sec pois, sw = 125 ng/L. For comparison, with a BMFum normalised to standard protein content, the QSwater,
sec pois, sw Would have been 861 and 427 ng/L for fish and molluscs, respectively.

Relevant study for derivation

Tentative QSiota, i
Q 1018, sec pois of QSoiota, sec pois

Tentative QSviota, sec pois

i . QSbiota,sec pois, fw: 22.3 for fish and
o NOAEL: 0.3 mg/kgow/day for litter loss | g » Hg/kgww for bivalves (PFOA-
Secondary poisoning and pup survival in mice (Abbott et al., equivalents)

2007; RIVM, 2017
) (= 6667 and 900 ng/L, PFOA)*

*this value is only applicable to PFOA as a single substance and not to the group of PFAS. For the back
calculation to water, this value must be used in combination with RPFs and RBFs for the other substances

7.8 HUMAN HEALTH

Epidemiological studies have revealed associations between exposure to specific PFAS and a
variety of health effects, including altered immune and thyroid function, liver disease, lipid and
insulin dysregulation, kidney disease, adverse reproductive aetbgenental outcomes, and
cancerSimilarly, experimental animal dashowmany of these effects. However, information on
modes of action and adverse outcome pathuwgaysll missing and profound differences in PFAS
toxicokinetic properties must be codered in understanding differences in responses between the
sexes and among species and life stégeston et al., 2020)

In 2018, EFSAderivedseparate tolerable weekly intakes (TWit®) PFOS and PFOA on the basis
of the effects on serum cholesteroldéss An updated risk assessment was performed in 2020,
where EFSAconcluded that effects on the immune system, which were observedatdise

serum PFAS levels in both animals and humans, are critical for the risk assessmndlifdee of

a decreaseninmune response were considered robust since they were consisbsetiyed for the
two studied PFASs in rodents (PFOA, PFOS) and in hunBas®d on observations in animals and
humansEFSAdecided to combine issessment on the sum of four PFASSPFOA, PFENA,
PFHxS and PFOS, sintieese four PFASsontributel most to the levels observed in human serum
in the underlying studies, and shasgahilar toxicokinetic properties, accumulation and long-half
lives in humansThederivation of potency facterfor this critical endpointwas not considered
possible As apragmatic approactiFSAassumed by default equal potencies for effects of these
four PFASs on immune outcom@sFSA, 2020)

Based on the decreased responsbe@frhmune system to vaccinatj@FSA (2020) established a
threshold of 4.4 ng/kg body weight as tolerable weekly intake (TWI) referred to the sum of PFOA,
PFENA, PFHxS and PFOS, which takes into account possible rotkbild transfer upon long

term exposure. In more details, theath based guidance value (HBGV) was derived considering
the lowest benchmark dose level (BMigLof 17.5 ng/mL for the sum of the four PFASs in serum
identified for Xyearold children in a human study (Abraham et al., 2020). Using physiologically
based phanacokinetic (PBPK) modelling, this serum level of 17.5 ng/mL in children was
estimated to correspond to lectgrm maternal exposure of 0.63 ng/kg bw per day. Since a
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decreased vaccination response is regarded as a risk factor for disease rather ¢lage @i,

and since the study was based on infants which appear to be a vulnerable population group, no
additional assessment factors for potential intraindividual differences in toxicokinetics and
toxicodynamics were deemed necessary. Therefore, ESt8BAlished a group tolerable weekly
intake (TWI) of 7 x 0.63 = 4.4 ng/kg bw per week, in order to take into account the lofiydmlf

of these PFASs (EFSA, 2020).

For completeness, the mammalian toxicity data found to be available for PFOA, and the other PFAS listed in
Table 11.22, are reported in the Appendix section.

For the calculation of the @&a,nh foodnNtended to protect humans against adverse health effects
from consuming contaminated fishery products, the EQS Technical Guidance (EC, 2018)
recommends a default daily fish consumption of 0.11.8 ki combination with a body weight of
70 kg resulting in a daily consumption of 1.6 g figh! body weight Following the EQS Technical
Guidance (EC, 2018he default allocation factor of 20%asconservative value to protect humans
from adverse health effects caused by consuming contaminated fish and SEa#0Q&iota, nh, food
(expressed asg-kg:..) is calculated based on therk(expressed asg-kg tow-d'1):

stiota, hh= 0.2 * TLhn/ 0.00163
Equation 6

To represent T, Oral Reference Doses (RfD), Acceptable Daily Intake (ADI), Tolerable
Daily Intake (TDI), or NoObservable Adverse Effect Level (NOAEdivided by an appropriate
assessment factoan be used.

In order to perform the human health assessment of the selected PFAS, the relative potency factor (RPF)
methodology was applied. Further details on this approach are reported in section 7.5.

The calculation of the provisional QSviota, hh fOr the index compound PFOA is therefore required. Furthermore,
if the EFSAb6s TWI is also used in the present human he
acknowledged:

a) t he EFS A dasedlomimmine effects derived for the sum of PFOA, PENA, PFHxS and PFOS.
Whereas, the relative potency factor approach relies on liver toxicity effects, and PFOA is the solely
index compound (Bil et al., 2021). In this regard, however, the key study (Abraham et al., 2020) used
for the derivation of t he EHOA#hd&swadakignifisant@ssecidtior hat o
with antibody titres against three different vaccines. For PFOS, PFHxS and PFNA this was not
observed, unless for the sum of the four PFASs (EFSA, 2020). Based on this observation, the use of
PFOA as index compound could therefore be justified.

b) EFSA assumes that the four PFASs considered are equally harmful. Instead, the RPF method
recognses that the different PFASs are not all equally harmful. Using the RPF approach, it is
assumed that these differencesi@ammfulness also apply to other effects that may be caused
by PFAS, including immune effects (RIVM, 2021). In the analysis performed by RIVM,
similar potency differences to those derived in Bil et al. (2021) were identified for multiple
endpoints, such agrious organ weights, hormone levels, clinical chemistry, white blood cell
parameters, and pathology endpoints. Therefore, it is likely that different PFASs are not
equipotent even when it comes to immeiffifects (RIVM, 2021). This would make the use of
the RPFs based on liver toxicity also applicable to an HBGV based on immune effects.
Noneheless, iis agreed that ivould be advisable to validate the RPFs for immune effects
in the future and @ understanding of PFAS mixture toxicity will improve, thisthodology
may be extended with more substances, further refined, and validatedfuture(Bil et al.,

2021)

In order to carry out the human health assessment in the present dossiers, it has been proposed to
deal with the abovenentioned uncertaiies identified in the combination of the RPF approach with
the EFSA6s TWI based on i mmune effects:
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1 the QSQiotarhf Or PFOA is <cal cul at e dgnin Boguationd (abokkee E F ¢
reported)

1 the QQwnmf or PFOA is cal cul atelt,in Eguwmtiom8 t he EFS,
The option, along with examples of calculation using the RPF method, is discussed below.

The QSiotahhfor PFOA-equivalentsi s cal cul at ed, usi mirEqubatien EF S A€
6

EFSA established a group tolerable weekly intake (TWI) of 7 x 0.63 ng/kg bw per day = 4.4 ng/kg bw per week,
in order to take into account the long half-lives of these PFASs (EFSA, 2020).

Considering that the TLnn is expressed as ng/kg bw per day, and that a daily fish consumption is taken into
account in Equation 6, the daily intake of 0.63 ng/kg bw per day for the sum of the four PFAS (PFOA, PFOS,
PFHxXS, PFNA) was used as TLnn for the calculation of the QShiotahh for PFOA-equivalents, rather than the
weekly intake.

In this way, the resulting QSeiota,nh for the sum of PFAS (expressed as PFOA-equivalents) is calculated to be
0.077 >g/kgpiota-

By using the derived QSbiota,nh as risk limit for PFOA, the sum of PFOA equivalents estimated in the biota matrix
based on the RPF approach would then be compared to the value of 0.077 pg/kgbiota.

Relevant study for derivation

Tentative QSviota, hh of QSviota, hh

Tentative QSviota, hh

EFSA6s TWI of 4.4 0.077 pg.Kgbiotaww, PFOA-
Human health equivalent to 0.63 ng/kg bw/day equivalents

(0.22 ng PFOA-L1)*67

*this value is only applicable to PFOA as a single substance and not to the group of PFAS. For the back
calculation to water, this value must be used in combination with RPFs and RBFs for the other substances

Example

The following fictitious PFAS concentrations were assumed to be measured in fish samples collected in a
monitoring site:

PFAS Fictitious concentration RPF PFOA equivalent (ug/Kg biota)
(Hg/Kg biota)
PFOA 0.05 1 0.05
PFOS 0.4 2 0.8
PFHxS 0.003 0.6 0.0018
PFNA 0.02 10 0.2
PFBS 0.7 0.001 0.0007
Sum of PFOA equivalents| 1.05

The individual PFAS concentrations, per sample, are multiplied by their corresponding RPFs to obtain the
concentration in PFOA equivalents. The sum of all PFOA equivalents is then compared to the QSbiota,nh 0f 0.077
pg/Kgoiota (0r, 0.077 ng/guiota) calculated for PFOA). In the example shown, the sum of PFOA equivalents
exceeds the proposed QSuiotahh for the monitoring site under evaluation.

67 Using the Bioaccumulation Factor, BAF, for PFOFhis back calculation to water is only for PFOA and not as PFAS group.

129



September 2022  PFAS_Final EQS Dossier after SCHEER final opinion

7.8.1 Human health via consumption of drinking water

Master reference
Existing drinking Total PFAS®: 0.50ug.L? Directive (EU)
water standard(s) Sum of PFA%> 0.10ug.L? 2020/2184

QS dw,hhfor PFOA-equivalentsi s cal cul ated, usimd t he E
Equation 7
The main root of PFAS intake represented by fopdhich contributes foB3-98% while the
contribution of drinking water accounts forlZ% (RIVM, 2021) However, although less
important, aisk of exposure through drinking water intake exists for several PFAS (EFSA, 2020)
and, thereforeprovisional dmking water Q$as beencalculated

The EQS Technical Guidance (EC, 2018) recommends using a human body weight (bw) of 70 kg
and a daily uptake of drinking water (uptakgof 2 litres. By default, a fraction of 0.2 of the

human toxicological thresholtghreshold level human health, dr).is allocated to the intake of the
substance via drinking watéfhe QSw. nnis calculated based on the rk(here, expressed as ng'kg
Low-d'Y):

QSiw, hh= 0.2 * TLnn* bw / uptakemw
Equation7

To representLnn, Oral Reference Doses (RfD), Acceptable Daily Intake (ADI), Tolerable
Daily Intake (TDI), or NoObservable Adverse Effect Level (NOAEL) can be used.

EFSA established a group tolerable weekly intake (TWI) of 7 x 0.63 ng/kg bw per day = 4.4 ng/kg
bw pea week, in order to take into account the longiaffs of these PFASs (EFSA, 2020).
However, considering that the Hilis expressed as pg/kg bw per day, and that a daily uptake of
drinking water is taken into account in Equation 6, the daily intake68f ig/kg bw per day for the
sum of the four PFAS (PFOA, PFOS, PFHxS, PFNA) was usedradorithe calculation of the
QSiw,hnfor PFOA, rather than the weekly intake.

The resultingorovisional QSaw, hh is 4.41 ng/L (0.0044ug/L). This provisional valuesinoted to be
lower than the existing drinking water standards of 0.1 angh@/b identified for the sum of
PFAS, and for total PFAS (Directive (EU) 2020/2184).

By using the derived QSawhh for the sum of PFAS (expressed as PFOA-equivalents), the sum of PFOA

equivalents estimated in the drinking water matrix based on the RPF approach would then be compared to the
risk limit value of 0.0044 ug/L.

Example
The fopllowing fictitious PFAS concentrations were assumed to be measured in drinking water:
PFAS Fictitious concentration ( ug/L) RPF PFOA equivalent (ug/L)
PFOA 0.02 1 0.02
PFOS 0.05 2 0.1
PFUNA or 0.001 4 0.004
PFUNDA

886 Tot al PFASO® me a and potyfluaoalkybstbstances (Direotif’e (FUg 2020/2184).

Sum of PFASO® me-amdpolyfluorealkd sulbstamcés cqnsdered a concern as regards water intended for human
consumption |isted in point 3 of Part B of Annex lylnoiey Thi s i
with three or more carbons (iieCnF2ri, n O 3) or a perfluoroal kyl eiCiF2nOCmRai, et y wi t
n and Directive (EY) 2(20/2184).
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ADONA 0.02 0.03 0.0006
6:2 FTOH 0.1 0.02 0.002
PFBA 0.01 0.05 0.0005
PFBS 0.2 0.001 0.0002
Sum of PFOA equivalents| 0.127

The individual PFAS concentrations, per sample, are multiplied by their corresponding RPFs to obtain the
concentration in PFOA equivalents. The sum of all PFOA equivalents is then compared to the QSaw,nh 0f 0.0044
pa/L calculated for PFOA. In the example shown, the sum of PFOA equivalents exceeds the proposed QSadw,hh
for the monitoring site under evaluation.

Relevant study for derivation Tentative QSiota, hh
of QSviota, hh
EFSAOG6Ss 4T4Wdg/kgo f 0.077 pg-Kgiota ww, PFOA
gil:) rtr;arzgr?tacl)lm bw/week, equivalent to 0.63 ng/} equivalents)
g bw/day 0.0044ug/L ( 4.41 ng/L)
Surface Water monitoring .
PFOA equivalents

7.8.2 Proposed option, related limitations, and possible way forward for deriving a water -
based QS biota

For the derivation of water-based QS, several comments and concern, were expressed due to the uncertainty
for the bioaccumulation factors, not available for the all 24 PFAS. Therefore they have been some proposals
to overcome the difficulties for the BAF. Important to note that the water-based QSeiota Was only calculated for
PFOA, since no relative bioaccumulation factors were derived for the remaining 23 PFAS. Furthermore, the
RPF approach is based on mammalian toxicity data, and it is unknown if the corresponding potencies would
be similar based on (eco)toxicological effects.

Furthermore, a concern was raised regarding the RPF value of 2 for PFOS. Since the PFAS commonly found
in the highest concentration in biota is PFOS, there is the risk of being overly conservative if a RPF of 2 is
considered. The wuse of a RPF of 1 was insteadopnbpogédi henr oo
based on the EFSA6s TWI when the PFOA equivalents are
represent an inconsistency in the RPF approach and therefore not longer considered. Due to the importance
of deriving a QS for water as well, the proposals listed in Table 7.9.1 are currently made to likely address the
above-mentioned shortcomings, also considering that the QSviota,hn iS lower than the derived QSbiota,secpois
values.
a) Consider all surface waterbodies as surface water abstracted to produce drinking water. In
this way, the provisional drinking water standard derived as PFOA equivalence, would be
used as risk limit for theum of PFOAequivalents for the available 24 PFAS monitored in
freshwater, without considering removal efficiencies. However, it is noted that the proposed
provisional drinking water limit of.41 ng/L(see next paragraph) would not be protective
the humarhealth based on fish consumption and for this reason the value measurement in
QSoiota, hh is mandatory and it should be measured along the QSwater.
If RPF is chosen for toxicity, something similar has to be done with the differences in
bioaccumulation potential. This can be done by comparing the bioaccumulation factors of
the different PFASs to those of PFOA. To make use of consistent data, theichetiaef
review by Burkhard2021)could be used. Concentration dependency is not included in this
data set, but it is already implicitly included in the derivation of the value for the index
compound PFOA (note that although the average of individual Adg\Blues used in the
PFOA report are lower than reported by Burkhard, the calculated log BAF at the EQS from
regression is slightly higher than the average from Burkhard because of the low
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b)

concentration that is related to the EQS). If the concentratjpendiency is considered to
conservative for all PFASs, and especially the bioaccumulative ones like PFOS, it could be
considered to take the average log BAF for PFOA. b8 thstead. The EQS for the index
compoundPFOA would then be 0.53 ng/L, instead &Dng/L. The assessment of PFASs

in water for the endpoint fish consumption will then 88FOA equivalents =

€Caq*RBFi*RPF. This should be compared against the QSwater, hh fish consumption of
0.22 ng/L (or 0.53 ng/L) for PFOA. As an example: the RBAPIBOS = 1073.55/10"2.16 =
24.5, the RPF for PFOS = 2 and the concentration of PFOS should thus be multiplied by
24.5 * 2 = 49 before summation with the rest of the PFAS. However, because the
concentration of PFOS that leads to an equivalent effect Is\RIF@A is 49 times lower

than that of PFOA, the concentration at which the EQS is exceed is 4.6 pg PFOS/L. As such
concentrations might no be able to be measured routinely, compliance checking against a
biota standard might be mandatory. JRC agreed thdiitiia matrix should be mandatory
being very difficult to measure in water such low concentrations.

Italy made the following proposal: PFAS should be separated into two groups:
bioaccumulative and mobile PFAS. The QS for bioaccumulative PFAS, which aee mo
difficult to be analysed in water and are more frequently detected in biota, should be derived
according to the RPF approach. Therefore, the monitoring should be carried out in biota. JRC
and NLwould not agree to have two groups since at moment, foe $FAS is not yet fully
investigated iflhiey are bioacumulative

Furthermore, also the less bioaccumulative PFAS mighibatér considerably to the

overall biota concentrations if local concentrations are high enough.
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Table 7.9.1. Overview of the different proposals made in order to define the most suitable monitoring matrix of PFAS, considering the available QS and the RPF
approach. Proposal s 1 and 2 are similar.

Proposal ID Content of the proposal Support from experts

1. Use of the RPF for value of QSpiotahhO . 077 eg/ kgbi ota is QS for the s uThisoption?EidilAr
to the one proposed by the NL. Thisvalueisbas ed on t h e THe m&#koding in DitA should be mandatory

Use of the provisional drinking water standard derived for PFOAb as ed on t h e asErEBKimiodf thelthwIsum of PFOA- | ko, EQS water, JRC
equivalents for the available 24 with a proposed provisional drinking water limit of 4.41 ng/L (see next paragraph). agreed on this proposal

It wouldbepr ot ecti ve for alll organi sms i n wat er erivé a@QSin waterdowdr thankthe I initially made by CH
water-based QSbiota. However this QS water would not be protective for human health based on fish consumption and for this
reason the value measurement in QSbiota, hh is mandatory along the QSwater.

2. If the RPF method is chosen for toxicity, something similar has to be done with the differences in bioaccumulation potential. This can | JRC agreed with use of
be done by comparing the bioaccumulation factors of the different PFASs to those of PFOA. To make use of consistent data, the = RPF method, and the
data from the review by Burkhard (2021) could be used. Concentration dependency is not included in this data set, but it is already = biota matrix to measure
implicitly included in the derivation of the value for the index compound PFOA (note that although the average of individual log BAF | the PFAS. The back
values used in the PFOA report are lower than reported by Burkhard, the calculated log BAF at the EQS from regression is slightly = calculation to water
higher than the average from Burkhard because of the low concentration that is related to the EQS). If the concentration dependency | would lead to a value
is considered too conservative for all PFASs, and especially the bioaccumulative ones like PFOS, it could be considered to take the | very low and not
average log BAF for PFOA of 2.16 instead. The EQS for the index compound PFOA would then be 0.53 ng/L, instead of 0.22 ng/L. = possible to measure.
The assessment of PFASs in water for the endpoint fish consumption will then be: EPFOA equivalents = &Caq*RBF*RPFi. This However, in case the
should be compared against the QSwater, hh fish consumption of 0.22 ng/L (or 0.53 ng/L) for PFOA. As an example: the RBF for | back calculation to water
PFOS = 1073.55/1072.16 = 24.5, the RPF for PFOS = 2 and the concentration of PFOS should thus be multiplied by 24.5*2 =49 | is  mandatory, this
before summation with the rest of the PFAS. However, because the concentration of PFOS that leads to an equivalent effect level | approach  should be
as PFOA is 49 times lower than that of PFOA, the concentration at which the EQS is exceed is 4.6 pg PFOS/L. As such concentrations = implemented
might no be able to be measured routinely, compliance checking against a biota standard might be mandatory.

3. PFAS should be separated into two groups: bioaccumulative and mobile PFAS. The QS for bioaccumulative PFAS, which are more | JRC is not in favour of
difficult to be analysed in water and are more frequently detected in biota, should be derived according to the RPF approach. | this proposal because at
Therefore, the monitoring should be carried out in biota, while those which are mobile should be measured in water. moment, for some PFAS

is not known if they are
bioaccumulated (Table
1). Only three are
according to ECHA are
not not bioaccumulative,
while for the monitoring
in water, these would
exclude those which are
measured in the DWD
and GDW directives.
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8 Analytical methods

The analytical methods found to be available for the 24 PFAS considered in the RPF approach are

listed in Table 8.1. This table is currently under prepar&tion
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Table 8.1 Overview of the available analytical methods and related limit of detection (LoD)
identified for the 24 PFAS under assessment in the present dossier. Table currently under

preparation.
Acronym Surface water/Drinking water Biota (Fish) Biota (Mussels,clams, cockles)
PFBA DW US EPA (2018), LC/MS/MS. | HPLC-ESI/MS/MS, LOD 0.22 HPLC-ESI/MS/MS, LOD 0.25
LoD 13 ng/L ng/g wet weight (Zhou et al., 2013 ng/g dry weight (Zhou et al.,
2012); HPLG-MS/MS, LOD 0.1
ng/g wet weight (Zhao et al.,
2014a)
PFPeA ISO 21675 (2019) LC/MS/MS, HPLC-ESI/MS/MS, LOD 0.25 HPLC-ESI/MS/MS, LOD 0.25
LoD O O;DWUSIEPAL ng/g dry weight (Zhou et al., 2012 ng/g dry weight (Zhou et al.,
(2019), method 533, LC/MS/MS. 2012)
LoD 3.9 ng/L
PFHxA DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD (MSPD method, LOD 0.08 ng/g
LoD 1.0 ng/L 0.0047 ng/qg for fish (fillet) (Villaverde-de-Saa et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013).
Valsecchi et al., 2013)
PFHpA DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.08 ng/g
LoD 0.71ng/L 0.0017 ng/g for fish (fillet) (Villaverde-de-S4a et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013).
Valsecchi et al., 2013)
PFOA Drinking water (DW) US EPA lon-pair extraction (IPE) method | Matrix solid-phase dispersion
(2018), LC/MS/MS. Limit of (sonication), LOD 0.0066 ng/g for| (MSPD) method, LOD 0.2 ng/g
detection (LoD) 0.53 ng/L fish (fillet) (Vestergen et al., 2012| (Villaverde-de-Saa et al., 201
in Valsecchi et al., 2013) Valsecchi et al., 2013).
PFNA DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.3 ng/g
LoD 1.4 ng/L 0.0018 ng/g for fish (fillet) (Villaverde-de-S4a et al., 2012 in
(Vestergen et al., 2012 in Valsecchiet al., 2013 HPLC-
Valsecchi et al., 2013) MS/MS, LOD 0.2 ng/g wet weigh
(Zhao et al., 2014a)
PFDA DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.05 ng/
LoD 1.6 ng/L 0.0029 ng/g for fish (fillet) (Villaverde-de-Saa et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013).
Valsecchi et al., 2013)
PFUNA or DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.09 ng/
PFUNDA LoD 1.6 ng/L 0.0026 ng/g for fish (fillet) (Villaverde-de-S4a et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013).
Valsecchi et al., 2013)
PFDoDA or DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.2 ng/g
PFDoA LoD 1.2 ng/L 0.001 ng/g for fish (fillet) (Villaverde-de-S4a et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013HPLC-
Valsecchi et al., 2013) MS/MS, LOD 0.1 ng/g wet weigh
(Zhao et al., 2014a)
PFTrDA DW US EPA (2018), LC/MS/MS. | UHPLC-MS/MS coupled to a

LoD 0.72 ng/L

TFC, LOD 0.01 ng/g ww for fish

(fillet) (Valsecchi et al.2021)

70 Additional analytical methods are mentioned above: US ERhod 5332019) and Wolf and Reagen (2013) for the water
analysis and the Malinsky et §2011) method for the fish tissue analysis.
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PFTeDA

DW US EPA (2018), LC/MS/MS.
LoD 1.1 ng/L

UHPLC-MS/MS coupled to a
TFC, LOD 0.01 ng/g ww for fish
(fillet) (Valsecchi et al., 2021)

LoD 40 ng/L.
ASTM 797920, LoQ =40 ng/L

PFHxDA ISO 21675 (2019) LC/MS/MS, UHPLC-MS/MS coupled to a PFHXDA
Lob O 0,2 ng/lL TFC, LOD 0.04 ng/g ww (Mazzon
etal., 2019)
PFODA ISO 21675 (2019) LC/MS/MS, UHPLC-MS/MS coupled to a PFODA
Lob O 0,2 ng/ L |TFC, LODDO0.07 ng/gww (Mazzon
et al., 2019)
PFBS DW US EPA (2018), LC/MS/MS. | HPLC-ESI/MS/MS, LOD 0.25 HPLC-ESI/MS/MS, LOD 0.25
LoD 1.8 ng/L ng/g dry weight (Zhou et al., ng/g dry weight (Zhou et al.,
2012); HPLC-ESI/MS/MS, LOD | 2012)
0.15 ng/g ww (Zhou et al., 2013)
PFPeS DW US EPA method 533(2019), | Liquid chromatography tandem
LC/MSIMS mass spectrometry (UHPLC
MS/MS) coupled to a turbulent
flow chromatography (TFC), LOD
0.4 ng/g ww (Mazzoni et al., 2019
PFHxS DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD High performance liquid
LoD 1.4 ng/L 0.0006 ng/g for fish (fillet) chromatograph with an
(Vestergen et al., 2012 in electrospray ionization tandem
Valsecchi et al., 2013) mass spectrometer (HPLC
ESI/MS/MS), LOD 0.25 ng/g dry
weight (Zhou et al., 2012)
HPLC-MS/MS, LOD 0.1 ng/g wet
weight (Zhao et al., 2014a)
PFHpS ISO 21675 (2019) LC/MS/MS, UHPLC-MS/MS coupled to a
Lob O 0,2 ng/lL TFC, LOD 0.1 ng/g ww (Mazzoni
et al., 2019)
PFOS DW US EPA (2018), LC/MS/MS. | IPE method (sonication), LOD MSPD method, LOD 0.2 ng/g
LoD 0.53 ng/L 0.0017 ng/g for fish (fillet) (Villaverde-de-Saa et al., 2012 in
(Vestergen et al., 2012 in Valsecchi et al., 2013HPLC
Valsecchi et al., 2013) MS/MS, LOD 0.1 ng/g wet weigh
(Zhao et al., 2014a)
PFDS ISO 21675 (2019) LC/MS/MS, UHPLC-MS/MS coupled to a
Lob O 0,2 ng/lL TFC, LOD 0.2 ng/g ww (Mazzoni
et al., 2019)
6:2 FTOH LC/MS/MS, LoD 6.6 ng/L
(Gremmel et al. 2016)
8:2 FTOH LC/MS/MS, LoD 5.5 ng/L
(Gremmel et al., 2016)
HFPO-DA DW US EPA (2018), LC/MS/MS.
(Gen X) LoD 1.9 ng/L
ADONA DW US EPA (2018), LC/MS/MS.
LoD 0.88 ng/L
C604 ISS.CBA.052.REV00, LC/MS/MS

Due to the immense diversity of PFAS, analytical methods testing only 24 of them as reported in

the above table 8.1, only gives minimal informations on what can be present in the real
environment. The TORssay (Total Oxidizable Precursors assay), by Houtz and Sedlak, 2012
allows to« quantify concentrations of difficutb-measure and unidentified precursors of

perfluoroalkyl carboxylic (PFCA) and sulfonic (PFSA) acid®Briefly the samples are oxydizes
under persulfate thermolisys conditions that allovperfluoroalkyl acids (PFAA) precursors to be

transformed to PFCA of related perfluorinated chain lenght. By comparing PFCA concentrations

before and after oxidation, the concentrations of total PFAAupsecs are inferred:
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9 Compliance check

Section to be completed.
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11  APPENDIX

11.1 Environmental distribution data for PFOA

PFOA

Value

Reference

Water solubility (mg.L?)

9.5E+03 (25°C)

(OECD, 2006); (USEPA, 2014b): Kauck and Diesslin 1951
in 1T, 2015a; ECHA (2018c); ATSDR (2021)

3.4 E+03

(Ding and Peijnenburg, 2013) in IT, 2015a; Danish EPA
(2015)

Vapour pressure (Pa)

0.42 (extrapolated at 293.15 K from measured data)

(Washburn et al., 2005) in IT, 2015a

0.62 (extrapolated at 298.15 K from measured data at 332.4~463.95 K)

(Kaiser et al., 2005) in IT, 2015a

1.12 (at 298.15 K)

(Arp et al., 2006) in IT, 2015a

0.36 (at 293.15 K)

(USEPA, 2014b) in IT, 2015a

1.73 (COSMOthermmodel)

(Wang et al., 2011b) in IT, 2015a

Henry's Law constant  (Pa.m3.mol?)

Not measurable

(USEPA, 2014b) in IT, 2015a

Organic carbon i water partition
coefficient (K oc)

115

(USEPA, 2014b) in IT, 2015a

129 (sediment)

(Higgins and Luthy, 2006) in IT, 2015a

79 (sediment)

(Ahrens et al., 2010) in IT, 2015a

251 (sediment)

(Ahrens et al., 2011) in IT, 2015a

427 (sediment)

(Kwadijk et al., 2010) in IT, 2015a

135 (sediment)

(Zhao et al., 2012a) in IT, 2015a

77 (sediment)

(Guelfo and Higgins, 2013) in IT, 2015a

18.3-40.5 (sediment)

(Lietal, 2012) in IT, 2015a

955

(Pico et al., 2012) in IT, 2015a

Mean: 10,471 (5,754-67,608; n= 7) (sediment)

(Campo et al., 2015) in IT, 2015a

7,020-9,300 (sandy sediment)

(Vierke et al., 2014) in IT, 2015a

50,119 (sludge WWTP)

(Vierke et al., 2013) in IT, 2015a

Mean: 100 (18.6-813; n=7)

(Campo et al., 2015) in IT, 2015a
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PFOA

Value

Reference

sediment i water partition coefficient
(Ksed—water)

35

(Pico et al., 2012) in IT, 2015a

67 (sediment)

(Kwadijk et al., 2010) in IT, 2015a

0.12-0.24 (sediment)

(Lietal, 2012) in IT, 2015a

11

(Ahrens et al., 2010) in IT, 2015a

4.9-6.5 (sandy sediment)

(Vierke et al., 2014) in IT, 2015a

1.5-9.3

(Lin et al., 2014) in IT, 2015a

1.18-44,100 (sludge WWTP)

(Campo et al., 2014) in IT, 2015a

Octanol -water partition coefficient (Log
Kow)

cannot be determined for the surface active PFOA

(OECD, 2006) in IT, 2015a

not measurable: the formation of an emulsified layer between the octanol and water
surface interface would make determination of log Kow impossible.

(USEPA, 2014b) in IT, 2015a

5.30 log KOW, dry (COSMOthermmodel) estimated

(Wang et al., 2011b) in IT, 2015a; ECHA (2018c);
Concawe (2016)

4.3 (calculated)

(Arp et al., 2006) in IT, 2015a

BCF (laboratory) (L/kg)

Pimephales promelas
(Fathead minnow) (whole body) 1.8

3M Company 1995 in (Canada, 2012) in IT, 2015a

Carp: 3.1-9.1

Kurume Laboratory. 2001 in (Canada, 2012) in IT, 2015a

Oncorhynchus mykiss (rainbow trout)
4.0 + 0.60 (carcass)

(Martin et al., 2003a) in IT, 2015a

Crassostrea gigas (pacific oysters)
0.840.3 (10 psu)

3.0£1.1 (17.5 psu)

2.4+0.8 (25 psu)

2.1+0.40 (34 psu)

(Jeon et al., 2010b) in IT, 2015a

Cyprinus carpio (common carp) (whole body) 3.1 (47.6 eg/L Cw)
<5.1-9.4 (4.71 eg/L Cw)

(Inoue et al., 2012) in IT, 2015a

Bioaccumulation Factor (BAF)(L/kg)

Salvelinus Namaycush (lake trout) 1,585

(Furdui et al., 2007) in IT, 2015a

Croaker 0.9-96
Scabbardfish 1.8 -11
Mullet 8.1-14
Mussels 63.5-266

(Quinete et al., 2009) in IT, 2015a

Crassostrea gigas (pacific oysters)
9.6+0.3 (10 psu)

11.4+1.1 (17.5 psu)

16.0+7.6 (25 psu)

19.4+0.40 (34 psu)

(Jeon et al., 2010a) in IT, 2015a

Perna viridis (green mussel)
15+1 (1 ppb CwO0)
1240 (10 ppb Cw0)

(Liu et al., 2011) in IT, 2015a
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PFOA Value Reference
Phytoplankton (Loi et al., 2011) in IT, 2015a
292
Daphnia magna (Dai et al., 2013) in IT, 2015a
91+20

Fish whole body 11.2
Crab whole body 29.5+4.4
soft tissue 77.6£3.,5
Gastropod 50.1+1.9
Bivalve 44.7+1.6

(Naile et al., 2013) in IT, 2015a

Silver carp 120
Oriental river prawn 85
Northern snakehead 42
Tire track eel 59
Crucian carp 21

(Wang et al., 2013) in IT, 2015a

Baiyangdian Lake,North China;
Common carp: 182
Loach: 589

oo Joo Too Too Too To Joo o
Pl
<
(0]

Pl ankt on:

(Zhou et al., 2012) in IT, 2015a

Tangxun Lake, China:
Common Duckweed 6.3

(Zhou et al., 2013) in IT, 2015a

Fish 79.4+2.8
Bivalve 125.9+6.0
Crab 398.1+3.4
Gastropod 316.2+6.2
Shrimp 63.1+7.6

(Hong et al., 2014) in IT, 2015a

Phytoplankton 87.1
zooplankton 29.5
Fish 9.77-66

(Xu et al., 2014) in IT, 2015a

Fish (Cyprinus carpio, Barbus graellsii, Micropter
804 (n=1); log BAF=2.91 (n=1)

us salmoides)

(Campo et al., 2015) in IT, 2015a

Oncorhynchus mykiss (rainbow trout)
0.038 + 0.0062

(Martin et al., 2003b) in IT, 2015a

BMF (laboratory, freshwater)

Oncorhynchus mykiss (rainbow trout)
0.04

(Goeritz et al., 2013) in IT, 2015a

Lake trout/ylewife 0.63

Lake trout/smelt 0.50

Lake trout/sculpin 0.02

Lake trout/prey (weighted) 0.41

(Martin et al., 2004) in IT, 2015a

BMF (field, freshwater)

Arctic cod/zooplankton 0.04

(Tomy et al., 2004) in IT, 2015a

BMF (field, seawater)

seatroutwhole/pinfishwhole 7.2

(Houde et al., 2006) in IT, 2015a

Zooplankton/herring 1.6
Herring/sea bass 0.6

Van den Heuvel-Greve et al., 2009 in (Canada, 2012) in
IT, 2015a
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PFOA Value Reference
Peppery furrow shell/flounder 31
Lugworm/flounder 0.03
11.2 Environmental distribution data for PFOS
PFOS Value Referenc e

Water solubility (mg.L?)

Range 519-570

Jensen et al., 2008 in Danish EPA (2015); Concawe (2016)

570 mg/L (potassium salt in pure water)

3M (2000) in ATSDR (2021)

Vapour pressure (Pa)

3.31E-04

Jensen et al., 2008 in Danish EPA (2015)

6.7 Pa (estimated)

Wang Z. et al (2011) in Concawe (2016)

2.48x10-6 mm Hg at 20°C (potassium salt)

3M (2008c) in ATSDR (2021)

Henry's Law constant  (Pa.m3mol™?)

No data

ATSDR (2021)

<2E-06 to 3E-04

Concawe (2016)

Organic carbon i water partition coefficient (K oc)

log Koc 2.57-3.3

KLIF, 2010 in Danish EPA (2015)

log Koc=3.26 (2.09-4.07, n=5)

Campo et al. (2015)

log Koc=3.58 Pico et al., 2012 in Campo et al. (2015)
log Koc=3.7 Labadie and Chevreuil, 2011 in Campo et al. (2015)
log Koc=3.8 Ahrens et al., 2010 in Campo et al. (2015)

log koc=2.5-3.1

Concawe (2016)

No data

ATSDR (2021)

sediment i water partition coefficient (K sed-water)

Log Kd=1.30 (0.47-2.03, n=5)

Campo et al. (2015)

Log Kd=2.15 Pico et al., 2012 in Campo et al. (2015)

Log Kd=2.4 Labadie and Chevreuil, 2011 in Campo et al. (2015)
Log Kd=2.35 Kwadijk et al., 2010 in Campo et al. (2015)

Log Kd=2.1 Ahrens et al., 2010 in Campo et al. (2015)

kd (ph 7)=0.1 - 97

in Concawe (2016)
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Octanol -water partition coefficient (Log Kow)

Not applicable, The log Kow is not measureable since these
substances are expected to form multiple layers in an
octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR (2021)

6.43 (estimated)

Wang Z. et al (2011) in Concawe (2016)

BCF

Log BCF=3.01 + 0.66 (Whole body, fish Teleostei taxonomic
class)

Burkhard (2021)

BAF

Fish Log BAF= 3.55 + 0.83(Whole body, teleostei
taxonomic class)

Log BAF=(average standard deviation, n):
Bivalvia-freshwater=2.98 (0.24,4)
Bivalvia-Brackish and marine= 2.42 (0.84,24);
Gastropoda-FW=3.05 (1.01,5);
Gastropoda-SW=2.03 (0.88,12);
Malacostraca-FW=3.32 (0.66,22);
Malacostraca-SW=2.71 (0.92,25)
Plankton-FW=3.36 (0.79,13);
Plankton-SW=3.70 (0.70,15);
Teleostei-FW=3.65 (0.85,70);
Teleostei-SW=2.93 (0.60,14)

Burkhard (2021)

Fish (Llobregat basin) BAF=31575.47 (3230.39-103912.71,
n=7); log BAF=4.19 (3.51-5.02, n=7)

Campo et al. (2015)

Daphnia magna BAF=179+25

Dai et al., 2013 in Campo et al. (2015)

BAF=180-3800; silver carp, oriental river prawn, northern
shakehead, common carp, tire track eel, crucian carp at
Anhui Research Center for Chinese alligator

Wang et al., 2013 in Campo et al. (2015)

log BAF=2.23-3.77; fish, zooplankton and phytoplankton at
Taihu Lake

(Xu et al., 2014 in Campo et al. (2015)

11.3 Environmental distribution data for PFHxS

PFHxXS

Value

Reference

Water solubility (mg.L™)

243.4

UNEP, 2012 (annex 1) in Danish EPA (2015)

2.3 (20 - 25 °C) [g/L](estimated)

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

1.08E-06

UNEP, 2012 (annex 1) in Danish EPA (2015)

Henry's Law constant  (Pa.m3.mol?)

No data

ATSDR (2021)

170




September 2022  PFAS_Final EQS Dossier after SCHEER final opinion

Organic carbon 1 water partition coefficient (K

OC)

log Koc=3.36/2.14

UNEP, 2012 (annex 1) in Danish EPA (2015)

log Koc=1.78

Concawe (2016)

sediment i water partition coefficient (K sed-water)

Kd (ph 7)=0.6 - 3.2

Concawe (2016)

Octanol -water partition coefficient (Log Kow)

Not applicable, The log Kow is not measureable since
these substances are expected to form multiple layers in
an octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR (2021)

5.17 (estimated)

Wang Z. et al (2011) in Concawe (2016)

Log BCF= 2.07 = 0.25(Whole body, fish Teleostei

Burkhard (2021)

BCF .
taxonomic class)
Fish Log BAF= 2.30 * 0.74(Whole body, teleostei | Burkhard (2021)
taxonomic class)
Log BAF=(average standard deviation, n):
Bivalvia-freshwater=3.44 0,1
Bivalvia-Brackish and marine= 2.3 (1.12,5);
Gastropoda-FW=3.21 (6 ,1);

BAF Gastropoda-SW=2.67 (0.71,4);
Malacostraca-FW=1.76 (0.48,7);
Malacostraca-SW=2.47 (1.11,10)
Plankton-FW=2.22 © ,1);
Plankton-SW=2.35 (0.84,7);
Teleostei-FW=2.10 (0.77,20);

Teleostei-SW=2.58 (0.44,5)

11.4 Environmental distribution data for PFNA
PFNA Value Reference
Water solubility (mg.L?) No data ATSDR (2021); CLH (2013)

Volatilisation

not expected to volatilise

ECHA (2018c)

Vapour pressure (Pa)

4.83E-03

mm Hg at 20°C (extrapolated); | Kaiser et al. 2005 in ATSDR (2021)

8.4 mm Hg at 99.63°C (measured)

1.3 Wang Z. et al (2011) in Concawe (2016)
Henry's Law constant (Pa.m®.mol™) No data ATSDR (2021)

log Koc=2.39 (Higgins and Luthy, 2006) in ECHA (2018c);
Organic carbon i water partition coefficient Concawe(2016)
(Koc) log Koc=2.4 (Ahrens et al. 2010b) in ECHA (2018c); Campo et al. (2015)

171




September 2022  PFAS_Final EQS Dossier after SCHEER final opinion

log Koc=3.56 (Pico et al., 2012) in Campo et al. (2015)

log Koc=2.9 Labadie and Chevreuil, 2011 in Campo et al. (2015)

log Kd=2.14 (Pico et al., 2012) in Campo et al. (2015)

log Kd=1.5 Labadie and Chevreuil, 2011 in Campo et al. (2015)
stigi)me”t I water partition coefficient (K sea- ' 4= gg Kwadijk et al., 2010 in Campo et al. (2015)

log Kd=0.6 Ahrens et al., 2010 in Campo et al. (2015)

Kd (ph 7)=2.6 - 5.9

Concawe (2016)

Octanol -water partition coefficient (Log Kow)

5.9 (calc., COSMOtherm)

(Wang et al., 2011b) in ECHA (2018c); Concawe (2016)

Not applicable, The log Kow is not measureable since these substances are
expected to form multiple layers in an octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR (2021)

BCF

(CAS 720078682)Fish Log BCF=2.78 + 0.51 (Whole body, teleostei taxonomic
class)

Burkhard (2021)

BAF

(CAS 720074682)Fish Log BAF=2.85 + 1.18 (Whole body, teleostei taxonomic
class)

Burkhard (2021)

(CAS 72007%82)

Log BAF=(average standard deviation, n):
Bivalvia-freshwater=2.43 (0.89,2);
Bivalvia-Brackish and marine=2.23 (1.02,7);
Gastropoda-FW=2.99 (0.93,4);
Gastropoda-SW=2.36 (0.59,7);
Malacostraca-FW=3.17 (0.54,10);
Malacostraca-SW=2.33 (1.08,14);
Plankton-FW=2.89 (0.31,5);
Plankton-SW=3.05 (0.39,8);
Teleostei-FW=2.89 (1.23,36);
Teleostei-SW=2.85 (0.88,6)

Burkhard (2021)

Daphnia magna BAF=152+21

Dai et al., 2013 in Campo et al. (2015)

BAF=140-3400, silver carp, oriental river prawn, northern snakehead, common
carp, tire track eel, crucian carp at Anhui Research Center for Chinese alligator

Wang et al., 2013 in Campo et al. (2015)

logBAF=1.69-2.97; fish, zooplankton and phytoplankton at Taihu Lake

Xu et al., 2014 in Campo et al. (2015)

11.5 Environmental distribution data for PFBA

| PFBA Value

Referenc e
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Water solubility (mg.L?)

447

Ding & Peijnenburg, 2013 in Danish EPA (2015)

765.7 at 25°C (WSKOW v1.41, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51, Jul 16, 2014) in IT, 2015b

4.47E+02 at 25°C (QSPR model)

(Bhhatarai and Gramatica, 2011) in IT, 2015b

2.14x105 mg/L at 25°C

Kwan 2001 in ATSDR (2021)

Vapour pressure (Pa)

8.99E+02 at 25°C (QSPR model)

(Bhhatarai and Gramatica, 2011) in IT, 2015b

8.51E+02 at 310.883 ~426.264 (K)

(Steele et al., 2002) in IT, 2015b

3890 (COSMOthermmodel)

(Wang et al., 2011b) in IT, 2015b

1307

(Wang et al., 2011) in Concawe (2016)

Henry's Law constant
(Pa.m®.mol?)

1.19E-04 atm.m3/mole (25°C) (HENRYWIN v3.10, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51, Jul 16, 2014) in IT, 2015b

1.24Pa-m3/mol at 25°C

Kwan 2001 in ATSDR (2021)

Organic carbon i water
partition coefficient (K oc)

76 (sediment)

(Guelfo and Higgins, 2013) in IT, 2015b

Mean: 18621 (323-263,027; n= 12) (sediment)

(Campo et al., 2015) in IT, 2015b

6.3-530 (sandy sediment)

(Vierke et al., 2014) in IT, 2015b

58.43 (soil) (PCKOCWIN v1.66, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51, Jul 16, 2014) in IT, 2015b

log Koc =1.88

(Guelfo and Higgins, 2013) in ECHA (2018c); Concawe (2016)

sediment i water partition
coefficient (K sed-water)

Mean: 214 (9.8-2,344; n=12)

(Campo et al., 2015) in IT, 2015b

5260-36600 (sludge WWTP)

(Campo et al., 2014) in IT, 2015b

0.004-0.37 (sandy sediment)

(Vierke et al., 2014) in IT, 2015b

Octanol -water partition
coefficient (Log Kow)

2.82 (log KOW, dry) (COSMOthermmodel) estimated

(Wang et al., 2011b) in IT, 2015b; ECHA (2018c); Concawe (2016)

2.43

(Wang et al., 2011a) in IT, 2015b

2.43 (KOWWIN v1.67, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51, Jul 16, 2014) in IT, 2015b

-0.52
(ion-transfer cyclic voltammetry)

(Jing et al., 2009) in IT, 2015b

3.39+ 0.60 (calculated using Advanced Chemistry Development (ACD/Labs)
Software V11.02)

ECHA (2018c)

Not applicable, The log Kow is not measureable since these substances are
expected to form multiple layers in an octanol-water mixture

(3M 1999, 2008¢; EPA 2005a) in ATSDR (2021)

BCF

(CAS 45048%22)Fish Log BCF= 1.18 + 0.08(Whole body, teleostei taxonomic
class)

Burkhard (2021)
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BAF

class)

(CAS 45048422)Fish Log BAF=2.16 + 1.68(Whole body, teleostei taxonomic

Burkhard (2021)

BAF (measured) from field

study

Fish (Llobregat basin)

BAF=800.01 L/kg (9.00-3776.33; n=7), Log BAF=2.36 (0.95-3.58, n=7)

(Campo et al., 2015) in IT, 2015b

Tangxun Lake, China:
A Crucian
A Lotus
A Common

carp 0.2
Root 1.6

Duckweed 2.51

(Zhou et al., 2013) in IT, 2015b

A Common Water Hyacinth 4.0
11.6 Environmental distri bution data for PFBS

PFBS Value Reference
Water 4340 (CAS 29420-49-3) UNEP, 2012 (annex 1) in Danish EPA (2015)
solubilit
(mg_L-l)y 4.62E+04 (NANO pure water) at 20°C for potassium salt (CAS 29420-49- | (NICNAS, 2005) in IT, 2015c

3)

5.26 E+04 ~ 5.66 E+04 (water) at 22.5- 24 °C (NICNAS, 2005) in IT, 2015c¢

46.2 - 56.6(20 - 25 °C) [g/L] Wang Z. et al (2011) in Concawe (2016)
Vapour 0.00000149 (CAS 29420-49-3) UNEP, 2012 (annex 1) in Danish EPA (2015)

pressure (Pa)

Henry's Law
constant
(Pa.m®.mol?)

H <8.91 X 10-8 Pa.m3/mol
Kaw <3.65562 X 10-11 (unitless), for potassium salt (CAS 29420-49-3)

(NICNAS, 2005) in IT, 2015c¢

1.912x10-4 atm.m3/mole (25°C) (HENRYWIN v3.10, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-Structure.4286919.html (accessed 14:51, Jul 16,
2014) in IT, 2015c

Organic
carbon i
water

partition
coefficient
(Koc)

Log Koc=2.25/1.07(CAS 29420-49-3)

UNEP, 2012 (annex 1) in Danish EPA (2015)

166 (sediment)

(Kwadijk et al., 2010) in IT, 2015¢

0.2 -1.2 (sediment)

(Enevoldsen and Juhler, 2010) in IT, 2015c

83 (sediment)

(Zhao et al., 2012a) in IT, 2015¢

62 (sediment)

(Guelfo and Higgins, 2013) in IT, 2015c

617

(Pico et al., 2012) in IT, 2015¢c

83,176 (sediment)

(Campo et al., 2015) in IT, 2015¢

174




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

490 (sandy sediment)

(Vierke et al., 2014) in IT, 2015c

221.6 (soil) (PCKOCWIN v1.66, EPI Suite)

CSID:4286919, http://www.chemspider.com/Chemical-Structure.4286919.html (accessed 14:51, Jul 16,
2014) in IT, 2015¢c

log Koc=1.2 Pereira et al., 2018; in ECHA (2019d)

log Koc=1.79 Guelfo and Higgins, 2013 in ECHA (2019d)
log Koc=2.2 Kwadijk et al., 2010 in ECHA (2019d)

log Koc=2.7 Vierke et al., 2014; in ECHA (2019d)

log Koc=1.2 Milinovic et al., 2015 in ECHA (2019d)

Log Koc=1 L/kg

in Concawe (2016)

sediment T No adsorption of PFBS potassium salt to 3 soils or a sediment, low | (NICNAS, 2005) in IT, 2015c

water adsorption to sludge

partition

((:oefficien)t 26.3 (sediment) (Kwadijk et al., 2010) in IT, 2015c

K d-wat

s 0.07-0.41 (sediment) (Enevoldsen and Juhler, 2010) in IT, 2015¢

0.34 (sandy sediment) (Vierke et al., 2014) in IT, 2015¢
29 (Pico et al., 2012) in IT, 2015c
759 (Campo et al., 2015) in IT, 2015c
77.7-1,480 (sludge WWTP) (Campo et al., 2014) in IT, 2015c

Octanol - 3.90 (log KOW, dry) (COSMOthermmaodel), neutral form (Wang et al., 2011) in IT, 2015c; ECHA (2019d); Concawe (2016)

water

partition

coefficient

(Log Kow)

BCF, Log BCF=1.06 * 0.49(Whole body, fish Teleostei taxonomic class) Burkhard (2021)

laborator

(L/kg) y Lepomis macrochirus | Wildlife International, 2001a in (NICNAS, 2005) in IT, 2015¢
(Bluegill sunfish) BCF <1

BAF, field | Fish Log BAF(L/kg wet wt)= 2.00 + 1.13(Whole body, Teleostei taxonomic Burkhard (2021)

(L/kg) class)

Log BAF=(average standard deviation, n):
Bivalvia-Brackish and marine= 1.41 (0.93,6);
Gastropoda-freshwater=3.15 (8 ,1);
Gastropoda-SW=2.16 (0.38,4);
Malacostraca-FW=0.64 (1.17,3);
Malacostraca-SW=2.04 (0.35,3)
Plankton-FW=2.65 (6 ,1);
Plankton-SW=2.50 (3 ,1);
Teleostei-FW=2.65 (1.6,3);
Teleostei-SW=1.92 (0.11,2)
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Fish whole body 69.2+4.4 (Naile et al., 2013) in IT, 2015c
Crab whole body 109.6+5
soft tissue 89.1+5,2
Gastropod 107.2+1,7
Bivalve 12.3

Tangxun Lake, China: (Zhou et al., 2013) in IT, 2015c
Crucian carp 0.6

Sharpbelly 0.3

Lotus Root 0.16

Common Duckweed 3.2
Common Water Hyacinth 2.0

Fish 100.0+2.9 L/kg (Hong et al., 2014) in IT, 2015c
Bivalve 31.6+3.4L/kg
Crab 199.51+3.7 L/kg
Gastropod 199.5+6.2 L/kg
Shrimp 39.8+1.5 L/kg

Fish (Llobregat basin) (Campo et al., 2015) in IT, 2015¢
1736 L/kg (n=1)
BMF(laborato | Oncorhynchus mykiss (rainbow trout) <<1 (Martin et al., 2003) in IT, 2015c
ry, . . . .
f?/eshwater) Oncorhynchus mykiss (rainbow trout) 0.02 (Goeritz et al., 2013) in IT, 2015¢

11.7 Environmental distribution data for PFHxA

PFHXA Value

Reference

Water solubility (mg.I") 29.5

Ding & Peijnenburg, 2013 in Danish EPA
(2015)

15.7 g/L (25°C)

(Zhao et al.,, 2014b) in ECHA (2018c);
ATSDR (2021)

Vapour pressure (Pa) 121

Ding & Peijnenburg, 2013 in Danish EPA
(2015)

1.21 E+02 at 25°C (QSPR model)

(Bhhatarai and Gramatica, 2011) in IT,
2015d

457 (COSMOthermmodel)

(Wang et al., 2011b) in IT, 2015d; Concawe
(2016)

Henry's Law constant (Pa.m®mol*) Kaw 9.1 X 10-4 (unitless)

(Arp et al., 2006) in IT, 2015d

3.29E-03 atm.m3/mole (25°C) (HENRYWIN v3.10, EPI Suite)

CSID:4286919,
http://lwww.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51,
Jul 16, 2014) in IT, 2015d

20 (sediment)

(Guelfo and Higgins, 2013) in IT, 2015d

176




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

Organic carbon i
coefficient (K oc)

water partition

417

(Pico et al., 2012) in IT, 2015d

126 (sediment)

(Labadie and Chevreuil, 2011) in IT, 2015d

1259-5012 (sediment)

(Li et al., 2011) in IT, 2015d

1247 (soil) (PCKOCWIN v1.66, EPI Suite)

CSID:4286919,
http://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51,
Jul 16, 2014) in IT, 2015d

940-4100 (sandy sediment)

(Vierke et al., 2014) in IT, 2015d

200-39811 (sludge WWTP)

(Vierke et al., 2013) in IT, 2015d

1.31 (Guelfo and Higgins, 2013) in ECHA
(2018c)
1.637 2.35 (Sepulvado et al., 2011) in ECHA (2018c)

log Koc=1.91[L/kg]

in Concawe (2016)

sediment i water partition coefficient
(K sed -water)

6.3 (sediment)

(Labadie and Chevreuil, 2011) in IT, 2015d

15

(Pico et al., 2012) in IT, 2015d

63-316 (sediment)

(Li et al., 2011) in IT, 2015d

0.66-2.9 (sandy sediment)

(Vierke et al., 2014) in IT, 2015d

222 (sludge WWTP)

(Campo et al., 2014) in IT, 2015d

61-261 (sediment)

(Lin et al., 2014) in IT, 2015d

Octanol -water
(Log Kow)

partition coefficient

4.06 (Calculated logkOW,dry) (COSMOthermmodel)

(Wang et al., 2011b) in IT, 2015d; Concawe
(2016)

4.37

(Wang et al,, 2011a) in IT, 2015d

3.26

(Arp et al., 2006) in IT, 2015d

0.70 for anion (ion-transfer cyclic voltammetry)

(Jing et al., 2009) in IT, 2015d

4.06 (calc., COSMOtherm (temp. not specified)

(Wang et al., 2011b) in ECHA (2018c)

4.99 + 0.71 (calculated using Advanced Chemistry Development (ACD/Labs) Software V11.02)

ECHA (2018c)

Not applicable, The log Kow is not measureable since these substances are expected to form multiple layers
in an octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR
(2021)

BCF, laboratory (L/kg)

(CAS 92612527 )Fish Log BCF=0.98 + 0.3(Whole body, teleostei taxonomic class)

Burkhard (2021)

BAF, field (L/kg)

A Fish 63.1K3.7 L/kg (Hong et al., 2014) in IT, 2015d

A Bivalve 251.2N3.5 L/kg

A Crab 39.8N2.4 L/kyg

A Gastropod 158.5N4.0 L/ kg

A Shrimp 63.1RK2.2 L/kg

Baiyangdian Lake,North China; (Zhou et al., 2012) in IT, 2015d
Common carp 1175

A Loach: 398

A Crab: 4074

A Shrimp: 2042

ARiver snail: 9120

A Ceratophyllum demersum 3236

A Salvinia natans: 219

A Plankton: 389

Tangxun Lake, China:
A Common Duckweed 6.3
A Common Water Hyacinth 5.0

(Zhou et al., 2013) in IT, 2015d

(CAS 926125427])Fish Log BAF=1.25 + 1.48 (Whole body, teleostei taxonomic class)

Burkhard (2021)

(CAS 92612527)
Log BAF=(average standard deviation, n):
Bivalvia-freshwater=NO DATA

Burkhard (2021)
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Bivalvia-Brackish and marine= 2.62 (0.95,7);
Gastropoda-FW=1.97 (2.81,2);
Gastropoda-SW=2.66 (0.74,8);
Malacostraca-FW=1.84 (1.02,6);
Malacostraca-SW=1.60 (0.25,3);
Plankton-FW=1.98 (0.88,4);
Plankton-SW=3.15 (0.21,8);
Teleostei-FW=1.10 (1.53,11);
Teleostei-SW=1.80 (6 ,1)

BMF (laboratory, freshwater)

Oncorhynchus mykiss (rainbow trout)<0.1

(Martin et al., 2003b) in IT, 2015d

11.8 Environmental distribution data for PFPeA

PFPeA

Value

Reference

Water solubility (mg.I'%)

120

(Ding and Peijnenburg, 2013) in Danish EPA (2015)

Vapour pressure (Pa)

3.42 x 102 at 25°C (QSPR model)

(Bhhatarai and Gramatica, 2011) in IT, 2015e

1057

Wang Z. et al (2011) in Concawe (2016)

1349 (COSMOthermmodel)

(Wang et al., 2011b) in IT, 2015e;

Henry's Law constant (Pa.m3.mol?)

6.26x10-4 atm.m3/mole (25°C) (HENRYWIN v3.10, EPI

Suite)

CSID:4286919, http://www.chemspider.com/Chemical-Structure.4286919.html
14:51, Jul 16, 2014) in IT, 2015e

(accessed

Organic carbon T water partition
coefficient (K oc)

23 (sediment)

(Guelfo and Higgins, 2013) in IT, 2015e

204 (sediment)

(Pico et al., 2012) in IT, 2015e

Mean: 51,286 (25,703-102,329; n= 2) (sediment)

(Campo et al., 2015) in IT, 2015e

50-129 (sediment)

(Zhao et al., 2012a) in IT, 2015e

0.00-64 (sandy sediment)

(Vierke et al., 2014) in IT, 2015e

Log Koc=1.37[L/kg]

Concawe (2016)

sediment i water partition coefficient
(Ksed -water)

Mean: 251 (234-269; n= 2)

(Campo et al., 2015) in IT, 2015e

13

(Pico et al., 2012) in IT, 2015e

9270-10500 (sludge WWTP)

(Campo et al., 2014) in IT, 2015e

0.04 (sandy sediment)

(Vierke et al., 2014) in IT, 2015e

Octanol -water partition coefficient (Log
Kow)

3.43 (log KOW, dry) (COSMOthermmaodel)

(Wang et al., 2011b) in IT, 2015e; Concawe (2016)

3.4

(Wang et al., 2011a) in IT, 2015e

0.09 (ion-transfer cyclic voltammetry)

(Jing et al., 2009) in IT, 2015e
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BCF, laboratory (L/kg)

(CAS 451672472Z)Fish Log BCF=i 0.05(Whole body,
teleostei taxonomic class)

Burkhard (2021)

BFC Oncorhynchus mykiss= insignificant

(Martin et al., 2003a) in IT, 2015e

BAF

(CAS 45167472Z)Fish Log BAF= 1.92 + 3.34(Whole
body, teleostei taxonomic class)

Burkhard (2021)

Fish (Llobregat basin) BAF (field) 6068 L/kg
(3414 - 8723; n=2); log BAF=3.74 (3.53-3.94, n=2)

(Campo et al., 2015) in IT, 2015e

BMF (laboratory, freshwater)

Oncorhynchus mykiss (rainbow trout) <0.1

(Martin et al., 2003b) in IT, 2015e

11.9 Environmental distribution data for PFDA

PFDA

Value

Reference

Water solubility (mg.L?)

5.14 g/L at 25°C

(Kauck and Diesslin, 1951) in ECHA (2018c); CLH (2015)

9.50[g/L] (20 - 25 °C)

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

3.1 to 99.97 kPa (129.6 to 218.9 °C)
(calculated)

(Kaiser, 2005) in ECHA (2018c); CLH (2015)

0.2 Pa

Wang Z. et al (2011) in Concawe (2016)

value-0.64 (experimental)

Arp et al., 2006 in CLH (2015)

0.1 (experimental)

Arp et al., 2006 in CLH (2015)

Henry's Law constant (Pa.m3mol?)

No data

in

Organic carbon i water partition coefficient (K oc)

log Koc=2.76 L/Kg

(Higgins and Luthy, 2006) in ECHA (2018c); Concawe (2016)

log Koc=3.6

(Ahrens et al. 2010) in ECHA (2018c)

log koc=4.55 (n=1)

in Campo et al. (2015)

sediment i water partition coefficient (K

sed-water )

log Koc=3.74 Pico et al., 2012 in Campo et al. (2015)

log Koc=3.8 Labadie and Chevreuil, 2011 in Campo et al. (2015)
log Kd=2.51 (n=1) Campo et al. (2015)

log Kd=2.4 Labadie and Chevreuil, 2011 in Campo et al. (2015)
log Kd=1.8 Ahrens et al., 2010 in Campo et al. (2015)

log Kd=2.87 Kwadijk et al., 2010 in Campo et al. (2015)

log Kd=2.34 Pico et al., 2012 in Campo et al. (2015)
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Octanol -water partition coefficient (Log Kow)

6.5 (calc., COSMOtherm)

Wang et al. 2011b in ECHA (2018c); Concawe (2016)

No data

CLH (2015)

BCF

(CAS 73829364)Fish Log BCF=3.79 + 0.48
(Whole body, teleostei taxonomic class)

Burkhard (2021)

BAF

(CAS 73829364 )Fish Log BAF=3.50 *+ 0.62
(Whole body, teleostei taxonomic class)

Burkhard (2021)

(CAS 738292362)

Log BAF=(average standard deviation, n):
Bivalvia-freshwater=2.47 (0.52,3);
Bivalvia-Brackish and marine=1.95 (0.96,7);
Gastropoda-FW=4.27 (8 ,1);
Gastropoda-SW=2.60 (0.72,7);
Malacostraca-FW=3.63 (0.74,7);
Malacostraca-SW=2.67 (1.21,12);
Plankton-FW=3.00 (0.19,5);
Plankton-SW=3.40 (0.99,14);
Teleostei-FW=3.70 (0.62,32);
Teleostei-SW=3.33 (0.59,11)

Burkhard (2021)

Fish (Llobregat basin)BAF 20162.50 (n=1);
log BAF=4.30 (n=1)

Campo et al. (2015)

Daphnia magna BAF=175+23

Dai et al., 2013 in Campo et al. (2015)

BAF=160-9600; silver carp, oriental river
prawn, northern snakehead, common carp,
tire track eel, crucian carp at Anhui Research
Center for Chinese alligator

Wang et al., 2013 in Campo et al. (2015)

log BAF=1.48-3.75; fish, zooplankton and
phytoplankton at Taihu Lake

(Xu et al., 2014 in Campo et al. (2015)

11.10

Environmental distribution data for PFDoDA

PFDoDA Value

Reference

Water solubility (mg.L™)

2.9E-5¢g/L pH 1 at 25°C
2.2E-4 g/L pH 2 at 25°C
2.0E-3 g/L pH 3 at 25°C
0.014 g/L pH 4 at 25°C
0.034 g/L pH 5 at 25°C
0.039 g/L pH 6 at 25°C
0.040 g/L pH 7 at 25°C

(European Chemicals Agency, 2012¢) in ECHA
(2018c)
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0.041 g/L pH 8-10 at 25°C
(calculated)

0.0007(20 - 25 °C) [g/L]

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

1.25 Pa at 25°C (calculated)

(European Chemicals Agency, 2012¢) in ECHA
(2018c)

0.01Pa Wang Z. et al (2011) in Concawe (2016)
Henry's Law constant (Pa.m®mol?) | No data ATSDR (2021); Concawe (2016)
Organic carbon i water partition No data ATSDR (2021), Concawe (2016)

coefficient (K oc)

sediment i water
coefficient (K sed-water)

partition

Kd (pH 7)=24 - 269

Concawe (2016)

Octanol -water partition coefficient
(Log Kow)

7.8 (calc., COSMOtherm)

Wang et al. 2011b in ECHA (2018c); Concawe
(2016)

Not applicable, The log Kow is not measureable since these substances are expected to form multiple
layers in an octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR
(2021)

BCF (CAS 171978A5ZR)Fish Log BCF=3.64 + 0.60 (Whole body, teleostei taxonomic class) Burkhard (2021)
Rainbow trout (carcass) 18000 + 2700 (Martin et al., 2003a) in ECHA (2012)
Rainbow trout (blood) 40000 + 4500
Rainbow trout (liver) 18000 + 2900
Carp (whole body)10000-16000 (National Institute of Technology and
Evaluation, 2007) in ECHA (2012)
BAF (CAS 17197805R)Fish Log BAF=2.18 (Whole body, teleostei taxonomic class) Burkhard (2021)
Daphnia magna BAF=380+22 Dai et al., 2013 in Campo et al. (2015)
BAF=1.1-17; silver carp, oriental river prawn, northern snakehead, common carp, tire track eel, crucian Wang et al., 2013 in Campo et al. (2015)
carp at Anhui Research Center for Chinese alligator
log BAF=2.89-4.06; fish, zooplankton and phytoplankton at Taihu Lake (Xu et al., 2014 in Campo et al. (2015)
BMF US, South Carolina: Houde et al. in ECHA (2012)

Seatrout /pinfish=0.1

Dolphin(whole, estimated)/striped mullet=0.2
Dolphin(whole, estimated)/pinfish=0.1
Dolphin(whole, estimated)/red drum=0.4
Dolphin(whole, estimated) /atlantic croaker=1.8
Dolphin(whole, estimated) /spotfish=0.6
Dolphin(whole, estimated) /seatrout=0.6

US Sarasota Bay, Florida:

striped mullet / zooplankton=89

Pigfish/ zooplankton= 2.5

Sheephead/ zooplankton=156

Pinfish/ zooplankton= 2.5

Seatrout/ zooplankton= 35
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Seatrout/striped mullet =0.4

Seatrout/pigfish =14

Seatrout / sheephead= 0.2

Seatrout/pinfish= 14

Dolphin(whole, estimated)/striped mullet=0.1
Dolphin (whole, estimated)/pigfish =2.0
Dolphin(whole, estimated)/sheephead=0.0
Dolphin(whole, estimated)/pinfish= 2.0
Dolphin/seatrout= 0.1

11.11

Environmental distribution data for PFUnA

PFUNA or PFUNDA

Value

Reference

Water solubility (mg.L™)

1.2E-4 g/L; pH 1 at 25°C
9.0E-4 g/L; pH 2 at 25°C
8.5E-3 g/L; pH 3 at 25°C
0.056 g/L; pH 4 at 25°C
0.14 g/L; pH 5 at 25°C
0.16 g/L; pH 6-10 at 25°C
(calculated)

(European Chemicals Agency, 2012b) in ECHA (2018c)

Vapour pressure (Pa)

0.6 t0 99.97 kPa (112 to 237.7°C) (calculated)

(European Chemicals Agency, 2012b) in ECHA (2018c)

0.1Pa Wang Z. et al (2011) in Concawe (2016)

Henry's Law constant (Pa.m®mol™) No data

Organic carbon i water partition coefficient (K oc) log Koc=3.3 E;I)%%I)ns and Luthy, 2006) in ECHA (2018c); Concawe
Log Koc=4.8 Ahrens et al. (2010) in ECHA (2018c)

sediment i water partition coefficient (K

sed-water )

Kd (pH 7)=12 - 103

Concawe (2016)

Octanol -water partition coefficient (Log Kow)

7.2 (calc., COSMOtherm)

Wang et al. 2011b in ECHA (2018c); Concawe (2016)

BCF

(CAS 19685954 8)Fish Log BCF=3.57 + 0.31 (Whole body, teleostei taxonomic
class)

Burkhard (2021)

BAF

(CAS 19685954 8)Fish Log BAF=3.47 £ 1.01 (Whole body, teleostei taxonomic
class)

Burkhard (2021)

(CAS 1968595642)

Log BAF=(average standard deviation, n):
Bivalvia-freshwater=4.19 (1.09,2);
Bivalvia-Brackish and marine=2.60 (0.59,3);
Gastropoda-FW=2.99 (0.92,2);
Gastropoda-SW=2.80 (0.65,3);

Burkhard (2021)
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Malacostraca-FW=3.89 (0.16,3);
Malacostraca-SW=2.95 (1.66,10);
Plankton-FW=4.25 (0.93,3);
Plankton-SW=4.30 (0.17,3);
Teleostei-FW=3.46 (0.89,15);
Teleostei-SW=4.39 (1.35,6)

11.12

Environmental distribution data for PFHpA

PFHpA

Value

Reference

Water solubility (mg.L?)

4.37x105 mg/L at 25°C

Kwan 2001 in ATSDR (2021)

4.2 [g/L](20 - 25 °C) estimated

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

4.6 mm Hg at 25 °C

Kwan 2001 in ATSDR (2021)

158 Pa (estimated)

Wang Z. et al (2011) in Concawe (2016)

Henry's Law constant  (Pa.m3mol™?)

0.573 Pa-m3/mol at 25°C

Kwan 2001 in ATSDR (2021)

Organic carbon i water

coefficient (K oc)

partition

Log Koc= 2.19[L/kg]

Concawe (2016)

log Koc=2.70 (Pico et al., 2012) in Campo et al. (2015)
log Koc=2.1 Labadie and Chevreuil, 2011 in Campo et
al. (2015)
No data ATSDR (2021)
sediment i water partition coefficient log KD=1.26 (Pico et al., 2012) in Campo et al. (2015)
(Ko e log Kd=0.8 Labadie and Chevreuil, 2011 in Campo et

al. (2015)

Kd (pH 7)=0.4 - 1.1

Concawe (2016)

Octanol -water partition coefficient (Log
Kow)

4.67 (estimated)

Wang Z. et al (2011) in Concawe (2016)

Not applicable, The log Kow is not measureable since these substances are expected to form multiple layers
in an octanol-water mixture

(3M 1999, 2008c; EPA 2005a). in ATSDR
(2021)

BCF

(CAS 120885292)Fish Log BCF=1.26 (Whole body, teleostei taxonomic class)

Burkhard (2021)

BAF

(CAS 120885292)Fish Log BAF=1.80 * 1.24 (Whole body, teleostei taxonomic class)

Burkhard (2021)
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(CAS 120885292)

Log BAF=(average standard deviation, n):
Bivalvia-freshwater=2.43 (0.3,3)
Bivalvia-Brackish and marine= 1.80 (0.90,5);
Gastropoda-FW=1.23 (0 ,1);
Gastropoda-SW=1.72 (0.91,7);
Malacostraca-FW=1.61 (0.62,5);
Malacostraca-SW=1.43 (0.21,5);
Plankton-FW=1.65 (0.34,2);
Plankton-SW=4.03 (1.41,8);
Teleostei-FW=1.69 (1.54,6);
Teleostei-SW=1.94 (0.14,4)

Burkhard (2021)

11.13 Environmental distribution data for PFTrDA

PFTrDA Value Reference

Water solubility (mg.I%) 7.3E-6 g/L; pH 1 at 25 °C (European Chemicals Agency, 2012d) in ECHA
5.5E-5g/L; pH2 at 25 °C (2018c)
5.1E-4 g/L; pH 3 at 25 °C
3.5E-3 g/L; pH4 at 25 °C
8.6E-3 g/L; pH5 at 25 °C
0.0100 g/L; pH 6-10 at 25 °C
(calculated)
0.0002(20 - 25 °C)[g/L] estimated Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa) 0.48 Pa at 25°C (calculated) (European Chemicals Agency, 2012d) in ECHA

(2018c)

0.3 (estimated)

Wang Z. et al (2011) in Concawe (2016)

Henry's Law constant (Pa.m3mol?)

No data

Concawe (2016)

Organic carbon 1 water partition coefficient (K

OC)

No data

Concawe (2016)

sediment i water partition coefficient (K

sed-water )

Kd (pH 7) no data

Concawe (2016)

Octanol -water partition coefficient (Log Kow)

8.25 (calc., COSMOtherm)

Wang et al. 2011b) in ECHA (2018c¢); Concawe (2016)

BCF

(CAS 862374872%)Fish Log BCF=4.34 + 0.46 (Whole body, teleostei taxonomic class)

Burkhard (2021)

BAF

No data
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11.14 Environmental distribution data for PFDS

PFDS

Value

Referenc e

Water solubility (mg.I?")

0.002 (20 - 25 °C) [g/L](estimated)

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

0.71 (estimated)

Wang Z. et al (2011) in Concawe (2016)

Henry's Law constant (Pa.m®mol?) No data
Organic carbon 1 water partition coefficient (K oc) log Koc= 3.53 Concawe (2016)

log Koc=4.51 Pico et al., 2012 in Campo et al. (2015)
sediment i water partition coefficient (K seq-water) log Kd=3.17 Pico et al., 2012 in Campo et al. (2015)

Kd (pH 7) no data

Octanol -water partition coefficient (Log Kow)

7.66 (estimated)

Wang Z. et al (2011) in Concawe (2016)

BCF (measured)

No data

BAF Log BAF= 1.3 (Whole body, fish Teleostei taxonomic class) Burkhard (2021)
11.15 Environmental distribution data for PFTeDA
PFTeDA Value Reference

Water solubility (mg.L™)

1.9E-6 g/L; pH 1 at 25°C
1.4E-5g/L; pH 2 at 25°C
1.3E-4 g/L; pH 3 at 25°C
9.3E-4 g/L; pH 4 at 25°C
2.2E-3 g/L; pH 5 at 25°C
2.6E-3 g/L; pH 6-10 at 25°C
(calculated)

(European Chemicals Agency, 2012c) in ECHA (2017)

0.00003(20 - 25 °C) [g/L] estimated

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa)

0.18 Pa at 25 °C (calculated)

(European Chemicals Agency, 2012c) in ECHA (2017)

0.1 Wang Z. et al (2011) in Concawe (2016)
Henry's Law constant (Pa.m®mol™) No data
Organic carbon 1 water partition coefficient (K oc) | No data Concawe (2016)

sediment i water partition coefficient (K sed-water)

Kd (pH 7) No data

Concawe (2016)
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Octanol -water partition coefficient (Log Kow)

8.90 (calc., COSMOtherm)

Wang et al. (2011b) in ECHA (2017); Concawe (2016)

BCF

(CAS 365971875)Fish Log BCF=4.40 + 0.56 (Whole body, teleostei taxonomic class)

Burkhard (2021)

BAF No data
11.16 Environmental distribution data for PFHxDA
PFHXDA Value Reference
Water solubility (mg.L?) No data
Vapour pressure (Pa) No data
Henry's Law constant (Pa.m3.mol?) No data
Organic carbon 1 water partition coefficient (K oc) No data
sediment i water partition coefficient (K seq-water) No data
Octanol -water partition coefficient (Log Kow) No data
BCF (measured) Log BCF=3.68 + 0.01 (Whole body, fish Teleostei taxonomic class) Burkhard (2021)

11.17

Environmental distribution data for HFPO -DA (GenX)

HFPO-DA (Gen X)(FRD902, FRD 903):

(heptafluoropropoxy)-propanoate, CAS

FRD-902 is ammonium-2,3,3,3-tetrafluoro-2-

no. 62037-80-3;

FRD-903 is 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid, CAS no. 13252-13-6.

Value

Reference

Water solubility (mg.L™)

1000 g/ L at 20 ° C (solid; 99.4% pure) (FRD-902)

ECHA, 2018d in RIVM(2019)

> 739 £ 13.0 g/ L at 20 ° C (liquid; 86% pure;
14.58% water, 7.0 ppm PFOA)(FRD-902)
Interpreted by the registrant as infinitely solvable in
the study report and as> 1000 g / L on the ECHA
website

ECHA, 2018d; Nixon and Lezotte, 2008b; 2008c¢ in
RIVM(2019); ECHA (2019¢)

>200 g/L(FRD-902)

Hoke et al., 2016 in RIVM(2019)

> 207 mg/ L at 10 ° C (liquid; 82.6% pure)(FRD-
902)

ECHA, 2018d in RIVM(2019)

> 218 mg/ L at 10 ° C (liquid; 82.6% pure)(FRD-
902)

ECHA, 2018d in RIVM(2019)
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>756+11.8g/L at20°C (98% pure; 0.61% water;
8.3 ppm PFOA)(FRD-903)
Interpreted by the registrant as infinitely solvable in
the study report

Nixon and Lezotte, 2008b; 2008c in RIVM(2019);
ECHA (2019e)

Volatilisation

HFPO-DA is very persistent, has a very low
adsorption to organic carbon and other solids and
has a low volatility. Considering the low Henry law
constant and the fact that HFPO-DA is present in
the anionic form in the aquatic environment at
environmentally relevant conditions, volatilisation
from water is expected to be a minor route.

ECHA (2019¢)

Vapour pressure (Pa)

0.0117 + 0.000115 Pa at 20 ° C (solid; 99.4% pure)
(FRD-902)

ECHA, 2018din RIVM(2019); ECHA (2019¢)

2910 + 20.8 Pa at 20 ° C (liquid; 86% pure; 14.58%
water, 7.0 ppm PFOA)(FRD-902)

ECHA, 2018d; Nixon and Lezotte, 2008b; 2008c in
RIVM(2019); ECHA (2019¢)

306 + 13.7 Pa at 20 ° C (liquid; 98% pure; 0.61%
water; 8.3 ppm PFOA)(FRD-903)

Nixon and Lezotte, 2008b; 2008c in RIVM(2019);
ECHA (2019¢)

100-300 Pa (liquid; 98% pure)(FRD-903)

Hoke et al. 2016 in RIVM (2019)

Estimated 63.5 Pa at 20°C (92.1 Pa at 25 °C) for
the acid form, 0.00282 Pa at 20 °C for ammonium
form (solid) and 0.0347 Pa (subcooled liquid)
(QSAR program Mpbpwin v1.43 from EPI Suite)

ECHA (2019¢)

Henry's Law constant (Pa.m3.mol?)

No experimental data ar
constant.

ECHA (2019¢)

20.8 Pa-m3/mol (QSAR program HenryWin v3.20
of EpiSuite)

US EPA, 2002-2012 in ECHA (2019¢)

4.06-10-6/mol Pa-m3/mol, using the vapour
pressure (0.017 Pa at 20 °C) and water solubility
(1000 g/L) of the dried substance, calculated for the
ammonium salt

Adsorption

HFPO-DA has a very low adsorption to organic
carbon and other solids

ECHA (2019¢)

Organic carbon i water partition coefficient (K oc)

log Koc=1.08 for soil and 1.10 for sewage sludge

Bloxham, 2008 in RIVM (2019)

sediment i water partition coefficient (K sed-water)

No data

Bioaccumulation

bioconcentration factors(BCF) and bioaccumulation
factors (BAF) in fish are low

Octanol -water partition coefficient (Log Kow)

Study impracticable due to the surface activity of the
substance.(FRD-902)

Registrant estimates the log Dow (distribution
coefficient) for the ionized form at 2.58 at
environmentally relevant pH.

ECHA, 2018d in RIVM (2019); ECHA (2019¢)
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A log Dow of 2.58 has been calculated (FRD-903) RIVM (2019)

BCF fish BFC<30 L / kg for 0.2 mg HFPO-DA / L | Hoke etal., 2016 in RIVM (2019)
treatment
fish BFC<3 L / kg for 0.02 mg HFPO-DA / L | Kobayashi, 2009 in RIVM (2019)
treatment

BAF average BAF of 4.1 L/kg in common carp (based on | Pan et al., 2017 in RIVM (2019)
muscle tissue)

11.18 Environmental distribution data for ADONA
ADONA Value Reference

Water solubility (mg.I")

Not tested, test material was a 30% aqueous solution

ECHA (2021)

Vapour pressure (Pa)

1.9 kPa at 20 °C (Experimental) 30% aqueous solution

ECHA (2021)

Henry's Law constant (Pa.m3mol?) No data
Organic carbon 1 water partition coefficient (K oc) | No data
sediment i water partition coefficient (K seq-water) No data

Bioaccumulation

Not bioaccumulative.

ECHA (2021)

Octanol -water partition coefficient (Log Kow)

1.3 at pH 7.1, 25°C (HPLC method), lonic substance, log P for anion only

ECHA (2021)

BCF (measured)

BCF in Cyprinus carpio: The ADONA 34d mean BCF for 0.1 mg/L active ingredient concentration was 0.094 + 0.0071 and for
1.0 mg/L active ingredient concentration was 0.074 + 0.012.(OECD 305). BCF was calculated over the whole exposure period
of 34 days and was < 0.1 for both dosage levels.

[BCF=0.094 other: whole body w.w. 34 days]

ECHA (2021)

11.19 Environmental distribution data for 6:2 FTOH

6:2 FTOH

Value

Reference

Water solubility (mg.L?)

19

Jensen et al., 2008 in Danish EPA (2015)

0.02(20 - 25 °C) [g/ml] estimated)

Wang Z. et al (2011) in Concawe (2016)

Vapour pressure (Pa) 22.1 Ding & Peijnenburg, 2013 in Danish EPA (2015)
18.2 Wang Z. et al (2011) in Concawe (2016)
Henry's Law constant (Pa.m®.mol™) 5726 Concawe (2016)
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Organic carbon i water partition coefficient (K oc)

log Koc=2.43

Ding & Peijnenburg, 2013 in Danish EPA (2015); Concawe (2016)

sediment i water partition coefficient (K sed-water)

Kd (pH 7) no data

Concawe (2016)

Octanol -water partition coefficient (Log Kow) log kow 4.54 Wang Z. et al (2011) in Concawe (2016)
BCF (measured) No data
BAF No data
11.20 Environmental distribution data for 8:2 FTOH
8:2 FTOH Value Reference
Water solubility (mg.I'%) 0.27 0.3 Ding & Peijnenburg, 2013 in Danish EPA (2015)

0.0001(20 - 25 °C) [g/L]

Wang Z. et al (2011) in Concawe (2016)

1,4 E-04 g/L or 140 eg/L at 25 °C

Berti WR DPont EMSE Report No 92-02) in ECHA (2018e); CLH (2010b)

Vapour pressure (Pa)

Ding & Peijnenburg, 2013 in Danish EPA (2015)

1.64
31 Pa at 25 °C (Retention time method)
29 Pa at 45°C (HeadspaceGC/AED method)

Vapour pressure seem sensitive to choice of method

Cobranchi et al 2006 in ECHA (2018e); CLH (2010b)

254 Pa at 25 °C , volatile, 99.9 % detected mainly in the
gassousphase in the atmosphaere

Stock et al. 2004 in ECHA (2018e); CLH (2010b)

0.227 kPa Lei et al., 2004 in ECHA (2018e); CLH (2010b)
0,023 mmHg Berti WR DPont EMSE Report No 92-02) in ECHA (2018e); CLH (2010b)
3.98Pa Wang Z. et al (2011) in Concawe (2016)

Henry's Law constant (Pa.m®mol™) 5039 Concawe (2016)

Adsorption

adsorption to soil and sludge might be relevant.

Liu and Lee (2005) in ECHA (2018c)

Organic carbon 1 water partition coefficient (K oc)

log Koc=4.13 Ding & Peijnenburg, 2013 in Danish EPA (2015)
log Koc= 3.84 Concawe (2016)
log Koc=4.13 Liu and Lee (2005) in ECHA (2018c)

sediment i water partition coefficient (K

sed-water )

Kd (pH 7) no data

Concawe (2016)

Octanol -water partition coefficient (Log Kow)

log kow 5.58

Wang Z. et al. (2011) in Concawe (2016)

BCF

Log BCF=2.50 * 0.42(Whole body, fish Teleostei taxonomic class)

Burkhard et al. (2021)
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11.21 Environmental distribution data for C604

C604 Value Reference

Water solubility (mg.L?) No data

Vapour pressure (Pa) 0.16 hPa at 20 °C ECHA cC604 (2021)
0.26 hPa at 25 °C
2.50 hPa at 50 °C

Henry's Law constant (Pa.m®.mol?) No data

Organic carbon 1 water partition coefficient (K oc) No data

sediment i water partition coefficient (K seq-water) No data

Octanol -water partition coefficient (Log Kow) No data

BCF (measured) No data -
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11.22 Mammalian toxicity data collected for PFOA and other PFAS
PFAS Organism type (male, Application Toxicity test Observed effect Endpoint value (mg/kg | Duration Reference
female, F1, route bw per day) | exposure
F2)
PFHxA Rat female route not Acute toxicity not reported LD50 > 1,750; < not reported Loveless et al. (2009
specified 5,000 in EFSA, 2020
PFDA Mice female single gavage | Acute toxicity not reported LD50 120 Harris et al. (1989b)
in EFSA, 2020
PFDA Mice female single gavage | Acute toxicity not reported LD50 129 Harris et al. (1989b)
in EFSA, 2020
PFDA Mice female, day 30| single gavage | Acute toxicity Decr. Body weight LOEL/LOAEL 40 Brewster and
Birnbaum (1989) in
EFSA, 2020
PFDA Mice female, (day single gavage | Acute toxicity Incr. abs liver weight LOEL/LOAEL 40 Brewster and
2i 30) Birnbaum (1989) in
EFSA, 2020
PFDA Mice female, (day single gavage | Acute toxicity Incr fatty-acyl CoA oxidase | LOEL/LOAEL 40 Brewster and
2i 30) activity Birnbaum (1989) in
EFSA, 2020
PFOA Rat male, 1011 orally Acute toxicity Reduced epidydimal weight | NOEL/NOAEL 5 NTP (2019a) in
weeks d¢d at EFSA, 2020
start
PFOA Rat male, 1011 orally Acute toxicity Reduced epidydimal sperm | NOEL/NOAEL 5 NTP (2019a) in
weeks old at count EFSA, 2020
start
PFOA Rat male, 1011 orally Acute toxicity Reduced epidydimal weight | LOEL/LOAEL 10 NTP (2019a) in
weeks old at EFSA, 2020
start
PFOA Rat male, 1011 orally Acute toxicity Reduced epidydimal sperm | LOEL/LOAEL 10 NTP (2019a) in
weeks old at count EFSA, 2020
start
PFBA Mice male gavage Repeated dose | Hepatocellular necrosis NOEL/NOAEL 35 28 days Foreman et al. (2009
toxicity in EFSA, 2020
PFBA Mice male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 35 28 days Foreman et al. (2009
toxicity in EFSA, 2020
PFBA Mice male gavage Repeated dose | Incr hepatic replicative DNA | NOEL/NOAEL 35 28 days Foreman et al. (2009
toxicity synthesis in EFSA, 2020
PFBA Mice male gavage Repeated dose | Incr mRNA of NOEL/NOAEL 35 28 days Foreman et al. (2009
toxicity Cyp4A10/ACO in EFSA, 2020
PFBA Mice male gavage Repeated dose | Hepatocellular necrosis NOEL/NOAEL 175 28 days Foreman et al. (2009
toxicity in EFSA, 2020
PFBA Rat male gavage Repeated dose | Incr abs liver weight NOEL/NOAEL 6 28 days Butenhoff et al.

toxicity

(2012) in EFSA,
2020
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PFBA Rat male gavage Repeated dose | Decr serum cholesterol NOEL/NOAEL 6 28 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr mRNA of Acox, NOEL/NOAEL 6 28 days Butenhoff et al.
toxicity Cyp4Al (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 30 28 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Decr serum cholesterol LOEL/LOAEL 30 28 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr mRNA of Acox, LOEL/LOAEL 30 28 days Butenhoff et al.
toxicity Cyp4Al (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr abs liver weight NOEL/NOAEL 6 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr mRNA of Cyp4Al NOEL/NOAEL 6 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Decr serum total T4 NOEL/NOAEL 6 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 30 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Incr mRNA of Cyp4Al LOEL/LOAEL 30 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFBA Rat male gavage Repeated dose | Decr serum total T4 LOEL/LOAEL 30 90 days Butenhoff et al.
toxicity (2012) in EFSA,
2020
PFHxA Rat male gavage Repeated dose | Lethality, reduced body NOEL/NOAEL 150 28 days WIL Research
toxicity weight Laboratories (2005)
in EFSA,2020
PFHxA Rat male gavage Repeated dose | Decr mean corpuscular NOEL/NOAEL 150 28 days WIL Research
toxicity haemoglobin Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Incr abs and rel liver weight | NOEL/NOAEL 50 28 days WIL Research
toxicity Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Decr serum cholesterol NOEL/NOAEL 50 28 days WIL Research
toxicity Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Lethality, reduced body LOEL/LOAEL 450/300 28 days WIL Research
toxicity weight Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Decr mean corpuscular LOEL/LOAEL 450/300 28 days WIL Research
toxicity haemoglobin Laboratories (2005)
in EFSA, 2020
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PFHxA Rat male gavage Repeated dose | Incr abs and rdiver weight LOEL/LOAEL 150 28 days WIL Research
toxicity Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Decr serum cholesterol LOEL/LOAEL 150 28 days WIL Research
toxicity Laboratories (2005)
in EFSA, 2020
PFHxA Rat male gavage Repeatediose Incr rel liver weight NOEL/NOAEL 50 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHxA Rat male gavage Repeated dose | Decr serum cholesterol NOEL/NOAEL 10 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHxA Rat male gavage Repeatediose Incr serum ALT and ALP NOEL/NOAEL 50 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHXA Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 200 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHxA Rat male gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 10 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHXA Rat male gavage Repeated dose | Decr serum cholesterol LOEL/LOAEL 50 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHxA Rat male gavage Repeated dose | Incr serum ALT and ALP LOEL/LOAEL 200 90 days Chengelis et al.
toxicity (2009) in EFSA,
2020
PFHxA Rat male gavage Repeated dose | Decr body weight NOEL/NOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Incr perox Roxidation NOEL/NOAEL 20 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat female gavage Repeated dose | Incr perox Roxidation NOEL/NOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat m/f gavage Repeated dose | Incr rel & abs liver weight NOEL/NOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat m/f gavage Repeated dose | Incr rel kidney weight NOEL/NOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat m/f gavage Repeated dose | Incr urine volume NOEL/NOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat m/f gavage Repeated dose | Degeneration/atrophy in nas{ NOEL/NOAEL 20 92 days Loveless et al. (2009
toxicity cavity in EFSA,2020
PFHxA Rat male gavage Repeated dose | Decr body weight LOEL/LOAEL 500 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Incr perox Roxidation LOEL/LOAEL 100 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat female gavage Repeated dose | Incr perox Roxidation LOEL/LOAEL 500 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat m/f gavage Repeated dose | Incr rel & abs liver weight LOEL/LOAEL 500 92 days Loveless et al. (2009
toxicity in EFSA, 2020
PFHxA Rat male gavage Repeated dose | Incr ALT LOEL/LOAEL 20 92 days Loveless et al. (2009
toxicity in EFSA, 2020
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PFHxA Rat m/f gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 500 92 days Loveless et al. (2009
toxicity in EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Incr urine volume LOEL/LOAEL 500 92 days Loveless et al. (2009
toxicity in EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Degeneration/atrophy in nas{ LOEL/LOAEL 100 92 days Loveless et al. (2009
toxicity cavity in EFSA, 2020

PFHxA Rat male gavage Repeated dose | Decr body weight NOEL/NOAEL 20 110 days Loveless et al. (2009
toxicity in EFSA, 2020

PFHxA Rat male gavage Repeated dose | Decr body weight LOEL/LOAEL 100 110 days Loveless et al. (2009
toxicity in EFSA,2020

PFHxA Rat male gavage Repeated dose | Incr rel liver weight NOEL/NOAEL 125 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr abs liver weight NOEL/NOAEL 250 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat female gavage Repeated dose | Incr rel+abs liver weight NOEL/NOAEL 250 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr. acytCoA oxidase NOEL/NOAEL 125 28 days NTP (2019a) in
toxicity activity EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Incr ALT and AST NOEL/NOAEL 250 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHXxA Rat male gavage Repeated dose | Incr ALP NOEL/NOAEL 250 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Degeneration ankyperplasia | NOEL/NOAEL 125 28 days NTP (2019a) in
toxicity of olfactory epithelium EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 250 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr absliver weight LOEL/LOAEL 500 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat female gavage Repeated dose | Incr rel+abs liver weight LOEL/LOAEL 500 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr. acy}CoA oxidase LOEL/LOAEL 250 28 days NTP (2019a) in
toxicity activity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Decr haematocrit, LOEL/LOAEL 62.6 28 days NTP (2019a) in
toxicity haemoglobin, erys EFSA, 2020

PFHxA Rat male gavage Repeated dose | Decr bloodcholesterol LOEL/LOAEL 62.6 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Decr T3 and free+total T4 LOEL/LOAEL 62.6 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Incr ALT and AST LOEL/LOAEL 500 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat male gavage Repeated dose | Incr ALP LOEL/LOAEL 500 28 days NTP (2019a) in
toxicity EFSA, 2020

PFHxA Rat m/f gavage Repeated dose | Degeneration and hyperplasi LOEL/LOAEL 250 28 days NTP (2019a) in
toxicity of olfactory epithelium EFSA, 2020

PFOA Mice male Repeated dose | Incr abs liver weight NOEL/NOAEL 1 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male Repeated dose | Decr free fatty acids in serun] NOEL/NOAEL 1 7 days Hui et al. (2017)n
toxicity EFSA, 2020

PFOA Mice male Repeated dose | Incr ALT LOEL/LOAEL 1 7 days Hui et al. (2017) in
toxicity EFSA, 2020
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PFOA Mice male Repeated dose | Necrosis and vacuolation of | LOEL/LOAEL 1 7 days Hui et al. (2017) in
toxicity hepatocytes EFSA, 2020

PFOA Mice male Repeated dose | Incr abs liver weight LOEL/LOAEL 5 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male Repeated dose | Incr triglycerides in liver LOEL/LOAEL 1 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male Repeatediose Decr body weight LOEL/LOAEL 1 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male Repeated dose | Decr free fatty acids in serun| LOEL/LOAEL 5 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male Repeated dose | Decrtriglycerides in serum LOEL/LOAEL 1 7 days Hui et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male oral Repeated dose | Incr rel liver weight LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in
toxicity EFSA, 2020

PFOA Mice male oral Repeated dose | Incr fastingblood glucose LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in
toxicity levels EFSA, 2020

PFOA Mice male oral Repeated dose | Decr glycogen and glucose | LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in
toxicity content in the liver EFSA, 2020

PFOA Mice male oral Repeated dose | Incr blood glucagon LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in
toxicity EFSA, 2020

PFOA Rat male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 1 14 days Wang et al. (2017b)
toxicity in EFSA, 2020

PFOA Rat male gavage Repeated dose | Incr MDA content in liver NOEL/NOAEL 1 14 days Wang et al. (2017b)
toxicity in EFSA, 2020

PFOA Rat male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 5 14 days Wang et al. (2017b)
toxicity in EFSA, 2020

PFOA Rat male gavage Repeated dose | Incr activity of superoxide LOEL/LOAEL 1 14 days Wang et al. (2017b)
toxicity dismutase and glutathione in EFSA, 2020

peroxidase in the liver

PFOA Rat male gavage Repeated dose | Incr MDA content in liver LOEL/LOAEL 5 14 days Wang efal. (2017b)
toxicity in EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 1 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr ALT and AST NOEL/NOAEL 1 21 days Wau et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Decr serum triglycerides NOEL/NOAEL 1 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr hepatic triglycerides NOEL/NOAEL 1 21 days Wu et al. (2018) in
toxicity EFSA,2020

PFOA Mice male gavage Repeated dose | Decr hepatic FGF21 protein | NOEL/NOAEL 1 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 5 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr ALT and AST LOEL/LOAEL 5 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Decr serum triglycerides LOEL/LOAEL 5 21 days Wu et al. (2018) in
toxicity EFSA, 2020

PFOA Mice male gavage Repeated dose | Incr hepatic triglycerides LOEL/LOAEL 5 21 days Wu et al. (2018) in
toxicity EFSA, 2020
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PFOA Mice male gavage Repeated dose | Decr hepatic FGF21 protein | LOEL/LOAEL 5 21 days Wau et al. (2018) in
toxicity EFSA, 2020
PFOA Mice male gavage Repeated dose | Decr body weight (week LOEL/LOAEL 1 2,8 0r 16 weeks | Lietal (2019a)in
toxicity 8+16) EFSA, 2020
PFOA Mice male gavage Repeated dose | Incr liver weight (week 8) LOEL/LOAEL 1 2,8 o0r 16 weeks | Lietal. (2019a) in
toxicity EFSA, 2020
PFOA Mice male gavage Repeated dose | Incr rel liver weight (week2 | LOEL/LOAEL 1 2,8 or 16 weeks | Li et al. (2019a) in
toxicity 16) EFSA, 2020
PFOA Mice male gavage Repeated dose | Incr replication of LOEL/LOAEL 1 2,8 o0r 16 weeks | Lietal (2019a)in
toxicity hepatocytes (week 2+8) EFSA, 2020
PFOA Mice male gavage Repeated dose | "Incr hepatic peroxisomal3 | LOEL/LOAEL 1 2,8 o0r 16 weeks | Lietal (2019a)in
toxicity oxidation activity (week 2 EFSA, 2020
16)
PFOA Rat female gavage Repeated dose | Incrrel+abs liver weight NOEL/NOAEL 25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr rel kidney weight NOEL/NOAEL 25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr rel thyroid weight NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr serum NOEL/NOAEL 25 28 days NTP (2019a) in
toxicity cholesterin+triglycerides EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr rel+abs liver weight LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr acytCoA-oxidase LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity activity EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr rel+abs liver weight LOEL/LOAEL 50 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 50 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr rel thyroid weight LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat male gavage Repeated dose | Decr serum cholesterin & LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity triglyceride EFSA, 2020
PFOA Rat male gavage Repeated dose | Incr ALT, ALP, LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity albumin/globulin ratio EFSA, 2020
PFOA Rat male gavage Repeated dose | Decr T3, free+total T4 LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Decr haematocrit LOEL/LOAEL 6.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr TSH, ALP LOEL/LOAEL 6.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFOA Rat female gavage Repeated dose | Incr serum LOEL/LOAEL 50 28 days NTP (2019a) in
toxicity cholesterin+triglycerides EFSA, 2020
PFOA Rat male gavage Repeated dose | Degeneration and LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity inflammation of olfactory EFSA, 2020
epithelium
PFNA Rat male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 0.2 14 days Fang et al. (2012a) in
toxicity EFSA, 2020
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PFNA Rat male gavage Repeated dose | Incr mRNA of SREBPLc, NOEL/NOAEL 0.2 14 days Fanget al. (2012a) in
toxicity ACOT1/2 EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serumlevels of ALT, NOEL/NOAEL 1 14 days Fang et al. (2012a) i
toxicity AST, ALP, LDH EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 1 14 days Fang et al. (2012a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr total serum cholesterol | LOEL/LOAEL 0.2 14 days Fang et al. (2012a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr mRNA of SREBPLc, LOEL/LOAEL 1 14 days Fang et al. (2012a) i
toxicity ACOT1/2 EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr hepatic levels of LOEL/LOAEL 0.2 14 days Fang et al. (2012a) i
toxicity 113,110, TNFa EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serumlevelsf ALT, LOEL/LOAEL 5 14 days Fang et al. (2012a) in
toxicity AST, ALP, LDH EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serum glucose NOEL/NOAEL 0.2 14 days Fang et al. (2012b) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr liver glycogen NOEL/NOAEL 1 14 days Fang et al. (2012b) ir|
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr liver MDA NOEL/NOAEL 1 14 days Fang et al. (2012b) ir|
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr mRNA of GEBPC/GLUT2 | NOEL/NOAEL 1 14 days Fang et al. (2012b) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serum glucose LOEL/LOAEL 1 14 days Fang et al. (2012b) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr serum HDL LOEL/LOAEL 0.2 14 days Fang et al. (2012b) ir|
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr liver glycogen LOEL/LOAEL 5 14 days Fang et al. (2012b) ir|
toxicity EFSA, 2020

PFENA Rat male gavage Repeated dose | Incr liver MDA LOEL/LOAEL 5 14 days Fang et al. (2012bh
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr mRNA of GEBPC/GLUT2 | LOEL/LOAEL 5 14 days Fang et al. (2012b) in
toxicity EFSA, 2020

PFNA Mice male gavage repeated dose | Incr serum levels of AST, NOEL/NOAEL 1 14 days Wang et al. (2015a)
toxicity ALT in EFSA, 2020

PFNA Mice male gavage repeated dose | Incr rel liver weight 0.2 14 days Wang et al. (2015a)
toxicity in EFSA, 2020

PFNA Mice male gavage repeated dose | Incr total hepatic 0.2 14 days Wang et al. (2015a)
toxicity cholesterol/triglycer in EFSA, 2020

PFNA Mice male gavage repeated dose | Incr mRNA of 0.2 14 days Wang et al. (2015a)
toxicity Cyp4A1/ACOX1 in EFSA, 2020

PFNA Mice male gavage repeated dose | Incr serum levels of AST, 5 14 days Wang et al. (2015a)
toxicity ALT in EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr hepatic cholesterol NOEL/NOAEL 0.2 7 days Fang et al. (2015) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr activity of glucoses- NOEL/NOAEL 0.2 7 days Fang et al. (2015) in
toxicity Pdehydrogenase EFSA,2020

PFNA Rat male gavage Repeated dose | Incr serum ALT NOEL/NOAEL 0.2 7 days Fang et al. (2015) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr hepatic cholesterol LOEL/LOAEL 1 7 days Fang et al. (2015) in
toxicity EFSA, 2020
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PFNA Rat male gavage Repeated dose | Incr activity of glucoses- LOEL/LOAEL 1 7 days Fang et al. (2015) in
toxicity Pdehydrogenase EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serum ALT LOEL/LOAEL 1 7 days Fang et al. (2015) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr plasma corticosterone | LOEL/LOAEL 0.0125 14 days Hadrup et al. (2016)
toxicity in EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr hepatic OATP4C1 LOEL/LOAEL 0.0125 14 days Hadrup et al. (2016)
toxicity protein in EFSA,2020

PFNA Mice male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 1 7 days Rosen et al. (2017) in
toxicity EFSA, 2020

PFNA Mice male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 10 7 days Das et al. (2017) in
toxicity EFSA,2020

PFNA Mice male gavage Repeated dose | Incr hepatic lipid and LOEL/LOAEL 10 7 days Das et al. (2017) in
toxicity triglyceride content EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr body weight NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat female gavage Repeated dose | Decr body weight NOEL/NOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr urea, albumin/globulin | NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity ratio EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr total+direct bilirubin, NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity ALP/ALT/AST EFSA, 2020

PFNA Rat female gavage Repeated dose | Incr urea and serum bile salt{ NOEL/NOAEL 1.56 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat female gavage Repeated dose | Decr total+freeT4 NOEL/NOAEL 1.56 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr body weight LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat female gavage Repeated dose | Decr body weight LOEL/LOAEL 3.12 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr rel + abs liver weight LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr acytCoA oxidase LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity activity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat female gavage Repeated dose | Incr rel + abs liver weight LOEL/LOAEL 1.56 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat female gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 1.56 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr serum LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity cholesterol+triglyceride EFSA, 2020

PFNA Rat male gavage Repeated dose | Decr free + total T4 LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr serum bilesalts LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr urea, albumin/globulin LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity ratio EFSA, 2020

PFNA Rat male gavage Repeated dose | Incr total+directilirubin, LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity ALP/ALT/AST EFSA, 2020
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PFNA Rat female gavage Repeated dose | Incr albumin/globulin ratio LOEL/LOAEL 1.56 28 days NTP (2019a) in
toxicity EFSA, 2020
PFNA Rat female gavage Repeated dose | Incr ureaand serum bile salts| LOEL/LOAEL 3.12 28 days NTP (2019a) in
toxicity EFSA, 2020
PFNA Rat female gavage Repeated dose | Decr total+freeT4 LOEL/LOAEL 3.12 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male diet Repeated dose | Incr abs liver weight NOEL/NOAEL 15 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr peroxisomal foxidation | NOEL/NOAEL 15 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr rel liver weight LOEL/LOAEL 15 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr abs liver weight LOEL/LOAEL 3 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr peroxisomal fdxidation | LOEL/LOAEL 3 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr acyltransferase activity | LOEL/LOAEL 15 1 week Kawashima et al.
toxicity (1995) in EFSA,
2020
PFDA Rat male diet Repeated dose | Incr intrahepatic LOEL/LOAEL 15 1 week Kawashima et al.
toxicity triacylglycerol (1995) in EFSA,
2020
PFDA Rat female gavage Repeated dose | Incr abs liver and rel kidney | NOEL/NOAEL 0.125 28 days Frawley et al. (2018)
toxicity weight in EFSA, 2020
PFDA Rat female gavage Repeatediose Incr abs kidney weight NOEL/NOAEL 0.25 28 days Frawley et al. (2018)
toxicity in EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 0.125 28 days Frawley et al. (2018)
toxicity in EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr abs liver and rel kidney | LOEL/LOAEL 0.25 28 days Frawley et al. (2018)
toxicity weight in EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr abs kidney weight LOEL/LOAEL 0.5 28 days Frawley et al. (2018)
toxicity in EFSA, 2020
PFDA Mice female gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 0.31 28 days Frawley et al. (2018)
toxicity in EFSA, 2020
PFDA Mice female gavage Repeated dose | Incr rel spleen weight NOEL/NOAEL 0.625 28 days Frawley et al. (2018)
toxicity in EFSA,2020
PFDA Mice female gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 0.625 28 days Frawley et al. (2018)
toxicity in EFSA, 2020
PFDA Mice female gavage Repeated dose | Incr rel spleen weight LOEL/LOAEL 1.125 28 days Frawley et al(2018)
toxicity in EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr abs+rel weight of thyroid NOEL/NOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr AST NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Repeated dose | Incr ALT NOEL/NOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
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PFDA Rat female gavage Repeated dose | Incr ALT NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat m/f gavage Repeated dose | Incr ALP NOEL/NOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat m/f gavage Repeated dose | Incr abs+rel liver weight LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Repeated dose | Incr acytCoA-oxidase LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity activity EFSA, 2020
PFDA Rat male gavage Repeated dose | Decr abs weight of adrenal | LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity gland EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr abs+rel weightf thyroid | LOEL/LOAEL 0.312 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat m/f gavage Repeated dose | Incr albumin/globulin ratio LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Repeated dose | Decr cholesterol in blood LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Repeated dose | Incr AST LOEL/LOAEL 0.156 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr AST LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Repeated dose | Incr ALT LOEL/LOAEL 0.312 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat female gavage Repeated dose | Incr ALT LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat m/f gavage Repeated dose | Incr ALP LOEL/LOAEL 0.312 28 days NTP (2019a) in
toxicity EFSA, 2020
PFUNDA | Rat m/f gavage Repeated dose | Incr abs liver weight NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Incr relliver weight NOEL/NOAEL 0.1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat female gavage Repeated dose | Incr rel liver weight NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Decr abs & rel spleen weightl NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Incr serum ALP, AST NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat m/f gavage Repeated dose | Incr serum BUN NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Decr serum albumin NOEL/NOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat m/f gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 1 42 days Takahashi et al.

toxicity

(2014) in EFSA,
2020
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PFUNRDA | Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 0.3 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNRDA | Rat female gavage Repeatediose Incr rel liver weight LOEL/LOAEL 1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Decr abs & rel spleen weight| LOEL/LOAEL 1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeated dose | Incr serum ALP, AST LOEL/LOAEL 1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat m/f gavage Repeated dose | Incr serum BUN LOEL/LOAEL 1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFUNDA | Rat male gavage Repeatediose Decr serum albumin LOEL/LOAEL 1 42 days Takahashi et al.
toxicity (2014) in EFSA,
2020
PFDoDA | Rat male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 1 14 days Zhang et al. (2008) ir
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeatediose Incr serum triglyceride NOEL/NOAEL 5 14 days Zhang et al. (2008) ir
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic triglyceride NOEL/NOAEL 5 14 days Zhang et al. (2008) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeatediose Incr hepatic content of NOEL/NOAEL 5 14 days Zhang et al. (2008) in
toxicity cholesterol EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 5 14 days Zhang et al. (2008) ir|
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr serum triglyceride LOEL/LOAEL 10 14 days Zhang et al. (2008) ir|
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic triglyceride LOEL/LOAEL 10 14 days Zhang et al. (2008) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic SOD activity LOEL/LOAEL 1 14 days Zhang et al. (2008) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic mRNA of LOEL/LOAEL 1 14 days Zhang et al. (2008) ir|
toxicity PPARa/g, ACOX,CypA4 EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic content of LOEL/LOAEL 10 14 days Zhang et al. (2008) ir|
toxicity cholesterol EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic mRNA of NOEL/NOAEL 0.05 110 days Ding et al. (2009) in
toxicity PPARa, Cyp4Al, ACOX, EFSA, 2020
cd36
PFDoDA | Rat male gavage Repeated dose | Incr serum glucose LOEL/LOAEL 0.02 110 days Ding et al. (2009) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr serum albumin LOEL/LOAEL 0.02 110 days Ding etal. (2009) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic mRNA of LOEL/LOAEL 0.2 110 days Ding et al. (2009) in
toxicity PPARa, Cyp4Al, ACOX, EFSA, 2020
cd36
PFDoDA | Rat male gavage Repeated dose | Incr protein level of pyruvate| NOEL/NOAEL 0.05 110 days Zhang et al. (2011) ir

toxicity

carboxylase in kidney

EFSA, 2020
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PFDoDA | Rat male gavage Repeated dose | Incr protein level of pyruvate| LOEL/LOAEL 0.5 110 days Zhang et al. (2011) in
toxicity carboxylase in kidney EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr protein level of LOEL/LOAEL 0.2 110 days Zhang et al. (2011) in
toxicity isovaleryl coenzyme A EFSA, 2020
dehydrogenase, malate
dehydrogenase 1 and
dihydrolipoamide S
acetyltransferase in kidney
PFDoDA | Rat male gavage Repeatediose Incr hepatic cholesterol LOEL/LOAEL 0.2 110 days Zhang et al. (2013e)
toxicity in EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr hepatic triglycerides LOEL/LOAEL 0.2 110 days Zhang et al. (2013e)
toxicity in EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Altered hepatic levels of LOEL/LOAEL 0.2 110 days Zhang et al. (2013e)
toxicity signal transduction proteins in EFSA, 2020
(e.g. glycogen synthase
kinase, insulin receptor
substrate)
PFDoDA | Rat m/f gavage Repeated dose | Incr relliver weight NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat female gavage Repeated dose | Decr weight of spleen/heart | NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr in reticulocytes NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr serum ALP NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Liver hypertrophy NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat female gavage Repeated dose | Hepatic necrosis NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Pancreas: decr zymogen NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in
toxicity granules EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr serum glucose NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat m/f gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat female gavage Repeated dose | Decr weight of spleen/heart | LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeatediose Decr in reticulocytes LOEL/LOAEL 25 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr serum ALP LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr serum total cholesterol | LOEL/LOAEL 0.1 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Liver hypertrophy LOEL/LOAEL 25 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat female gavage Repeatediose Hepatic necrosis LOEL/LOAEL 25 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Pancreas: decr zymogen LOEL/LOAEL 25 42 days Kato et al. (2015b) in
toxicity granules EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr serum glucose LOEL/LOAEL 25 42 days Kato et al. (2015b) in
toxicity EFSA, 2020
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PFDoDA | Rat male gavage Repeated dose | Incr hepatic SOD activity NOEL/NOAEL 0.2 110 days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr TBARS in liver NOEL/NOAEL 0.2 110 days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr hepatic GPX activity NOEL/NOAEL 0.2 110 days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr mRNA of mitochondrial | NOEL/NOAEL 0.05 110 days Liu et al. (2016) in
toxicity acyCoAthioesterase 1 and EFSA, 2020
hydroxyacyt
CoAdehydrogenase
PFDoDA | Rat male gavage Repeated dose | Incr hepatic SOD activity LOEL/LOAEL 0.5 110days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr TBARS in liver LOEL/LOAEL 0.5 110 days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Decr hepatic GPX activity LOEL/LOAEL 0.5 110 days Liu et al. (2016) in
toxicity EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr mRNA of LOEL/LOAEL 0.2 110 days Liu et al. (2016) in
toxicity PPARa/Cyp4Al EFSA, 2020
PFDoDA | Rat male gavage Repeated dose | Incr mRNA of mitochondrial | LOEL/LOAEL 0.05 110 days Liu et al. (2016) in
toxicity acytCoAthioesterasé and EFSA, 2020
hydroxyacyt
CoAdehydrogenase
PFBS Rat male gavage repeated dose | Decr serum phosphorus and| NOEL/NOAEL 100 28 days NICNAS (2005) in
toxicity potassium EFSA, 2020
PFBS Rat male gavage repeatediose Incr rel and absolute liver NOEL/NOAEL 300 28 days NICNAS (2005) in
toxicity weight EFSA, 2020
PFBS Rat male gavage repeated dose | Decr serum phosphorus and| LOEL/LOAEL 300 28 days NICNAS (2005) in
toxicity potassium EFSA, 2020
PFBS Rat male gavage repeated dose | Incr rel and absolute liver LOEL/LOAEL 900 28 days NICNAS (2005) in
toxicity weight EFSA, 2020
PFBS Rat male gavage repeated dose | Decr red blood cells (m) NOEL/NOAEL 200 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr haematocrit (m) NOEL/NOAEL 60 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr haemoglobin (m) NOEL/NOAEL 60 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Incr serum chloride (m) NOEL/NOAEL 200 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat female gavage repeated dose | Decr serum albumin and tot NOEL/NOAEL 200 90 days Lieder et al. (2009a)
toxicity protein in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr abs &rel spleen weight | LOEL/LOAEL 60 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr red blood cells (m) LOEL/LOAEL 600 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr haematocrit (m) LOEL/LOAEL 200 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Decr haemoglobin (m) LOEL/LOAEL 200 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
PFBS Rat male gavage repeated dose | Incr serum chloride (m) LOEL/LOAEL 600 90 days Lieder et al. (2009a)
toxicity in EFSA, 2020
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PFBS Rat female gavage repeated dose | Decr serum albumin and totg LOEL/LOAEL 600 90 days Lieder et al. (2009a)
toxicity protein in EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 100 10 weeks Lieder et al. (2009b)
toxicity in EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 300 10 weeks Lieder et al(2009b)
toxicity in EFSA, 2020
PFBS Rat female gavage Repeated dose | Incr rel liver weight NOEL/NOAEL 62.6 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr acytCoA-oxidase NOEL/NOAEL 125 28 days NTP, 2019b) in
toxicity activity EFSA, 2020
PFBS Rat m/f gavage Repeated dose | Incr albumin/globulin ratio NOEL/NOAEL 62.6 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 62.6 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat female gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 125 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 125 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat female gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 250 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat male gavage Repeated dose | Incr acytCoA-oxidase LOEL/LOAEL 250 28 days NTP, 2019b) in
toxicity activity EFSA, 2020
PFBS Rat female gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 62.6 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFBS Rat m/f gavage Repeated dose | Decr haematocrit, RBC, LOEL/LOAEL 62.6 28 days NTP, 2019b) in
toxicity cholesterol, T3, total+free T4 EFSA, 2020
PFBS Rat m/f gavage Repeated dose | Incr albumin/globulin ratio LOEL/LOAEL 125 28 days NTP, 2019b) in
toxicity EFSA, 2020
PFHxS Rat male gavage Repeated dose | Incr rel liver weight NOEL/NOAEL 1 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr haemoglobin NOEL/NOAEL 0.3 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr haematocrit NOEL/NOAEL 1 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeatediose Decr RBC NOEL/NOAEL 1 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Thyroid NOEL/NOAEL 1 42 days Butenhoff et al.
toxicity hypertrophy/hyperplasia (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 3 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr prothrombin time LOEL/LOAEL 0.3 42 days Butenhoff et al.

toxicity

(2009) in EFSA,
2020
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PFHxS Rat male gavage Repeated dose | Decr serum cholesterol LOEL/LOAEL 0.3 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr haemoglobin LOEL/LOAEL 1 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr haematocrit LOEL/LOAEL 3 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Decr RBC LOEL/LOAEL 3 42 days Butenhoff et al.
toxicity (2009) in EFSA,
2020
PFHxS Rat male gavage Repeated dose | Thyroid LOEL/LOAEL 3 42 days Butenhoff et al.
toxicity hypertrophy/hyperplasia (2009) in EFSA,
2020
PFHxS Mice male gavage Repeated dose | Incr abs liver weight NOEL/NOAEL 3 7 days Rosen et al. (2017) in
toxicity EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 3 7 days Rosen et al. (2017) in
toxicity EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr abs liver weight LOEL/LOAEL 10 7 days Rosen et al. (2017) ir
toxicity EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr absand rel liver weight | LOEL/LOAEL 10 7 days Das et al. (2017) in
toxicity EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr hepatic lipid and LOEL/LOAEL 10 7 days Das et al. (2017) in
toxicity triglyceride content EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 0.3 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr ALP NOEL/NOAEL 1 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Decrserum cholesterol NOEL/NOAEL 1 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Necrotic hepatocytes and NOEL/NOAEL 1 42 days Chang et al. (2018)
toxicity lipid vesicles in hepatocytes in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 1 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Centrilobular hypertrophy LOEL/LOAEL 0.3 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Incr ALP LOEL/LOAEL 3 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Decr serum cholesterol LOEL/LOAEL 3 42 days Chang et al. (2018)
toxicity in EFSA, 2020
PFHxS Mice male gavage Repeated dose | Necrotic hepatocytes and LOEL/LOAEL 3 42 days Chang et al. (2018)
toxicity lipid vesicles in hepatocytes in EFSA, 2020
PFHxS Rat male gavage Repeated dose | Incr rel and abs liver weight | NOEL/NOAEL 0.625 28 days NTP, 2019b in
toxicity EFSA, 2020
PFHxS Rat male gavage Repeated dose | Incr acytCoA-oxidase NOEL/NOAEL 25 28 days NTP, 2019b in
toxicity activity EFSA, 2020
PFHxS Rat female gavage Repeated dose | Decr total T4 NOEL/NOAEL 3.12 28 days NTP, 2019b in
toxicity EFSA, 2020
PFHxS Rat female gavage Repeated dose | Decr free T4 NOEL/NOAEL 6.25 28 days NTP, 2019b in
toxicity EFSA, 2020
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PFHxS Rat male gavage Repeated dose | Incr acytCoA-oxidase NOEL/NOAEL 25 28 days NTP, 2019b in
toxicity activity EFSA, 2020

PFHxS Rat male gavage Repeated dose | Incr rel and abs liver weight | LOEL/LOAEL 1.25 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat female gavage Repeated dose | Incr rel and abs liver weight | LOEL/LOAEL 3.12 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat male gavage Repeated dose | DecrT3 and cholesterol LOEL/LOAEL 0.625 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat male gavage Repeated dose | Decr total T4 LOEL/LOAEL 0.625 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat female gavage Repeated dose | Decr total T4 LOEL/LOAEL 6.25 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat male gavage Repeated dose | Decr free T4 LOEL/LOAEL 0.625 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat female gavage Repeated dose | Decr free T4 LOEL/LOAEL 125 28 days NTP, 2019b in
toxicity EFSA, 2020

PFHxS Rat male gavage Repeated dose | Incr acytCoA-oxidase LOEL/LOAEL 5 28 days NTP, 2019b in
toxicity activity EFSA, 2020

PFOS Rat male gavage every | Repeated dose | DNA fragmentation in liver | LOEL/LOAEL ~0.6 30 days Ekeet al. (2017) in

second day toxicity (Comet Assay) EFSA, 2020

PFOS Mice male Diet Repeated dose | Incr epididymal adipose LOEL/LOAEL 0.2 28 days Huck et al. (2018) in
toxicity tissue EFSA, 2020

PFOS Mice male Diet Repeated dose | Incr rel liver weight LOEL/LOAEL 0.2 28 days Huck etal. (2018) in
toxicity EFSA, 2020

PFOS Mice male Diet Repeated dose | Incr hepatic triglycerides LOEL/LOAEL 0.2 28 days Huck et al. (2018) in
toxicity EFSA, 2020

PFOS Mice male Diet Repeated dose | Incr hepatocellular lipid LOEL/LOAEL 0.2 28 days Huck et al. (2018) in
toxicity storage EFSA, 2020

PFOS Mice male Diet Repeated dose | Incr blood glucose LOEL/LOAEL 0.2 28 days Huck et al. (2018) in
toxicity EFSA, 2020

PFOS Mice male gavage Repeated dose | Incr AST, ALT, LDH LOEL/LOAEL 10 21 days Lv et al. (2018)n
toxicity EFSA, 2020

PFOS Mice male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 10 21 days Lv et al. (2018) in
toxicity EFSA, 2020

PFOS Mice male gavage Repeated dose | Incr content of hepatic MDA | LOEL/LOAEL 10 21 days Lv et al. (2018)n
toxicity and H202 EFSA, 2020

PFOS Mice male gavage Repeated dose | Incr hepatic levels of TNFa | LOEL/LOAEL 10 21 days Lv et al. (2018) in
toxicity and IL6 EFSA, 2020

PFOS Mice male gavage Repeated dose | Incr hepatic caspase 3 activii LOEL/LOAEL 10 21 days Lv etal. (2018) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr AST NOEL/NOAEL 1 28 days Han et al. (2018a) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr ALT LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr AST LOEL/LOAEL 10 28 days Han et al. (2018a) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr TNFa in serum LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr hepatic MDA content LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity EFSA, 2020
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PFOS Rat male gavage Repeated dose | Decr hepatic catalase activity LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Decr hepatic content of GSH| LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity and GSH/GSSG EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr cleavage of caspase 3 ir] LOEL/LOAEL 1 28 days Han et al. (2018a) in
toxicity liver EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr ALT NOEL/NOAEL 1 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr ALT LOEL/LOAEL 10 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr AST LOEL/LOAEL 10 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr TNFa in serum LOEL/LOAEL 1 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr IL6 in serum LOEL/LOAEL 1 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Rat male gavage Repeated dose | Incr PCNA positive nuclei LOEL/LOAEL 1 28 days Han et al. (2018b) in
toxicity EFSA, 2020

PFOS Mice male diet Repeated dose | Incr rel liver weight LOEL/LOAEL 0.089 6 weeks Hucket al. (2018) in
toxicity EFSA, 2020

PFOS Mice male diet Repeated dose | Incr hepatic triglyceride conc| LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in
toxicity EFSA, 2020

PFOS Mice male diet Repeated dose | Incr blood glucose LOEL/LOAEL 0.089 6 weeks Hucket al. (2018) in
toxicity EFSA, 2020

PFOS Mice male diet Repeated dose | Incr. serum triglyceride & LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in
toxicity cholesterol EFSA, 2020

PFOS Mice female diet Repeated dose | Incr abs & rel liver weight NOEL/NOAEL 0.3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice female diet Repeated dose | Decr serum triglyceride NOEL/NOAEL 0.3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice female diet Repeated dose | Incr abs & rel liver weight LOEL/LOAEL 3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice female diet Repeated dose | Incr liver triglyceride LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice female diet Repeated dose | Decr serum triglyceride LOEL/LOAEL 3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice female diet Repeated dose | Altered pyruvate tolerance LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in
toxicity test EFSA, 2020

PFOS Mice female diet Repeated dose | Altered gut microbiome LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in
toxicity EFSA, 2020

PFOS Mice male Repeated dose | Incr. ALT & AST LOEL/LOAEL 10 21 days Su et al. (2019) in
toxicity EFSA, 2020

PFOS Mice male Repeated dose | Incr total cholesterol & LOEL/LOAEL 10 21 days Suet al. (2019) in
toxicity triglycerides in serum EFSA, 2020

PFOS Mice male Repeated dose | Incr TNFa & IL6 in serum LOEL/LOAEL 10 21 days Su et al. (2019) in
toxicity EFSA, 2020

PFOS Rat male Gavage Repeated dose | Incr acytCoA-oxidase NOEL/NOAEL 1.25 28 days NTP (2019b) in
toxicity activity EFSA, 2020

PFOS Rat m/f Gavage Repeated dose | Incr rel and abs liver weight | LOEL/LOAEL 0.312 28 days NTP (2019b) in
toxicity (m/f) EFSA, 2020
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PFOS Rat male Gavage Repeated dose | Incr acytCoA-oxidase LOEL/LOAEL 25 28 days NTP (2019b) in
toxicity activity (m) EFSA, 2020

PFOS Rat male Gavage Repeated dose | Decr blood cholesterol (m) | LOEL/LOAEL 0.312 28 days NTP (2019b) in
toxicity EFSA, 2020

PFOS Rat m/f Gavage Repeated dose | Decr total and free T4 (m, f) | LOEL/LOAEL 0.312 28 days NTP (2019b) in
toxicity EFSA, 2020

PFOA Mice female oral Reproductive impaired development of LOAEL 5 GD 1-17,GD 8 | White et al. (2007) in

gavage+diet and mammary glands 17, GD 1217 EFSA, 2020
(milk) developmental
toxicity
PFOA Mice female oral Reproductive impaired development of LOAEL 3 GD 1-17 and GD | White et al. (2009) in
gavage+diet and mammary glands 8-17, + cross EFSA, 2020
(milk) developmental fostering
toxicity (lactation)

PFOA Mice female oral gavage Reproductive impaireddevelopment of LOAEL 5 GD 7/10/13/15 | White et al. (2009) in
and mammary glands 17 EFSA, 2020
developmental
toxicity

PFOA Mice female oral gavage Reproductive impaired development of LOAEL 0.3 GD 1-17 Macon et al. (2011)
and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice female oral gavage Reproductive delayed mammary gland LOAEL 0.01 GD 1017 Macon et al. (2011)
and development in pups assess in ltalian EQS
developmental | on postnatal day 21 dossier, 2015
toxicity

PFOA Mice female oral gavage Reproductive impaired development of LOAEL 0.01 GD 1017 Macon et al. (2011)
and mammary glands in EFSA, 2020;
developmental Italian EQS dossier,
toxicity 2015

PFOA Mice sex not diet (milk) Reproductive impaired development of LOAEC (ng/mL) 4,980 Pup PND 7 Macon et al. (2011)

specified and mammaryglands in EFSA, 2020
developmental
toxicity
PFOA Mice sex not diet (milk) Reproductive impaired development of LOAEC (ng/mL) 285 Pup PND 1 Macon et al. (2011)
specified and mammary glands in EFSA, 2020
developmental
toxicity
PFOA Mice sex not diet (milk) Reproductive impaired development of LOAEC (ng/mL) 16.5 Pup PND 21 Macon et al. (2011)
specified and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice F1 PND 22 drinking water | Reproductive impaired development of LOAEC (ng/mL) 21.3 PO GD %7 White et al. (2011) in
and mammary glands EFSA, 2020
developmental
toxicity

PFOA Mice F1 PND 63 drinking water | Reproductive impaired development of LOAEC (ng/mL) 66.2 PO GD 17 White et al. (2011) in
and mammary glands EFSA, 2020

developmental
toxicity
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PFOA Mice GD 18 dam drinking water | Reproductive impaired development of NOAEL 3 GD 1-17 Albrecht et al. (2013)
and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice Pup PND 21 oral gavage Reproductive impaired development of LOAEL 0.01 GD 1-17 Tucker et al.(2015)
and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice Pup PND 21 oral gavage Reproductive impaired development of NOAEL 0.1 GD 1-17 Tucker etal.(2015)
and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice Pup PND 21 oral gavage Reproductive impaired development of LOAEL 0.3 GD 1-17 Tucker et al.(2015)
and mammary glands in EFSA, 2020
developmental
toxicity

PFOA Mice PND 21 oral gavage Reproductive impaired development of NOAEL 0.7 28 days, 5 Yang et al. (2009) in
and mammary glands days/week; GD | EFSA, 2020
developmental 117
toxicity

PFOA Mice PND 22 oral gavage Reproductive impaired development of LOAEL 3.6 28 days, 5 Yang et al. (2009) in
and mammary glands days/week; GD | EFSA, 2020
developmental 1i 17
toxicity

PFOA Mice PND 23 oral gavage Reproductive impaired development of NOAEC (ng/mL) 29,500 28 days, 5 Yang et al. (2009) in
and mammary glands days/week; GD | EFSA, 2020
developmental 1i 17
toxicity

PFOA Mice PND 24 oral gavage Reproductive impaired development of LOAEC (ng/mL) 109,000 28 days, 5 Yang et al. (2009) in
and mammary glands days/week; GD | EFSA, 2020
developmental 117
toxicity

PFOA Mice PND 21 oral gavage Reproductive impaired development of LOAEL 1.8 28 days, 5 Zhao et al. (20113 in
and mammary glands days/week; GD | EFSA, 2020
developmental 1i 17
toxicity

PFOA Mice PND 22 oral gavage Reproductive impaired development of LOAEC (ng/mL) 51,100 28 days, 5 Zhao et al. (2019 in
and mammary glands days/week; GD | EFSA, 2020
developmental 1717
toxicity

PFOA Mice PND 22 oral gavage Reproductive impaired development of LOAEL 5.4 28 days, 5 Zhao et al. (2019 in
and mammary glands days/week; GD | EFSA, 2020
developmental 1i17
toxicity

PFOA Mice PND 23 oral gavage Reproductive impaired development of LOAEC (ng/mL) 93,400 28 days, 5 Zhao et al. (20113 in
and mammary glands days/week; GD | EFSA, 2020
developmental 117
toxicity

PFBA Mice mother oral gavage Reproductive Increasediver weight NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in
and EFSA, 2020
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developmental
toxicity

PFBA Mice mother oral gavage Reproductive Increased liver weight LOEL/LOAEL 175 GD 1-17 Das et al. (2008) in
and EFSA, 2020
developmental
toxicity

PFBA Mice offspring oral gavage Reproductive Increased liver weight (PND | NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in
and 1) EFSA, 2020
developmental
toxicity

PFBA Mice offspring oral gavage Reproductive Increased liver weight (PND | LOEL/LOAEL 175 GD 1-17 Daset al. (2008) in
and 1) EFSA, 2020
developmental
toxicity

PFBA Mice offspring oral gavage Reproductive Delayed eye opening LOEL/LOAEL 35 GD 1-17 Das et al. (2008) in
and EFSA, 2020
developmental
toxicity

PFBA Mice offspring oral gavage Reproductive Delayed vaginal opening NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in

female and EFSA, 2020
developmental
toxicity
PFBA Mice offspring oral gavage Reproductive Delayed vaginal opening LOEL/LOAEL 175 GD 1-17 Das et al. (2008) in
female and EFSA, 2020
developmental
toxicity

PFBA Mice offspring male | oral gavage Reproductive Delayed preputial separation] NOEL/NOAEL 175 GD 1-17 Das et al. (2008) in
and EFSA, 2020
developmental
toxicity

PFBA Mice offspring male | oral gavage Reproductive Delayed preputiadeparation | LOEL/LOAEL 350 GD 1-17 Das et al. (2008) in
and EFSA, 2020
developmental
toxicity

PFHxA Mice mother oral gavage Reproductive Maternal mortality NOEL/NOAEL 100 GD 6-18 Iwai and Hoberman
and (2014) in EFSA,
developmental 2020
toxicity

PFHxA Mice mother oral gavage Reproductive Maternal mortality LOEL/LOAEL 350 GD 6-18 Iwai and Hoberman
and (2014) in EFSA,
developmental 2020
toxicity

PFHxA Mice offspring oral gavage Reproductive Increased % pups found dea] NOEL/NOAEL 100 GD 618 Iwai and Hoberman
and day 1 4 (2014) in EFSA,
developmental 2020
toxicity

PFHxA Mice offspring oral gavage Reproductive Increased % pups found dea| LOEL/LOAEL 350 GD 6-18 Iwai and Hoberman
and day 15 (2014) in EFSA,

developmental
toxicity

2020
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PFHxA Mice offspring oral gavage Reproductive Increase in stillborn pups an¢ NOEL/NOAEL 35 GD 6-18 Iwai and Hoberman
and pups dying on PND1 (2014) in EFSA,
developmental 2020
toxicity
PFHxA Mice offspring oral gavage Reproductive Increase in stillborn pups anqg LOEL/LOAEL 175 GD 618 Ilwai and Hoberman
and pups dying on PND2 (2014) in EFSA,
developmental 2020
toxicity
PFHxA Rat One generation oral gavage Reproductive Reduced body weight gain | NOEL/NOAEL 100 Females and Loveless et al. (2009
reproduction and (females) during first week of males: 70 days | in EFSA, 2020
study, mother developmental | exposure anduring lactation prior to
toxicity cohabitation
until weaning,
approximately
126 day totally
for females and
110 days totally
for males
PFHxA Rat One generation| oral gavage Reproductive Reduced body weight gain | LOEL/LOAEL 500 Females and Loveless et al. (2009
reproduction and (females) during first week of males: 70 days | in EFSA, 2020
study, developmental | exposure and during lactatio prior to
offspring toxicity cohabitation
until weaning,
approximately
126 day totally
for females and
110 days totally
for males
PFHxA Rat One generation| oral gavage Reproductive Reduced mean F1 pup weigh NOEL/NOAEL 100 Females and Loveless et al. (2009
reproduction and males: 70 days | in EFSA, 2020
study, female developmental prior to
toxicity cohabitation
until weaning,
approximately
126 day totally
for females and
110 days totally
for males
PFHxA Rat One generation| oral gavage Reproductive Reduced mean F1 pup weigl LOEL/LOAEL 500 Females and Loveless et al. (2009
reproduction and males: 70 days | in EFSA, 2020
study, female developmental prior to
toxicity cohabitation
until weaning,
approximately
126 day totally
for females and
110 days totally
for males
PFHxA Rat One generation| oral gavage Reproductive Reduced maternal body NOAEL 100 GD 620 Loveless et al. (2009
reproduction and weight in EFSA, 2020

study, mother
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developmental
toxicity

PFHxA Rat One generation oral gavage Reproductive Reduced maternal body LOEL/LOAEL 500 GD 6-20 Loveless et al. (2009
reproduction and weight in EFSA, 2020
study, developmental
offspring toxicity

PFHxA Rat One generation| oral gavage Reproductive 10% decrease of fetal weight NOAEL 100 GD 620 Loveless et al. (2009
reproduction and in EFSA, 2020
study, female developmental

toxicity

PFHxA Rat One generation| oral gavage Reproductive 10% decrease of fetal weight LOEL/LOAEL 500 GD 620 Loveless et al. (2009
reproduction and in EFSA, 2020
study, mother developmental

toxicity

PFNA Mice One generation oral gavage Reproductive increased relative liver BMD5/BMDL5 0.43/0.27 GD 1IiGD 17 Das et al. 2015 in
reproduction and weights EFSA, 2020
study, mother developmental

toxicity

PFNA Mice One generation oral gavage Reproductive increased relative liver BMD5/BMDL5 0.24/0.19 GD 1iGD 17 Das et al. 2015 in
reproduction and weights EFSA, 2020
study, pups at developmental
PND1 toxicity

PFNA Mice One generation oral gavage Reproductive Dams at 10 mg/képiled to NOEL/NOAEL 5 GD 1IiGD 17 Das et al. 2015 in
reproduction and carry pregnancy EFSA, 2020
study, mother developmental

toxicity

PFNA Mice One generation| oral gavage Reproductive Dams at 10 mg/kg failed to | LOEL/LOAEL 10 GD 1iGD 17 Das et al. 2015 in
reproduction and carry pregnancy EFSA, 2020
study, mother developmental

toxicity

PFNA Mice One generation| oral gavage Reproductive Increase in absolute and LOEL/LOAEL 1 GD 1iGD 17 Das et al. 2015 in
reproduction and relative liver weight EFSA, 2020
study, mother developmental

toxicity

PFNA Mice Onegeneration| oral gavage Reproductive "Dose dependent increase inl LOEL/LOAEL 1 GD 1IiGD 17 Das et al. 2015 in
reproduction and relative liver weight in pups” EFSA, 2020
study, developmental
offspring toxicity

PFNA Mice One generation oral gavage Reproductive Neonatal mortality within the| NOEL/NOAEL 3 GD 1IiGD 17 Das et al. 2015 in
reproduction and first 10 days EFSA, 2020
study, developmental
offspring toxicity

PFNA Mice One generation| oral gavage Reproductive Neonatal mortality within the| LOEL/LOAEL 5 GD 1iGD 17 Das et al. 2015 in
reproduction and first 10 days EFSA, 2020
study, developmental
offspring toxicity

PFNA Mice One generation| oral gavage Reproductive Postnatal reduction of body | LOEL/LOAEL 1 GD 1iGD 17 Das et al. 2015 in
reproduction and weight gain EFSA, 2020
study, developmental
offspring toxicity
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PFNA Mice One generation oral gavage Reproductive Delay in eye opening, NOEL/NOAEL 1 GD1iGD 17 Das et al. 2015 in
reproduction and preputial separation and EFSA, 2020
study, developmental | vaginal opening
offspring toxicity
PFNA Mice One generation| oral gavage Reproductive Delay in eye opening, LOEL/LOAEL 3 GD 1iGD 17 Das et al. 2015 in
reproduction and preputial separation and EFSA, 2020
study, developmental | vaginal opening
offspring toxicity
PFNA Rat One generation not mentioned | Reproductive Delayed weight gain LOEL/LOAEL 5 GD 1i 20 Rogers et al. 2014 in
reproduction and EFSA, 2020
study, mothers developmental
toxicity
PFNA Rat One generation not mentioned | Reproductive Lower birth weight in femaleg LOEL/LOAEL 5 GD 1i 20 Rogers et al. 2014 in
reproduction and EFSA, 2020
study, developmental
offspring toxicity
females
PFNA Rat One generation not mentioned | Reproductive Increased blood pressure in | LOEL/LOAEL 5 GD 1i 20 Rogers et al. 2014 in
reproduction and males and females at 10 EFSA, 2020
study, developmental | weeks of age
offspring toxicity
PFNA Rat One generation not mentioned | Reproductive Reduced nephroendowment | LOEL/LOAEL 5 GD 1i 20 Rogers et al. 2014 in
reproduction and (nephrons per kidney) in EFSA, 2020
study, developmental | males at week 22
offspring toxicity
males
PFNA Mice One generation oral feeding Reproductive Decreased testicular NOEL/NOAEL 2 GD 12 to Singh and Singh,
reproduction needle and testosterone PND3 parturition 2019a in EFSA, 202(¢
study, developmental
offspring toxicity
PND3
PFNA Mice One generation oral feeding Reproductive Decreased testicular LOEL/LOAEL 5 GD 12 to Singh and Singh,
reproduction needle and testosterone PND3 parturition 2019a in EFSA, 202(
study, developmental
offspring toxicity
PND3
PFDA Mice One generation Gavage Reproductive Increased liver weight NOEL/NOAEL 0.25 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989ain EFSA, 2020
study, mother developmental
toxicity
PFDA Mice One generation Gavage Reproductive Increased liver weight LOEL/LOAEL 0.5 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, mother developmental
toxicity
PFDA Mice One generation Gavage Reproductive Reduced bw NOEL/NOAEL 8 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, mother developmental
toxicity
PFDA Mice One generation Gavage Reproductive Reduced bw LOEL/LOAEL 16 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 202(¢
study, mother
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developmental
toxicity

PFDA Mice One generation Gavage Reproductive Reduced bw NOEL/NOAEL 0.25 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a inEFSA, 2020
study, developmental
offspring toxicity

PFDA Mice One generation Gavage Reproductive Reduced bw LOEL/LOAEL 0.5 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, developmental
offspring toxicity

PFDA Mice One generation Gavage Reproductive Increased liver weight NOEL/NOAEL 0.3 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 202
study, mother developmental

toxicity

PFDA Mice One generation Gavage Reproductive Increasediver weight LOEL/LOAEL 1 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, mother developmental

toxicity

PFDA Mice One generation Gavage Reproductive Reduced body weight NOEL/NOAEL 3 GD10-13 and Harris andBirnbaum
reproduction and GD 515 1989a in EFSA, 202(¢
study, mother developmental

toxicity

PFDA Mice One generation Gavage Reproductive Reduced body weight LOEL/LOAEL 6.4 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, mother developmental

toxicity

PFDA Mice One generation Gavage Reproductive Reduced body weight NOEL/NOAEL 0.1 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 2020
study, developmental
offspring toxicity

PFDA Mice One generation Gavage Reproductive Reduced body weight LOEL/LOAEL 0.3 GD10-13 and Harris and Birnbaum
reproduction and GD 515 1989a in EFSA, 202(¢
study, developmental
offspring toxicity

PFUNDA | Rat One generation Gavage Reproductive Lowered body weights in NOEL/NOAEL 0.3 from 14 days Takahashi et al. 2014
reproduction and male and femalepups at PNL prior to mating in EFSA, 2020
study, developmental | O and 4 for 42 days in
offspring (male toxicity males and until
and female) PND 5 in
PNDs 0 and 4 females.

PFUNDA | Rat One generation Gavage Reproductive Lowered body weights in LOEL/LOAEL 1 from 14 days Takahashi et al. 2014
reproduction and male and femalepups at PNL prior to mating in EFSA, 2020
study, developmental | O and 4 for 42 days in
offspring (male toxicity males and until
andfemale) PND 5 in
PNDs 0 and 4 females.

PFDoDA | Rat One generation Gavage Reproductive Decreased spermatid and NOAEL 0.5 from 14 days Kato et al.2015b in
reproduction and spermatozoa prior to mating EFSA, 2020
study, developmental for 42 days in
offspring toxicity males and
males through
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gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Decreased spermatid and LOEL/LOAEL 25 from 14 days Kato et al.2015b in
reproduction and spermatozoa prior to mating EFSA, 2020
study, developmental for 42 days in
offspring toxicity males and
males through
gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Continuous dioestrus NOAEL 0.5 from 14 days Kato et al.2015b in
reproduction and prior to mating EFSA, 2020
study, mother developmental for 42 daysn
toxicity males and
through
gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Continuous dioestrus LOEL/LOAEL 25 from 14 days Kato et al.2015b in
reproduction and prior tomating EFSA, 2020
study, mother developmental for 42 days in
toxicity males and
through
gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Death in late pregnancy (7 | NOAEL 0.5 from 14 days Kato et al.2015b in
reproduction and out of 12animals) prior to mating EFSA, 2020
study, mother developmental for 42 days in
toxicity males and
through
gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Death in late pregnancy (7 | LOEL/LOAEL 25 from 14 days Kato et al.2015b in
reproduction and out of 12 animals) prior to mating EFSA, 2020
study, mother developmental for 42 days in
toxicity males and
through
gestation until 6
days of nursing
in females
PFDoDA | Rat One generation Gavage Reproductive Failure to deliver live pups (4 NOAEL 0.5 from 14 days Kato et al.2015b in
reproduction and out of 12 animals) prior to mating EFSA, 2020
study,mother developmental for 42 days in
toxicity males and
through
gestation until 6
days of nursing
in females
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PFDoDA | Rat One generation Gavage Reproductive Failure to deliver live pups (4 LOEL/LOAEL 25 from 14 days Kato et al.2015b in
reproduction and out of 12 animals) prior to mating EFSA, 2020
study, mother developmental for 42 days in

toxicity males and
through
gestation until 6
days ofnursing
in females
PFHxA Rat male Gavage Reproductive Cauda epidydimis sperm NOEL/NOAEL 1,000 28 days NTP (2019a) in
toxicity count EFSA, 2020
PFHxA Rat male Gavage Reproductive Serum testosterone NOEL/NOAEL 1,000 28 days NTP (2019a) in
toxicity EFSA, 2020
PFHxA Rat female Gavage Reproductive Oestrus cyclicity NOEL/NOAEL 1,000 28 days NTP (2019a) in
toxicity EFSA, 2020
PFNA Rat male Gavage Reproductive Reduced testis weight with | NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity histopathological changes EFSA, 2020
PFNA Rat male Gavage Reproductive Decrease serum testosteron¢ NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity EFSA, 2020
PFNA Rat male Gavage Reproductive Decreased epidydimal weigh| LOEL/LOAEL 0.625 28 days NTP (2019a) in
toxicity with histopathological EFSA, 2020
findings.

PFNA Rat male Gavage Reproductive Reduced testis weight with | LOEL/LOAEL 1.25 28 days NTP (2019a) in

toxicity histopathological changes EFSA, 2020

PFNA Rat male Gavage Reproductive Decrease serum testosterony LOEL/LOAEL 1.25 28 days NTP (2019a) in

toxicity EFSA, 2020

PFNA Mice male oral feeding Reproductive "Reduced male fertility NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b) InEFSA,

2020
PFNA Mice male oral feeding Reproductive Decreased cholesterol NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b) in EFSA,

2020
PFNA Mice male oral feeding Reproductive Decreased testosterone NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b) in EFSA,

2020
PFNA Mice male oral feeding Reproductive Reduced expression of NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity steroidogenic enzymes in to PND 114) (2019b) in EFSA,

testes 2020
PFNA Mice male oral feeding Reproductive Reduced PCNA (proliferatiorf NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity marker) and increased to PND 114) (2019b) in EFSA,

caspase3 (apoptosis marker 2020

expression in testis

PFNA Mice male oral feeding Reproductive Reduced litter size NOEL/NOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b) in EFSA,

2020
PFNA Mice male oral feeding Reproductive "Reduced male fertility LOEL/LOAEL 0.5 90 days (PND 25| Singh and Singh
needle toxicity (reducedsperm number, to PND 114) (2019b) in EFSA,

viability and motility)" 2020

PFNA Mice male oral feeding Reproductive Decreased cholesterol LOEL/LOAEL 0.5 90 days (PND 25| Singh andSingh

needle toxicity to PND 114) (2019b) in EFSA,

2020
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PFNA Mice male oral feeding Reproductive Decreased testosterone LOEL/LOAEL 0.5 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b) in EFSA,
2020
PFNA Mice male oral feeding Reproductive Reducedexpression of LOEL/LOAEL 0.5 90 days (PND 25| Singh and Singh
needle toxicity steroidogenic enzymes in to PND 114) (2019b) in EFSA,
testes 2020
PFNA Mice male oral feeding Reproductive Reduced PCNA (proliferation LOEL/LOAEL 0.5 90 days (PND 25| Singh and Singh
needle toxicity marker) and increased to PND 114) (2019b) in EFSA,
caspase3 (apoptosizarker) 2020
expression in testis
PFNA Mice male oral feeding Reproductive Reduced litter size LOEL/LOAEL 0.5 90 days (PND 25| Singh and Singh
needle toxicity to PND 114) (2019b)in EFSA,
2020
PFNA Mice male oral feeding Reproductive Decreased SOD and catalas{ LOEL/LOAEL 0.2 90 days (PND 25| Singh and Singh
needle toxicity activity in testes to PND 114) (2019b) in EFSA,
2020
PFNA Mice male oral feeding Reproductive Reduced body weight gain | NOEL/NOAEL 2 14 days, from Sing and Singh
needle toxicity PND 25 to PND | (2019c) in EFSA,
38 2020
PFNA Mice male oral feeding Reproductive Reduced body weight gain | LOEL/LOAEL 5 14 days, from Sing and Singh
needle toxicity PND 25 to PND | (2019c)in EFSA,
38 2020
PFNA Mice male oral feeding Reproductive Reduced serum and testiculg LOEL/LOAEL 2 14 days, from Sing and Singh
needle toxicity testosterone PND 25 to PND | (2019c) in EFSA,
38 2020
PFNA Mice male oral feeding Reproductive Degenerative changes in LOEL/LOAEL 2 14 days, from Sing and Singh
needle toxicity seminiferous tubules PND 25 to PND | (2019c) in EFSA,
38 2020
PFNA Mice male oral feeding Reproductive Increased liver weight and LOEL/LOAEL 2 14days, from Singh and Singh
needle toxicity hepatocellular hypertrophy PND 25 to PND | (2019d) in EFSA,
38 2020
PFNA Mice male oral feeding Reproductive Altered proportions of 4C anq¢ LOEL/LOAEL 2 14 days, from Singh and Singh
needle toxicity 2C cells in testis PND 25 to PND | (2019d) in EFSA,
38 2020
PFDA Rat male gavage Reproductive Reduced epidydimal weight | NOEL/NOAEL 0.625 28 days NTP (2019a) in
toxicity and cauda epidydimis sperm EFSA, 2020
count
PFDA Rat male gavage Reproductive Reduced testis weight NOEL/NOAEL 1.25 28 days NTP (2019a)n
toxicity EFSA, 2020
PFDA Rat male gavage Reproductive Reduced testosterone NOEL/NOAEL 1.25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Reproductive Reduced epidydimal weight | LOEL/LOAEL 1.25 28 days NTP (2019a) in
toxicity and cauda epidydimis sperm EFSA, 2020
count
PFDA Rat male gavage Reproductive Reduced testis weight LOEL/LOAEL 25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDA Rat male gavage Reproductive Reduced testosterone LOEL/LOAEL 25 28 days NTP (2019a) in
toxicity EFSA, 2020
PFDoDA | Rat female orally Reproductive Body weight decreased NOEL/NOAEL 15 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020
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PFDoDA | Rat female orally Reproductive Absolute and relative weight| NOEL/NOAEL 3 28days (PND 24| Shi et al. (2009a) in
toxicity of uterus and ovary i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Age, weight at vaginal NOEL/NOAEL 3 28 days (PND 24| Shi et al. (2009a) in
toxicity opening i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Oestrus cyclicity NOEL/NOAEL 3 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Increased cholesterol NOEL/NOAEL 15 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Decreased estradiol NOEL/NOAEL 15 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Body weight decreased LOEL/LOAEL 3 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Increased cholesterol LOEL/LOAEL 3 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND 52) EFSA, 2020

PFDoDA | Rat female orally Reproductive Decreased estradiol LOEL/LOAEL 3 28 days (PND 24| Shi et al. (2009a) in
toxicity i PND52) EFSA, 2020

PFDoDA | Rat male orally Reproductive Body weight decreased NOEL/NOAEL 0.2 110 days Shi et al. (2009b) in
toxicity EFSA, 2020

PFDoDA | Rat male orally Reproductive Absolute and relative weight| NOEL/NOAEL 0.5 110 days Shi et al. (2009b) in
toxicity of testis,prostate, seminal EFSA, 2020

vesicle, vas deferens

PFDoDA | Rat male orally Reproductive Cholesterol NOEL/NOAEL 0.5 110 days Shi et al. (2009b) in
toxicity EFSA, 2020

PFDoDA | Rat male orally Reproductive Decreased testosterone NOEL/NOAEL 0.2 110 days Shi et al. (2009b) in
toxicity EFSA, 2020

PFDoDA | Rat male orally Reproductive Body weight decreased LOEL/LOAEL 0.5 110 days Shi et al. (2009b) in
toxicity EFSA, 2020

PFDoDA | Rat male orally Reproductive Decreased testosterone LOEL/LOAEL 0.5 110 days Shi et al. (2009b) in
toxicity EFSA, 2020

PFDoDA | Rat male gavage Reproductive Body weight decrease NOEL/NOAEL 5 14 days exposur¢ Chen et al. (2019) in
toxicity (sacrifice PND EFSA, 2020

35)

PFDoDA | Rat male gavage Reproductive Decreased testis weight NOEL/NOAEL 5 15 days exposur¢ Chen et al. (2019) in

toxicity (sacrifice PND EFSA, 2020
35)

PFDoDA | Rat male gavage Reproductive Body weight decrease LOEL/LOAEL 10 16 days exposurd Chenet al. (2019) in

toxicity (sacrifice PND EFSA, 2020
35)

PFDoDA | Rat male gavage Reproductive Decreased testis weight LOEL/LOAEL 10 17 days exposur¢ Chen et al. (2019) in

toxicity (sacrifice PND EFSA, 2020
35)

PFDoDA | Rat male gavage Reproductive Decreased testosterone, LH,| LOEL/LOAEL 5 18 days exposur¢ Chen et al. (2019) in

toxicity FSH (sacrifice PND EFSA, 2020
35)

PFBS Rat female, mother| gavage Reproductive Increased liver weight NOEL/NOAEL 100 2-generation Lieder et al. (2009b)
and reproduction in EFSA, 2020
developmental study
toxicity

PFBS Rat female, mother| gavage Reproductive Increased liver weight LOEL/LOAEL 300 2-generation Lieder et al. (2009b)
and reproduction in EFSA, 2020

study
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developmental
toxicity

PFBS Rat male (FO and | gavage Reproductive Increased hepatocellular NOEL/NOAEL 100 2-generation Lieder et al. (2009b)
F1 adult and hypertrophy (P and F1 adult reproduction in EFSA, 2020
males) developmental | males) study

toxicity

PFBS Rat male (FO and | gavage Reproductive Increased hepatocellular LOEL/LOAEL 300 2-generation Lieder et al. (2009b)
F1 adult and hypertrophy (P and F1 adult reproduction in EFSA, 2020
males) developmental | males) study

toxicity

PFBS Rat female, mother| gavage Reproductive Increased incidence of mild | NOEL/NOAEL 100 2-generation Lieder et al. (2009b)
and microscopidindings in reproduction in EFSA, 2020
developmental | kidney study
toxicity

PFBS Rat female, mother| gavage Reproductive Increased incidence of mild | LOEL/LOAEL 300 2-generation Lieder et al. (2009b)
and microscopic findings in reproduction in EFSA, 2020
developmental | kidney study
toxicity

PFBS Rat Offspring, sex | gavage Reproductive No reproductive and NOAEL 1,000 2-generation Lieder et al. (2009b)
not specified and developmental toxicity reproduction in EFSA, 2020

developmental | findings study
toxicity

PFBS Mice offspring, orally Reproductive Decreased body weight NOAEL 50 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice offspring, orally Reproductive Delayed eye opening NOAEL 50 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice offspring, orally Reproductive Delayed vaginal opening NOAEL 50 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice offspring, orally Reproductive Delayed oestrus cyclicity and NOAEL 50 GD1-20 Feng et al. (2017) in
female from and reduced E2/increased LH EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice offspring, orally Reproductive Decreased T3/T4, increased| NOAEL 50 GD1-20 Feng et al. (2017) in
female from and TSH EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice offspring, orally Reproductive Impaired ovarian and uterine] NOAEL 50 GD1-20 Feng et al. (2017) in
female from and development EFSA, 2020
PND 1 to developmental
adulthood toxicity

PFBS Mice mother, at orally Reproductive Decreased T3/T4, increased| NOAEL 50 GD1-20 Feng et al(2017) in
GN20 and TSH at GD 20 EFSA, 2020

developmental
toxicity
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PFBS Mice offspring, orally Reproductive Decreased body weight LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice offspring, orally Reproductive Delayed eye opening LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice offspring, orally Reproductive Delayed vaginal opening LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice offspring, orally Reproductive Delayed oestrus cyclicity anq LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and reduced E2/increased LH EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice offspring, orally Reproductive Decreased T3/T4, increased| LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and TSH EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice offspring, orally Reproductive Impaired ovarian and uterine| LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
female from and development EFSA, 2020
PND 1 to developmental
adulthood toxicity
PFBS Mice mother, at orally Reproductive Decreased T3/T4, increased| LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in
GN20 and TSH at GD 20 EFSA, 2020
developmental
toxicity
PFHxS Rat offspring Gavage Reproductive No reproductive or NOEL/NOAEL 10 FO 14 days Butenhoffet al.
and developmental effect prior to mating (2009) in EFSA,
developmental until PND 22 or | 2020
toxicity presumed
gestation day
PFHxS Rat mother Gavage Reproductive No treatmentelated effects | NOEL/NOAEL 10 FO 14 days Butenhoff et al.
and in dams prior to mating (2009) in EFSA,
developmental until PND 22 or | 2020
toxicity presumed
gestation day
PFHXS Rat offspring, male | Gavage Reproductive Increased liver weight NOEL/NOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
and 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat offspring, Gavage Reproductive Increased liver weight NOEL/NOAEL 0.05 GD 7 until PND | Ramhgj et al. (2018)
female and 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat mother Gavage Reproductive Pronounced reduction of T4 | NOEL/NOAEL 0.05 GD 7 until PND | Ramhgj et al(2018)
and levels, detectable at different| 22 in EFSA, 2020

developmental
toxicity

time points
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PFHxS Rat offspring Gavage Reproductive Pronounced reduction of T4 | NOEL/NOAEL 0.05 GD 7 until PND | Ramhgj et al. (2018)
and levels, detectable at different| 22 in EFSA, 2020
developmental | time points
toxicity
PFHxS Rat offspring, male | Gavage Reproductive Mildly decreased body NOEL/NOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
and weight. 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat offspring, Gavage Reproductive Mildly decreased body NOEL/NOAEL 0.05 GD 7 until PND | Ramhgj et al. (2018)
female and weight. 22 in EFSA, 2020
developmental
toxicity
PFHXS Rat offspring, male | Gavage Reproductive Increased liver weight LOEL/LOAEL 25 GD 7 until PND | Ramhgj et al. (2018)
and 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat offspring, Gavage Reproductive Increased liver weight LOEL/LOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
female and 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat mother Gavage Reproductive Pronounced reduction of T4 | LOEL/LOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
and levels, detectable alifferent 22 in EFSA, 2020
developmental | time points
toxicity
PFHxS Rat offspring Gavage Reproductive Pronounced reduction of T4 | LOEL/LOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
and levels, detectable at different| 22 in EFSA, 2020
developmental | time points
toxicity
PFHxS Rat offspring, male | Gavage Reproductive Mildly decreased body LOEL/LOAEL 25 GD 7 until PND | Ramhgj et al. (2018)
and weight. 22 in EFSA, 2020
developmental
toxicity
PFHxS Rat offspring, Gavage Reproductive Mildly decreased body LOEL/LOAEL 5 GD 7 until PND | Ramhgj et al. (2018)
female and weight. 22 in EFSA, 2020
developmental
toxicity
PFHxS mice offspring Gavage Reproductive Reduced litter size (without | NOAEL 0.3 FO: males 14 Chang et al. (2018)
and impact on born pup to days prior to in EFSA, 2020
developmental | implant ratio) mating until 42
toxicity days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.
PFHxS mice FO animals Gavage Reproductive Increased mean and relative| NOEL/NOAEL 0.3 FO: males 14 Chang et al. (2018)
and liver weight. days prior to in EFSA, 2020
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developmental
toxicity

mating until 42
days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning(PND
22) until 14
days.

PFHxXS

mice

F1 males

Gavage

Reproductive
and
developmental
toxicity

Increased relative liver
weight

NOEL/NOAEL

FO: males 14
days prior to
mating until 42
days, females 14
days prior to
matinguntil
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

Chang et al. (2018)
in EFSA, 2020

PFHXS

mice

F1 males and
females

Gavage

Reproductive
and
developmental
toxicity

Increased thyroid weight

NOEL/NOAEL

FO: malesl4
days prior to
mating until 42
days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

Chang et al. (2018)
in EFSA, 2020

PFHXS

mice

offspring

Gavage

Reproductive
and
developmental
toxicity

Reduced litter size (without
impact on born pup to
implant ratio)

LOEL/LOAEL

FO: males 14
days prior to
mating until 42
days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

Chang et al. (2018)
in EFSA, 2020

PFHXS

mice

FO animals

Gavage

Reproductive
and

Increased mean and relative
liver weight.

LOEL/LOAEL

FO: males 14
days prior to

Chang et al. (2018)
in EFSA, 2020
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developmental mating until 42

toxicity days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

PFHxS mice F1 males Gavage Reproductive Increased relative liver LOEL/LOAEL 3 FO: males 14 Chang et al. (2018)
and weight days prior to in EFSA, 2020
developmental mating until 42
toxicity days, females 14

days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

PFHxS mice F1 males and | Gavage Reproductive Increased thyroid weight LOEL/LOAEL 3 FO: males 14 Chang et al. (2018)

females and days prior to in EFSA, 2020

developmental mating until 42

toxicity days, females 14
days prior to
mating until
22LD. F1:
exposure in uterd
and via lactation
and after
weaning (PND
22) until 14
days.

PFOS Rat offspring Gavage Reproductive Decreased postnatal survival NOEL/NOAEL 1 GD2i GD21 Lau et al. (2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased postnatal survival BMDLO5 0.58 GD2i GD21 Lau et al. (2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased growth in NOEL/NOAEL 1 GD2i GD21 Lau et al. (2003) in
and surviving pups EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Delay in eye opening NOEL/NOAEL 1 GD2i GD21 Lau et al. (2003) in
and EFSA, 2020
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developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased thyroxin NOEL/NOAEL 1 GD2 GD21 Lau et al(2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased postnatal survival LOEL/LOAEL 2 GD2i GD21 Lau et al. (2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased growtim LOEL/LOAEL 2 GD2i GD21 Lau et al. (2003) in
and surviving pups EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Delay in eye opening LOEL/LOAEL 2 GD2 GD21 Lau et al. (2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased thyroxin LOEL/LOAEL 2 GD2i GD21 Lau et al. (2003) in
and EFSA, 2020
developmental
toxicity

PFOS Rat FO males and | Gavage Reproductive reduced bw gain NOEL/NOAEL 04 2 generation Luebker et al.

females and study: 6 weeks | (2005a) in EFSA,
developmental prior to mating, | 2020
toxicity during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.
PFOS Rat FO males and | Gavage Reproductive In FO shorter gestation, lowe] NOEL/NOAEL 1.6 2 generation Luebker et al.
females and n implantation sites, increase study: 6 weeks | (2005a) in EFSA,
developmental | in stillborn pups or early prior to mating, | 2020
toxicity neonatal death of litter. during mating
and through
gestation and
lactation, across
two generatios
for females.
Cross fostering.

PFOS Rat F1 males and | Gavage Reproductive F1 reduced survival and bw | NOEL/NOAEL 0.4 2 generation Luebker et al.

females and gain. study: 6 weeks | (2005a) in EFSA,

developmental
toxicity

prior to mating,
during mating
and through
gestation and
lactation, across
two generations

2020
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for females.
Cross fostering.

PFOS

Rat

F1 males and
females

Gavage

Reproductive
and
developmental
toxicity

Delayed eye opening F1

NOEL/NOAEL

0.1

2 generation
study: 6 weeks
prior to mating,
during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.

Luebker et al.
(2005a) in EFSA,
2020

PFOS

Rat

FO males and
females

Gavage

Reproductive
and
developmental
toxicity

reduced bw gain

LOEL/LOAEL

1.6

2 generation
study: 6 weeks
prior to mating,
during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.

Luebker et al.
(2005a) in EFSA,
2020

PFOS

Rat

FO males and
females

Gavage

Reproductive
and
developmental
toxicity

In FO shorter gestation, lowe
n implantation sites, increase
in stillborn pups or early
neonatal death of litter.

LOEL/LOAEL

3.2

2 generation
study: 6 weeks
prior to mating,
during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.

Luebker et al.
(2005a) in EFSA,
2020

PFOS

Rat

F1 males and
females

Gavage

Reproductive
and
developmental
toxicity

F1 reduced survival and bw
gain.

LOEL/LOAEL

1.6

2 generation
study: 6 weeks
prior to mating,
during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.

Luebker et al.
(2005a) in EFSA,
2020

PFOS

Rat

F1males and
females

Gavage

Reproductive
and
developmental
toxicity

Delayed eye opening F1

LOEL/LOAEL

0.4

2 generation
study: 6 weeks
prior to mating,
during mating
and through
gestation and
lactation, across
two generations
for females.
Cross fostering.

Luebker et al.
(2005a) in EFSA,
2020
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PFOS Rat mother Gavage Reproductive Decrease in gestation length| BMDLO5 0.31 6 weeks prior to | Luebker et al (2005b
and mating to day in EFSA, 2020
developmental four of lactation
toxicity

PFOS Rat offspring Gavage Reproductive Decrease in postnatal survivi BMDLO5 0.89 6 weeks prior to | Luebker et al (2005b
and day 5 mating to day in EFSA, 2020
developmental four of lactation
toxicity

PFOS Rat offspring Gavage Reproductive Mean pup weighat birth BMDLO5 0.39 6 weeks prior to | Luebker et al (2005b
and mating to day in EFSA, 2020
developmental four of lactation
toxicity

PFOS Rat mother Gavage Reproductive Increase in serum T4 on LD § LOEL/LOAEL 0.4 6 weeks prior to | Luebker et al (2005b
and mating to day in EFSA, 2020
developmental four of lactation
toxicity

PFOS Rat offspring Gavage Reproductive Increase in serum T4 on LD | LOEL/LOAEL 04 6 weeks prior to | Luebker et al (2005b
and mating to day in EFSA, 2020
developmental four of lactation
toxicity

PFOS Rat offspring Gavage Reproductive Increased mortality of NOEL/NOAEL 0.6 GD2 GD21 Xia et al. (2011) in
and offspring at 2 mg/kg per day EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Reduced bodyeight NOEL/NOAEL 0.6 GD2i GD21 Xia et al. (2011) in
and offspring EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increased heart to body NOEL/NOAEL 0.6 GD2 GD21 Xia et al. (2011) in
and weight ratio at PND 21 EFSA, 2020EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Cardiac mitochondrial injury | NOEL/NOAEL 0.6 GD2 GD21 Xia et al. (2011) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increasednortality of LOEL/LOAEL 2 GD2i GD21 Xia et al. (2011) in
and offspring at 2 mg/kg per day EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Reduced body weight LOEL/LOAEL 2 GD2i GD21 Xia et al. (2011) in
and offspring EFSA,2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increased heart to body LOEL/LOAEL 2 GD2i GD21 Xia et al. (2011) in
and weight ratio at PND 21 EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Cardiac mitochondrial injury | LOEL/LOAEL 2 GD2i GD21 Xia et al. (2011) in
and EFSA, 2020; EFSA,

2018
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developmental
toxicity

PFOS Rat mother at Gavage Reproductive Decreased body weight NOEL/NOAEL 5 GD 1119 Zhao et al. (201¢) in
GD20 and EFSA, 2020EFSA,

developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis weight and| NOEL/NOAEL 5 GD 11-19 Zhao et al. (201¢) in
and liver HDL-cholesterol EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis weight NOEL/NOAEL 5 GD 11-19 Zhao et al. (201¢) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Change anogenital distance | NOEL/NOAEL 5 GD 11:19 Zhao et al. (201) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increased apoptosis rate in | NOEL/NOAEL 5 GD 11-19 Zhao et al. (201¢) in
and testicular cells EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreasediumber of Leydig | NOEL/NOAEL 5 GD 11:19 Zhao et al. (2014)in
and cells EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis testosteronf NOEL/NOAEL 5 GD 11-19 Zhao et al. (201¢) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis progesterorf NOEL/NOAEL 5 GD 11-19 Zhao et al. (201¢) in
and EFSA, 2020
developmental
toxicity

PFOS Rat mother at Gavage Reproductive Decreased body weight LOEL/LOAEL 20 GD 11:19 Zhao et al. (201) in

GD20 and EFSA, 2020; EFSA,

developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis weight and| LOEL/LOAEL 20 GD 11-19 Zhao et al. (201¢) in
and liver HDL-cholesterol EFSA, 2020
developmental
toxicity

PFOS Rat offspring Gavage Reproductive Decreased body weight LOEL/LOAEL 5 GD 11-19 Zhao et al. (201¢) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis weight and| LOEL/LOAEL 20 GD 11-19 Zhao et al. (201¢) in
and liver HDL-cholesterol EFSA, 2020; EFSA,

developmental
toxicity

2018
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PFOS Rat offspring Gavage Reproductive Change anogenital distance | LOEL/LOAEL 20 GD 11:19 Zhao et al. (201¢) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increased apoptosis rate in | LOEL/LOAEL 20 GD 11-19 Zhao et al. (201¢) in
and testicular cells EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreasediumber of Leydig | LOEL/LOAEL 20 GD 1119 Zhao et al. (201¢) in
and cells EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis testosteron{ LOEL/LOAEL 20 GD 11-19 Zhao et al. (201¢) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Rat offspring Gavage Reproductive Decreased testis progesterorr LOEL/LOAEL 20 GD 11:19 Zhao et al. (201) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Reduced weight gain NOEL/NOAEL 10 GD1i17/18 Yabhia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Increased liver weight NOEL/NOAEL 1 GD1i17/18 Yabhia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Liver hypertrophy NOEL/NOAEL 10 GD1i17/18 Yabhia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice offspring Gavage Reproductive Decreased neonatal survival| NOEL/NOAEL 1 GD1i17/18 Yahia etal. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice offspring Gavage Reproductive Developmental/teratological | NOEL/NOAEL 1 GD1i17/18 Yahia et al. (2008) in
and alterations EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Reduced weight gain LOEL/LOAEL 20 GD1i17/18 Yahia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Increased liver weight LOEL/LOAEL 10 GD1i17/18 Yabhia et al. (2008) in
and EFSA,2020; EFSA,
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Liver hypertrophy LOEL/LOAEL 20 GD1i17/18 Yahia et al. (2008) in
and EFSA, 2020; EFSA,

2018
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developmental
toxicity

PFOS Mice offspring Gavage Reproductive Decreased neonatsuirvival LOEL/LOAEL 10 GD1i 17/18 Yabhia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOS Mice offspring Gavage Reproductive Developmental/teratological | LOEL/LOAEL 10 GD1i17/18 Yahia et al. (2008) in
and alterations EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOS Mice offspring Gavage Reproductive Sternal defects LOEL/LOAEL 1 GD1i17/18 Yahia et al. (2008) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOS Mice offspring, male | Gavage Reproductive Decrease in NK celctivity NOEL/NOAEL 0.1 GD 1i 17 Keil et al. (2008) in
and at 8 weeks EFSA, 2020
developmental
toxicity
PFOS Mice offspring, Gavage Reproductive Decrease in NK cell activity | NOEL/NOAEL 1 GD 1i 17 Keil et al. (2008) in
female and at 8 weeks EFSA, 2020
developmental
toxicity
PFOS Mice offspring, male | Gavage Reproductive Decrease in IgM production | NOEL/NOAEL 1 GD 1i 17 Keil et al. (2008) in
and assessed by PFC assay at 8 EFSA, 2020
developmental | weeks (spleen)
toxicity
PFOS Mice offspring, Gavage Reproductive Decrease in IgM production | NOEL/NOAEL 5 GD 1i 17 Keil et al. (2008) in
female and assessed by PFC assay at 8 EFSA, 2020
developmental | weeks (spleen)
toxicity
PFOS Mice offspring, male | Gavage Reproductive Decrease in NK cell activity | LOEL/LOAEL 1 GD 1i 17 Keil et al. (2008) in
and at 8 weeks EFSA, 2020
developmental
toxicity
PFOS Mice offspring, Gavage Reproductive Decrease in NK cell activity | LOEL/LOAEL 5 GD 1i 17 Keil et al. (2008) in
female and at 8 weeks EFSA, 2020
developmental
toxicity
PFOS Mice offspring, male | Gavage Reproductive Decrease in IgM production | LOEL/LOAEL 5 GD 1i 17 Keil et al. (2008) in
and assessed by PFC assay at 8 EFSA, 2020
developmental | weeks (spleen)
toxicity
PFOS Mice offspring Gavage Reproductive Delayed eye opening NOEL/NOAEL 4.5 GD 1518 Abbott et al. (2009)
and in EFSA, 2020
developmental
toxicity
PFOS Mice offspring Gavage Reproductive Postnatal death LOEL/LOAEL 4.5 GD 1518 Abbott et al. (2009)
and in EFSA, 2020

developmental
toxicity
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PFOS Mice offspring Gavage Reproductive Delayed eye opening LOEL/LOAEL 6.5 GD 1518 Abbott et al. (2009)
and in EFSA, 2020
developmental
toxicity

PFOS Mice offspring drinking water | Reproductive No obesogenic effects, no NOEL/NOAEL 3 GD 1i 17 Ngoet al. (2014) in
and intestinal tumourigenesis EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Increased liver weight NOEL/NOAEL 3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring, male | Gavage Reproductive Increased liver weight NOEL/NOAEL 0.3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Relative liver weight increas§ NOEL/NOAEL 0.3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring Gavage Reproductive Relative liver weight increas§ NOEL/NOAEL 0.3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring Gavage Reproductive Increased HOMAR NOEL/NOAEL 3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring, Gavage Reproductive Elevated fasting glucose NOEL/NOAEL 3 GD1i PND21 Wan et al. (2014) in

(PND 21) and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring, male | Gavage Reproductive Increased liver weight LOEL/LOAEL 3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Relative liver weightncrease | LOEL/LOAEL 3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring Gavage Reproductive Relative liver weight increasg LOEL/LOAEL 3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice mother Gavage Reproductive Increased HOMAR LOEL/LOAEL 0.3 GD1i PND21 Wan et al. (2014) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS Mice offspring, Gavage Reproductive Elevated fasting glucose LOEL/LOAEL 0.3 GD1i PND21 Wan et al. (2014) in

(PND 63) and EFSA, 2020; EFSA

2018
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developmental
toxicity

PFOS Rat offspring Gavage Reproductive Delayed weight gain LOEL/LOAEL 18.75 GD 26 Rogers et al. (2014)
and in EFSA, 2020;
developmental EFSA 2018
toxicity

PFOS Rat offspring Gavage Reproductive Reduced birth weight both LOEL/LOAEL 18.75 GD 26 Rogers et al. (2014)
and sexes in EFSA, 2020;
developmental EFSA 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increase blood pressure in | LOEL/LOAEL 18.75 GD 26 Rogers et al. (2014)
and male offspring from PND7 to in EFSA, 2020;
developmental | PND52 EFSA 2018
toxicity

PFOS Rat offspring Gavage Reproductive Increase blood pressure in | LOEL/LOAEL 18.75 GD 26 Rogers et al. (2014)
and female offspring from PND37 in EFSA,2020;
developmental | to PND65 EFSA 2018
toxicity

PFOS mice mother Gavage Reproductive Body weight decrease NOEL/NOAEL 2 GD11i GD16 Lee et al. (2015) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS mice mother Gavage Reproductive Body weight decrease LOEL/LOAEL 8 GD11iGD16 Lee et al. (2015) in
and EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS mice mother Gavage Reproductive Dosedependent increase of | LOEL/LOAEL 0.5 GD11i GD16 Lee et al. (2015) in
and number of resorptions and EFSA, 2020EFSA
developmental | dead fetuses 2018
toxicity

PFOS mice offspring Gavage Reproductive Dosedependent decrease of| LOEL/LOAEL 0.5 GD11i GD16 Lee et al. (2015) in
and placental weight and capacity EFSA, 2020; EFSA
developmental 2018
toxicity

PFOS mice offspring Gavage Reproductive Decrease in the numbers of | LOEL/LOAEL 0.5 GD11iGD16 Lee et al. (2015) in
and glycogen trophoblast cells in EFSA, 2020; EFSA
developmental | the junctional zone and the 2018
toxicity number of sinusoidal

trophoblast giant cells in the
labyrinth zone

PFOS Mice offspring Gavage Reproductive Decrease of mRll, mPLPCa | LOEL/LOAEL 0.5 GD11i GD16 Lee et al. (2015) in
and and mPLPK expression EFSA, 2020; EFSA
developmental | levels and serum 2018
toxicity concentrations

PFOA Mice offspring Gavage Reproductive Liver weight NOEL/NOAEL 1 GD1-birth Lau et al. (2006) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOA Mice mother Gavage Reproductive Liver weight LOEL/LOAEL 1 GD1-birth Lau et al. (2006) in
and EFSA, 2020; EFSA,

2018
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developmental
toxicity

PFOA Mice offspring Gavage Reproductive Liver weight LOEL/LOAEL 3 GD1-birth Lau et al. (2006) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity

PFOA Mice mother oral Reproductive Relative liver weight NOEL/NOAEL 0.6 GD1i 17 Abbottet al. (2007)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring oral Reproductive Litter loss NOEL/NOAEL 0.3 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020
developmental
toxicity

PFOA Mice offspring oral Reproductive Postnataburvival NOEL/NOAEL 0.3 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice mother oral Reproductive Relative liver weight LOEL/LOAEL 1 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring oral Reproductive Relative liver weight LOEL/LOAEL 0.1 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring oral Reproductive Litter loss LOEL/LOAEL 0.6 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020
developmental
toxicity

PFOA Mice offspring oral Reproductive Postnatal survival LOEL/LOAEL 0.3 GD1i 17 Abbott et al. (2007)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring oral Reproductive Reduced bw LOEL/LOAEL 5 GD1i 17 White et al. (2007) in
and EFSA, 2020
developmental
toxicity

PFOA Mice mother (P0) oral Reproductive Decreased weaniAgduced LOEL/LOAEL 5 GD1i 17 White et al. (2007) in
and mammary involution (P0) EFSA, 2020
developmental
toxicity

PFOA Mice offspring oral Reproductive Mammary gland developmen LOEL/LOAEL 5 GD1i 17 White et al. (2007) in
and retardation irrespective of the EFSA, 2020
developmental | timing of exposure
toxicity

PFOA Mice offspring gavage Reproductive Mammary gland developmen LOEL/LOAEL 3 GD1i 17 White et al. (2009) in
and retardation irrespective of the EFSA, 2020; EFSA,

developmental
toxicity

timing of exposure

2018

232




September 2022  PFAS_Final EQS Dossier after SCHEER final opinion

PFOA Mice offspring gavage Reproductive Mammary gland developmen LOEL/LOAEL 5 GD 817 White et al. (2009) in
and retardation irrespective of the EFSA, 2020
developmental | timing of exposure
toxicity

PFOA Mice offspring gavage Reproductive Mammary gland developmen LOEL/LOAEL 5 Early life effects | White et al. (2009) in
and retardation irrespective of the restricted EFSA, 2020
developmental | timing of exposure gestational (GD
toxicity 7,10,13,1517)

PFOA Mice offspring gavage Reproductive obesity, increase insulin and| LOAEL 0.01 GD1i 17 Hines et al. (2009) in
and increase leptin in mid Italian EQSdossier,
developmental | adulthood 2015
toxicity

PFOA Mice offspring gavage Reproductive Transient body weight gain a LOEL/LOAEL 0.01 0.3 GD1i 17 Hines et al. (2009) in
and mid age observation group o EFSA, 2020, EFSA,
developmental | the pups (2133 weeks) 2018
toxicity

PFOA Mice offspring gavage Reproductive Increase of insulin and leptin LOEL/LOAEL 0.01 GD1i 17 Hines et al. (2009) in
and 0.011 0.1 mg/kg EFSA, 2020, EFSA,
developmental 2018
toxicity

PFOA Mice mother gavage Reproductive Dose dependetiter weight | NOEL/NOAEL 1 GD1i17/18 Yabhia et al. (2010) in
and gain, EFSA, 2020, EFSA,
developmental 2018
toxicity

PFOA Mice offspring gavage Reproductive Decreased neonatal survival| NOEL/NOAEL 1 GD1i17/18 Yahia et al. (2010) in
and EFSA, 2020, EFSA,
developmental 2018
toxicity

PFOA Mice mother gavage Reproductive Dose dependent liver weight| LOEL/LOAEL 5 GD1i17/18 Yabhia et al. (2010) in
and gain, EFSA, 2020, EFSA,
developmental 2018
toxicity

PFOA Mice mother gavage Reproductive Significant change of 1@ut LOEL/LOAEL 1 GD1i17/18 Yahia et al. (2010) in
and of 20 metabolic parameters EFSA, 2020, EFSA,
developmental | with phosphorus and urea 2018
toxicity levels being most sensitive

PFOA Mice offspring gavage Reproductive Decreased neonatal survival| LOEL/LOAEL 5 GD1i17/18 Yahia et al. (2010) in
and EFSA, 2020, EFSA,
developmental 2018
toxicity

PFOA Mice offspring gavage Reproductive Transient (until PND7) LOEL/LOAEL 0.3 GD1i 17 Macon et al. (2011)
and increase in liver weight in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring gavage Reproductive Decreased mammary gland | LOEL/LOAEL 0.3 GD1i 17 Macon et al. (2011)
and developmental score in EFSA, 2020;
developmental EFSA, 2018
toxicity

PFOA Mice offspring gavage Reproductive Decreasednammary gland LOEL/LOAEL 0.01 GD10' 17 Macon et al. (2011)
and developmental score in EFSA, 2020;

EFSA, 2018
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developmental
toxicity

PFOA Mice offspring gavage Reproductive number of terminal end buds| NOEL/NOAEL 0.01 GD1G 17 Macon et al. (2011)
and in EFSA,2020;
developmental EFSA, 2018
toxicity
PFOA Mice offspring gavage Reproductive number of terminal end buds| LOEL/LOAEL 0.1 GD10 17 Macon et al. (2011)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity
PFOA Mice mother gavage Reproductive Decreasén trophoblast cells | NOEL/NOAEL 10 GD 111 16 Suh et al. (2011) in
and in the placenta EFSA, 2020
developmental
toxicity
PFOA Mice offspring gavage Reproductive Number of resorptions and | LOEL/LOAEL 2 GD 11116 Suh et al. (2011) in
and dead fetuses EFSA, 2020
developmental
toxicity
PFOA Mice offspring gavage Reproductive Decrease of placental weight LOEL/LOAEL 2 GD 11116 Suh et al. (2011) in
and EFSA, 2020
developmental
toxicity
PFOA Mice mother gavage Reproductive Decrease in trophoblast cell§ LOEL/LOAEL 25 GD 11116 Suh et al. (2011) in
and in theplacenta EFSA, 2020
developmental
toxicity
PFOA Mice offspring gavage Reproductive Decrease of mRlL, mPLP- LOEL/LOAEL 2 GD 11116 Suh et al. (2011) in
and Ca and mPLK expression EFSA, 2020
developmental | levels and serum
toxicity concentrations
PFOA Mice One gavage Reproductive Prenatal loss (PO) NOEL/NOAEL 1 GD1i 17 White et al. (2011) in
generation, PO, and EFSA, 2020; EFSA,
mother developmental 2018
toxicity
PFOA Mice One gavage Reproductive Postnatal survival (F1) NOEL/NOAEL 1 GD1i 17 White et al. (2011) in
generation, F1 and EFSA, 2020; EFSA ,
offspring developmental 2018
toxicity
PFOA Mice One gavage Reproductive Prenatal loss (PO) LOEL/LOAEL 5 GD1i 17 White et al.(2011) in
generation, PO, and EFSA, 2020; EFSA ,
mother developmental 2018
toxicity
PFOA Mice One gavage Reproductive Postnatal survival (F1) LOEL/LOAEL 5 GD1i 17 White et al. (2011) in
generation, F1 and EFSA, 2020; EFSA ,
offspring developmental 2018
toxicity
PFOA Mice Two gavage Reproductive F1 developmental indices LOEL/LOAEL 1 GD1i 17 White et al. (2011) in
generations, and mammary gland without EFSA, 2020; EFSA ,
F1, offspring developmental | PFOA in drinking water 2018

toxicity

(PND 22, 42, 63)
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PFOA Mice Two gavageGD1- Reproductive F1 developmental indices LOEL/LOAEL 0.00045 (5 GD1i 17 White et al. (2011) in
generations, 17)+drinking and mammary gland with PFOA eg/ L in EFSA, 2020; EFSA ,
F1, offspring water(from developmental | in drinking water (PND 22, water) 2018
GD7) toxicity 42, 63)
PFOA Mice Two gavage Reproductive F1 maternal indices LOEL/LOAEL 1 GD1i 17 White et al. (2011) in
generations, and mammary gland without EFSA, 2020; EFSA,
F1, mother developmental | PFOA in drinking water 2018
toxicity (PND 10)
PFOA Mice Two gavage (GD41 Reproductive F1 maternal indices LOEL/LOAEL 0.00045 (5 GD1i 17 White et al. (2011) in
generations, 17)+drinking and mammary gland with PFOA eg/ L in EFSA, 2020; EFSA ,
F1, mother water(from developmental | in drinking water (PND 10) water) 2018
GD7) toxicity
PFOA Mice Two gavage Reproductive F2 developmental indices LOEL/LOAEL 1 GD1i 17 White et al. (2011) in
generations, and mammary gland without EFSA, 2020; EFSA ,
F2, offspring developmental | PFOA in drinking water 2018
toxicity (PND 63)
PFOA Mice Two gavage (GD41 Reproductive F1 developmental indices LOEL/LOAEL 0.00045 (5 GD1i 17 White et al. (2011) in
generations, 17)+drinking and mammary gland with PFOA eg/ L i EFSA,2020; EFSA ,
F1, offspring water(from developmental | in drinking water (PND 42) water) 2018
GD7) toxicity
PFOA Mice offspring orally Reproductive Decreased neonatal survival| LOEL/LOAEL 5 GD1i 17 Abbott et al. (2012)
and in EFSA, 2020;
developmental EFSA, 2018
toxicity
PFOA Mice offspring gavage Reproductive Decrease mammary NOEL/NOAEL 3 GD1i 18 Albrecht et al. (2013)
and development in EFSA, 2020
developmental
toxicity
PFOA Mice offspring gavage Reproductive Decrease postnatal survival | LOEL/LOAEL 3 GD1i 18 Albrecht et al. (2013)
and in EFSA, 2020
developmental
toxicity
PFOA Mice offspring gavage Reproductive Decreased neonatal survival| NOEL/NOAEL 0.1 GD 17 14/18 Ngo et al. (2014) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOA Mice offspring gavage Reproductive Decreased neonatal survival| LOEL/LOAEL 3 GD 17 14/18 Ngo et al. (2014) in
and EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOA Mice offspring gavage Reproductive Small increase of liver weigh] LOEL/LOAEL 0.01 (not GD 17 14/18 Ngo et al. (2014) in
and at 0.01 mg/kg per day, but ng detectable at EFSA, 2020; EFSA,
developmental | at 0.1 mg/kg per day 0.1) 2018
toxicity
PFOA Mice offspring gavage Reproductive Several nonneoplastic NOEL/NOAEL 1 GD 1717 Filgo et al. (2014) in
and alterations in livers EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOA Mice offspring gavage Reproductive bile duct hyperplasia in NOEL/NOAEL 1 GD 1717 Filgo et al. (2014) in
and 129/Sv PPARa knockout, bu EFSA, 2020; EFSA,

not wild-type mice

2018
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developmental
toxicity

PFOA Mice offspring gavage Reproductive Several nonneoplastic LOEL/LOAEL 5 GD 1117 Filgo et al. (2014) in
and alterations in livers EFSA, 2020; EFSA,
developmental 2018
toxicity
PFOA Mice offspring gavage Reproductive bile duct hyperplasia in LOEL/LOAEL 5 GD 1717 Filgo et al. (2014) in
and 129/Sv PPARa knockout, bu EFSA, 2020; EFSA,
developmental | not wild-typemice 2018
toxicity
PFOA Mice offspring, gavage Reproductive CD-1 mice: Decrease of NOEL/NOAEL 0.01 GD 1717 Tucker et al. (2015)
(PND21) and mammary gland developmen in EFSA, 2020;
developmental | score EFSA, 2018
toxicity
PFOA Mice offspring, (all gavage Reproductive C57BI/6 mice: Decrease of | NOEL/NOAEL 0.1 GD 1117 Tucker et al. (2015)
time points) and mammary gland developmen in EFSA, 2020;
developmental | score EFSA, 2018
toxicity
PFOA Mice offspring, gavage Reproductive CD-1 mice: Decrease of LOEL/LOAEL 0.1 GD 1717 Tucker et al. (2015)
(PND21) and mammary gland developmen in EFSA, 2020;
developmental | score EFSA, 2018
toxicity
PFOA Mice offspring, gavage Reproductive CD-1 mice: Decrease of LOEL/LOAEL 0.01 GD 1117 Tucker et al. (2015)
(PND35, PND and mammary gland developmen in EFSA, 2020;
56) developmental | score EFSA, 2018
toxicity
PFOA Mice offspring,(all gavage Reproductive C57BI/6 mice:Decrease of LOEL/LOAEL 0.3 GD 1717 Tucker et al. (2015)
time points) and mammary gland developmen in EFSA, 2020;
developmental | score EFSA, 2018
toxicity
PFOA Mice Mother diet Reproductive Decreased litter size BMDL 0.299 FO females: from| Van Esterik et al.
and 2 weeks prior to | (2016) in EFSA,
developmental mating and 2020
toxicity maintained
through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile and
adult stages.
Switch to high
fat diet at 21
weeks.
PFOA Mice offspring, diet Reproductive Decreased Body weight BMDL5 0.85 FO females: from| Van Esterik et al.
(week 25) and 2 weeks prior to | (2016) in EFSA,

developmental
toxicity

mating and
maintained
through mating,
gestation and
lactation. Follow

2020
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up of offspring
animals per sex
into juvenile and
adut stages.
Switch to high
fat diet at 21
weeks.

PFOA

Mice

offspring

diet

Reproductive
and
developmental
toxicity

Decreased perirenal fat pads
weight

BMDL5

0.65

FO females: from
2 weeks prior to
mating and
maintained
through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile and
adult stages.
Switch to high
fat diet at 21
weeks.

Van Esterik et al.
(2016) in EFSA,
2020

PFOA

Mice

offspring,
female

diet

Reproductive
and
developmental
toxicity

Decreased cholesterol
(female)

BMDL5

0.4

FO females: from
2 weeks prior to
mating and
maintained
through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile ad
adult stages.
Switch to high
fat diet at 21
weeks.

Van Esterik et al.
(2016) in EFSA,
2020

PFOA

Mice

offspring,
female

diet

Reproductive
and
developmental
toxicity

Triglycerides (female
offspring)

BMDL5 (BMDU/BMDL=
100)

0.006

FO females: from
2 weeks prior to
mating and
maintained
through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile and
adult stages.
Switch to high
fat diet at 21
weeks.

Van Esterik et al.
(2016) in EFSA,
2020

PFOA

Mice

mother

diet

Reproductive
and

Decreased litter size

NOEL/NOAEL

0.3

FO females: from
2 weeks prior to
mating and

Van Esterik et al.
(2016) in EFSA,
2018
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developmental maintained
toxicity through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile and
adult stages.
Switch to high
fat diet at 21
weeks.
PFOA Mice mother diet Reproductive Decreased litter size LOEL/LOAEL 1 FO females: from| Van Esterik et al.
and 2 weeks prior to | (2016) in EFSA,
developmental mating and 2020; EFSA, 2018
toxicity maintained
through mating,
gestation and
lactation. Follow
up of offspring
animals per sex
into juvenile and
adult stages.
Switch to high
fat diet at 21
weeks.
PFOA Mice mother diet Reproductive Periostal areas and medullar] LOEL/LOAEL 0.3 during gestation | Koskela et al. (2016)
and areas of the femur were in EFSA, 2020;
developmental | increased at 17 months of EFSA, 2018
toxicity age, the bone mineral densit
of the femur unaffected.
Tibial bone mass was
decreased both at 13 and 17
months Biomechanical
properties unaffected
PFOA Mice mother gavage Reproductive Decreased bw gain NOEL/NOAEL 10 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity
PFOA Mice mother gavage Reproductive Decreased relative uterus NOEL/NOAEL 1 GD1-17 Li et al. (2018b) in
and weight EFSA, 2020
developmental
toxicity
PFOA Mice mother gavage Reproductive Decreased embryo weight NOEL/NOAEL 1 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity
PFOA Mice mother gavage Reproductive Decreased embryo survival | NOEL/NOAEL 5 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity
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PFOA Mice mother gavage Reproductive Decreasedw gain LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity

PFOA Mice mother gavage Reproductive Increased relative liver LOEL/LOAEL 1 GD1-17 Li et al. (2018b) in
and weight EFSA, 2020
developmental
toxicity

PFOA Mice mother gavage Reproductive Decreased relative uterus LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in
and weight EFSA, 2020
developmental
toxicity

PFOA Mice mother gavage Reproductive Decreased embryo weight LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity

PFOA Mice mother gavage Reproductive Decreased embryo survival | LOEL/LOAEL 10 GD1-17 Li et al. (2018b) in
and EFSA, 2020
developmental
toxicity

PFOA Mice offspring male | gavage Reproductive Decreased postnatal survival| NOEL/NOAEL 25 GD1-17 follow Song et al. (2018a) i
and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70

PFOA Mice offspring male | gavage Reproductive Decreased bw PND 21 NOEL/NOAEL 1 GD1-17 follow Song et al(2018a) in
and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70

PFOA Mice offspring male | gavage Reproductive Decreased number of Leydig NOEL/NOAEL 1 GD1-17 follow Song et al. (2018a) i
and cells up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70

PFOA Mice offspring male | gavage Reproductive Decreased postnatal survival LOEL/LOAEL 5 GD1-17 follow Song et al. (2018a) in
and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70

PFOA Mice offspring male | gavage Reproductive Decreased bw PNR1 LOEL/LOAEL 25 GD1-17 follow Song et al. (2018a) in
and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70

PFOA Mice offspring male | gavage Reproductive Decreased testosterone LOEL/LOAEL 1 GD1-17 follow Song et al. (2018a) in
and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and70

PFOA Mice offspring male | gavage Reproductive Decreased number of Leydig LOEL/LOAEL 25 GD1-17 follow Song et al. (2018a) ir|
and cells up on female EFSA, 2020
developmental offspring on
toxicity PND21

PFOA Mice offspring gavage Reproductive Decreased postnatal survival NOEL/NOAEL 25 GD1-17 follow Li et al. (2019b) in

female and up on male EFSA, 2020
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developmental

offspring PND

toxicity 21 and 70
PFOA Mice offspring gavage Reproductive Decreased weight gain NOEL/NOAEL 1 GD1-17 follow Li et al. (2019b) in
female and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70
PFOA Mice offspring gavage Reproductive Decreased postnatal survival LOEL/LOAEL 5 GD1-17 follow Li et al. (2019b) in
female and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70
PFOA Mice offspring gavage Reproductive Decreased weight gain LOEL/LOAEL 25 GD1-17 follow Li et al. (2019b) in
female and up on male EFSA,2020
developmental offspring PND
toxicity 21 and 70
PFOA Mice offspring gavage Reproductive Increased liver weight LOEL/LOAEL 1 GD1-17 follow Li et al. (2019b) in
female and up on male EFSA, 2020
developmental offspring PND
toxicity 21 and 70
PFOA Mice offspring PND | gavage Developmental | Delayed vaginal opening NOEL/NOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity C57BL/6 mice EFSA, 2020; EFSA,
period) 2018
PFOA Mice offspring PND | gavage Developmental | Reduction of ductal length, | NOEL/NOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity number of terminal enduds EFSA, 2020; EFSA,
period) and number of terminal ductg 2018
in Balb/c mice
PFOA Mice offspring PND | gavage Developmental | Increase of relative liver LOEL/LOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity weight in both strains EFSA, 2020; EFSA,
period) 2018
PFOA Mice offspring PND | gavage Developmental | Delayed vaginal opening LOEL/LOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity Balb/c mice EFSA, 2020; EFSA,
period) 2018
PFOA Mice offspring PND | gavage Developmental | Delayed vaginal opening LOEL/LOAEL 5 28 days Yang et al. (2009) in
21 (pubertal toxicity C57BL/6 mice EFSA, 2020; EFSA,
period) 2018
PFOA Mice offspring PND | gavage Developmental | Dosedependent decrease LOEL/LOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity uterine wet weight in Balb/c EFSA, 2020; EFSA,
period) mice 2018
PFOA Mice offspring PND | gavage Developmental | Increase of uterine wet weigh LOEL/LOAEL 1 28 days Yang etal. (2009) in
21 (pubertal toxicity for C57/ BL6 mice EFSA, 2020; EFSA,
period) 2018
PFOA Mice offspring PND | gavage Developmental | Reduction of ductal length, | LOEL/LOAEL 5 28 days Yang et al. (2009) in
21 (pubertal toxicity number of terminal end buds| EFSA, 2020; EFSA,
period) and number of terminal ductg 2018
in Balb/c mice
PFOA Mice offspring PND | gavage Developmental | Increase of mammary gland | LOEL/LOAEL 1 28 days Yang et al. (2009) in
21 (pubertal toxicity parameters in C57/BL6 mice EFSA, 2020; EFSA,
period) 2018
PFOA Mice male orally Developmental | Sperm abnormalities, LOEL/LOAEL 1 42 days Li et al. (2011) in

toxicity

decreased testosterone level

EFSA, 2020; EFSA,
2018
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PFOA Mice offspring PND | gavage Developmental | Reduction in mammary glanqg LOEL/LOAEL 25 28 days Zhao et al. (2012) in
21 (pubertal toxicity developmentreduced ductal EFSA, 2020
period) length, number of terminal
end buds, stimulated terming
ducts)
PFOA Mice offspring PND | gavage Developmental | Reduction in mammary glanqg LOEL/LOAEL 7.5 28 days Zhao et al. (2012) in
21 (pubertal toxicity developmenf{reduced ductal EFSA, 2020
period) length, number of terminal
end buds, stimulated terming
ducts)
PFOA Mice offspring PND | gavage Developmental | increase of absolute and LOAEL 0.01 3 days Dixon et al. (2012) in
18 (pubertal toxicity relative uterinaveights on Italian EQS dossier,
period) postnatal day 21 2015
PFOA Mice offspring PND | gavage Developmental | 1.46fold increase of uterine | LOEL/LOAEL 0.01 3 days Dixon et al. (2012) in
18 (pubertal toxicity wet weight. Further supporte: EFSA, 2020; EFSA,
period) by histopathological 2018
examination
PFOA Mice adult male gavage Developmental | Sperm count reduced, spermj NOEL/NOAEL 1.25 28days Zhang et al. (2014b)
toxicity motility, sperm progression in EFSA, 2020;
increased, percentage of EFSA, 2018
teratosperm increased
PFOA Mice adult male gavage Developmental | Testosterone and NOEL/NOAEL 0.31 28 days Zhang et al. (2014b)
toxicity progesterone levels decreass in EFSA, 2020;
EFSA, 2018
PFOA Mice adult male gavage Developmental | Mild phenotype in NOEL/NOAEL 0.31 28 days Zhang et al. (2014b)
toxicity seminiferous tubules in EFSA, 2020;
EFSA, 2018
PFOA Mice adult male gavage Developmental | Sperm count reduced, spernm LOEL/LOAEL 5 28 days Zhang et al. (2014b)
toxicity motility, sperm progression in EFSA, 2020;
increasedpercentage of EFSA, 2018
teratosperm increased
PFOA Mice adult male gavage Developmental | Testosterone and LOEL/LOAEL 1.25 28 days Zhang et al. (2014b)
toxicity progesterone levels decreasq in EFSA, 2020;
EFSA, 2018
PFOA Mice adult male gavage Developmental | Mild phenotype in LOEL/LOAEL 1.25 28 days Zhang et al. (2014b)
toxicity seminiferous tubules in EFSA, 2020;
EFSA, 2018
PFOA Rat male, 1011 gavage Developmental | Reduced epidydimal weight | NOEL/NOAEL 5 28 days NTP (2019a) in
weeks old at toxicity EFSA, 2020
start
PFOA Rat male, 1011 gavage Developmental | Reduced epidydimal sperm | NOEL/NOAEL 5 28 days NTP (2019a) in
weeks old at toxicity count EFSA, 2020
start
PFOA Rat male, 1011 gavage Developmental | Reduced epidydimal weight | LOEL/LOAEL 10 28 days NTP (2019a) in
weeks old at toxicity EFSA, 2020
start
PFOA Rat male, 1011 gavage Developmental | Reduced epidydimal sperm | LOEL/LOAEL 10 28days NTP (2019a) in
weeks old at toxicity count EFSA, 2020
start
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PFDA Mice offspring, 2 gavage, single | Developmental | Decreased locomotor activity LOEL/LOAEL 10.8 single oral dose, | Johansson et al.
months oral dose via a | neurotoxicity PND8 (2008) in EFSA,
metal gastric 2020
tube
PFDA Mice offspring, 4 gavage, single | Developmental | Decreased locomotor activity LOEL/LOAEL 0.72 single oral dose, | Johansson et al.
months oral dose via a | neurotoxicity PND9 (2008) in EFSA,
metal gastric 2020
tube
PFHxS Mice offspring, m/f | gavagesingle Developmental | Decreased locomotor activity LOEL/LOAEL 0.61 single oral dose, | Viberg et al. (2013)
2 months oral dose via a | neurotoxicity at 2 months PND10 in EFSA, 2020
metal gastric
tube
PFHxS Mice offspring, 4 orally, single Developmental | Increased expression of LOEL/LOAEL 6.1 single oral dose, | Lee and Viberg
months oral dose via a | neurotoxicity CaMKIl and Tau in PND11 (2013) in EFSA,
metalgastric hippocampus at PND11,; 2020
tube increased Tau level in cortex|
at 4 months
PFOS Mice male diet Immunotoxicity | Several immune parameters| LOEL/LOAEL 0.02% (40 10 days Qazi et al. (2009a,b)
study up or down, but also reduced mg/kg bw per in EFSA, 2020;
body weight gain day) EFSA, 2018
PFOS Mice male diet (restricted | Immunotoxicity | Reduced Bcell numbers NOEL/NOAEL 0.001% (1.6 | 10 days Qazi et al. (2012) in
food diet) study mg/kg bw per EFSA, 2020; EFSA,
day) 2018
PFOS Mice male diet (restricted | Immunotoxicity | Reduced Bcell numbers LOEL/LOAEL 0.02% (23.5 | 10 days Qazi et al. (2012) in
food diet) study mg/kg bw per EFSA, 2020; EFSA,
day) 2018
PFOS Mice m/f gavage Immunotoxicity | Thymus and spleen NOEL/NOAEL 5 14 days Wang et al. (2011a)
study histopathology, but in in EFSA, 2020;
addition to liver effects and EFSA, 2018
PPARa changes
PFOS Mice m/f gavage Immunotoxicity | Thymus and spleen LOEL/LOAEL 20 14 days Wang et al. (2011a)
study histopathology, but in in EFSA, 2020;
addition to liver effects and EFSA, 2018
PPARa changes
PFOS Mice female gavage Immunotoxicity | Values various immune LOEL/LOAEL 20 7 days Vetvicka and
study parameters reduced, but in Vetvickova (2013) in
addition to body weights EFSA, 2020; EFSA,
2018
PFOS Mice female gavage Immunotoxicity | Reduced antibody response | LOEL/LOAEL 30 21 days Vetvicka and
study and NK activity, but Vetvickova (2013) in
accompanied by body weigh EFSA, 2020
effects
PFOS Mice male gavage Immunotoxicity | Inconsistent; some ex vivo | NOEL/NOAEL 1 7 days Zhang et al(2013d)
study apoptotic parameters in in EFSA, 2020,
splenocytes and thymocytes EFSA, 2018
up and others go down
PFOS Mice male gavage Immunotoxicity | Inconsistent; some ex vivo | LOEL/LOAEL 5 7 days Zhang et al. (2013d)
study apoptotic parameters in in EFSA, 2020

splenocytes and thymocytes
up and others go down
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PFOS Mice male gavage Immunotoxicity | Reduced NK activity, LOEL/LOAEL 5 7 days Zheng et al. (2009,
study antibody response, 2011) in EFSA,
lymphocyte proliferation 2020; EFSA, 2018
PFOS Mice male diet (food) Immunotoxicity | Effects on body weight and | NOEL/NOAEL 0.25 28 days Qazi et al. (2010) in
study liver EFSA, 2020; EFSA,
2018
PFOS Mice female gavage Immunotoxicity | TNFa and I:6 up and down, | LOEL/LOAEL 0.0331 28 days Mollenhauer et al.
study but no doseesponse (2011) in EFSA,
2020; EFSA, 2018
PFOS Mice female gavage Immunotoxicity | Increased ex vivo H6 LOEL/LOAEL 3.31eg/kg 28 days Fair et al. (2011) in
study bw per day EFSA, 2020; EFSA,
(0.00331 2018
mg/kg bw per
day)
PFOS Rat m/f diet Immunotoxicity | Reduced total IgG1 levels in| NOEL/NOAEL 0.14 28 days Lefebvre et al.
study serum (2008) in EFSA,
2020
PFOS Rat m/f diet Immunotoxicity | Reduced total IgG1 levels in| LOEL/LOAEL 1.33 28 days Lefebvre et al.
study serum (2008) in EFSA,
2020; EFSA, 2018
PFOS Mice m/f gavage Immunotoxicity | Reduced specific antibody NOEL/NOAEL 0.166eg/kg 28 days PederAdams et al.
study Response (PFCs) per day (2008) in EFSA,
(0.000166 2020; EFSA, 2018
mg/kg bw per
day)
PFOS Mice m/f gavage Immunotoxicity | Reduced specific antibody | LOEL/LOAEL 1.66eg/kg 28 days PederAdams et al.
study Response (PFCs) bw per day (2008) in EFSA,
(0.00166 2020; EFSA, 2018
mg/kg bw per
day)
PFOS Mice female gavage Immunotoxicity | Reduced survival after NOEL/NOAEL 5egl/kg per 21 days Guruge etl. (2009)
study challenge with influenza virus day (0.005 in EFSA, 2020;
mg/kg bw per EFSA, 2018
day)
PFOS Mice female gavage Immunotoxicity | Reduced survival after LOEL/LOAEL 25eg/kg per | 21 days Guruge et al. (2009)
study challenge with influenza virug day (0.025 in EFSA, 2020;
mg/kg bw per EFSA, 2018
day)
PFOS Mice male gavage Immunotoxicity | Antibody responses down. | NOEL/NOAEL 8.3eg/kg per | 60 days Dong et al. (2009) in
study day(0.0083 EFSA, 2020; EFSA,
mg/kg bw per 2018
day)
PFOS Mice male gavage Immunotoxicity | Antibody responses down. LOEL/LOAEL 83.33¢eg/kg 60 days Dong et al. (2009) in
study bw per day EFSA, 2020
(0.0833
mg/kg bw per
day)
PFOS Mice male gavage Immunotoxicity | IL-4 and IL-10, TNFa, IL- NOEL/NOAEL 16.7eg/kg 60 days Dong et al. (2011) in
study 1b, values up and down. IgM per day EFSA, 2020
decrease IgG, IgE increase (0.0167
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mg/kg per
day)
PFOS Mice male gavage Immunotoxicity | IL-4 and IL-10, TNFa, IL- LOEL/LOAEL 83.33¢g/kg 60 days Dong et al. (2011) in
study 1b, values up and down. IgM per day EFSA, 2020; EFSA,
decrease IgG, IgE increase (0.0833 2018
mg/kg per
day)
PFOS Mice male gavage Immunotoxicity | Apoptotic lymphocytes NOEL/NOAEL 0.0167 mg/kg| 60 days Dong et al. (2012) in
study per day EFSA, 2020
PFOS Mice male gavage Immunotoxicity | Apoptotic lymphocytes LOEL/LOAEL 83.33¢eg/kg 60 days Dong et al. (2012) in
study perday EFSA, 2020; EFSA,
(0.0833 2018
mg/kg per
day)
PFOS Mice m/f, 6-8 weeks | gavage Immunotoxicity | IL 12 production after LOEL/LOAEL 2 7 days Suo et al. (2017) in
old study Citrobacter rodentium EFSA, 2020
infection
PFOS Mice sex not orally Immunotoxicity | Aggrevated allergic LOEL/LOAEL 50 mg/kg, Dose on days 9, | Lee et al. (2018) in
specified study inflammation in an three times 11, and 13 EFSA, 2020
ovalbumin model.
PFOA Mice female gavage Immunotoxicity | Several immung@arameters | LOEL/LOAEL 20 7 days Vetvicka and
study reduced, but also reduced Vetvickova (2013) in
body weight gain and EFSA, 2020; EFSA,
increased liver weight 2018
PFOA Mice female drinking water | Immunotoxicity | Reduced IgM antibody LOEL/LOAEL 30 10 days DeWitt et al. (2008)
study responses but enhande®s in EFSA, 2020;
response. Also effects on EFSA, 2018
body weight gain
PFOA Mice male drinking water | Immunotoxicity | Reduced IgM antibody NOEL/NOAEL 3.75 15 days Dewitt et al. (2009)
study response in EFSA,2020;
EFSA, 2018
PFOA Mice male drinking water | Immunotoxicity | Reduced IgM antibody LOEL/LOAEL 7.5 15 days Dewitt et al. (2009)
study response in EFSA, 2020;
EFSA, 2018
PFOA Mice female drinking water | Immunotoxicity | Reduced Tcell dependent NOEL/NOAEL 1.88 15 days DeWitt et al. (2016)
study andT-cell independent IgM in EFSA, 2020
antibody responses
PFOA Mice female drinking water | Immunotoxicity | Reduced Tcell dependent LOEL/LOAEL 3.75 15 days DeWitt et al. (2016)
study and Tcell independent IgM in EFSA, 2020
antibody responses
PFOA Mice male diet (food) Immunotoxicity | Values several immune LOEL/LOAEL 0.02% (40 10 days Qazi et al. (2009a,b)
study parameters up or down, but mg/kg bw per in EFSA, 2020;
also body weight gain day) EFSA, 2018
PFOA Mice male diet (food) Immunotoxicity | Reduced Bcell numbers NOEL/NOAEL 0.002% (3.1 | 10 days Qazi et al. (2012) in
study mg/kg bw per EFSA, 2020; EFSA,
day) 2018
PFOA Mice male diet (food) Immunotoxicity | Reduced Bcell numbers LOEL/LOAEL 0.02% (23.5 | 10 days Qazi et al. (2012) in
study mg/kg bw per EFSA, 2020; EFSA,
day) 2018
PFOA Mice female gavage Immunotoxicity | Various immune parameters| LOEL/LOAEL 20 21 days Vetvicka and
study reduced Vetvickova (2013) in
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EFSA, 2020; EFSA,
2018

PFOA Mice male drinkingwater | Immunotoxicity | Reduced CD8 levels LOEL/LOAEL 0.49 21 days Son et al. (2009) in
study EFSA, 2020; EFSA,
2018
PFOA Mice male gavage Immunotoxicity | Various immune parameters| NOEL/NOAEL 1 29 days Loveless et al. (2008
study reduced, but also body weigh in EFSA, 2020;
gain, increased liver weight EFSA, 2018
PFOA Mice male gavage Immunotoxicity | Various immune parameters| LOEL/LOAEL 10 29 days Loveless et al. (2008
study reduced, but also body weigh in EFSA, 2020;
gain, increased liver weight EFSA, 2018
PFOA Mice female diet Immunotoxicity | Increased airway LOEL/LOAEL 4 mg/kg diet | 12 weeks (at day| Ryu et al. (2014) in
study hyperresponsiveness 2 of gestation EFSA, 2020; EFSA,
though to 12 2018
weeks of age)
PFOS Rat female single oral Acutetoxicity Decreases in serum total T3,| LOEL/LOAEL 15 single dose Chang et al. (2008)
application T4 and reverse T3 within 24 in EFSA, 2018
PFOS Rat male single oral Acute toxicity Ultrasoundevoked NOEL/NOAEL 125 single dose Sato et al(2009) in
application convulsions EFSA, 2018
PFOS Rat male single oral Acute toxicity Ultrasoundevoked LOEL/LOAEL 250 single dose Sato et al. (2009) in
application convulsions EFSA, 2018
PFOS Rat male single oral Acute toxicity Ultrasoundevoked LD50 > 250; <500 | single dose Sato et al. (2009) in
application convulsions EFSA, 2018
PFOS Mice male single oral Acute toxicity Ultrasoundevoked LOEL/LOAEL 125 single dose Sato et al. (2009) in
application convulsions EFSA, 2018
PFOS Mice male single oral Acute toxicity Ultrasoundevoked LD50 ~ 500 single dose Sato et al. (2009) in
application convulsions EFSA, 2018
PFOS Mice male Oral gavage Acute toxicity not applicable LD50 579 single dose Xing et al. (2016) in
EFSA, 2018
PFOA Rat male single oral Acute toxicity notapplicable NOEL/NOAEL 1,000 single dose Sato et al. (2009) in
application EFSA, 2018
PFOS Rat male diet Repeated dose | Incr rel liver weight (m) NOEL/NOAEL 0.14 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Decr serunir4 level (m) NOEL/NOAEL 0.14 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Decr serum T4 level (f) NOEL/NOAEL 0.15 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Decr seruntholesterol (f) NOEL/NOAEL 1.43 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Incr mRNA of Cyp4A22 (m) | NOEL/NOAEL 0.14 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Incr mRNAof ACOX 1 (m) NOEL/NOAEL 1.33 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Incr mRNA of ACOX 1 NOEL/NOAEL 1.43 28 days Curran et al. (2008)
toxicity Cyp4A22, () in EFSA, 2018
PFOS Rat male diet Repeated dose | Incr rel liver weight (m) LOEL/LOAEL 1.33 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Incr rel liver weight LOEL/LOAEL 0.15 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Decr serum T4 level (m) LOEL/LOAEL 1.33 28 days Curran et al. (2008)
toxicity in EFSA, 2018
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PFOS Rat female diet Repeated dose | Decr serum T4 level ( f) LOEL/LOAEL 143 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Decr serum cholesterol (f) LOEL/LOAEL 3.73 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Incr mRNA of Cyp4A22 (m) | LOEL/LOAEL 1.33 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat male diet Repeated dose | Incr mRNA of ACOX 1 (m) LOEL/LOAEL 3.21 28 days Curran et al. (2008)
toxicity in EFSA, 2018
PFOS Rat female diet Repeated dose | Incr mRNA of ACOX 1 LOEL/LOAEL 3.73 28 days Curran et al. (2008)
toxicity Cyp4A22, (f) in EFSA, 2018
PFOS Rat male gavage Repeated dose | Incr relative liver weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018
PFOS Rat male gavage Repeated dose | Incr relative kidney weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018
PFOS Rat male gavage Repeated dose | Incr relative testis weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Incr liver weight NOEL/NOAEL 2 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decrspleen weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr thymus weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr body weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr body fat weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Incr liver weight LOEL/LOAEL 10 10days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr spleen weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr thymus weight LOEL/LOAEL 40 10 days Qazi et al(2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr body weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in
toxicity EFSA, 2018
PFOS Mice male diet Repeated dose | Decr body fat weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in
toxicity EFSA,2018
PFOS Rat male diet Repeated dose | Decr body weight NOEL/NOAEL 0.4i0.8 13 weeks Kawamoto et al.
toxicity (2011) in EFSA,
2018
PFOS Rat male diet Repeated dose | Incr rel liver weight NOEL/NOAEL 0.41 13 weeks Kawamoto et al.
toxicity (2011) in EFSA,
2018
PFOS Rat male diet Repeated dose | Incr rel brain weight NOEL/NOAEL 0.41 13 weeks Kawamoto et al.
toxicity (2011) in EFSA,
2018
PFOS Rat male diet Repeated dose | Decr body weight LOEL/LOAEL 1535 13 weeks Kawamoto et al.
toxicity (2011) in EFSA,
2018
PFOS Rat male diet Repeated dose | Incr rel liver weight LOEL/LOAEL 1.6 13 weeks Kawamoto et al.

toxicity

(2011) in EFSA,
2018
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PFOS Rat male diet Repeated dose | Incr rel brain weight LOEL/LOAEL 1.6 13 weeks Kawamoto et al.

toxicity (2011) in EFSA,
2018

PFOS Rat m/f gavage Repeated dose | Incr relative liver weight NOEL/NOAEL 5 28 days Kim et al. (2011b) in
toxicity EFSA, 2018

PFOS Rat male gavage Repeated dose | Incr mRNA of f CYP4A1 (m) | NOEL/NOAEL 1.25 28 days Kim et al. (2011b) in
toxicity EFSA, 2018

PFOS Rat male gavage Repeated dose | Incr serum aspartate NOEL/NOAEL 5 28 days Kim et al. (2011b) in
toxicity aminotransferase (AST) (m) EFSA, 2018

PFOS Rat m/f gavage Repeated dose | Incr relative liver weight LOEL/LOAEL 10 28 days Kim et al. (2011b) in
toxicity EFSA, 2018

PFOS Rat male gavage Repeated dose | Incr mRNA of f CYP4Al (m) | LOEL/LOAEL 5 28 days Kim et al. (2011b) in
toxicity EFSA, 2018

PFOS Rat male gavage Repeated dose | Incr serum aspartate LOEL/LOAEL 10 28 days Kim et al. (2011b) in
toxicity aminotransferase (AST) (m) EFSA, 2018

PFOS Rat male diet Repeated dose | Incr hepat. Proliferation (day| LOEL/LOAEL 1.7 1,7, 28 days Elcombe et al. (2012
toxicity 7) in EFSA, 2018

PFOS Rat male diet Repeated dose | Incr hepat. apoptotic index | LOEL/LOAEL 1.7 1,7, 28 days Elcombe et al. (2012
toxicity (day 7) in EFSA, 2018

PFOS Rat male diet Repeated dose | Incr hepat. Proliferation (day| NOEL/NOAEL 17 1,7, 28 days Elcombe et al. (2012
toxicity 28) in EFSA, 2018

PFOS Rat male diet Repeated dose | Incr hepat. Proliferation (day | LOEL/LOAEL 7.9 1,7, 28 days Elcombe et al. (2012
toxicity 28) in EFSA, 2018

PFOS Rat male diet Repeated dose | Incr hepat. ACOX activity LOEL/LOAEL 1.7 1,7, 28 days Elcombe et al. (2012
toxicity (day 28) in EFSA, 2018

PFOS Rat male diet Repeated dose | Incr rel liver weight (day 28) | LOEL/LOAEL 1.7 1,7, 28 days Elcombe et al. (2012
toxicity in EFSA, 2018

PFOS Rat male diet Repeated dose | Decr serum cholesterol (day | LOEL/LOAEL 17 1, 7, 28 days Elcombe et al. (2012
toxicity 28) in EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr total hep triglycerides NOEL/NOAEL 1 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 7, 21) EFSA, 2018

PFOS Mice male gavage Repeated dose | Decr serum LDL/VLDL level | NOEL/NOAEL 1 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 21) EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr hepat. ACOX mRNA NOEL/NOAEL 1 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 7) EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr rel liver weight (day’) LOEL/LOAEL 1 3,7,14,21 days | Wan et al. (2012) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr total hep triglycerides LOEL/LOAEL 5 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 7, 21) EFSA, 2018

PFOS Mice male gavage Repeated dose | Decr serum LDL/VLDL level | LOEL/LOAEL 5 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 21) EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr hepat. ACOX mRNA LOEL/LOAEL 5 3,7,14,21 days | Wan et al. (2012) in
toxicity (day 7) EFSA, 2018

PFOS Mice male gavage Repeated dose | Decr serum triglycerides, NOEL/NOAEL 5 14 days Wang et al. (2014a)
toxicity cholesterol, LDEcholesterol in EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr abs and rel liver weight | LOEL/LOAEL 5 14 days Wang et al. (2014a)
toxicity in EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr hepatic lipid LOEL/LOAEL 5 14 days Wang et al. (2014a)

toxicity

concentration

in EFSA, 2018
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PFOS Mice male gavage Repeated dose | Decr serum HDLcholesterol | LOEL/LOAEL 5 14 days Wang et al(2014a)
toxicity in EFSA, 2018

PFOS Mice male gavage Repeated dose | Decr serum triglycerides, LOEL/LOAEL 20 14 days Wang et al. (2014a)
toxicity cholesterol, LDLcholesterol in EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 25 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr ALP LOEL/LOAEL 5 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr AST LOEL/LOAEL 25 30 days Xing et al.(2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr ALT LOEL/LOAEL 5 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr GGT LOEL/LOAEL 25 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr ALP NOEL/NOAEL 25 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Mice male gavage Repeated dose | Incr ALT NOEL/NOAEL 25 30 days Xing et al. (2016) in
toxicity EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Incr rel & abs liver weight NOEL/NOAEL 0.09 91 days Yu et al. (2009) in
toxicity EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Decr total serum T4 NOEL/NOAEL 0.09 91 days Yu et al. (2009) in
toxicity EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Decr mRNA of hepatic NOEL/NOAEL 0.25 91 days Yu et al. (2009) in
toxicity deiodinase 1 EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Incr mRNA of hepatic NOEL/NOAEL 0.09 91 days Yu et al. (2009) in
toxicity UGT1A EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Incr rel & abs liver weight LOEL/LOAEL 0.25 91 days Yu et al. (2009) in
toxicity EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Decr total serum T4 LOEL/LOAEL 0.25 91 days Yu et al. (2009) in
toxicity EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Decr mRNA of hepatic LOEL/LOAEL 0.75 91 days Yu et al. (2009) in
toxicity deiodinase 1 EFSA, 2018

PFOS Rat male drinking water | Repeated dose | Incr mRNA of hepatic LOEL/LOAEL 0.25 91 days Yu et al.(2009) in
toxicity UGT1A EFSA, 2018

PFOS Rat female gavage Repeated dose | Decr total serum T4 NOEL/NOAEL 0.2 5 days Yu et al. (2011) in
toxicity EFSA, 2018

PFOS Rat female gavage Repeated dose | Decr total serum T3 NOEL/NOAEL 1 5 days Yu et al. (2011) in
toxicity EFSA,2018

PFOS Rat female gavage Repeated dose | Incr mRNA of hepatic Oatp2 | NOEL/NOAEL 1 5 days Yu et al. (2011) in
toxicity EFSA, 2018

PFOS Rat female gavage Repeated dose | Decr total serum T4 LOEL/LOAEL 1 5 days Yu et al. (2011) in
toxicity EFSA, 2018

PFOS Rat female gavage Repeated dose | Decr total serum T3 LOEL/LOAEL 3 5 days Yu et al. (2011) in
toxicity EFSA, 2018

PFOS Rat female gavage Repeated dose | Incr mRNA of hepatic Oatp2 | LOEL/LOAEL 3 5 days Yu et al. (2011) in
toxicity EFSA, 2018

PFOS Mice male diet Repeated dose | Incr rel liver weight LOEL/LOAEL 6 21i 23 days Zhang et al. (2016a)
toxicity in EFSA, 2018

PFOS Mice male diet Repeated dose | Incr serum ALT LOEL/LOAEL 6 21i 23 days Zhang et al. (2016a)
toxicity in EFSA, 2018
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PFOS Mice male diet Repeatediose Hepatic steatosis LOEL/LOAEL 6 21i 23 days Zhang et al. (2016a)
toxicity in EFSA, 2018

PFOS Mice male diet Repeated dose | Incr hepatic triglycerides LOEL/LOAEL 6 21i 23 days Zhang et al. (2016a)
toxicity in EFSA, 2018

PFOA Mice male drinking water | Repeated dose | Incr serum ALT NOEL/NOAEL 0.49 21 days Son et al. (2008) in
toxicity EFSA, 2018

PFOA Mice male drinking water | Repeated dose | Incr rel liver weight LOEL/LOAEL 0.49 21 days Son et al. (2008) in
toxicity EFSA, 2018

PFOA Mice male drinking water | Repeated dose | Incr serum ALT LOEL/LOAEL 2.64 21 days Son et al. (2008) in
toxicity EFSA, 2018

PFOA Rat male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018

PFOA Rat male gavage Repeated dose | Incr rel kidney weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018

PFOA Rat male gavage Repeated dose | Incr rel testis weight LOEL/LOAEL 5 28 days Cui et al. (2009) in
toxicity EFSA, 2018

PFOA Mice male gavage Repeated dose | Decrserum cholesterol NOEL/NOAEL 5.4 4 weeks Minata et al. (2010)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr rel liver weight LOEL/LOAEL 5.4 4 weeks Minata et al. (2010)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr ALT LOEL/LOAEL 5.4 4 weeks Minata et al. (2010)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr serum triglycerides LOEL/LOAEL 5.4 4 weeks Minata et al. (2010)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Decr seruntholesterol LOEL/LOAEL 10.8 4 weeks Minata et al. (2010)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Decr serum triglycerides NOEL/NOAEL 5 14 days Wang et al. (2013a)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Decr seruntriglycerides LOEL/LOAEL 10 14 days Wang et al. (2013a)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr relative liver weight LOEL/LOAEL 5 14 days Wang et al. (2013a)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incrrelative liver weight LOEL/LOAEL 25 14 days Yang et al. (2014)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr serum ALT LOEL/LOAEL 25 14 days Yang et al. (2014)
toxicity in EFSA, 2018

PFOA Mice male gavage Repeated dose | Incr hepationalondialdehyde| LOEL/LOAEL 25 14 days Yang et al. (2014)
toxicity level in EFSA, 2018

PFOS Mice mother gavage Reproductive Liver weight increase NOEL/NOAEL 13 GD 1i14/18 Era et al. (2009) in
and EFSA, 2018
developmental
toxicity

PFOS Mice mother gavage Reproductive Liver weight increase LOEL/LOAEL 20 GD 1i14/18 Era et al. (2009) in
and EFSA, 2018
developmental
toxicity

PFOS Mice offspring gavage Reproductive Liver weight increase NOEL/NOAEL 13 GD 1i14/18 Era et al. (2009) in
and EFSA, 2018

developmental
toxicity

249




September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

PFOS Mice offspring gavage Reproductive Liver weight increase LOEL/LOAEL 20 GD 1i 14/18 Era et al. (2009) in
and EFSA, 2018
developmental
toxicity

PFOS Mice offspring gavage Reproductive Liver weight decrease NOEL/NOAEL 13 GD 1i14/18 Era et al. (2009) in
and EFSA, 2018
developmental
toxicity

PFOS Mice offspring gavage Reproductive Liver weight decrease LOEL/LOAEL 20 GD 1i 14/18 Era et al. (2009) in
and EFSA, 2018
developmental
toxicity

PFOS Rat sex not oral gavage, Neurotoxicity Decreased motor ability NOEL/NOAEL 12.5 (mg/kg) | single dose Yang et al. (2009c)

specified gastric in EFSA, 2018
perfusion

PFOS Rat sex not oral gavage, Neurotoxicity, Decreased glutamate conter; LOEL/LOAEL 25 (mg/kg) single dose Yang et al. (2009c)

specified gastric acute exposure | in cortex in EFSA, 2018
perfusion

PFOS Rat male orally Neurotoxicity, Increased CaMKIl and-dun | LOEL/LOAEL 0.153 91 days Liu et al. (2010a) in
repetead dose | expression in the EFSA, 2018
exposure hippocampus and cortex

PFOS Mice sex not gavage Neurotoxicity, Increased apoptosis and NOEL/NOAEL 0.43 3 months Long et al. (2013a) in

specified, start repetead dose | glutamate in the hippocampu EFSA, 2018
at 8 weeks exposure and decreased dopamine in
the caudate putamen
PFOS Mice sex not gavage Neurotoxicity, Increased apoptosis and LOEL/LOAEL 2.15 3 months Long et al. (2013a) in
specified, start repetead dose | glutamate in the hippocampu EFSA, 2018
at 8 weeks exposure and decreased dopamine in
the caudate putamen
PFOS Rat sex not orally Neurotoxicity, Increased activity of the LOEL/LOAEL 3 28 days Salgado et al. (2015)
specified, PND repetead dose | hypothalamic DA system in EFSA, 2018
60, exposure
PFOS Rat sex not orally Neurotoxicity, Downregulation of mMRNA LOEL/LOAEL 6 28 days Salgado et al. (2016)
specified, PND repetead dose | expression for DRD1 in in EFSA, 2018
60, exposure amygdala; Upregulation of
DRD2 in frontal cortex and
hippocampus
PFOS Mice sex not gavage Neurotoxicity, Decreased locomotor activity LOEL/LOAEL 11.3 (mg/kg | single dose Johansson et al.
specified, PND developmental bw) at age 2 (2008) in EFSA,
10 exposure months; 0.75 2018
(mg/kg bw) at
age 4 months
PFOS Mice sex not gavage Neurotoxicity, Increased CAMKII, GAP43 | LOEL/LOAEL 11.3 (mg/kg | single dose Johansson et al.
specified, PND developmental | and synaptophysin protein bw) (2009) in EFSA,
10 exposure level in hippocampus; 2018
synaptophysin and Tau
protein level in cortex;

PFOS Rat sex not gavage Neurotoxicity, Increased locomotor activity | NOEL/NOAEL 0.1 GDGi PND 20 Butenhoff et al.

specified developmental (2009) in EFSA,

exposure

2018

250



September 2022

PFAS_Final EQS Dossier after SCHEER final opinion

PFOS Rat sex not gavage Neurotoxicity, Increased locomotor activity | LOEL/LOAEL 0.3 GDGi PND 20 Butenhoffet al.
specified developmental (2009) in EFSA,
exposure 2018
PFOS Rat sex not orally Neurotoxicity, Gene expression (microarray LOEL/LOAEL 3.2 GD 1i PND21 Wang et al. (2010) in
specified developmental | in cerebral cortex EFSA, 2018
exposure
PFOS Rat sex not diet food Neurotoxicity, LOEL/LOAEL 3.2 (mg/kg GD 0i PND35 Liu et al. (2010b) in
specified developmental food per day) EFSA, 2018
exposure
PFOS Rat sex not gavage Neurotoxicity, Upregulation of astrocyte LOEL/LOAEL 0.1 GD2i 21 Zeng et al. (2011b) in
specified developmental | markers (GFAP and S100B) EFSA, 2018
exposure in hippocampus at PND 0,
and in both hippocampus an
cortex at PND 21
PFOS Rat sex not gavage Neurotoxicity, Downregulation of LOEL/LOAEL 0.1 GDGi 20 Zeng et al. (2011a) in
specified developmental | synaptophysin and synapsin EFSA, 2018
exposure at PND 0.Downregulation of
synapsin 1 & 2; length of
synaptic active zone in CAl
at PND 21
PFOS Mice male diet food Neurotoxicity, Decreased locomotor activity LOEL/LOAEL 0.3 GD IiPND 0 Onishchenko et al.
developmental | in males only (2011) in EFSA,
exposure 2018
PFOS Mice sex not gavage Neurotoxicity, Gene expression: LOEL/LOAEL 11.3 (mg/kg | single dose Hallgren et al. (2015)
specified, developmental | downregulation of AChE, bw) in EFSA, 2018
PND10 exposure nAChR-b2 in cortex, and
upregulation of mMAChF5 in
hippocampus at PND 11;
decreased locomotor activity
at age 2 months
PFOS Rat sex not orally Neurotoxicity, Decreased mRNA expressiol LOEL/LOAEL 5 mg/L(0.45 | GD 1i PND35 Wang et al. (2015a)
specified, developmental | of GAP-43 mg/kg bw per in EFSA, 2018
PND11 exposure day*)
PFOS Rat sex not drinking water | Neurotoxicity, Increased mRNA expression| LOEL/LOAEL 1.7 mg/L GDOi PND 90 Zhang et al. (2016b)
specified developmental | and phosphorylation of Tau (0.15 mg/kg in EFSA, 2018
exposure and mRNA expression of bw per day*)
App
PFOS Mice sex not gavage Neurotoxicity, Gene expression: LOEL/LOAEL 11.3 (mg/kg | single dose Hallgren and Viberg
specified, developmental | downregulation of DRD5 in bw) (2016) in EFSA,
PND1 exposure cortex, and upregulation of 2018
TH in the hippocampus at
PND 11;downregulation of
DRD2 and TH in cortex at
age 2 months
PFOA Mice sex not gavage Neurotoxicity, Decreased locomotor activity LOEL/LOAEL 8.7 mg/kg at | single dose Johansson et al.
specified, developmental age 2 months;| (2008) in EFSA,
PND10 exposure 0.58 mg/ kg 2018
at ages 4
months
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PFOA Mice sex not gavage Neurotoxicity, Increased CAMKII, GAP43, | LOEL/LOAEL 8.7 mg/kg single dose Johansson et al.
specified, developmental | synaptophysin and Tau (2009) in EFSA,
PND10 exposure proteinlevel in hippocampus; 2018
synaptophysin and Tau
protein level in cortex;
PFOA Mice male diet food Neurotoxicity, Increased locomotor activity | LOEL/LOAEL 0.3 GD IiPND 0 Onishchenko et al.
developmental | in males only (2011) in EFSA,
exposure 2018
PFOA Rat sex not drinking water | Neurotoxicity, Increased locomotor activity | LOEL/LOAEL 10.12 mg/kg | GD 1Ii PND 21 Cheng et al. (2013)
specified developmental | at PND 36 per day in EFSA, 2018
exposure
PFOA Mice sex not diet food Neurotoxicity, LOEL/LOAEL 0.1 GD 7iPND 21 Sobolewski et al.
specified developmental (2014) in EFSA,
exposure 2018
PFOS Rat female diet Long-term Incr serum urea nitrogen (f, | NOEL/NOAEL 0.12 103 106 weeks | Butenhoff et al.
toxicity and wk 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Long-term Incr serum urea nitrogen (m,| NOEL/NOAEL 0.024 103 106 weeks | Butenhoff et al.
toxicity and wk 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Incr serum ALT (m, wk 14 + | NOEL/NOAEL 0.242 103 106 weeks | Butenhoff et al.
toxicity and 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Hepatic centrolob NOEL/NOAEL 0.024 103 106 weeks | Butenhoff et al.
toxicity and hypertrophy (m, wk 104) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Hepatic adenoma (m, wk NOEL/NOAEL 0.242 103 106 weeks | Butenhoff et al.
toxicity and 104) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat female diet Longterm Hepatic adenoma (f, wk 104)] NOEL/NOAEL 0.299 103 106 weeks | Butenhoff et al.
toxicity and (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat female diet Longterm Incr serum urea nitrogen (f, | LOEL/LOAEL 0.299 103 106 weeks | Butenhoffet al.
toxicity and wk 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Incr serum urea nitrogen (m,| LOEL/LOAEL 0.098 103 106 weeks | Butenhoff et al.
toxicity and wk 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Long-term Incr serum ALT (m, wk 14 + | LOEL/LOAEL 0.984 103 106 weeks | Butenhoff et al.
toxicity and 53) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Hepatic centrolob LOEL/LOAEL 0.098 103 106 weeks | Butenhoff et al.
toxicity and hypertrophy (m, wk 104) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat male diet Longterm Hepatic adenoma (m, wk LOEL/LOAEL 0.984 103 106 weeks | Butenhoff et al.
toxicity and 104) (2012b) in EFSA,
carcinogenicity 2018
PFOS Rat female diet Longterm Hepatic adenom, wk 104) | LOEL/LOAEL 1.251 103106 weeks | Butenhoff et al.
toxicity and (2012b) in EFSA,

carcinogenicity

2018
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PFOA Rat male diet Long-term Hep hypertrophy (m, wk 104) NOEL/NOAEL 13 104 weeks Butenhoff et al.
toxicity and (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat female diet Long-term Fibroadenoma in mammary | NOEL/NOAEL 1.6 104 weeks Butenhoff et al.
toxicity and gland (f, wk 104) (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Longterm Leydig cell adenoma (m, wk | NOEL/NOAEL 1.3 104 weeks Butenhoff et al.
toxicity and 104) (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Longterm Incr serum ALT (m, month LOEL/LOAEL 1.3 104 weeks Butenhoff et al.
toxicity and 3i18) (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Longterm Incr serum AST (m, monthi6| LOEL/LOAEL 1.3 104 weeks Butenhoff et al.
toxicity and 12) (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Longterm Incr serum ALP (m, monthi3| LOEL/LOAEL 1.3 104 weeks Butenhoff et al.
toxicity and 6s) (2012b) inEFSA,
carcinogenicity 2018
PFOA Rat male diet Long-term Hep hypertrophy (m, wk 104) LOEL/LOAEL 14.2 104 weeks Butenhoff et al.
toxicity and (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Longterm Brain weight (m, wk 104) LOEL/LOAEL 1.3 104 weeks Butenhoff et al.
toxicity and (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat female diet Long-term Spleen weight (f, wk 104) LOEL/LOAEL 1.6 104 weeks Butenhoff et al.
toxicity and (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat female diet Long-term Fibroadenoma in mammary | LOEL/LOAEL 16.1 104 weeks Butenhoff et al.
toxicity and gland (f, wk 104) (2012b) in EFSA,
carcinogenicity 2018
PFOA Rat male diet Long-term Leydig cell adenoma (m, wk | LOEL/LOAEL 14.2 104 weeks Butenhoff etal.
toxicity and 104) (2012b) in EFSA,
carcinogenicity 2018
PFBA Mice male gavage increased liver weight and LOAEL 35 28 days (Foreman et al.,
hepatocyte hypertrophy (wild 2009) in ltalian EQS
type and PPARJhumanized dossier, 2015
mine)
PFBA Mice male gavage hepatic focal necrosisvild LOAEL 175 28 days (Foreman et al.,
type mice) 2009) in ltalian EQS
dossier, 2015
PFBA Rat male daily oral increase liver weight, slight | NOAEL 6 28 days (Butenhoff et al.,
gastric gavage to minimal hepatocellular 2012) in ltalian EQS
hypertrophy; decrease seruni dossier, 2015
total cholesterol; and reduce
serum thyroxin with no
change in serum thyrotropin
PFBA Rat male daily oral increase liver weight, slight | NOAEL 6 90 days (Butenhoff et al.,
gastric gavage to minimal hepatocellular 2012) in ltalian EQS
hypertrophy; decrease serun dossier2015
total cholesterol; and reduce
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serum thyroxin with no
change in serum thyrotropin

toxicity: NOAEL base on
reduced body weight at the
highest dose of 500 mg/kg b

PFBA Rat female daily oral increase liver weight, slight | NOAEL >150 28 days (Butenhoff et al.,
gastric gavage to minimal hepatocellular 2012) in ltalian EQS
hypertrophy; decrease seruni dossier, 2015
total cholesterol; and reduce
serum thyroxin with no
change in serum thyrotropin
PFBA Rat female daily oral increase liver weight, slight | NOAEL >30 90 days (Butenhoff et al.,
gastric gavage to minimal hepatocellular 2012) in ltalian EQS
hypertrophy; decrease seruni dossier, 2015
total cholesterol; and reduce
serum thyroxin with no
change in serum thyrotropin
PFBA Mice female gavage maternal toxicity (increased | NOAEL 35 GD 1-17 (Das et al., 2008) in
liver weight) Italian EQS dossier,
2015
PFBA Mice female gavage developmental and NOAEL 350 GD 1-17 (Das et al., 2008) in
reproductiortoxicity Italian EQS dossier,
parameters 2015
PFPeA Rat male dietary no inhibition of gap NOAEL 36 single dose, (Upham et al., 2009)
administration junctional intercellular duration 1 week | in Italian EQS
(0.02% in feed) communications and no dossier, 2015
increase in liver weight
PFHxA Mice daily gavage reproductive and NOAEL 100 GD 6-18 (lwai and Hoberman,
developmental toxicity (base 2014) in ltalian EQS
on the observed increase in dossier, 2015
pups deaths at the higher do
of 175 mg/kg bw)
PFHxA Rat male daily gavage liver histopathology and NOAEL 50 90 days (Chengelis et al.,
increased weight 2009) in ltalian EQS
dossier, 2015
PFHxA Rat females; daily gavage general toxicity and NOAEL 200 90 days (Chengelis et al.,
highest tested functional observational 2009) in ltalian EQS
dose battery parameters dossier, 2015
PFHxA Rat daily gavage subchronic toxicity: NOAEL | NOAEL 20 90days (Loveless et al.,
based on nasal lesions 2009) in ltalian EQS
observed at the higher doseg dossier, 2015
of 100 and 500 mg/kg bw
PFHxA Rat daily gavage subchronic toxicity: NOAEL | BMDL10 13 90 days (Loveless et al.,
based on nasal lesions 2009) in ltalian EQS
observed at the higher doseg dossier2015
of 100 and 500 mg/kg bw
PFHxA Rat m/f daily gavage reproduction toxicity study: | NOAEL 100 126 days (Loveless et al.,
NOAEL base on reduced puy (females) and 2009) in ltalian EQS
weight at the highest dose of| 110 days (males) dossier, 2015
500 mg/kg bw
PFHxA Rat maternal and developmental| NOAEL 100 GD 620 (Loveless et al.,

2009) in Italian EQS
dossier, 2015
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PFBS Rat male oral gavage hematological effects NOAEL 60 90 days (Lieder etal., 2009b)
in Italian EQS
dossier, 2015
PFBS Rat females- oral gavage reductions in average total | NOAEL 600 90 days (Lieder et al., 2009b)
highest dose protein and albumin values in ltalian EQS
tested dossier, 2015
PFBS Rat daily gavage generaloxicity in P and F1 NOAEL 100 10 weeks for (Lieder et al., 2009b)
(based on increased liver both P and F1 in ltalian EQS
weight and minimal generations, dossier, 205
histological findings in before and after
kidney at the higher dose of mating
300 mg/kg bw
PFBS Rat highest tested | daily gavage reproductive toxicity NOAEL 1,000 10 weeks for (Lieder et al., 2009b)
dose parametres both P and F1 in Italian EQS
generations, dossier, 2015
before and after
mating
PFBS Rat oral gavage increase in kidney anlaver NOAEL 300 28 days Primedica Redfield
weights (2001) in NICNAS
2005 in Italian EQS
dossier, 2015
PFBS Rat oral gavage necrosis in the limiting ridge | NOAEL 200 90 days Argus Research
of the forestomach. (2003a) in NICNAS
2005 in Italian EQS
dossier2015
PFBS Rat oral gavage maternal toxicity: reduced NOAEL 300 GD 6-20 Argus Research
bodyweight gains and (2002) in NICNAS
2005 in Italian EQS
dossier, 2015
PFBS Rat oral gavage developmental toxicity: NOAEL 1,000 GD 6-20 Argus Research
reduction in foetal body (2002) in NICNAS
weights 2005 in Italian EQS
dossier, 2015
PFBS Rat male, PO oral gavage P generation male: treatmen{ NOAEL 100 Two-Generation | Argus Research
related microscopic changes Reproduction (2003b) in NICNAS
in the liver and kidney Toxicity Study 2005 in Italian EQS
dossier, 2015
PFBS Rat female, PO oral gavage P generation female: NOAEL 100 Two-Generation | Argus Research
treatmentrelated microscopic Reproduction (2003b) in NICNAS
changes in the kidney Toxicity Study 2005 inltalian EQS
dossier, 2015
PFBS Rat male, PO oral gavage P generation male and femal| NOAEL 1,000 Two-Generation | Argus Research
reproductive: No effect in Reproduction (2003b) in NICNAS
reproductive parameters Toxicity Study 2005 in Italian EQS
dossier2015
PFBS Rat offspring, F1 oral gavage F1 litter (development): No | NOAEL 1,000 Two-Generation | Argus Research
treatmentrelated effects Reproduction (2003b) in NICNAS
Toxicity Study 2005 in Italian EQS

dossier, 2015
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PFBS Rat male, F1 oral gavage F1generation male: NOAEL 100 Two-Generation | Argus Research
treatmentrelated microscopic Reproduction (2003b) in NICNAS
changes in the liver and Toxicity Study 2005 in Italian EQS
kidney dossier, 2015

PFBS Rat female, F1 oral gavage F1 generation female: NOAEL 100 Two-Generation | Argus Research
treatmentrelated microscopic Reproduction (2003b) in NICNAS
changes in the kidney Toxicity Study 2005 in Italian EQS

dossier, 2015

PFBS Rat male, F1 oral gavage F1 generation male and NOAEL 1,000 Two-Generation | Argus Research
female reproductive: No Reproduction (2003b) in NICNAS
effect in mating, fertility or Toxicity Study 2005 in Italian EQS
maternal delivery parameters dossier, 2015

PFBS Rat F2 oral gavage F2 litter: No treatmentelated | NOAEL 1,000 Two-Generation | Argus Research
effects Reproduction (2003b) in NICNAS

Toxicity Study 2005 in Italian EQS
dossier, 2015
PFOA Mice offspring daily oral Reproductive Decrease in foetal body NOAEL 1 GD 1-17 Lau et al(2006) in
gavage and weight ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)
PFOA Mice offspring daily oral Reproductive Decrease in foetal body LOAEL 3 GD 1-17 Lau et al. (2006) in
gavage and weight ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)

PFOA Mice mother daily oral Reproductive increased liver weight LOAEL 1 GD 1-17 Lau et al. (2006) in

gavage and ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)

PFOA Mice offsrping, PND | daily oral Reproductive reduced pup weight BMDL5 0.86 GD 1-17 Lau et al. (2006) in

23 gavage and ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)

PFOA Mice female, oral gavage Reproductive Reduced neonatal survival | LOAEL 0.6 GD 1-17 Abbot et al., 2007 in

pregnant mice and ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)

PFOA Mice female, oral gavage Reproductive Reduced neonatal survival | NOAEL 0.3 GD 1-17 Abbot et al., 2007 in

pregnant mice and ECHA-PFOA Annex
developmental XV, 2014; ECHA
toxicity (2018f)

PFOA Mice female, oral gavage Reproductive Delay in mammary gland LOAEL 0.01 GD1-17 Macon et al., 2011 in

pregnanimice and development in pups assess ECHA-PFOA Annex
developmental | on PND21 XV, 2014; ECHA
toxicity (2018f)

PFOA Rat male diet Subchronic Hepatocellulahypertrophy LOAEL 0.64 90 days Perkins et al., 2004

toxicity and increased liver weight in ECHA-PFOA
Annex XV, 2014;
ECHA (2018f)

PFOA Rat male diet Subchronic Hepatocellular hypertrophy | NOAEL 0.06 90 days Perkins et al., 2004

toxicity and increased liver weight in ECHA-PFOA
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Annex XV, 2014,

ECHA (2018f)
PFOA Rat male oral gavage Subchronic Reductions in total LOAEL 1 14 days Loveless et al., 2006
toxicity cholesterol and triglycerides, in ECHA-PFOA
increased liver weight Annex XV, 2014;
ECHA (2018f)
PFOA Rat male oral gavage Subchronic Reductions in total NOAEL 0.3 14 days Loveless et al., 2006
toxicity cholesterol and triglycerides, in ECHA-PFOA
increased liver weight Annex XV, 2014,
ECHA (2018f)
PFOA Rat male orally Chronic toxicity | Increased liver weight and LOAEL 14.2 2-year study Sibinski et al., 1987
hepatic changes (m) in ECHA-PFOA
Annex XV, 2014;
ECHA (2018)
PFOA Rat male orally Chronic toxicity | Increased liver weight and NOAEL 13 2-year study Sibinski etal., 1987
hepatic changes (m) in ECHA-PFOA
Annex XV, 2014;
ECHA (2018)
PFOA Rat female orally Chronic toxicity | Reduced body weight gain | LOAEL 16.1 2-year study Sibinski et al., 1987
and haematological changes| in ECHA-PFOA
) Annex XV, 2014;
ECHA (2018)
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