
 

 

     

 

 

 Fastsættelse af kvalitetskriterier for vandmiljøet 

 

Per- og Polyfluoralkylstoffer 
(PFAS) 

 

 
 

 

 

 

 

Nedenstående miljøkvalitetskriterier er sat for summen af PFOA-ækvivalenter* med undtagelse af 

sedimentkvalitetskriteriet, som kun er bestemt for PFOS. Værdierne er baseret på beregningerne 

foretaget af JRC for summen af PFOA-ækvivalenter (indsat sidst i nærværrende datablad). 
 

 

Vandkvalitetskriterium VKKferskvand 0,0044 µg/l** 
Vandkvalitetskriterium VKKsaltvand 0,0044 µg/l** 
Korttidsvandkvalitetskriterium KVKKferskvand Ikke bestemt 

Korttidsvandkvalitetskriterium KVKKsaltvand Ikke bestemt 
Sedimentkvalitetskriterium SKKferskvand 13,5 µg/kg tørvægt (5% OC) (PFOS) 

270 µg/kg tørvægt x fOC (PFOS) 
Sedimentkvalitetskriterium SKKsaltvand Ikke bestemt 
Biotakvalitetskriterium, sekundær forgiftning, 
ferskvand 

BKKsek.forgiftn., 

ferskvand 
22,3 µg/kg vådvægt (fisk) 
6,2 µg/kg vådvægt (musling) 

Biotakvalitetskriterium, sekundær forgiftning, 
saltvand 

BKKsek.forgiftn., 

saltvand 
6,99 µg/kg vådvægt (fisk) 
2 µg/kg vådvægt (musling) 

Biotakvalitetskriterium, human konsum HKK 0,077 µg/kg vådvægt 

 

 

* Ved òPFOA-ækvivalenterò skal forst¬s at RPF (Relative Potency Factors) er anvendt til at beregne et 
sumkriterie for de 24 PFAS angivet i tabel 1 i JRC (2022). 
** Værdierne er fastsat på baggrund af human konsum af drikkevand (JRC, 2022). 
 
Bemærk opdateret februar 2024: indsat fodnote til tabel 1 side 22 vedrørende ændring i CAS nr. for to af 
stofferne. 
Bemærk opdateret oktober 2024: note tilføjet vedr. RPF-intervaller på side 11. 

 

 

23. november 2023 
Opdateret oktober 2024 
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Dansk resumé og konklusioner 

Dette datablad er udarbejdet som et udviddet dansk resumé af det engelske dokumnet med 

miljøkvalitetskriterier for Per- og polyfluoralkylstoffer, fastsat som summen af 24 PFAS, udarbejdet 

af det Fælles Europæiske Forskningscenter, JRC, i 2022 (JRC, 2022 1). JRC-dokumentet er indsat 

bagerst i nærværende datablad (fra side 20).  

 

Per- og polyfluoalkylstoffer ï i daglig tale blot kaldet PFAS ï er en stor og kompleks gruppe af 

kemiske stoffer med forskellige samfundsnyttige egenskaber i en lang række anvendelser. Stofferne 

besidder typisk egenskaber som holdbarhed over for påvirkning med lys og varme (stråling og 

energi) og rummer samtidig egenskaber som afvisning af vand, fedt og smuds fra overflader. 

Stofferne er alle syntetisk fremstillede, dannes eller findes ikke naturligt i biologiske eller 

geologiske miljøer og er dertil generelt meget svært nedbrydelige. En del af PFAS-stofferne er 

tillige konstateret skadelige med effekter på både menneskers sundhed og organismer i miljøet.  

 

PFAS er karakteriseret ved at være kemiske stoffer med bindinger mellem kulstof (C) og fluor (F), 

hvor det kemiske stof som udgangspunkt òindeholder mindst en fuldt fluoreret methyl gruppe (-

CF3) eller en fuldt fluoreret methylen gruppe (-CF2-), uden at der til disse grupper er bundet 

hydrogen (H), chlor (Cl), brom (Br) eller iod (I)ò (OECD/UNEP 2).  

 

En fuld liste over de 24 PFAS samt deres kemiske identitet kan findes i JRC-dokumentet (se 

nærværende datablad side 22 samt side 28-41). Herunder er givet nogle eksempler på PFAS-stoffer:   

 
  

PFBA 

375-22-4 

PFOA 

335-67-1 

HFPO-DA (Gen X) 

62037-80-3 

 

Baseret på det enkelte stofs kemiske struktur, molekylets opbygning, størrelse, indhold af 

funktionelle grupper osv. kan PFAS inddeles i grupper og undergrupper, hvoraf nogle er polymerer 

givet ved at være store molekyler med meget lav til ingen vandopløselighed, mens andre er mindre 

molekyler med større vandopløselighed og eventuelt et damptryk, der vil føre til mulig fordampning 

af stoffet til luften. Ofte ses PFAS kemisk opbygget med funktionelle grupper, hvorved den 

grundlæggende per- og polyfluorerede alkylgruppe er kombineret med en kædeafsluttende 

carboxylsyre eller sulfonsyre. Stofferne kan også være kemisk bundet sammen med ether-bindinger 

til enten andre kemiske stoffer eller til andre PFAS-stoffer. 

 

                                                 
1 Joint Research Center (JRC) of the Commission of the European Union: Per- And Polyfluoroalkyl Substances (PFAS) 

ï Final Dossier after SCHEER final opinion ï dated 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
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Generelt er per- og polyfluoralkylgruppen svær til meget svær at nedbryde i miljøet, og PFAS 

vurderes derfor generelt at have meget lange nedbrydningstider. Kombineres den meget lange 

nedbrydningstid med mobilitet i miljøet og en relativt udbredt anvendelse af flere af disse stoffer 

gennem længere tid i en lang række af samfundets processer og materialer, vil såvel mindre som 

større emissioner kunne føre til, at disse stoffer vil kunne påvises i relevante miljøprøver og tillige 

over tid potentielt medføre en ophobning af stofferne i miljøet generelt.  

 

JRC-dokumentet (JRC, 2022) fokuserer på de PFAS-stoffer, der er konstateret mobile i miljøet og 

anvendt i større mængder med relevante emissioner til følge. For disse stoffer er der også kendt 

viden om skadelige effekter på såvel organismer som menneskers sundhed og endeligt har de 

potentiale til  at kunne akkumuleres gennem fødekæderne.  

 

Generelt er gruppen af PFAS-polymerer ikke omfattet af det udarbejdede JRC-dokument. 

 

Overordnet omfatter det fremlagte dokument i alt 24 relevante PFAS-stoffer, der ud over per-og 

polyfluoralkylgruppen indeholder funktionelle grupper eller strukturer, der placerer de 24 PFAS-

forbindelser i følgende undergrupper: 

 

¶ PFAA ï Perfluoralkyl syrer 

o PFCA - Perfluoralkyl carboxylsyre 

o PFSA ï Perfluoralkyl sulfonsyre 

¶ PFAE ï Perfluoralkyl ethere 

o Stoffer med to perfluoralkyl kæder kemisk bundet sammen med ether binding 

¶ PFAA precursor 

o PFAS-forbindelser som ved spaltning i miljøet danner PFCA- eller PFSA-forbindelser 

 

Dokumentets tabel 1 (JRC, 2022, se nuværrende datablad s. 22) indeholder en liste over de 24 

PFAS, der er omfattet af vurderingerne i dokumentet, og stoffernes kemiske identitet fremgår af 

dokumentets afsnit 1.  

 

En lang række PFAS-stoffer er på nærværende tidspunkt omfattet af restriktioner og klassificeringer 

under REACH (Registration, Evaluation, Authorization, and Restriction of Chemicals) og for en 

række af stofferne omfattet af dette dokument, findes der på nuværende tidspunkt konkrete 

vurderinger og lovgivningsmæssige restriktioner, herunder PBT-vurdering (persistent, 

bioaccumulative and toxic), SVHC-vurdering (substances of very high concern), POP-vurdering 

(persistent organic pollutant), vurdering af hormonforstyrrende egenskaber samt CLP-klassificering. 

Disse er beskrevet i JRC-dokumentets afsnit 2. Oplysninger om den industrielle anvendelse af 

PFAS, og estimerede emissioner af en række PFAS til miljøet fremgår af afsnit 4.  

 

Det fremlagte dokument omfatter en vurdering af risiko for vandmiljøet og for menneskers sundhed 

for seks specifikke PFAS-stoffer: PFOS, PFOA, PFBA, PFBS, PFHxA og PFPeA, hvor der er 

vurderet at være et tilstrækkeligt og fagligt velunderbygget grundlag for at fastsætte 

miljøkvalitetskriterier. Dertil omfatter dokumentet en vurdering af risikoen ved human eksponering 

for et bredere spektrum af PFAS gennem fødekæden ved at anvende en samleparameter kaldet 

PFOA-ækvivalenter. Denne vurdering af risiko ved human eksponering gennem føden omfatter de 

24 specifikke PFAS-stoffer.  
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Det udarbejdede grundlag for fastsættelsen af miljøkvalitetskriterier for human risiko ved 

kombineret eksponering for forskellige PFAS-stoffer gennem føden bygger på tre faglige søjler, 

henholdsvis i) en tilgang baseret på relativ toksicitet, ii) resultater og konklusioner fra et nøglestudie 

med kombineret eksponering for fire PFAS-stoffer, og iii) kriterier for valget af de 24 PFAS-stoffer, 

der indgår i kriteriefastsættelsen.  

 

Udvælgensen af de 24 PFAS-stoffer er baseret på mængden af (øko)toksicitetsdata og fysisk-

kemiske parametre (herunder analytiske metoder), tilgængeligheden af den relative potensfaktor, de 

nyeste PFAS på markedet og samspil med andre direktiver (f.eks. Drikkevandsdirektivet og 

Grundvandsdirektivet). 

 

Følgende PFAS-stoffer er omfattet af miljøkvalitetskriteriet for PFOA-ækvivalenter baseret på 

anvendelse af en stof-specifik faktor for stoffets relative toksicitet i forhold til stoffet PFOA og 

udtrykt ved faktoren PFOA-ækvivalenter: PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, 

PFUnA (eller PFUnDA), PFDoA (eller PFDoDA), PFTrDA, PFTeDA, PFHxDA, PFODA, PFBS, 

PFPeS, PFHxS, PFHpS, PFOS, PFDS, 6:2 FTOH, 8:2 FTOH, HFPO-DA (Gen X), ADONA og 

C6O4. 

 

Der er i JRC-dokumentet udarbejdet korttidsvandkvalitetskriterier3 (KVKK)  og 

vandkvalitetskriterier4 (VKK)  for både ferskvand og saltvand for de tidligere omtalte seks 

specifikke PFAS-stoffer. For PFOS er der tillige udarbejdet et foreløbigt kvalitetskriterie for 

sediment i ferskvand. 

 

PFAS-stoffernes fysisk-kemiske egenskaber, deres fordeling imellem forskellige miljøer, deres 

skæbne via abiotisk og biotisk nedbrydning samt deres biologiske effekter i miljøet er sammenfattet 

og vurderet af JRC (JRC, 2022), der på det fremlagte datagrundlag har bearbejdet data og beregnet 

miljøkvalitetskriterier. Arbejdet og rapporteringen har været kommenteret af Europa-

Kommissionens videnskabelige komite for sundhed og miljø, SCHEER (SCHEER, 2022) 5. 

 

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

baserer sig på Europa-Kommissionens vejledning til fastsættelse af kvalitetskriterier i vandmiljøet 

(EC, 2018) 6. Data for relevante PFAS-stoffers økotoksikologiske effekter er præsenteret og 

beskrevet i rapporten. Der er fastsat kvalitetskriterier for relevante specifikke miljøer og biota, for 

akutte påvirkninger og kroniske effekter samt for afledte effekter gennem fødekæder og for 

relevante indtag og humant konsum. Kvalitetskriterier er fastsat på baggrund af testresultater med 

en høj datakvalitet og stor bredde i forhold til undersøgte akutte og kroniske effekter på specifikke 

organismer, trofiske niveauer og forskellige miljøer. 

 

 

 

                                                 
3 Betegnes også som maksimumskoncentrationen, og er baseret på eksponering af kort varighed. 
4 Betegnes også som det generelle kvalitetskrav, og er generelt baseret på eksponering af lang varighed. 
5 Scientific committee on Health, Environmental and Emerging Risks (SCHEER) of the Commission of the European 

Union: Scientific Opinion on ñDraft Environmental Quality Standards for Priority Substances under the Water 

Framework Directiveò ï PFAS. (Publication date 18 August 2022), available on-line at: 

https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-

substances-under-water_en   
6 European Commission (EC): Technical Guidance for Deriving Environmental Quality Standards ï Guidance 

Document No. 27. Updated version 2018 

https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
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Korttidsvandkvalitetskriterium (KVKK)  

KVKK -værdier er udtryk for den maksimalt acceptable koncentration i vandmiljøet. Datagrundlaget 

for fastsættelse af KVKK er som udgangspunkt studier af de akutte effektniveauer for et stof og her 

fra etablering af en acceptabel maksimal koncentration i relevante akvatiske miljøer, der over kort 

tid ikke fører til uønskede effekter over for organismer i disse vandmiljøer.  

 

Ifald et datasæt ikke omfatter studier, der dækker et tilstrækkeligt antal taksonomiske grupper til at 

anvende SSD-metoden (Sensitive Species Distribution) til en statistisk funderet fastsættelse af 

kriterieværdier, vil fastsættelsen af kriterieværdier generelt være baseret på den deterministiske 

tilgang og anvendelse af relevante usikkerhedsfaktorer. 

 

Grundlaget for fastsættelse af vandkvalitetskriterier for de omfattede seks stoffer; PFOS, PFBS, 

PFOA, PFBA, PFHxA og PFPeA for ferskvand og saltvand fremgår af JRC-dokumentets afsnit 7.2. 

 

PFOS ï deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFOS omfatter, jf. tabel 7.1 i JRC-

dokumentet, 23 arter, som repræsenterer 6 taksonomiske grupper (alger, krebsdyr, bløddyr, 

fladorme, ledorme og fisk). Datasættet omfatter taksonomiske grupper af potentielt sensitive arter, 

men for det marine miljø er datasættet relativt svagt, hvorfor datasættet for ferskvand og saltvand er 

slået sammen. Den anvendte usikkerhedsfaktor er på baggrund heraf sat til 100 for ferskvand og 

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

 

Med udgangspunkt i laveste LC50-værdi på 2,5 mg/l for et 96-timers studie af dødelighed hos 

regnbueørred Oncorhynchus mykiss kan der, med afsæt i den deterministiske metode, fastlægges 

følgende KVKK-værdier: 

 

KVKK ferskvand = 2,5 mg/l / 100 = 0,025 mg/l (omregnet til 25 µg/l) 

KVKK saltvand = 2,5 mg/l / 1000 = 0,0025 mg/l (omregnet til 2,5 µg/l) 

 

PFOA ï probabilistisk og deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFOA omfatter, jf. tabel 7.2 i JRC-

dokumentet, 34 arter, som repræsenterer 13 taksonomiske grupper (cyanobakterier, bakterier, alger, 

krebsdyr, hjuldyr, snegle, bløddyr, fladorme, insekter, ledorme, padder, fisk og pighuder). 

Datasættet omfatter taksonomiske grupper af potentielt sensitive arter, men for det marine miljø er 

datasættet relativt svagt, hvorfor datasættet for ferskvand og saltvand slås sammen.  

 

Det samlede datasæt er undersøgt for anvendelighed med den statistiske tilgang SSD. JRC-

dokumentet refererer til en SSD foretaget af Holland (RIVM, 2017 7), hvori datasættet for PFOA 

omfatter datapunkter fra 22 forskellige arter, der dækker 10 taksonomiske grupper (cyanobakterier, 

alger, krebsdyr, hjuldyr, insekter, snegle, fladorme, ledorme, padder og fisk). Datasættet har en 

SSD-kurve vist i dokumentets figur 7.1 med en HC5-værdi 8 på 27,8 mg/l. Kurven opfylder krav om 

normalitet ved Kolmogorov-Smirnov test, men fraviger ved niveau 0,1 med Cramer-Von Mises test 

og 0,1 og 0,05 med Anderson-Darling test. Anvendes HC5-værdien med en standard faktor på 10 

for ferskvand og en faktor 100 for saltvand fås et KVKKferskvand på 2,8 mg/l og et KVKKsaltvand på 

0,28 mg/l. 

                                                 
7 RIVM 2017. Water quality standards for PFOA. A proposal in accordance with the methodology of the Water 

Framework Directive. RIVM Letter report 2017-0044. Authors: E.M.J. Verbruggen | P.N.H. Wassenaar | C.E. Smit. 
8 Beskriver den koncentration, hvorved 5% af arterne er påvirket. 
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Kriterieværdier ud fra den deterministiske tilgang er også beregnet. Den anvendte usikkerhedsfaktor 

er på baggrund heraf sat til 10 for ferskvand (da standardafvigelsen af de log-transformerede 

troværdige akutte data for er under 0,5) og 1000 for saltvand jf. vejledningen (EC, 2018). 

Med udgangspunkt i laveste LC50-værdi på 11,9 mg/l fra et 144-timers studie af dødelighed hos den 

marine fiskeart Psetta maxima kan der, med afsæt i den deterministiske metode, fastlægges 

følgende KVKK-værdier: 

 

KVKK ferskvand = 11,9 mg/l / 10 = 1,19 mg/l (afrundet til 1,2 mg/l og omregnet til 1.200 µg/l) 

KVKK saltvand = 11,9 mg/l / 1000 = 0,0119 mg/l (afrundet til 0,012 mg/l og omregnet til 12 µg/l) 

 

JRC-dokumentet er ikke helt tydelig i afsnittet omkring hvilken tilgang, der foretrækkes, men det er 

den probabilistiske tilgang, der præsenteres i opsummeringen over beregnede værdier. Den 

probabilistiske tilgang vil også være at foretrække generelt, da flere arter er inkluderet. 

 

PFBA ï deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFBA omfatter, jf. tabel 7.3 i JRC-

dokumentet, 7 arter, som repræsenterer 6 taksonomiske grupper (bakterier, alger, planter, krebsdyr, 

hjuldyr og fisk). Datasættet indeholder alene ét studie af marine arter, hvorfor datasættet for 

ferskvand og saltvand slås sammen. Den anvendte usikkerhedsfaktor er på baggrund heraf sat til 

100 for ferskvand og 1000 for saltvand jf. vejledningen (EC, 2018).  

 

Med udgangspunkt i laveste LC50-værdi på 110 mg/l fra et 24-timers studie af dødelighed hos 

invertebraten Brachionus calyciflorus kan der, med afsæt i den deterministiske metode, fastlægges 

følgende KVKK-værdier: 

 

KVKK ferskvand = 110 mg/l / 100 = 1,10 mg/l (omregnet til 1.100 µg/l) 

KVKK saltvand = 110 mg/l / 1000 = 0,110 mg/l (omregnet til 110 µg/l) 

 

PFBS ï deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFBS omfatter, jf. tabel 7.4 i JRC-

dokumentet, 10 arter, som repræsenterer 4 taksonomiske grupper (bakterier, alger, krebsdyr og 

fisk). Datasættet indeholder alene ét studie af marine arter, hvorfor datasættet for ferskvand og 

saltvand slås sammen. Den anvendte usikkerhedsfaktor er på baggrund heraf sat til 100 for 

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

 

Med udgangspunkt i laveste LC50-værdi på 372 mg/l fra et 96-timers studie af dødelighed hos 

invertebraten Americamysis bahia kan der, med afsæt i den deterministiske metode, fastlægges 

følgende KVKK-værdier: 

 

KVKK ferskvand = 372 mg/l / 100 = 3,72 mg/l (omregnet til 3.720 µg/l) 

KVKK saltvand = 372 mg/l / 1000 = 0,372 mg/l (omregnet til 372 µg/l) 

 

PFHxA ï deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFHxA omfatter, jf. tabel 7.5 i JRC-

dokumentet, 9 arter, som repræsenterer 5 taksonomiske grupper (bakterier, alger, hjuldyr, krebsdyr 

og fisk). Datasættet indeholder studier af marine arter, men det samlede datasæt er begrænset, 



 

 7 

hvorfor datasættet for ferskvand og saltvand slås sammen. Den anvendte usikkerhedsfaktor er på 

baggrund heraf sat til 100 for ferskvand og 1000 for saltvand jf. vejledningen (EC, 2018).  

 

Med udgangspunkt i laveste EC50-værdi på 86 mg/l fra et 72-timers studie af vækstrate hos algen 

Scenedesmus subspicatus kan der, med afsæt i den deterministiske metode, fastlægges følgende 

KVKK -værdier: 

 

KVKK ferskvand = 86 mg/l / 100 = 0,86 mg/l (omregnet til 860 µg/l) 

KVKK saltvand = 86 mg/l / 1000 = 0,086 mg/l (omregnet til 86 µg/l) 

 

PFPeA ï deterministisk tilgang 

Det samlede datasæt af relevante studier af akutte effekter for PFPeA omfatter, jf. tabel 7.6 i JRC-

dokumentet, 5 arter, som repræsenterer 5 taksonomiske grupper (bakterier, alger, krebsdr, hjuldyr 

og fisk). Datasættet indeholder alene ét studie af marine arter, hvorfor datasættet for ferskvand og 

saltvand slås sammen. Standardafvigelsen af de log-transformerede troværdige akutte data er under 

0,5, hvorfor den anvendte usikkerhedsfaktor er sat til 10 for ferskvand og 100 for saltvand jf. 

vejledningen (EC, 2018).  

 

Med udgangspunkt i laveste LC50-værdi på 31,8 mg/l fra et 96-timers studie af dødelighed hos 

padden Pimephales promelas kan der, med afsæt i den deterministiske metode, fastlægges følgende 

KVKK -værdier: 

 

KVKK ferskvand = 31,8 mg/l / 10 = 3,18 mg/l (omregnet til 3.180 µg/l) 

KVKK saltvand = 31,8 mg/l / 100 = 0,318 mg/l (omregnet til 318 µg/l) 

 

 

Vandkvalitetskriterium (VKK)  

Datagrundlaget for fastsættelse af VKK er som udgangspunkt studier af de kroniske effektniveauer 

for et stof, og fra dette datagrundlag etablering af en acceptabel koncentration i relevante akvatiske 

miljøer, der ikke fører til uønskede langtidseffekter over for organismer i disse vandmiljøer. 

 

Grundlaget for fastsættelse af vandkvalitetskriterier for de omfattede seks stoffer: PFOS, PFBS, 

PFOA, PFBA, PFHxA og PFPeA for ferskvand og saltvand fremgår af JRC-dokumentets afsnit 7.3. 

 

PFOS ï deterministisk tilgang 

Det samlede datasæt af relevante studier af kroniske effekter for PFOS omfatter, jf. tabel 7.7 i JRC-

dokumentet, 20 arter, som repræsenterer 9 taksonomiske grupper (alger, kiselalger, cyanobakterier, 

planter, krebsdyr, insekter, fisk, padder og hjuldyr). Datasættet omfatter studier af for få 

taksonomiske grupper til at anvende SSD metoden, og på dette grundlag er fastsættelse af 

kriterieværdier baseret på den deterministiske tilgang og anvendelse af relevante 

usikkerhedsfaktorer. 

 

Med et solidt datasæt for kroniske effekter på mere end tre trofiske niveauer og med flere NOEC-

værdier af nogenlunde samme størrelsesorden (0,01 ï 0,095 mg/l) vil anvendelse af den 

deterministiske metode med en usikkerhedsfaktor på 10 for ferskvand og 100 for saltvand jf. 

vejledningen (EC, 2018) være udgangspunktet for fastsættelse af kriterieværdier.  
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I datasættet er der imidlertid flere studier med rapporterede lavest observerede effektniveauer, 

angivet som laveste koncentrationer for effekt (LOEC), som er lavere end de angivne NOEC-

værdier i datasættet, hvortil anvendelse af en usikkerhedsfaktor på 10 på laveste NOEC-værdi vil 

resultere i en underbeskyttende VKK-værdi.  

 

Med udgangspunkt i den laveste LOEC-værdi på 2,3 µg/l fra et studie af total fremkomst af 

dansemyggen Chironomus tentans og anvendelse af den deterministiske metode med en 

usikkerhedsfaktor på 100 for ferskvand og 1000 for saltvand jf. vejledningen (EC, 2018) kan der 

fastsættes følgende VKK-værdier: 

 

VKK ferskvand = 2,3 µg/l / 100 = 0,023 µg/l 

VKK saltvand = 2,3 µg/l / 1000 = 0,0023 µg/l 

 

PFOA ï deterministisk tilgang 

Det samlede datasæt af relevante studier af kroniske effekter for PFOA omfatter, jf. tabel 7.8 i JRC-

dokumentet, 16 arter, som repræsenterer 8 taksonomiske grupper (alger, cyanobakterier, planter, 

krebsdyr, hjuldyr, bløddyr, padder og fisk). Datasættet omfatter mange taksonomiske grupper af 

potentielt sensitive arter, men for det marine miljø er datasættet relativt svagt, hvorfor datasættet for 

ferskvand og saltvand slås sammen. 

 

Med udgangspunkt i den laveste NOEC-værdi på 0,3 mg/l fra et studie af fiskearten Phimephales 

promealas og anvendelse af den deterministiske metode med en usikkerhedsfaktor på 10 for 

ferskvand og 100 for saltvand jf. vejledningen (EC, 2018) kan der fastsættes følgende VKK-

værdier: 

 

VKK ferskvand = 0,3 mg/l / 10 = 0,03 mg/l (omregnet til 30 µg/l) 

VKK saltvand = 0,3 mg/l / 100 = 0,003 mg/l (omregnet til 3,0 µg/l) 

 

PFBA ï deterministisk tilgang 

Det samlede datasæt for PFBA indeholder ikke undersøgelser af kroniske effekter, hvorfor 

fastsættelsen af kriterier for langtidseffekter er baseret på data af akutte effekter. 

 

Det samlede datasæt af relevante studier af akutte effekter af PFBA omfatter, jf. tabel 7.3 i JRC-

dokumentet, 7 arter, som repræsenterer 6 taksonomiske grupper (bakterier, alger, planter, krebsdyr, 

hjuldyr og fisk). Datasættet indeholder alene ét studie af marine arter, hvorfor datasættet for 

ferskvand og saltvand slås sammen. 

 

Med udgangspunkt i laveste LC50-værdi på 110 mg/l fra et 24-timers studie af dødelighed hos 

invertebraten Brachionus calyciflorus og anvendelse af den deterministiske metode med en 

usikkerhedsfaktor på 1000 for ferskvand og 10.000 for saltvand jf. vejledningen (EC, 2018) kan der 

fastlægges følgende VKK-værdier: 

 

VKK ferskvand = 110 mg/l / 1000 = 0,11 mg/l (omregnet til 110 µg/l) 

VKK saltvand = 110 mg/l / 10.000 = 0,011 mg/l (omregnet til 11 µg/l) 

 

PFBS ï deterministisk tilgang 

Det samlede datasæt af relevante studier af kroniske effekter for PFBS omfatter, jf. tabel 7.9 i JRC-

dokumentet, 3 arter, som repræsenterer 3 taksonomiske grupper (alger, krebsdyr og fisk). Datasættet 
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er kombineret og dækker derfor over studier af effekter på arter for såvel det ferske som det marine 

miljø. 

 

Med udgangspunkt i NOEC-værdien på 1 µg/l fra et studie af hele livscyklus for fisken Oryzias 

melastigma og anvendelse af den deterministiske metode med en usikkerhedsfaktor på 10 for 

ferskvand og 100 for saltvand jf. vejledningen (EC, 2018) kan der fastsættes følgende VKK-

værdier: 

 

VKK ferskvand = 1 µg/l / 10 = 0,1 µg/l 

VKK saltvand = 1 µg/l / 100 = 0,01 µg/l  

 

PFHxA ï deterministisk tilgang 

Det samlede datasæt af relevante studier af kroniske effekter for PFHxA består alene af studier 

knyttet til ferskvandsarter, og omfatter 2 arter, som repræsenterer 2 taksonomiske grupper (krebsdyr 

og fisk).  

 

Med udgangspunkt i laveste NOEC-værdi på 9,96 mg/l for effekter på tidlige livsstadier fra et 

studie af hele livscyklus for fisken Oncorhynchus mykiss og anvendelse af den deterministiske 

metode med en usikkerhedsfaktor på 50 for ferskvand og 500 for saltvand jf. vejledningen (EC, 

2018) kan der fastsættes følgende VKK-værdier: 

 

VKK ferskvand = 9,96 mg/l / 50 = 0,1999 mg/l (omregnet og afrundet til 200 µg/l) 

VKK saltvand = 9,96 mg/l / 500 = 0,0199 mg/l (omregnet og afrundet til 20 µg/l) 

 

PFPeA ï deterministisk tilgang 

Det samlede datasæt for PFPeA indeholder ikke undersøgelser af kroniske effekter, hvorfor 

fastsættelsen af kriterier for langtidseffekter er baseret på data af akutte effekter. 

 

Det samlede datasæt af relevante akutte studier for PFPeA omfatter, jf. tabel 7.6 i JRC-dokumentet, 

5 arter, som repræsenterer 5 taksonomiske grupper (bakterier, alger, krebsdr, hjuldyr og fisk). 

Datasættet indeholder alene ét studie af marine arter, hvorfor datasættet for ferskvand og saltvand 

slås sammen. 

 

Med udgangspunkt i laveste LC50-værdi på 31,8 mg/l for et 24-timers studie af dødelighed hos 

ferskvandsfisken Pimephales promelas og anvendelse af den deterministiske metode med en 

usikkerhedsfaktor på 1000 for ferskvand og 10.000 for saltvand jf. vejledningen (EC, 2018) kan der 

fastlægges følgende VKK-værdier: 

  

VKK ferskvand = 31,8 mg/l / 1000 = 0,0318 mg/l (omregnet og afrundet til 32 µg/l) 

VKK saltvand = 31,8 mg/l / 10.000 = 0,00318 mg/l (omregnet og afrundet til 3,2 µg/l) 

 

 

Kvalitetskriterium for sediment (SKK)  

I henhold til retningslinjer i Europa-Kommissionens vejledning til fastsættelse af kvalitetskriterier i 

vandmiljøet (EC, 2018), skal der udarbejdes kriterier for sediment med henblik på at beskytte det 

bundlevende dyreliv mod forgiftning, hvis der er evidens for, at et stof har potentiale for at kunne 

adsorbere til suspenderede stoffer og sediment, udviser toksicitet overfor bundlevende organismer 

eller viser evne til at akkumulere i sediment. 
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Grundlaget for fastsættelse af kvalitetskriterier for sediment for de omfattede seks stoffer; PFOS, 

PFBS, PFOA, PFBA, PFHxA og PFPeA fremgår af JRC-dokumentets afsnit 7.4. 

 

For stoffet PFOS foreligger der et langtidsstudie for overlevelse af ferskvandstangloppen 

Monosporic affinis og understøttende informationer for en anden art (ferskvandspadde). Studiet 

med M. affinis er udført over 22 dage og viser en laveste NOEC-værdi på 1.300 µg/kg tørvægt for 

et sediment med 4,8% OC (organisk kulstof). Med udgangspunkt i dette studie, og baseret på en 

usikkerhedsfaktor på 100 jf. vejledningen (EC, 2018) kan der fastlægges følgende SKK for 

ferskvand for PFOS:  

 

SKKferskvand = 1.300 µg/kg tørvægt / 100 = 13 µg/kg tørvægt (svarende til 13,5 µg/kg tørvægt ved 

5% OC eller 270 µg/kg tørvægt x fOC) 

 

Det bemærkes i JRC-dokumentet at overstående værdi bør anses som en foreløbig værdi grundet det 

yderst begrænsede mængde af data og derfor anvendelse af den højere usikkerhedsfaktor på 100. 

 

Der er ikke beregnet en kriterieværdi for saltvandssediment for PFOS i JRC-dokumentet.  

 

For de resterende fem stoffer PFOA, PFBA, PFHxA, PFPeA og PFBS fremgår det i JRC-

dokumentet, at grundlaget for at udarbejde et kvalitetskriterium for sediment (SKK) er usikkert eller 

begrænset grundet manglende toksicitetsdata, hvorfor der ikke er bestemt SKK for disse stoffer.  

 

 

Anvendelse af stofspecifikke faktorer for relativ potens (RPF) i forhold til et indeks-stof 

Generelt er det velkendt, at mange PFAS-stoffer har relativt lille toksicitet overfor vandlevende 

organismer, men også at de kan medføre biologiske effekter på lavere koncentrationsniveauer og 

tillige potentielt kan udgøre et humant sundhedsmæssigt problem ved optag gennem fødekæden og 

derved gennem humant indtag af akvatisk føde som fisk og muslinger. Den udførte toksikologiske 

og økotoksikologiske analyse i JRC-dokumentet er derfor hovedsagelig fokuseret på at kunne 

udlede kvalitetskriterier baseret på menneskers indtag af akvatisk føde.  

 

For at undgå, at kriteriefastsættelse skal afvente sikre undersøgelser for alle PFAS-stoffer og for at 

sikre, at ensartede effekter inddrages i en samlet vurdering af human eksponering, er der i JRC-

dokumentet taget udgangspunkt i at anvende en sammenlignelig effekt forårsaget af en række 

relevante PFAS-stoffer og derfra tildele hver enkelt af disse stoffer en relativ potensfaktor 9 (RPF) 

baseret på et effektniveau ved en såkaldt Benchmark Dosis (BMD), hvor der med stor sikkerhed er 

sammenlignelighed stofferne imellem.  

 

Den valgte effekt for beregning af RPF er PFAS-stoffernes påvirkning af leveren ved oralt indtag i 

dyreforsøg med han-rotter (hepatotoksicitet). For de enkelte PFAS er den anvendte BMD den dosis, 

der svarer til et Benchmark Respons (BMR) på 5% forøgelse af den relative levervægt. En RPF for 

hvert enkelt stof kan derved beregnes ved sammenligning med tilsvarende BMD for PFOA ved 

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 eksponeringsværdi for et valgt indeksstof (dvs. som 

indeksstofækvivalenter). https://mcra.rivm.nl/documentation/9.0.40/modules/hazard-modules/relative-potency-

factors/relative-potency-factors-data-formats.html  

https://mcra.rivm.nl/documentation/9.0.40/modules/hazard-modules/relative-potency-factors/relative-potency-factors-data-formats.html
https://mcra.rivm.nl/documentation/9.0.40/modules/hazard-modules/relative-potency-factors/relative-potency-factors-data-formats.html
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RPFi = BMDPFOA / BMD i (hvor i angiver det enkelte stof) 

 

Det fremgår af ovenstående ligning, at PFOA anvendes som indeksstof, da RPFPFOA = 1. 

Udgangspunktet for beregninger af kvalitetskriterier for biota, sekundær forgiftning og humant 

indtag, baseret på effekter af PFOA, kan derved udledes som PFOA-ækvivalenter, idet forskelle 

imellem stofferne inddrages i vurderingerne. Metoden er vist skematisk i figuren herunder (figur 7.3 

i JRC-dokumentet). 

 

 
Figur fra Niegowska et al., 2021 

 

Metoden er beskrevet af Bil et al. 10 (Bil et al., 2021), som har udledt RPF-værdier for 14 per- og 

polyfluoralkylsyrer (PFAA) og to PFAA-precursor stoffer. Dertil er der for yderligere syv (otte når 

C6O4 inkluderes) PFAS-stoffer estimeret RPF-værdier ved read-across. Seks af disse er givet ved 

intervaller for RPF, idet der er antaget sammenlignelighed med henholdsvis PFAS-carboxylsyrer og 

-sulfonsyrer med kortere eller længere alkylkædelængder. 

 

Ved anvendelse af denne metode, og ved vurdering af de udførte hepatotoksiske studier suppleret 

med read-across, er der for de 24 PFAS udarbejdet RPF-værdier som vist i nedenstående tabel 

(tabel 7.12 i JRC-dokumentet). 

 

Tilføjelse oktober 2024: Hvor RPF er angivet som interval bør middelværdien, som udgangspunkt 

og hvis ikke anden konkrete vurderinger kan lægges til grund, anvendes, hvilket JRC også anvender 

i deres regneeksempler i JRC-dokumentet. Middelværdien er angivet i parentes i tabellen herunder. 

 

Akronym  CAS number Relative potency factors (Bil et al., 2021) 

PFBA 375-22-4 0,05 

PFPeA 2706-90-3 0,01 Ò RPF Ò 0,05 * (0,03) 

PFHxA 307-24-4 0,01 

PFHpA 375-85-9 0,01 Ò RPF Ò 1 * (0,505) 

PFOA 335-67-1 1 

PFNA 375-95-1 10 

PFDA 335-76-2 4 Ò RPF Ò 10 * (7) 

PFUnA eller PFUnDA 2058-94-8 4 

PFDoDA eller PFDoA 307-55-1 3 

PFTrDA 72629-94-8 0,3 Ò RPF Ò 3 * (1,65) 

                                                 
10 Bil W, Zeilmaker M, Fragki S, Lijzen J, Verbruggen E, Bokkers B. 2021. Risk Assessment of PerȤ and 

Polyfluoroalkyl Substance Mixtures: A Relative Potency Factor Approach. Environmental Toxicology and Chemistryð

Volume 40, Number 3, pp. 859ï870, 2021. 
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PFTeDA 376-06-7 0,3 

PFHxDA 67905-19-5 0,02 

PFODA 16517-11-6 0,02 

PFBS 375-73-5 0,001 

PFPeS 2706-91-4 0,001 Ò RPF Ò 0,6 * (0,3005) 

PFHxS 355-46-4 0,6 

PFHpS 375-92-8 0,6 Ò RPF Ò 2 * (1,3) 

PFOS 1763-23-1 2 

PFDS 335-77-3 2 * 

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

8:2 FTOH 678-39-7 0,04 

HFPO-DA (Gen X) 62037-80-3 / 13252-13-6 0,06 

ADONA 958445-44-8 0,03 

C6O4 1190931-27-1 0,06 * 

*  faktor etableret ved read-across 

 

Grundlæggende kan der for enhver analyseret miljøprøve beregnes et indhold af PFOA-

ækvivalenter baseret på summen af de enkelte påviste stoffers bidrag, udtrykt ved stoffets 

koncentration multipliceret med stoffets RPF-faktor jf. ovenstående figur og givet ved: 

 

Indhold af PFOA-Þkvivalenter = Ɇ (Ci x RPFi), hvor i angiver hvert enkelt stof 

 

Der er i dokumentet vurderet og beskrevet faglige styrker, forbehold og begrænsninger i anvendelse 

af beregningsmetoden til fastsættelse af relevante kvalitetskriterier. Det er dog fastslået såvel af JRC 

og SCHEER som af andre faglige bedømmelser, at metoden er meget anvendelig, men skal ses i 

lyset af de enkelte stoffers egenskaber i forhold til fx de enkelte stoffers fordeling i miljøet, 

bioakkumulering etc. 

 

Der er i dokumentet fremlagt en analyse, der er baseret på anvendelse af den ovenfor beskrevne 

metode med udledning af RPF-faktorer relativt til stoffet PFOA (PFOA-ækvivalent) til vurdering af 

risikoen ved den samlede og samtidige eksponering for en række stoffer med nogenlunde ensartede 

effekter. Udgangspunktet for anvendelse af PFOA-ækvivalenter som kvalitetskriterium er fastsatte 

kriterier for index-stoffet PFOA. 

 

Der er hertil gennemgået en længere række af forhold, der kan have indflydelse på kriteriet og 

relevansen af at beregne et kvalitetskriterie til indhold af PFAS i biota, og herunder anvendelsen af 

PFOA-ækvivalenter udtrykt ved BMD som grundlag for kriteriefastsættelsen. 

 

For hvert enkelt kriterium er der i JRC-dokumentet diskuteret og vurderet anvendelse af PFOA-

ækvivalenter som grundlag for kriteriefastsættelsen. Herunder er der foretaget vurdering af de 

faktorer, der har indflydelse på fastsættelse af kriteriet i forhold til sammenlignelighed mellem de 

24 PFAS, som er omfattet af beregningen af PFOA-ækvivalenter. 

 

 

Kvalitetskriterium for biota, sekundær forgiftning (BKK sek. forgiftn.) 

I henhold til retningslinjer i Europa-Kommissionens vejledning til fastsættelse af kvalitetskriterier i 

vandmiljøet (EC, 2018) skal der kun udarbejdes kriterier for biota med henblik på at beskytte 
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dyrelivet mod sekundær forgiftning, hvis der er evidens for, at et stof har et potentiale for at kunne 

bioakkumulere samtidig med, at stoffet har farlige egenskaber.  

 

Fastsættelse af et kvalitetskriterium for sekundær forgiftning ved eksponering af et kemisk stof er 

udløst som følge af stoffets evne til at kunne akkumulere i fødekæden samtidig med at stoffet 

besidder relevante farlige egenskaber.  

 

Den klassiske tilgang til at bestemme stoffers potentiale for at kunne bioakkumulere er at se på 

stoffernes biomagnifikationsfaktorer (BMF) og biokoncentrationsfaktorer (BCF) (eller 

bioakkumuleringsfaktorer (BAF)) ï ofte også baseret på vurdering af det enkelte stofs 

fordelingskoefficient imellem en organisk fase (octanol) og vand (KOW). Denne tilgang er ikke 

mulig for stoffer som de konkret undersøgte PFAS-stoffer, idet de er hydrofobe og lipofobe på 

samme tid.  

 

Det er dog konstateret ved en række studier, at stoffet PFOA udviser målelige og dokumentérbare 

egenskaber til at bioakkumulere ved optag fra vandfase gennem gæller med en deraf følgende 

opkoncentrering i akvatiske organismer og over trofiske niveauer.  

 

Disse oplysninger udløser beregning af kvalitetskriterier for biota baseret på indtag, der kan føre til 

sekundær forgiftning for biota (BKKsek. forgiftn.). Beregningsgrundlaget i Method A i Europa-

Kommissionens tekniske vejledning (EC, 2018) er anvendt. 

 

Der er taget udgangspunkt i data fra samme studie, som har givet input data til beregning af BMD 

for PFOA (=1). Dette studie indeholder en NOAEL-værdi for drægtige mus eksponeret for PFOA 

på 0,3 mg/kg kropsvægt/dag ved undersøgelse af effekter på både mødre og afkom. Den lavere 

NOAEL-værdi på 0,06 mg/kg kropsvægt/dag for hepatotoksicitet fra samme studie er ikke anvendt, 

idet påvirkning af reproduktion, sammen med den lavere kropsvægt hos hunner, er mere sensitiv 

som effekt end levertoksicitet.  

 

I henhold til den tekniske vejledning (EC, 2018) kan det daglige indtag af energi fra føde (DEE) 

knyttes til kropsvægten for pattedyr ved følgende udtryk: 

 

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

 

Kropsvægten af fødedygtige mus er sat til 30,9 g, hvorved det nødvendige daglige energibehov kan 

beregnes til DEE = 75,63 kJ/dag. 

 

NOAEL-værdien kan omregnes til en energinormaliseret koncentration i føden bestemt på 

baggrund af dosis, DEE og kropsvægt: 

 

Kenerginormaliseret [mg/kJ]  = dosis x (kropsvægt[kg] / DEE)  

= 0,3 mg/kg kropsvægt/dag x (0,0309 kg / 75,63 kJ/dag) 

= 0,000123 mg/kJ foder 

 

Den energinormaliserede koncentration i det konkrete fødeemne i fødekæden kan herfra beregnes 

ud fra energiindholdet i det konkrete fødeemne med følgende ligninger for Kfødeemne [mg/kgvv]: 

 

Kfødeemne [mg/kgvv] = Kenerginormaliseret [mg/kJ] x energiindholdfødeemne, tørvægt x (1-vandindholdfødeemne) 
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Kfødeemne [mg/kgvv] = Kenerginormaliseret [mg/kJ] x energiindholdfødeemne, vådvægt 

 

Energiindholdet på tørvægtsbasis er for fisk på 21.000 kJ/kg tørvægt og for muslinger på 19.300 

kJ/kg tørvægt. De tilknyttede vandindhold i disse fødeemner er henholdsvis 73,7% for fisk og 

91,7% for muslinger. På dette grundlag kan følgende koncentrationer i fødeemnerne fisk og 

musling beregnes: 

 

Kfisk [mg/kgvv] = 0,000123 mg/kJ x 21.000 kJ/kg x (1-0,737) = 0,67 mg/kgvv 

Kmusling [mg/kgvv] = 0,000123 mg/kJ x 19.300 kJ/kg x (1-0,917) = 0,19 mg/kgvv 

 

Med en usikkerhedsfaktor på henholdsvis 3 og 10, samlet 30, jf. tabel 9 og tabel 10 (EC, 2018) 

baseret dels på anvendelse af en kronisk værdi fra et subkronisk studie (faktor 3) og dels på 

ekstrapolation til miljøet fra toksikologiske studier i laboratorier (faktor 10), er der beregnet 

følgende biotakvalitetskriterier (BKK sek. forgift.) i ferskvand: 

 

BKK sek. forgift., ferskvand = 0,67 mg/kgvv / 30 = 0,0223 mg/kg vådvægt (fisk) 

BKK sek. forgift., ferskvand = 0,19 mg/kgvv / 30 = 0,0062 mg/kg vådvægt (musling) 

 

Det marine miljø omfatter tillige en række top-rovdyr som f.eks. spækhugger og isbjørn, der udgør 

et yderligere trofisk niveau. For at tage hensyn hertil er der i JRC-dokumentet foretaget vurdering af 

grundlaget for at beregne et kvalitetskriterium for saltvand baseret på anvendelse af yderligere en 

faktor til sikring af dette trofiske niveau. 

 

Den tekniske vejledning (EC, 2018) angiver, at et kvalitetskriterium for BKK sek. forgiftn., saltvand som 

beregnet for fugle og pattedyrs indtag af akvatiske fødeemner som fisk og muslinger, og som 

beregnet ovenfor, skal tillægges yderligere en faktor baseret på stoffets BMF for fugle og pattedyr 

(BMFbirds/mammals).  

 

Ved at anvende den energinormaliserede koncentration [Kenerginormaliseret [mg/kJ] = 0,000123 mg/kJ 

foder], de i den tekniske vejledning (EC, 2018) angivne energiindhold baseret på tørvægt i fugle og 

pattedyr [23.000 kJ/kg tørvægt] samt et tilknyttet vandindhold for hvirveldyr på 68,4%, fås 

følgende koncentration i fødeemner for fugle og pattedyr:  

 

Kfødeemne [mg/kgvv] = 0,000123 mg/kJ x 23.000 kJ/kg x (1-0,684) = 0,9 mg/kgvv 

 

De hollandske myndigheder (RIVM, 2017) har beregnet BMF for disse grupper som geometriske 

middelværdier af data for PFOA med værdier på 4,3 kgvådvægt /kgvådvægt b/m for fisk og 15 

kgvådvægt/kgvådvægt b/m for muslinger. 

 

BKK sek. forgiftn., saltvand = 0,9 mg/kgvv / 30 / 4,3 = 0,00699 mg/kg vådvægt (fisk) 

BKK sek. forgiftn., saltvand = 0,9 mg/kg vådvægt / 30 / 15 = 0,002 mg/kg vådvægt (musling) 

 

Med udgangspunkt i ovenstående beregninger kan der fastsættes følgende biotakvalitetskriterier for 

sekundær forgiftning udtrykt som summen af PFOA-ækvivalenter: 

 

BKK sek. forgiftn. ferskvand = 22,3 µg/kg vådvægt (fisk) 

BKK sek. forgiftn. ferskvand = 6,2 µg/kg vådvægt (musling) 
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BKK sek. forgiftn. saltvand = 6,99 µg/kg vådvægt (fisk) 

BKK sek. forgiftn. saltvand = 2 µg/kg vådvægt (musling)  

Kvalitetskriterium for humant konsum af vandlevende organismer (HKK) 

Kvalitetskriteriet for biota til humant konsum skal sikre mennesker mod sundhedsskadelige 

påvirkninger fra indtag af kontaminerede fiskeriprodukter. Principielt er kvalitetskriteriet (HKK) 

fastsat på baggrund af toksikologiske studier af pattedyr og bestemmelse af en NO(A)EL 

(No Observable Adverse Effect Level) for oralt indtag, oftest fastlagt som en tærskelværdi for et 

acceptabelt eller tolerabelt dagligt humant indtag (ADI eller TDI) eller en referencedosis (RfD). På 

grundlag af en beregningsformel med standard humant konsum af vandlevende organismer kan der 

bestemmes et kvalitetskriterium for biota til humant konsum (EC, 2018). 

 

Generelt må det fastslås, at epidemiologiske studier har konstateret sammenhænge mellem 

menneskers eksponering for specifikke PFAS-stoffer og en lang række af forskellige 

sundhedseffekter, så som ændrede immun og thyroid funktioner, lever- og nyre sygdomme, 

påvirkning på reproduktion og udvikling, samt kræft. Eksperimentelle undersøgelser af tilsvarende 

påvirkninger hos forsøgsdyr bekræfter mange af de samme effekter. Eksakt viden om årsag og 

virkning for mange af disse påvirkninger udestår dog fortsat. 

 

Det Europæiske agentur for fødevaresikkerhed EFSA (EFSA, 2020) fastsatte på grundlag af studier 

over nedsat respons på menneskers immunsystem en tærskelværdi på 4,4 ng/kg kropsvægt som et 

tolerabelt ugentligt indtag (TWI) for summen af PFOA, PFNA, PFHxS og PFOS. På dette grundlag 

anbefaler SCHEER, at der udarbejdes et kvalitetskriterium for humant konsum af vandlevende 

organismer (HKK). 

 

Med målet om at fastsætte et kvalitetskriterie for parameteren PFOA-ækvivalenter er der diskuteret 

og beskrevet et fagligt og beregningsmæssigt grundlag for omregning fra et EFSA-kriterie for sum 

af fire PFAS-stoffer til et kriterie baseret på PFOA-ækvivalenter. Det er besluttet, at 

kriteriefastsættelsen for PFOA-ækvivalenter skal ske ved at betragte EFSA-kriteriet for sum af fire 

PFAS-stoffer inklusive PFOA som et kriterie udelukkende for PFOA (og dermed en faktor 1 for 

PFOA-ækvivalenter).  

 

Ved anvendelse af beregningsgrundlaget 11 fastsat i Europa-Kommissionens tekniske vejledning 

(EC, 2018) er der beregnet følgende kvalitetskriterium for humant konsum af vandlevende 

organismer: 

 

HKK = 0,2 x 0,63 ng/kg kropsvægt/dag / 0,00163 = 77 ng/kg biota vådvægt (omregnet til 0,077 

µg/kg biota vådvægt).  

 

Kriteriet er udtrykt som PFOA-ækvivalenter. 

 

 

Vandkvalitetskriterium baseret på BKK sek. forgiftn. og HKK  

                                                 
11 Jf. side 91 i EC (2018) beregnes HKK ved følgende formel: HKK = (0,2 x TLhh [µg/kg kropsvægt/dag]) / 0,00163 [kg 

fisk/kg kropsvægt/dag]. Værdien på 0,2 er en default allokeringsfaktor på 20% sat for at beskytte mennekser fra 

sundhedskadelige effekter ved indtag af fisk og skaldyr. Ved TLhh (forkortelse for: threshold level, human health) 

anvendes TDI, ADI eller anden reference dosis. Værdien på 0,00163 svare til 95 percentilen for et dagligt indtag af fisk 

og skalddyr for voksne for den generelle befolkning i Europa. 
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Der er beregnet et kvalitetskriterium for sekundær forgiftning af vandlevende organismer (biota) for 

beskyttelse af dyrelivet (BKK sek. forgiftn.) i henholdsvis muslinger og fisk, og for samme type 

vandlevende organismer er der beregnet et kvalitetskriterium for humant konsum (HKK). 

Bestemmelserne i Europa-Kommissionens tekniske vejledning (EC, 2018) fastslår, at der derfor 

skal vurderes, hvilken af disse værdier, der skal være afgørende for et kvalitetskriterium for biota.  

Vurderingsgrundlaget er en konvertering af begge værdier til en sammenlignelig koncentration i 

vandsøjlen ved beregning baseret på tilvejebragte data for bioakkumulationsfaktorer (BAF).  

 

Grundlæggende er BAF som faktor knyttet til et specifikt stof, og derfor vil der principielt kun 

kunne beregnes et vandkvalitetskriterium for PFOA og ikke for PFOA-ækvivalenter. Dertil er BAF 

afhængig af koncentrationen i vand og afhængig af taksonomisk gruppe, hvorfor standardmetoden 

jf. den tekniske vejledning ikke er direkte anvendelig. 

 

Der er af de hollandske sundhedsmyndigheder (RIVM, 2017) gennemgået en lang række data og 

udledt en sammenhæng mellem kvalitetskriterium for beskyttelse af biota i vand, kvalitetskriterium 

for sekundær forgiftning og BAF-værdier jf. følgende ligning: 

 

VKK vand, biota = 10 ^ ((log BKKsek.forgift. ï log BAF ved 1 ng/l) / (kurvehældning + 1)) 

 

Kurvehældningen er -0,449 for alle fiskedata og gennemsnits log BAF ved 1 ng/l er 2,24, mens 

kurvehældningen er -0,428 for muslingedata og gennemsnits log BAF ved 1 ng/l er 2,103 (RIVM, 

2021). 

 

Baseret på kvalitetskriterierne for sekundær forgiftning (omregnet til ng/kg vådvægt) for 

henholdsvis fisk og muslinger i ferskvand (BKK sek. forgiftn. ferskvand) og saltvand (BKK sek. forgiftn. saltvand), 

kommer JRC-dokumentet frem til følgende vandkvalitetskriterium for fødekæderne ud fra 

overstående ligning: 

 

VKK baseret på fisk i ferskvand = 6.667 ng/l 

VKK baseret på musling i ferskvand = 900 ng/l 

VKK baseret på fisk i saltvand = 813 ng/l 

VKK baseret på musling i saltvand = 329 ng/l 

 

Kriterierne er baseret på stoffet PFOA alene og ikke udtrykt som PFOA-ækvivalenter. 

 

Kriteriet for humant konsum (HKK) ved indtag af kontaminerede fødevarer er udtrykt ved en værdi 

i PFOA-ækvivalenter, men ved omregning til et vandkvalitetskriterium (VKK) må der 

nødvendigvis inddrages oplysninger om en bioakkumulationsfaktor (BAF) for det konkrete stof. Da 

en sådan værdi ikke kendes for den samlede gruppe af PFAS inkluderet i den beregnede værdi for 

PFOA-ækvivalenter, så kan der alene laves en beregning af en VKK baseret på stoffet PFOA. 

 

Baseret på en BAF på 350 l/kg for PFOA kan der beregnes en VKK-værdi baseret på HKK: 

 

VKK baseret på HKK = 77 ng/kg vådvægt / 350 l/kg = 0,22 ng/l 

 

Kriteriet er baseret på stoffet PFOA alene og ikke udtrykt som PFOA-ækvivalenter. 
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Kvalitetskriterium for humant konsum af drikkevand (HKK Drikkevand) 
Kvalitetskriteriet for drikkevand skal sikre mennesker mod sundhedsskadelige påvirkninger fra et 

almindeligt dagligt indtag af drikkevand.  

 

For stoffet PFOA er der hverken fastsat en gældende EU kvalitetsstandard for drikkevand eller en 

retningsgivende koncentrationsværdi fra verdenssundhedsorganisationen WHO. Der er i EUôs 

drikkevandsdirektiv (EU, 2020 12) fastsat kriterier for henholdsvis Sum af PFAS 13 [0,10 µg/l] og 

Total PFAS 14 [0,50 µg/l].  

 

Principielt er kvalitetskriteriet for humant konsum af drikkevand (HKKDrikkevand) fastsat på baggrund 

af toksikologiske studier af pattedyr og bestemmelse af en NO(A)EL for oralt indtag, oftest fastlagt 

som en tærskelværdi for et acceptabelt eller tolerabelt dagligt humant indtag eller referencedosis.  

 

Der er af EFSA (EFSA, 2020 15) tilvejebragt et datagrundlag med oplysning om en TWI (totalt 

ugentligt indtag) på 7 x 0,63 ng/kg kropsvægt/dag svarende til 4,4 ng/kg kropsvægt/uge ved 

inkludering af oplysninger om lange halveringstider i mennesker udsat for de fire PFAS-stoffer; 

PFOA, PFOS, PFHxS og PFNA. Baseret på sammenlignelighed mellem de fire PFAS med hensyn 

til effekter og lange halveringstider er det valgt at anvende denne TWI-værdi direkte for PFOA.  

 

Ved anvendelse af standardværdier for kropsvægt og indtag af drikkevand, kan der udledes et 

kvalitetskriterium for summen af PFOA-ækvivalenter for humant konsum af drikkevand jf. 

beregningsgrundlaget 16 fastsat i Europa-Kommissionens tekniske vejledning (EC, 2018) 

 

HKKDrikkevand = (0,2 x 0,63 ng/kg kropsvægt/dag x 70 kg) / 2 l = 4,41 ng/l = 0,0044 µg/l 

 

Overstående værdi svarende til 4,4 ng/l sættes i JRC-dokument lig med den endelige værdi for 

VKK for både ferskvand og saltvand.  

 

Vandkvalitetskriteriet (0,0044 µg/l) beskytter ved humant konsum af drikkevand, men ikke ved 

humant konsum af fiskeriprodukter. JRC-dokumentet konkluderer derfor, at det bør være et krav at 

måle PFAS i biota, da tilbageberegning af biotakvalitetskriteriet til et vandkvalitetskriterie giver 

meget lave koncentrationer, som vil være svære at måle. Samtidig bør PFAS også moniteres i vand, 

eftersom mange af stofferne er mobile.  

  

                                                 
12 Europa-Parlamentets og Rådets direktiv (EU) 2020/2184 af 16. december 2020 om kvaliteten af drikkevand. 

https://eur-lex.europa.eu/legal-content/DA/TXT/?uri=CELEX:32020L2184  
13 ôSum af PFASô omfatter summen af per- og polyfluoralkyl-forbindelser som er vurderet at udgøre en bekymring ved indhold i 

vand, der bliver anvendt til humant konsum som oplistet under punkt 3 i Del B af Bilag III. Denne delmængde af óTotal PFASô 

forbindelser indeholder en perfluoralkylgruppe med tre eller flere kulstofatomer (i.e. ïCnF2nï, n Ó 3) eller en 

perfluoralkylethergruppe med to eller flere kulstofatomer (i. e. ïCnF2nOCmF2mï, n and m Ó 1) (EU, 2020). 
14 ôTotal PFASô betyder det totale indhold af per- og poly-fluor-alkyl-forbindelser (Direktiv (EU) 2020/2184). 
15 EFSA 2020. Risk to human health related to the presence of perfluoroalkyl substances in food. EFSA Scientific 

Opinion. doi: 10.2903/j.efsa.2020.6223. 
16 Jf. side 73 i EC (2018) beregnes HKKDrikkevand ved følgende formel: HKKDrikkevand = 0,2 x TLhh [ng/kg kropsvægt/dag] 

x 70 [kg kropsvægt] / 2 [L]. Værdien på 0,2 er en default allokeringsfaktor på 20% sat for at beskytte mennekser fra 

sundhedskadelige effekter ved indtag drikkevand. Ved TLhh (forkortelse for: threshold level, human health) anvendes 

TDI, ADI eller anden reference dosis. Værdien for kropsvægt på 70 kg og værdien for dagligt indtag af drikkevand på 2 

l er standardværdier foreslåede i vejledningen. 

https://eur-lex.europa.eu/legal-content/DA/TXT/?uri=CELEX:32020L2184
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Konklusion 

Følgende kvalitetskriterier for vandmiljøet er bestemt for summen af PFOA-ækvivalenter med 

undtagelse af sedimentkvalitet, som kun er bestemt for PFOS. 

 

Vandkvalitetskriterium 

 

VKK ferskvand 0,0044 µg/l 

VKK saltvand 0,0044 µg/l 

 

Korttidsvandkvalitetskriterium 

 

KVKK ferskvand Ikke bestemt  

KVKK saltvand Ikke bestemt  

 

Sedimentkvalitetskriterium (foreløbig værdi) 

 

SKKferskvand 13,5 µg/kg tørvægt (5% OC) (PFOS) 

270 µg/kg tørvægt x fOC (PFOS) 

  

SKKsaltvand Ikke bestemt 

 

Biotakvalitetskriterium, sekundær forgiftning, ferskvand 

 

BKK sek.forgiftn. 22,3 µg/kg fisk vådvægt 

BKK sek.forgiftn. 6,2 µg/kg musling vådvægt 

 

Biotakvalitetskriterium, sekundær forgiftning, saltvand 

 

BKK sek.forgiftn. 6,99 µg/kg fisk vådvægt 

BKK sek.forgiftn. 2 µg/kg musling vådvægt 

 

Biotakvalitetskriterium, human konsum  

 

HKK  0,077 µg/kg føde vådvægt 

 

Biotakvalitetskriterium, human konsum af drikkevand 

 

HKKDrikkevand 0,0044 µg/l 

 

 

Der er udover overstående kvalitetskriterier også beregnet VKK- og KVKK-værdier for seks 

enkelte PFAS-stoffer. Disse er listet i nedenstående tabel. Disse værdier anvendes dog ikke som 
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endelige kvalitetskriterier, da der er fastsat en værdi (overstående) for summen af PFOA-

ækvivalenter på baggrund af værdien for human konsum af drikkevand. 

 

   

Stoffets navn 

(akronym) 

VKK ferskvand 

(µg/l) 

VKK saltvand 

(µg/l) 

KVKK ferskvand 

(µg/l) 

KVKK saltvand 

(µg/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 

 

 



 

 

PER- AND POLYFLUOROALKYL  SUBSTANCES (PFAS) 

Changes on the dossier after SCHEER final opinion:  

Following the final SCHEER opinion published on 18th August 2022 (SCHEER, 2022)17 the dossier 

has been updated by the JRC in the sections 7.2 ñDerivation of the MAC-QSwater,ecoò and 7.3. 

ñDerivation of the AA-QSwater,ecoò. 

The SCHEER endorsed the use of Relative Potency Factors (RPFs) used in the derivation of quality 

standards for PFAS for humans. The proposal is the use of the RPF approach with a tentative 

QSbiota,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, PFNA, PFHxS, PFOS) taken from the TWI and expressed 

as PFOA equivalents. 

The SCHEER also endorsed the QSbiota,hh of 0.077 ɛg/kgbiota ww and the proposed QSdw,hh of 4.4 ng/L 

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

The SCHEER endorsed the MAC-QSfw,eco and MAC-QSsw,eco values based on the deterministic 

approach for PFBA (1.1 and 0.11 mg/L, respectively), for PFPeA (3.2 and 0.32 mg/L, respectively), 

for PFHxA (0.86 and 0.086 mg/L, respectively), PFBS (3.7 and 0.37 mg/L, respectively) and for 

PFOS (0.025 mg/L and 0.0025 mg/L, respectively). A typo in the MAC-QS sw,eco for PFOS has been 

corrected by the JRC. For PFOA, the SCHEER did not accept the AF of 10 in the deterministic 

MAC-QSfw,eco. The JRC has included a clarification for the selection of an AF of 10, therefore it has 

been proposed the MAC-QSfw,eco of 1.2 mg/L and the already endorsed MAC-QSsw,eco of 0.012 

mg/L. For PFOA, the MACs for freshwater and saltwater derived using probabilistic approach, 

MAC-QSfw,eco of 2.8 mg/L and MAC-QSsw,eco of 0.28 mg/L, were accepted with reservations 

because they are based on data published before 2015. 

The SCHEER accepted the AA-QSfw,eco and AA-QSsw,eco values for PFOA (0.03 and 0.003 mg/L, 

respectively), PFBA (0.11 and 0.011 mg/L, respectively), PFPeA (0.032 and 0.0032 mg/L, 

respectively), PFHxA (0.2 and 0.02 mg/L, respectively), and PFBS (0.1 and 0.01 mg/L, 

respectively) and AA-QSfw,eco for PFOS of 0.023 ɛg/L. However, SCHEER did not endorse the AA-

QSsw,eco value derived for PFOS and the SCHEER proposed to apply an AF of 100. Therefore, AA-

QSsw,eco value for PFOS has been updated to 0.0023 ɛg/L as reccomended by the SCHEER (2022). 

The SCHEER endorsed the QS for sediments of 13.5 ɛg/kgdw derived for PFOS 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 PFHxA, and recommends that more recent sediment 

studies should be evaluated in order to verify the correctness of current conclusions. This section 

has not been modified by 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 SCHEER endorsed the tentative QSbiota,sec pois of 22.3 ɛg/kgww for fish and 6.2 ɛg/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 and therefore recommended an update to the EQS dossier. The JRC 

proposed an update of the ecotoxicity data in the near future due to time constraints. 

 

 

SUMMARY 

                                                 
17 SCHEER final opinion on PFAS (Publication date 18 August 2022), available on-line at: 

https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-

water_en 

https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
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The current EQS dossier for the assessment of twenty-four per- and polyfluoroalkyl substances (PFAS), is based on  

three key pillars, i) relative toxicity approach ; ii) key study of the EFSA conclusion on combined exposure of four 

PFAS and iii) criteria for selection of the 24 PFAS.  

The relative toxicity approach has been already applied to other classes of chemicals, such as 

dioxins and dioxin-like PCBs for performing the risk resulting from mixture exposure. For PFAS, 

the derivation of the Relative Potency Factor (RPF)18 or the Toxic Equivalent Factor (TEF) for 

twenty-three substances  is  described in  Bil et al. (2021) and summarised at the paragraph 7.5.  

In addition to the RPF, the  key study, 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 the Tolerable Weekly Intake (TWI) as threshold value for main categories for food 

consumption, among them, the fish meat consumption (EFSA, 2020).   

Selection of PFAS were based on the following criteria: i) most (eco)toxicity data and physico-

chemical parameters rich including analytical methods19 ; ii) availabilty of the relative potency 

factor as described in the paper Bil et al. (2021); iii) most recent PFAS on the market; iv) coherence 

with other directives i.e. the Drinking Water Directive (DWD)20  and Ground Water Directive 

(GWD)21: 16 and 18 common PFAS to the DWD and GWD  respectively (see Table 1). Currently  

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

included in the directive22.  

Among the selected PFAS, there are 6 perfluoroalkyl sulfonic acids, 13 perfluoroalkyl carboxylic 

acids, 3 perfluoroalkyl ether carboxylic acids, and 2 fluorotelomer alcohols (Table 1). Relevant 

details for each substance are described in the paragraph 1 (Chemical identity).   

Currently, monitoring data for exposure in the inland surface water comcpartment were found for 

17 of the totally considered 24 PFAS. The seven substances missing measurements are ADONA, 

6:2 FTOH, 8:2 FTOH, C6O4, PFHxDA, PFTrDA (for this substance is available only one sample, 

thus it was excluded from analyses) and PFODA. Overall, the combined dataset for the 17 PFAS 

with available data includes 159411 samples (33.3% quantified) collected at 4042 sites in 20 MS 

during the period 2006-2021. Details for each of the 17 PFAS with available data, including a 

information about number of reporting 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 

most data-rich 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.  

 

 

 

 

 

 

                                                 
18https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/8b25bd1e-8b3c-47ce-93a8-

638bf4b2b724 
19https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/56e984e0-c7aa-4c8b-aa8b-

c85f6d465d70/details   
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 Union. https://eur-lex.europa.eu/legal-

content/EN/TXT/HTML/?uri=CELEX:32020L2184&from=EN 
21 DIRECTIVE 2006/118/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCILof 12 December 2006on the 

protection of groundwater against pollution and deterioration. https://eur-lex.europa.eu/legal-

content/EN/TXT/HTML/?uri=CELEX:32006L0118&qid=1625041961202&from=EN 
22 WFD CIS (2020). Voluntary Groundwater Watch List (GWWL). Study on Per- andPolyfluoroalkyl Substances (PFAS) - 

Monitoring Data Collection and Initial Analysis. P.26. 

https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/8b25bd1e-8b3c-47ce-93a8-638bf4b2b724
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/8b25bd1e-8b3c-47ce-93a8-638bf4b2b724
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/56e984e0-c7aa-4c8b-aa8b-c85f6d465d70/details
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/56e984e0-c7aa-4c8b-aa8b-c85f6d465d70/details
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32020L2184&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32020L2184&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32006L0118&qid=1625041961202&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32006L0118&qid=1625041961202&from=EN
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Table 1. List of the 24 PFAS assessed in the present EQS dossier. They are retrieved from the 

publication of Bil et al. (2021) and following the comment of the experts PFAS are ordered from 

                                                 
23 For dette stof er anført CAS nr. for saltet. Det forventes ændret til CAS nr. 13252-13-6 for syren, jf. Europa-

Kommissionens rettelser af 23. november 2023 til forslag af 26. oktober 2022 til direktiv om ændring af 

vandrammedirektivet, grundvandsdirektivet og direktiv om miljøkvalitetskrav. 
24 For dette stof er anført CAS nr. for saltet. Det forventes ændret til CAS nr. 919005-14-4 for syren, jf. Europa-

Kommissionens rettelser af 23. november 2023 til forslag af 26. oktober 2022 til direktiv om ændring af 

vandrammedirektivet, grundvandsdirektivet og direktiv om miljøkvalitetskrav.  

 

Acronym  CAS number 

PerȤ and 

polyfluorinated 

congeners 

DWD GWD mobility  bioaccumulability 

1 PFBA 375-22-4 Carboxylic acid yes yes mobile not likely 

bioaccumulative 

2 PFPeA 2706-90-3 Carboxylic acid yes yes mobile Not likely 

bioaccumulative data 

3 PFHxA 307-24-4 Carboxylic acid yes yes mobile Not bioaccumulative 

(ECHA) 

4 PFHpA 375-85-9 Carboxylic acid yes yes mobile Potentially bioaccumul 

5 PFOA 335-67-1 Carboxylic acid yes yes mobile bioaccumul 

6 PFNA 375-95-1 Carboxylic acid yes yes Not really 

mobile 

bioaccumul 

7 PFDA 335-76-2 Carboxylic acid yes yes Not mobile bioaccumul 

8 PFUnA or 

PFUnDA 

2058-94-8 Carboxylic acid yes yes Not mobile bioaccumul 

9 PFDoDA 

or PFDoA 

307-55-1 Carboxylic acid yes yes Not mobile bioaccumul 

10 PFTrDA  72629-94-8 Carboxylic acid yes yes Not mobile bioaccumul 

11 PFTeDA 376-06-7 Carboxylic acid NO yes Not mobile bioaccumul 

12 PFHxDA 67905-19-5 Carboxylic acid NO yes Not mobile Potentially  

bioaccumulative 

13 PFODA 16517-11-6 Carboxylic acid NO yes Not mobile 

 

No data 

14 PFBS 375-73-5 Sulfonic acid yes yes mobile Not bioaccumul 

(ECHA) 

15 PFPeS 2706-91-4 Sulfonic acid yes NO mobile Potentially  

bioaccumulative 

16 PFHxS 355-46-4 Sulfonic acid yes yes mobile bioaccumul 

17 PFHpS 375-92-8 Sulfonic acid yes yes mobile Potentially bioaccumul 

18 PFOS 1763-23-1 Sulfonic acid yes yes Not really 

mobile 

bioaccumul 

19 PFDS 335-77-3 Sulfonic acid yes yes Not mobile Potentially bioaccumul 

20 6:2 FTOH 647-42-7 Telomer alcohol NO NO PFHxA 

precursor 

No data  

21 8:2 FTOH 678-39-7 Telomer alcohol NO NO Not mobile 

(PFOA 

precursor) 

Potentially 

bioaccumulative 

22 HFPO-DA 

(Gen X) 

62037-80-3 23 Ether carboxylic acid NO NO mobile Evaluation of 

bioaccumulation 

23 ADONA 958445-44-8 24 Ether carboxylic acid NO NO mobile Not bioaccumulative 

(ECHA 2021) 

24 C6O4 1190931-41-9 Ether carboxylic acid NO NO mobile Not bioaccumulative 
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shorter to longer chain lenght starting from PFCA (carboxylic acid from C4 to C18) and PFSA 

(sulfonic acid from C4 to C10). Telomers and ethers are reported at the end. 

 

The Table 1 includes two precursors, telomere alcohol, some experts suggested to remove because 

they easily can be degraded in the environment producing perfluoroalkyl acids.  This is true for 

Waste Water 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 loads and low microbial 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 sources. Therefore it is justified to include as well the precursors in the list for the risk 

assessment.  

From current knowledge, it is known that PFOS, PFOA and other PFAS have a relatively low 

toxicity to aquatic organisms, although this may be due to the methods and assumptions that do not 

asses the complete number of possible endpoints (Hayman et al., 2020). However, PFAS  pose a 

concern for human health through the drinking water and aquatic food consumption. Therefore, the 

analysis was mainly focused on deriving human health based quality standards for fish consumption 

and drinking water. For the human health assessment, during the 4th meeting it was agreed that use 

of the EFSAôs TWI of 4.4 ng/kg bw/day25 (EFSA, 2020) as TLhh for the calculation of the QSbiota,hh, 

is considered to be the preferred option, since it relies on a European established and peer-reviewed 

human based guidance value. Based on this selection, the QSbiota,hh for the sum of PFAS (expressed 

as PFOA-equivalents) was calculated to be 0.077 ɛg/kgbiota, see paragraph 7.8. This latter value as 

back calculation to water is not for PFOA-equivalents since it is derived only using the BAF for 

PFOA, therefore it would not be protective for secondary poisoning since other PFAS can be  the 

driver of toxicity. Threfore, as explained in the Table 2 point 2, the BAF of the other PFAS should 

be taken into account.  

Regarding the ecotoxicological assessment, it relied on past evaluations performed by Italy and The 

Netherlands for some available PFAS, and no additional data searches and ecotoxicological 

assessments were performed in the present 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 calculation of the QSsec pois,biota was 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, the QSbiota,sec pois, fw for the 

sum PFAS (expressed as PFOA-equivalents) was calculated to be 22.3 and 6.29 µg/kgww for fish 

and molluscs, respectively.  

However, as explained in the paragraph 7.8., the human health is the main driver with a tentative 

QSbiota,hh  value of 0.077 ɛg/kgbiota , as sum of PFOA equivalents Consequently, 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.   

Furthermore, the monitoring in water should be performed well, since many PFAS are very mobile, 

and the PFAS, as group are not yet banned, therefore, the permitting of discharge will still be 

needed. 

Therefore, the JRC proposed, supported by other experts, to derive also a QS for water (QSdw, hh), as 

complementary to the mandatory measurement in biota standard for human health (QSbiota, hh), 

considering  all the surface water as drinking water use and implement the QS drinking water 

derived from TLhh, using  the EFSAôs TWI and corresponding to 4.4 ng/L. This value would be the 

                                                 
25 This point was not agreed by stakeholders, and 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 PFOA-equivalent (see parag. 7.8.1) using PFOA as the starting point for 

the RPF.  It would protect water organisms from secondary poisoning since the TLhh based on 

EFSAôs TWI would determine a QShh, dw lower than the back-calculated water-based QSbiota 

although the latter value is only for PFOA. On the other hand, the  QSdw,hh would not be protective 

for human health based on fish consumption (see Table 2, proposal 2) and for this reason the 

QSbiota, hh is mandatory along the QSwater (QSdw, hh).  

In the current dossier, PFOA is the index compound, and the value of QSbiota,hh 0.077 ɛg/kgbiota is 

the QS for the sum of PFOA equivalents measured in fish. In water the QS dw,hh value is proposed  

as threshold for the sum of PFOA-equivalent at 4.4 ng/L. During 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 isomers (linear and branched) should be measured as remarked by the experts and the 

results presented as the sum of all isomers. Compliance should be checked against the sum of all 

isomers. 

At the fourth meeting, JRC showed the proposal and comments received so far. After 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 similar). An agreement on the best way forward should be 

reached among experts. Otherwise, SCHEERôs Opinion will be requested in this regard. 

 

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

Proposal 
ID 

Content of the proposal  Support from 
experts  

1. Use of the RPF approach with a tentative QSbiota,hh 0.077 ɛg/kgbiota as sum of PFOA 
equivalents measured in biota e.g. fish. This option is similar to the one proposed by the 
NL. The tentative QS value is based on the EFSAôs TWI. The monitoring in biota ( fish) 
should be mandatory.  

Complementary to the mandatory QSbiota,  the QS in water, implementing the RPF approach, is 

proposed with a provisional QS(QSdw, hh) limit of 4.4 ng/L as sum of PFOA equivalents to be 

measured in water ( e.g. abstraction drinking water, permit and close to the GW area). This 

value of 4.4 ng/L is the provisional drinking water standard derived for PFOA, based on EFSA 

TWI value. It would be less conservative than the water-based QSbiota,hh for PFOA (0.22 ng/L), 

but still protective for all aquatic organisms, since the TLhh would determine an QS in water 

lower than the water-based QSbiota.   

Several experts  

 

 

 

 

Supported by CH 

2. If the RPF method 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, the data from the review by Burkhard (2021) 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 log BAF values 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 concentration that is related to the EQS). 
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: ễPFOA equivalents = ễCaq,i*RBFi*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 = 10^3.55/10^2.16 = 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 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.  

JRC agreed with use 
of RPF method, and 
the biota matrix to 
measure the PFAS. 
The  back calculation 
to water would lead 
to a value very low 
and not possible to 
measure.   
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3. PFAS should be separated into two groups: bioaccumulative and mobile PFAS. The QS 
for bioaccumulative PFAS, which are more 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, while those which are mobile 
should be measured in water.  

 

 

 

 

JRC and NL  are not 
in favour of this 
proposal because at 
the moment, for 
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 

The most updated description of PFAS as a class derives from OECD/UNEP,202126 which 

identifies those chemicals as ñfluorinated substances that contain at least one fully fluorinated 

methyl or methylene carbon atom (without any H/Cl/Br/I atom attached to it), i.e. with a few noted 

exceptions, any chemical with at least a perfluorinated methyl group (ïCF3) or a perfluorinated 

methylene group (ïCF2ï) is a PFASò. Buck et al. (2011) proposed a simplified distinction, 

addressing PFAS as belonging to two main families: 

¶ perfluoroalkyl substances (óóperfluoroôô and óóperfluorinatedôô substances as previously 

described by Banks et al., 1994): aliphatic compounds with all H atoms of non-fluorinated 

precursor replaced by F atoms, with the exception of those H atoms whose replacement would 

change the nature of any functional groups present;  

¶ polyfluoroalkyl substances: aliphatic compounds in which not all H atoms bound to C 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 respective sub-groups:  

¶ pol ymeric , 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. 
 

¶ 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: 

¶ PFAA (perfluoroalkyl acids): 

o PFCA (perfluoroalkyl carboxylic acids) 

o PFSA (perfluoroalkyl sulphonic acids) 

¶ PFAE (ethers) which consist of two perfluorocarbon chains combined by an ether-linkage, 

¶ 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 
ñlong-chainò and ñshort-chainò compounds depending on the number of C atoms in the fluorinated carbon 
chain. OECD (2013) defined non-polymeric long-chain PFAS as PFCA with Ó7 perfluoroalkyl carbons (or 
Ó8 total carbons), PFSA with Ó6 perfluorinated carbons (i.e. Ó6 total carbons) and also precursors of long-
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. 

                                                 
26 

https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=

en  

https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=en
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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 in animals Lower Higher 

Bioaccumulation potential in plants Higher Lower 

Overall expected toxicity Lower Higher 
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1 Chemical identity   
PFAS are ordered from shorter to longer C chain lenght starting from PFCA (carboxylic acid from 

C4 to C18) and PFSA (sulfonic acid from C4 to C10). Telomers and ethers are reported at the end. 

 

Common name (1) PFBA 

Chemical name (IUPAC) Perfluorobutanoic acid 

Synonym(s) 

Perfluorobutanoate 

Perfluorobutyrate 

Heptafluorobutyrate 

Heptafluorobutanoic acid 

Perfluorobutyric acid 

Heptafluorobutanoate  

Heptafluorobutyric acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

375-22-4 (perfluorobutanoic acid) 

3794-64-7 (silver salt)  

73755-28-9 (Rhodium (II) dimer)  

2218-54-4 (sodium salt) 

EU (EC) number 206-786-3 

Molecular formula  C4HF7O2 

Molecular structure 

 
Molecular weight (g.mol-1) 214.04 

 

Common name (2) PFPeA 

Chemical name (IUPAC) Perfluoropentanoic acid 

Synonym(s) 

Nonafluoropentanoate 

Perfluoropentanoate 

Perfluorovalerate 

Nonafluorovalerate 

Nonafluoropentanoic acid 

Perfluorovaleric acid 

Nonafluorovaleric acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

2706-90-3 (perfluoropentanoic acid) 

68259-11-0 (perfluoropentanoic acid, 

ammonium salt) 

131852583 PubChem CID (perfluoropentanoic 

acid, potassium salt) 

88408697 PubChem CID (perfluoropentanoic 

acid, silver salt) 

EU (EC) number 220-300-7 
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Molecular formula  C5HF9O2 

Molecular structure 

 
Molecular weight (g.mol-1) 264.05 

 

Common name (3) PFHxA 

Chemical name (IUPAC) Perfluorohexanoic acid 

Synonym(s) 

Perfluorohexanoate  

Undecafluorohexanoic acid 

Perfluorocaproic acid 

Undecafluorocaproic acid 

2,2,3,3,4,4,5,5,6,6,6-undecafluorohexanoic 

acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

307-24-4 (perfluorohexanoic acid) 

21615-47-4 (perfluorohexanoic ammonium 

salt) 

2923-26-4 (perfluorohexanoic sodium salt) 

EU (EC) number 206-196-6 

Molecular formula  C6HF11O2 

Molecular structure 

 
Molecular weight (g.mol-1) 314.05 

 

Common name (4) PFHpA 

Chemical name (IUPAC) Perfluoroheptanoic acid 

Synonym(s) 

Tridecafluoroheptanoic acid 

Perfluoro-n-heptanoic acid 

Perfluoroenanthic Acid 

2,2,3,3,4,4,5,5,6,6,7,7,7-

Tridecafluoroheptanoic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

375-85-9 (perfluoroheptanoic acid) 

21049-36-5 External ID PubChem 

(perfluoroheptanoic, potassium salt) 

bt-441480 External ID PubChem 

(perfluoroheptanoic, cesium salt) 

D947939 External ID PubChem 

(perfluoroheptanoic, sodium salt) 

BD01221287 External ID PubChem 

(perfluoroheptanoic, ammonium salt) 

EU (EC) number 206-798-9 
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Molecular formula  C7HF13O2 

Molecular structure 

 
Molecular weight (g.mol-1) 364.06 

 

Common name (5) PFOA 

Chemical name (IUPAC) Perfluorooctanoic acid 

Synonym(s) 

Perfluorooctanoate 

Pentadecafluorooctanoate  

Perfluorocaprylate 

Pentadecafluorocaprylate 

Pentadecafluorooctanoic acid 

Pentadecafluorocaprylic acid 

Perfluorocaprylic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number *  

335-67-1 (perfluorooctanoic acid) 

3825-26-1 (perfluorooctanoate, ammonium 

salt, APFO) 

33496-48-9 (anhydride) 

335-95-5 (perfluorooctanoate, sodium salt) 

2395-00-8 (perfluorooctanoate, potassium salt) 

335-93-3 (perfluorooctanoate, silver salt) 

335-95-5 (perfluorooctanoic acid, mono-

hydrochloride salt) 

68141-02-6 (perfluorooctanoic acid, chromium 

(3+) salt) 

335-66-0 (perfluorooctanoic acid, fluoride) 

376-27-2 (perfluorooctanoic acid, methyl 

ester) 

3108-24-5  (perfluorooctanoic acid,, ethyl 

ester) 

EU (EC) number 206-397-9 

Molecular formula  C8HF15O2 

Molecular structure 

 
Molecular weight (g.mol-1) 414.07 

 

Common name (6) PFNA 

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 class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

375-95-1 (perfluorononanoic acid) 

21049-39-8 (perfluorononanoic acid, sodium 

salt) 

4149-60-4 (perfluorononanoic acid, 

ammonium salt) 

21049-38-7 (perfluorononanoic acid, 

potassium salt) 

138396349 PubChem CID (perfluorononanoic 

acid, N-methylmethanamine) 

EU (EC) number 206-801-3 

Molecular formula  C9HF17O2 

Molecular structure 

 
Molecular weight (g.mol-1) 464.08 

 

Common name (7) PFDA 

Chemical name (IUPAC) Perfluorodecanoic acid 

Synonym(s) 

Nonadecafluorodecanoic acid 

Perfluoro-N-decanoic acid 

Nonadecafluoro-n-decanoic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

335-76-2 (perfluorodecanoic acid) 

3830-45-3 (perfluorodecanoic, sodium salt) 

3108-42-7 (perfluorodecanoic , ammonium 

salt) 

EU (EC) number 206-400-3 

Molecular formula  C10HF19O2 

Molecular structure 

 
Molecular weight (g.mol-1) 514.08 

 

Common name (8) PFUnA or PFUnDA 

Chemical name (IUPAC) Perfluoroundecanoic acid 

Synonym(s) 

Henicosafluoroundecanoic acid 

Perfluoro-n-undecanoic acid 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

henicosafluoroundecanoic acid 
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Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 2058-94-8 (Perfluoroundecanoic acid) 

EU(EC) number 218-165-4 

Molecular formula  C11HF21O2 

Molecular structure 

 
Molecular weight (g.mol-1) 564.09 

 

Common name (9) PFDoDA or PFDoA 

Chemical name (IUPAC) Perfluorododecanoic acid 

Synonym(s) 

Tricosafluorododecanoic acid 

Perfluorolauric acid 

Dodecanoic acid, tricosafluoro- 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,1

2,12-Tricosafluorododecanoic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number 

307-55-1 (perfluorododecanoic acid) 

101979277 PubChem CID 

(perfluorododecanoic acid, ammonium salt) 

87756575  PubChem  CID 

(perfluorododecanoic acid, silver(I) salt) 

23683936 PubChem  CID 

(perfluorododecanoic acid, sodium salt) 

EU (EC) number 206-203-2 

Molecular formula  C12HF23O2 

Molecular structure 

 
Molecular weight (g.mol-1) 614.10 

 

Common name (10) PFTrDA 

Chemical name (IUPAC) Perfluorotridecanoic acid 

Synonym(s) 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,1

2,13,13,13-pentacosafluorotridecanoic acid 

Pentacosafluorotridecanoic acid 

Perfluorotridecanoate 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

72629-94-8 (perfluorotridecanoic acid) 

23666663 PubChem CID 

(perfluorotridecanoic acid, sodium salt) 

EU (EC) number 276-745-2 

Molecular formula  C13HF25O2 

https://pubchem.ncbi.nlm.nih.gov/#query=C12HF23O2
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Molecular structure 

 
Molecular weight (g.mol-1) 664.10 

 

Common name (11) PFTeDA 

Chemical name (IUPAC)  Perfluorotetradecanoic acid 

Synonym(s) 

Perfluorotetradecanoate 

Perfluoromyristic acid 

Heptacosafluorotetradecanoic acid 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,1

2,13,13,14,14,14-heptacosafluorotetradecanoic 

acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

376-06-7 (perfluorotetradecanoic acid) 

153530621 PubChem CID 

(perfluorotetradecanoic sodium salt) 

153530613 PubChem CID 

(perfluorotetradecanoic, lithium salt) 

101733185 PubChem CID 

(perfluorotetradecanoic ammonium salt) 

101166998 PubChem CID 

(perfluorotetradecanoic silver (I) salt) 

EU (EC) number 206-803-4 

Molecular formula  C14HF27O2 

Molecular structure 

 

Molecular weight (g.mol-1) 714.11 

 

Common name (12) PFHxDA 

Chemical name (IUPAC) Perfluorohexadecanoic acid 

Synonym(s) 

Perfluorohexadecanoate 

Perfluoropalmitic acid 

Hexadecanoic acid, hentriacontafluoro- 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,1

2,13,13,14,14,15,15,16,16,16-

hentriacontafluorohexadecanoic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

67905-19-5 (Perfluorohexadecanoic acid) 

153530622 PubChem CID 

(Perfluorohexadecanoic Lithium salt) 

153530620 PubChem CID 

(Perfluorohexadecanoic sodium salt) 

101166999 PubChem CID 

(Perfluorohexadecanoic silver (I) salt) 
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22904208 PubChem, CID 

(Perfluorohexadecanoic ammonium salt) 

EU (EC) number 267-638-1 

Molecular formula  C16HF31O2 

Molecular structure 

 

Molecular weight (g.mol-1) 814.13 

 

Common name (13) PFODA 

Chemical name (IUPAC) Perfluorooctadecanoic acid 

Synonym(s) 

Perfluorooctadecanoate 

Perfluorostearic acid 

Octadecanoic acid, pentatriacontafluoro- 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,1

2,13,13,14,14,15,15,16,16,17,17,18,18,18-

pentatriacontafluorooctadecanoic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

16517-11-6 (perfluorooctadecanoic acid) 

139643442 PubChem CID 

(pefluorooctadecanoic sodium salt) 

139643441 PubChem CID 

(perfluorooctadecanoic potassium salt) 

139643440 PubChem CID 

(perfluorooctadecanoic lithium salt) 

12128055  PubChem CID 

(perfluorooctadecanoic silver(I) salt) 

EU (EC) number 240-582-5  

Molecular formula  C18HF35O2 

Molecular structure 

 
Molecular weight (g.mol-1) 914.1 

 

Common name (14) PFBS 

Chemical name (IUPAC) Perfluorobutanesulfonic acid 

Synonym(s) 

Perfluorobutanesulphonic acid 

Nonafluorobutane sulfonate  

Nonafluorobutanesulphonate 

Perfluorobutane sulfonate 

Nonafluorobutane-1-sulphonic acid 

Perfluorobutane-1-sulphonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

375-73-5 (perfluorobutanesulfonic acid) 

68259-10-9 (perfluorobutanesulfonic acid, 

ammonium salt) 
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29420-49-3 (perfluorobutanesulfonic acid, 

potassium salt) 

39847-39-7 (perfluorobutanesulfonic acid, 

imide salt) 

146444611  PubChem CID 

(perfluorobutanesulfonic acid, Lithium) 

141718833  PubChem CID 

(perfluorobutanesulfonic acid, butyl-dimetyl 

ammonium) 

EU (EC) number 206-793-1 

Molecular formula  C4HF9O3S 

Molecular structure 

 
Molecular weight (g.mol-1) 300.10 

 

Common name (15) PFPeS 

Chemical name (IUPAC) Perfluoropentanesulfonic acid 

Synonym(s) 

Perfluoropentasulfonate 

1-Pentanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,5-

undecafluoro- 

Perfluoropentane-1-sulfonic acid 

1,1,2,2,3,3,4,4,5,5,5-undecafluoropentane-1-

sulfonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

2706-91-4 (Perfluoropentanesulfonic acid) 

139914361 PubChem CID 

(Perfluoropentanesulfonic acid, tetrametyl 

ammonum salt) 

139842338 PubChem CID 

(Perfluoropentanesulfonic acid, silver salt) 

139842304 PubChem CID 

(Perfluoropentanesulfonic acid, rubidium salt) 

139842210 PubChem CID 

(Perfluoropentanesulfonic acid, cesium salt) 

EU (EC) number 220-301-2 

Molecular formula  C5HF11O3S 

Molecular structure 

 
Molecular weight (g.mol-1) 350.11 

 

Common name (16) PFHxS 

Chemical name (IUPAC) Perfluorohexane sulfonic acid 
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Synonym(s) 

Tridecafluorohexane-1-sulfonic acid 

Perfluorohexane-1-sulfonic acid 

Perfluorohexanesulfonate 

1,1,2,2,3,3,4,4,5,5,6,6,6-Tridecafluorohexane-

1-sulfonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

355-46-4 (perfluorohexane sulfonic acid)  

341035-71-0 (perfluorohexane sulfonate 

gallium salt) 

350836-93-0 (perfluorohexane sulfonate 

scandium 3+ salt) 

41184-65-0 (perfluorohexane sulfonate 

neodymium 3+ salt) 

41242-12-0 (perfluorohexane sulfonate 

yttrium 3+ salt) 

70136-72-0 (perfluorohexane sulfonate zinc 

salt) 

82382-12-5 (perfluorohexane sulfonate 

sodium salt) 

92011-17-1 (Perfluorohexane sulfonate cesium 

salt 1:1) 

55120-77-9 (Perfluorohexane sulfonate 

lithium salt) 

3871-99-6 (Perfluorohexane sulfonate 

potassium salt) 

68259-08-5 (Perfluorohexane sulfonate 

ammonium salt) 

EU(EC) number 206-587-1  

Molecular formula  C6HF13O3S 

Molecular structure 

 

 
Molecular weight (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-

pentadecafluoroheptane-1-sulfonic acid 

1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-

Pentadecafluoroheptane-1-sulphonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 375-92-8 (Perfluoroheptanesulfonic acid) 
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140312318 PubChem CID 

(perfluorotridecanoic acid, silver salt) 

139829155 PubChem CID 

(perfluorotridecanoic acid, tetrametyl-

ammonium) 

87558139 PubChem CID 

(perfluorotridecanoic acid, sodium salt) 

87246875 PubChem CID 

(perfluorotridecanoic acid, potassium salt) 

EU (EC) number 206-800-8 

Molecular formula  C7HF15O3S 

Molecular structure 

 
Molecular weight (g.mol-1) 450.12 

 

Common name (18) PFOS 

Chemical name (IUPAC) Perfluorooctane sulfonic acid 

Synonym(s) 

Perfluorooctane sulfonate  

Perfluorooctane sulphonic acid 

Heptadecafluorooctanesulfonate 

Perfluorooctylsulfonic acid 

Heptadecafluoro-1-octanesulfonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number *  

1763-23-1 (perfluorooctanesulfonic acid) 

141391012  PubChem CID  (perfluorooctane 

sulfonate, hydrate, silver salt 

139842138 PubChem CID (perfluorooctane 

sulfonate, rubidium salt) 

139597631  PubChem CID  (perfluorooctane 

sulfonate, tetraethyl ammonium) 

88651763  PubChem CID (perfluorooctane 

sulfonate, Iron) 

88425507 PubChem CID (perfluorooctane 

sulfonate, Calcium) 

88080702 PubChem CID (perfluorooctane 

sulfonate, ethyl-methyl-di(propan-2-yl), 

ammonium) 

EU (EC) number 217-179-8 

Molecular formula  C8HF17O3S 

Molecular structure 

 
Molecular weight (g.mol-1) 500.13 Da 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

38 

 

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-

henicosafluorodecane-1-sulfonic acid 

Henicosafluorodecanesulphonic acid 

Chemical class (when available/relevant) Perfluoroalkyl acids (PFAAs) 

CAS number * 

335-77-3 (perfluorodecane sulfonic acid) 

2806-16-8 (perfluorodecane sulfonic acid, 

potassium salt) 

67906-42-7 (perfluorodecane sulfonic acid, 

ammonium salt) 

87772728 PubChem CID (perfluorodecane 

sulfonic acid, sodium salt) 

EU (EC) number 206-401-9 

Molecular formula  C10HF21O3S 

Molecular structure 

 
Molecular weight (g.mol-1) 600.15 

 

Common name (20) 6:2 FTOH 

Chemical name (IUPAC) 
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctan-1-

ol 

Synonym(s) 

3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluoro-1-

octanol 

1H,1H,2H,2H-Perfluoro-1-octanol 

2-(Perfluorohexyl)ethanol 

6:2 fluorotelomer alcohol 

Chemical class (when available/relevant) Per- and poly-fluorinated substances (PFAS) 

CAS number * 
647-42-7 (3,3,4,4,5,5,6,6,7,7,8,8,8-

tridecafluorooctan-1-ol) 

EU (EC) number 211-477-1 

Molecular formula  C8H5F13O 

Molecular structure 

 
Molecular weight (g.mol-1) 364.10 

 

Common name (21) 8:2 FTOH 

Chemical name (IUPAC) 1,1,2,2-Tetrahydroperfluoro-1-decanol 

Synonym(s) 
1H,1H,2H,2H-Perfluoro-1-decanol 

2-(Perfluoro-n-octyl) ethanol 
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8:2 fluorotelomer alcohol 

Chemical class (when available/relevant) Per- and poly-fluorinated substances (PFAS) 

CAS number * 
678-39-7 (1,1,2,2-Tetrahydroperfluoro-1-

decanol) 

EU (EC) number 211-648-0 

Molecular formula  C10H5F17O 

Molecular structure 

 

Molecular weight (g.mol-1) 464.12 

 

Common name (22) HFPO-DA (Gen X) 

Chemical name (IUPAC) 

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-

heptafluoropropoxy) propanoic acid, 

ammonium salt 

Synonym(s) 
MS-20244 

Q29388239 

Chemical class (when available/relevant) Per- and poly-fluorinated substances (PFAS) 

CAS number * 

62037-80-3 2,3,3,3-tetrafluoro-2-

(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic 

acid (ammonium salt) 

13252-13-6 (2,3,3,3-tetrafluoro-2-

(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic 

acid 

88643334 PubChem CID 2,3,3,3-tetrafluoro-2-

(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic 

acid, Lithium salt 

67118-55-2 2,3,3,3-tetrafluoro-2-

(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic 

acid, potassium salt 

3765118 PubChem CID 2,3,3,3-tetrafluoro-2-

(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic 

acid, sodium salt 

EU (EC) number 700-242-3 

Molecular formula  C6H4F11NO3 

Molecular structure 

 

Molecular weight (g.mol-1) 347.08 
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Common name (23) ADONA 

Chemical name (IUPAC) 

Ammonium 2,2,3-trifluoro-3-(1,1,2,2,3,3-

hexafluoro-3-(trifluoromethoxy)propoxy) 

propanoate 

Synonym(s) Ammonium 4,8-dioxa-3H-perfluorononanoate 

Chemical class (when available/relevant) Per- and poly-fluorinated substances (PFAS) 

CAS number * 

958445-44-8 Ammonium 2,2,3-trifluoro-3-

(1,1,2,2,3,3-hexafluoro-3-

(trifluoromethoxy)propoxy) propanoate 

919005-14-4 2,2,3-trifluoro-3-(1,1,2,2,3,3-

hexafluoro-3-(trifluoromethoxy)propoxy) 

propanoic acid 

138394366 PubChem CID 2,2,3-trifluoro-3-

(1,1,2,2,3,3-hexafluoro-3-

(trifluoromethoxy)propoxy) propanoic acid, 

sodium salt 

131730125 PubChem CID 2,2,3-trifluoro-3-

(1,1,2,2,3,3-hexafluoro-3-

(trifluoromethoxy)propoxy) propanoic acid, 

potassium salt 

EU (EC)number 480-310-4 

Molecular formula  C7H5F12NO4 

Molecular structure 

 
Molecular weight (g.mol-1) 395.10 

 

Common name (24) C6O4 

Chemical name (IUPAC) 

Acetic acid, 2,2-difluoro-2-[[2,2,4,5-

tetrafluoro-5-(trifluoromethoxy)-1,3-dioxolan-

4-yl]oxy] -, ammonium salt (1:1) 

Synonym(s)  

Chemical class (when available/relevant) Per- and poly-fluorinated substances (PFAS) 

CAS number * 

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

 

1190931-39-5 Acetic acid, 2,2-difluoro-2-

[[2,2,4,5-tetrafluoro-5-(trifluoromethoxy)-1,3-

dioxolan-4-yl]oxy] -,potassium salt  
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1190931-41-9 Acetic acid, 2,2-difluoro-2-

[[2,2,4,5-tetrafluoro-5-(trifluoromethoxy)-1,3-

dioxolan-4-yl]oxy 

EU (EC)number 682-238-0 

Molecular formula  C6H4F9NO6 

Molecular structure 

 
Molecular weight (g.mol-1) 357.08 

* The list of substances reported in the table is not exhaustive of all the molecules present on the market.  More salts can exist with 

both inorganic and organic cation. The first CAS number reported 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 Existing 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 I EQS Dir. (2013/39/EU) Currently, only 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 according 

to Article 57(d) (ECHA, 2013a)27. 

PFDA is PBT in accordance with Annex XIII of the 

REACH Regulation28. 

PFNA is listed as PBT substance29. 

PFBS30 and HFPO-DA (Gen X)31  are currently under 

assessment as PBT. 

                                                 
27 Available online at : https://echa.europa.eu/documents/10162/3d5f88f5-3859-31f7-6eb7-7820c0001be7 
28 Available online at: https://echa.europa.eu/pbt/-/dislist/details/0b0236e18074c771 
29 Available online at: https://echa.europa.eu/pbt/-/dislist/details/0b0236e18074d032 
30 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.006.176 
31 Available online at: https://echa.europa.eu/pbt/-/dislist/details/0b0236e180a0503e 

https://echa.europa.eu/substance-information/-/substanceinfo/100.207.411
https://pubchem.ncbi.nlm.nih.gov/#query=C6H4F9NO6
https://echa.europa.eu/documents/10162/3d5f88f5-3859-31f7-6eb7-7820c0001be7
https://echa.europa.eu/pbt/-/dislist/details/0b0236e18074c771
https://echa.europa.eu/pbt/-/dislist/details/0b0236e18074d032
https://echa.europa.eu/substance-information/-/substanceinfo/100.006.176
https://echa.europa.eu/pbt/-/dislist/details/0b0236e180a0503e
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Substances of Very High Concern 

(1907/2006/EC) 

The following substances are listed as SVHC: PFOA32, 

PFDA33, PFNA34, PFHxS35, PFBS36, PFTrDA, 

PFDoDA, PFUnA, PFTeDA37, HFPO-DA (Gen X)38 

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(f) - human 

health) and equivalent level of concern having probable 

serious effects to the environment (Article 57(f) - 

environment).  

PFTrDA, PFDoDA, PFUnA, PFTeDA:  vPvB (Article 

57e). 

 HFPO-DA (Gen X): Equivalent level of concern 

having probable serious effects to human health 

(Article 57(f) - human health) and equivalent level of 

concern having probable serious effects to the 

environment (Article 57(f) - environment). 

POPs (Stockholm convention) 

PFOA, its salts and PFOA-related compounds are listed 

in Annex A (Elimination) of the Stockholm 

Convention39, and therefore their production and use 

should be eliminated. However, a few specific 

exemptions for the production and use of PFOA, its 

salts, and PFOA- related compounds are allowed 

(UNEP, SC-9/12). 

(PFOS), its salts and perfluorooctane sulfonyl fluoride 

(PFOS-F) are listed in Annex B (Restriction) of the 

Stockholm Convention, in order to restrict their 

production and uses.13 

Other relevant chemical regulation 

(veterinary products, medicament, 

...) 

ADONA40,41 and HFPO-DA (GenX)42,43 are included in 

Annex I (Authorised Use) of the FCM Recycled Plastic 

& Articles Regulation (Reg. 10/2011/EU), and in 

                                                 
32 Available online at : https://echa.europa.eu/candidate-list-table/-/dislist/details/0b0236e1807db2ba 
33 Available online at: https://echa.europa.eu/documents/10162/df3daa02-0c97-2c3a-2c7b-90c267642086 
34 Available online at : https://echa.europa.eu/documents/10162/725df6cb-070c-48c9-89a5-500ee2dabe16 
35 Available online at: https://echa.europa.eu/documents/10162/20a23653-34b1-bb48-4887-7ea77bedc637 
36 Available online at: https://echa.europa.eu/documents/10162/079c04a0-2464-4168-f132-a22ffb04d910 
37 Available online at: https://echa.europa.eu/documents/10162/dd827b99-e744-4d49-84c3-00b82732059b 
38 Available online at: https://echa.europa.eu/documents/10162/fc76aefc-fc86-a5fc-b5c4-e358467ca832 
39 Available online at: http://chm.pops.int/TheConvention/ThePOPs/AllPOPs/tabid/2509/Default.aspx 
40 Available online at: https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-

ART_4_b-100.297.918-VSK-D8C02E 
41 Available online at: https://echa.europa.eu/plastic-material-food-contact/-/legislationlist/details/EU-PLST_FCM-

ANX_I_AUTHORIS-100.297.918-VSK-24A45B 
42 Available online at: https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-

ART_4_b-100.032.928-VSK-D8BDAC 
43 Available online at: https://echa.europa.eu/plastic-material-food-contact/-/legislationlist/details/EU-PLST_FCM-

ANX_I_AUTHORIS-100.032.928-VSK-24A21C 

https://echa.europa.eu/candidate-list-table/-/dislist/details/0b0236e1807db2ba
https://echa.europa.eu/documents/10162/df3daa02-0c97-2c3a-2c7b-90c267642086
https://echa.europa.eu/documents/10162/725df6cb-070c-48c9-89a5-500ee2dabe16
https://echa.europa.eu/documents/10162/20a23653-34b1-bb48-4887-7ea77bedc637
https://echa.europa.eu/documents/10162/079c04a0-2464-4168-f132-a22ffb04d910
https://echa.europa.eu/documents/10162/dd827b99-e744-4d49-84c3-00b82732059b
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
https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-ART_4_b-100.297.918-VSK-D8C02E
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/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
https://echa.europa.eu/eu-recycled_plastic-art_4_b/-/legislationlist/details/EU-RECYCLED_PLASTIC-ART_4_b-100.032.928-VSK-D8BDAC
https://echa.europa.eu/plastic-material-food-contact/-/legislationlist/details/EU-PLST_FCM-ANX_I_AUTHORIS-100.032.928-VSK-24A21C
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 I (Authorised Substances) of the FCM and 

Articles Regulation. 

HFPO-DA (GenX), PFTeDA, PFTrDA, PFUnA. 

PFDoDA, PFDA, PFBS, PFHxS, PFOS, PFNA, PFOA 

are listed as hazardous substance under the In vitro 

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, and the Marine Environmental 

Policy Framework Directive44,45,46,47,48,49,50  

Additionally, PFOS, PFOA, PFDA, PFNA are also 

listed as hazardous/prohibited substance under the 

Chemical Agents Directive, the Cosmetic Products 

Regulation, the End-of-Life Vehicles Directive, 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 Safety and/or Health 

Signs at Work Directive, and the Waste Framework 

Directive51,52,53.  

PFOS is also recognised as polluting substance under 

the Industrial Emissions Directive54. 

Endocrine disrupter 

EFSA concluded that the available evidence is 

insufficient to suggest that exposure to PFASs are 

associated with thyroid disease or changes in thyroid 

hormones, and pre- or postnatal exposures to PFASs 

are associated with effects on pubertal development or 

male fertility/female reproduction outcomes or puberty 

(EFSA, 2020). 

CLP Classification (Regulation 

(EC) No. 1272/2008) 

The harmonised classification and labelling is available 

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 1, H360D Repr. 1B)55 

                                                 
44 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.032.928 
45 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.006.186 
46 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.069.747 
47 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.016.515 
48 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.005.641 
49 Availale online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.006.176 
50 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.005.989 
51 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.005.819 
52 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.006.184 
53 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.005.817 
54 Available online at: https://echa.europa.eu/substance-information/-/substanceinfo/100.015.618 
55 Available online at: https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/67229 

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
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PFOS (H302 Acute Tox 4, H332 Acute Tox 4, H351 

Carc. 2, H362 Lact., H372 STOT RE 1, H360D Repr. 

1B, H411 Aquatic chronic 2)56 

PFNA (H302 Acute Tox 4, H318 Eye Dam. 1, H332 

Acute Tox 4, H351 Carc. 2, H362 Lact., H372 (liver, 

thymus, spleen) STOT RE 1, H360Df Repr. 1B)57 

PFDA (H351 Carc. 2, H362 Lact., H360Df Repr. 1B)58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

                                                 
56 Available online at: https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/82756 
57 Available online at: https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/31321 
58 Available online at : https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/117043 

https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/82756
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/31321
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/117043
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3 Proposed Quality Standards (QS) 

3.1 Environmental Quality Standard (EQS) 

QS for human health is the ñcritical QSò for derivation of an Environmental Quality Standard 

 Value Comments 

Proposed AA-EQS for human health [µg.kg-

1
biota ww] 

 

Proposed  AA-EQS in water [ng.L-1] 

0.077 µg.kg-1
biota ww (PFOA-

equivalents) 

 

4.4 ng/L for PFOA-
equivalents 

 

Critical QS is QS for 

human health 

 

See section 7.87 

3.2 Specific Quality Standard (QS) 

Protection objective59 Unit  Value Comments 

Pelagic community (freshwater) [µg.l-1] 
See sections 7.17.1, 7.2, 7.3 

Pelagic community (marine waters) [µg.l-1] 

Benthic community (freshwater) [µg.kg-1 dw] 

See section 7.4 

Benthic community (marine) [µg.kg-1 dw] 

Predators (secondary poisoning) 
[µg.kg-1

biota 

ww] [ng.l-1] 

QSbiota,sec pois, fw is 22.3 µg/kgww 
for fish and 6.2  µg/kgww for 

molluscs (PFOA-equivalents) 

  QSbiota, secpois,sw is 6.99 µg/kgww 
for fish and 2 µg/kgww for 

molluscs (PFOA-equivalents) 

See section 00 

Human health via consumption of 

fishery products 

[µg.kg-1
biota 

ww] [ng.l-1] 
0.077 µg/kgbiota for PFOA-

equivalence) 

See section 7.87.8 

Human health via consumption of 

water 
[µg.l-1] 

0.0044 for PFOA-equivalents 
PFOA,  

 

  

                                                 
59 Please note that as recommended in the Technical Guidance for deriving EQS (EC, 2018), ñEQSs [é] are not reported for 

ótransitional and marine watersô, but either for freshwater or marine watersò. If justified by substance properties or data available, QS 

for the different protection objectives are given independently for transitional waters or coastal and territorial waters. 
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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 

lubricants 

Wiring and fuel delivery tubing; low-friction 

bearings and seals; surface treatment for textiles 

(seats, carpets, leather and exterior surfaces); 

lubricants 

Aviation, aerospace 

and defense 

Mechanical 

components and 

hydraulic fluid 

additives 

Pipelines, seals, gaskets, cables, and insulators 

Cable and wiring, 

semiconductors and 

electronics 

Coating materials 

and insulators and 

raw materials for 

equipment 

Surface-treatment to protect from weather, fire and 

soil; working fluids in mechanical vacuum pumps; 

component material in cell phones, computers, 

speakers, etc. 

Building and 

Construction 

Coating materials 

and paint additives 

Additives in paint, ink, varnish, polish and coatings; 

film to cover solar collectors; surface-treatment 

protection on fabrics, metals, stone, concrete, etc.; 

metal and plastic coating; adhesives and surface 

treatment agent 

Cosmetics and 

Personal Care 

Products 

Cleaning fluids, 

cosmetic and 

hygiene products 

 

Shampoos, hair conditioner, hand creams, nail 

polish, eye makeup, denture cleaners, dental floss 

and micro powders used in creams and lotions; oil 

and water repellent in sun creams and body lotions 

Fire-fighting Raw materials for 

components and 

equipment 

Fuel repellents, foam stabilizers and fire-fighting 

foams; coating for fire-fighting equipment 

Food processing Food packaging 

materials and 

coating materials 

Oil /grease repellent on paper, cardboards and food 

packaging; Fast Food packaging; coating material in 

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 

stain- and water-

repellents 

Surface-treatment protection on surgical textile; 

surgical patches; cardiovascular synthetic grafts and 

medical implants; video endoscopes; X-ray film 

Pesticides Active and inert 

ingredients in 

pesticides 

Active ingredients in plant growth regulators, 

herbicides and ants and termites baits; inert 

ingredients in pesticide formulations 

Textiles and leather Raw materials for 

highly porous 

fabrics 

Surface-treatment oil, water and stain repellent on 

carpets, furniture, outdoor clothing, textile-related 

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 
1 and 2 in pp. 12-13. 

 

In addition, fluoropolymers derived from one or several of the 24 listed PFAS are used extensively upstream, 
ie. in the chemical industryôs production apparatus. Production of highly corrosive substances such as sulfuric 
acid or diisocyanates relies on fluoropolymers like PTFE for the lining of pipes, gaskets, etc. 
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4.2 Estimated Environmental Emissions 

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). 

 

 1958ī2002 (t) 2003ī2015 (t) 2016ī2030 (t) total (t) 

PFOS     
emissions from 

production (to water 

and soil) 

714ī 716 27ī28 2ī10 743ī 754 

emissions from use 

and disposal (to 

water) 

267ī 2677 48ī 628 6ī113 321ī 3418 

emissions from 

degradation of 

xFOSA/Es 

5ī337 1ī36 0ī25 6ī398 

emissions from 

degradation of POSF 
160ī 491 6ī17 0ī5 166ī 513 

total 1146ī 4221 82ī 709 8ī153 1236ī 5083 
xFOSA/Es      
emissions from 

production (to air, 

water, and soil) 

557ī 689 21ī26 2ī10 580ī 725 

emissions from use 

and disposal (to air 

and excluding 

Sulfluramid)  

175ī 6950 13ī 500 2ī78 190ī 7528 

emissions from 

application of 

Sulfluramid (to air 

and soil) 

114ī 141 350ī 432 0ī610 464ī 1183 

total 846ī 7780 384ī 958 4ī698 1234ī 9436 

POSF      
emissions from 

production (to air and 

soil) 

652ī 653 24ī25 2ī9 678ī 687 

PFHxS      
emissions from 

production 
86ī86 2ī2 0ī1 88ī89 

emissions from use 

and disposal 
6ī307 3ī30 1ī21 10ī358 

emissions from 

degradation of 

xFHxSA/Es60 

1ī410 1ī124 1ī66 3ī600 

emissions from 

degradation of 

PHxSF 

20ī61 1ī2 0ī1 21ī64 

total 113ī864 7ī158 2ī89 122ī1111 
PFDS      
emissions from 

production 
4ī5 0 to <1 0 to <1 4ī5 

                                                 
60 xFHxSA/Es = perfluorohexanesulfonyl sulfonamide/-amidoethan-ols 
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emissions from use 

and disposal 
33ī358 0ī6 0ī1 33ī365 

emissions from 

degradation of 

xFDSA/Es 

0ī3 0ī2 0ī1 0ī6 

emissions from 

degradation of PDSF 
1ī4 0 to <1 0 to <1 1ī4 

total 38ī370 0ī8 0ī2 38ī380 

PHxSF     
emissions from 

production 
78ī78 2ī2 0ī1 80ī81 

PDSF      
emissions from 

production 
4ī4 0 to <1 0 to <1 4ī4 
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5 Environmental Behaviour 

5.1 Environmental distribution 

Perfluoroalkyl sulphonic acids (PFSAs, e.g. PFOS) and perfluoroalkyl carboxylic acids (PFCAs, 

e.g. PFOA) are widely distributed in the global environment due to their high solubility in water, 

low/moderate sorption to soils and sediments and resistance to biological and chemical degradation. 

Little or no breakdown of PFOS and PFOA by photolysis is anticipated under environmental 

conditions (Concawe, 2016). 

While many studies have been published on environmental concentrations of PFSAs and PFCAs, 

little data is available for precursor substances due to the difficulty inherent in their identification 

and analysis. Over the pH range normally found in soil, groundwater and surface waters (pH 5-9) 

PFSAs and PFCAs are normally present as anions, and this reduces sorption by soils and sediments, 

which usually carry a net negative charge. Their retardation during transport in groundwater 

increases with perfluorocarbon chain length and the fraction of organic carbon in the soil, with 

PFSAs binding more strongly than PFCAs of the same carbon number. The presence of co-

contaminants has a variable impact on the mobility of PFAS, depending on PFAS chain length, 

PFAS concentrations and the characteristics of the co-contaminant. The environmental mobility of 

other PFAS substances is not well understood due to the lack of analytical data. Precursors are 

likely to have different physical and chemical properties to their breakdown products, leading to 

differences in their transport behavior (Concawe, 2016). 

Some PFAS are bioaccumulative, and studies revealed that bioaccumulation increases with 

increasing length of the alkyl chain with perfluoroȤcarboxylic acids (Martin et al. 2003a, 2003b in 

Burkhard, 2021). Other studies have reported that perfluorooctane sulfonic acid (PFOS), 

perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), and longer perfluoroȤalkyl 

carboxylic acids 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). It should be noted that 

literature reviews indicate that BAF data from both laboratory and field studies are inconsistent, a 

fact that may possibly be explained by the concentration dependence of PFAS (Liu et al., 2011). 

Based on laboratory BCF measurement studies, accumulation of some PFAS appears to be 

inversely related to concentration. Field data for some but not all PFAS, even though there is a fair 

amount of scatter in the measurements, have trends consistent with the laboratory studies. However, 

more data are needed to understand the mechanism(s), if they exist, responsible for the 

concentration dependency of 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 normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
Data support no photolysis under normal environmental conditions 

(also at high altitude 2500-4200 m) 
Taniyasu et al. 2013 

Biodegradation Supposedly very stable to biodegradation as all PFCA Liou et al 2010; 
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ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (2) PFPeA Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
As other PFCA, it is supposed to be photolytically stable under normal 

environmental conditions.  
ECHA 2017 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (3) PFHxA Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions. 

Hydrolysis half-life of 92 yr 

ECHA 2019a; 

ECHA 2018a 

Photolysis Photolytically stable under normal environmental condition ECHA 2018a 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (4) PFHpA Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
Supposedly photolytically stable under normal environmental 

condition as PFOA 
EPA 2016 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (5) PFOA Master reference 

Hydrolysis 

Hydrolytically stable under normal environmental conditions (Half 

life > 92 yr). Hydrolysis happens under harsh condition: with bismuth 

oxychloride nanosheets, VUV light at 184 nm 

ECHA 2018a; 

EPA 2016; 

Giri et al. 2011; 

Chen et al 2007; 

Giri et al, 2012; 

Song et al., 2019 

Photolysis 

 Photolytically stable under normal environmental conditions. 

Photolysis observed under harsh conditions: bismuth oxychloride 

nanosheets; high altitude 2500-4200 m; with ferric ion; UV-Fenton 

process; very slow degradation in surface water) 

EPA 2016 

Song et al., 2019; 

Vaalgama et al, 2011; 

Wang et al .2008; 

Tang et al.2012; 

Taniyasu et al. 2013; 

 

Biodegradation 
Very stable to biodegradation as all PFCA. Degraded by 

Acimicrobium sp strain A6 

Liou et al 2010; 

ECHA 2019a;  

Huang and Jaffè, 2019 

Dissipation in 

water/sediment 
DT50=99 years, non degradable 

NIBIO Norsk Institutt for 

biookonomi (2019) 

Metabolites Not available  

 

 (6) PFNA Master reference 

Hydrolysis 
No hydrolysis tested under relevant env. Conditions; 97% (absence of 

S2O8 2- ) and 100% (by use of S2O8 2- ) after 6 h in 80°C water 
ECHA 2017a 
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Photolysis 

Photolytically stable under normal environmental conditions as other 

PFCA. Photolysis observed under harsh conditions: high altitude 

2500-4200 m 

EPA 2016; 

Taniyasu et al. 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 normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
Photolytically stable under normal environmental conditions as other 

PFCA. Photolysis under harsh conditions: high altitude 2500-4200 m 

EPA 2016 

ECHA 2017 

Taniyasu et al. 2013; 

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

ECHA 2019 a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (8) PFUnDA or PFUnA Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
No photodegradation tested under relevant env. Conditions 77% after 

12 h by use of persulfate ion (S2O8 2- ) in water 
ECHA 2017a 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (9) PFDoDa or PFDoA Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions as all the 

PFCA 
ECHA 2019a 

Photolysis 
Supposedly photolytically stable under normal environmental 

condition as other PFCA, 
EPA 2016 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (10) PFTrDA Master reference 

Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a 

Photolysis 
As other PFCA, it should be considered stable under normal 

environmental condition 
EPA 2018 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (11) PFTeDA Master reference 

Hydrolysis Hydrolytically stable as all the PFCA ECHA 2019a 

Photolysis 
As other PFCA, it should be considered stable under normal 

environmental condition 
EPA 2018 

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

ECHA 2019a 

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 considered stable under normal 

environmental condition 
EPA 2018 

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

ECHA 2019a 

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 considered stable under normal 

environmental condition 
EPA 2018 

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

ECHA 2019a 

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (14) PFBS Master reference 

Hydrolysis 
Hydrolytically stable under normal environmental conditions. 

Hydrolysis happens under harsh condition: with zero valent iron 

ECHA 2019c 

Hori et al. 2006 

Photolysis Data support no photolysis (also at high altitude 2500-4200 m) 
ECHA 2017; 

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 

Hydrolysis 
No hydrolysis observed in other PFSA under normal environmental 

condition.  

ECHA 2017; 

ECHA 2019b 

Photolysis 
Supposedly photolytically stable under normal environmental 

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) PFHxS Master reference 

Hydrolysis No hydrolysis observed under normal environmental condition.  
ECHA 2017; 

ECHA 2019b 

Photolysis 

Data support no photolysis under normal environmental conditions 

(also at high altitude 2500-4200 m). ECHA does not show data on 

photolysis 

Taniyasu et al. 2013; 

ECHA 2019b 

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 

Hydrolysis 
No hydrolysis observed in other PFSA under normal environmental 

condition.  

ECHA 2017; 

ECHA 2019b 

Photolysis 
Supposedly photolytically stable under normal environmental 

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  
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 (18) PFOS Master reference 

Hydrolysis 

Hydrolytically stable under normal environmental conditions (half life 

> 41 yr). Hydrolysis happens under harsh condition e.g. with zero 

valent iron. 

UNEP 2006; 

Hori et al. 2006 

Photolysis 

Photolytically stable under normal environmental conditions. 

Photolysis observed under harsh conditions: high altitude 2500-4200 

m; under appropriate pH and temperature in water; under UV light 

ECHA 2017; 

Lyu et al. 2015; 

Taniyasu et al. 2013; 

Olalekan et al. 2020 

Biodegradation 
Very stable to biodegradation as all PFCA. Degraded by 

Acimicrobium sp strain A6 

Liou et al. 2010; 

ECHA 2019a;  

Huang and Jaffè, 2019 

Dissipation in 

water/sediment 
DT50=99 years, non degradable 

NIBIO Norsk Institutt for 

biookonomi (2019) 

Metabolites Not available  

 

 (19) PFDS Master reference 

Hydrolysis 
No hydrolysis observed in other PFSA under normal environmental 

condition.  

ECHA 2017; 

ECHA 2019b 

Photolysis 
Photolytically stable under normal environmental conditions. 

Photolysis under harsh conditions: high altitude 2500-4200 m 

ECHA 2017; 

Taniyasu et al. 2013; 

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

Dissipation in 

water/sediment 
No info available  

Metabolites No info available  

 

 (20) 6:2 FTOH Master reference 

Hydrolysis No data available  

Photolysis At high altitude 2500-4200 m Taniyasu et al. 2013; 

Biodegradation Yes 

Zhang et al. 2013; 

Liu et al. 2010; 

Qiao et al. 2021 

ECHA 2018b 

Dissipation in 

water/sediment 
No info available  

Metabolites Poly- and perfluorinated acids Dinglasan et al. 2004 

 

 (21) 8:2 FTOH Master reference 

Hydrolysis No data available  

Photolysis Photolysis at about 32 C in r lake. Also at high altitude 2500-4200 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 2018b 

Dissipation in 

water/sediment 
No info available  

Metabolites Poly- and perfluorinated acids Dinglasan et al. 2004 

 

 (22) HFPO-DA (GenX) Master reference 

Hydrolysis 
Stable to Hydrolysis. No Hydrolysis observed at 50°C in 5 days at 

different pH by Dupont 
EPA 2018 

Photolysis 
Stable to photolysis. Degraded in harsh condition in a UV/sulfite 

system 

EPA 2018 

Bao et al. 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) C6O4 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 concentrations from the literature 

The measured aquatic concentrations from literature for five compounds out of the considered 24 

PFAS in this dossier are presented below. The information is taken from the existing Italian 

dossiers for PFAS61. 

In addition, a recent investigation of 29 per- and polyfluoroalkyl substances in seawater at the 

border between Atlantic 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 water entering 

in Arctic from North Atlantic (190 ± 10 pg/L). Besides, it was detected in Arctic seawater for the 

first time hexafluoropropylene oxide-dimer acid (HFPO-DA), a replacement compound for 

perfluorooctanoic acid (PFOA), which evidenced its long-range transport to remote areas. The 

estimated mass transport of seawater indicated a net inflow of long-chain PFAS (Ó 8 perfluorinated 

carbons) via the boundary currents and a net outflow of shorter-chain homologues. The study 

hypothesized that this reflects higher contributions from atmospheric sources to the Artic outflow 

and a higher retention of the long-chain compounds in seawater of melting snow and ice. 

 

6.1.1 PFBA 

 

Compartment  Measured environmental concentration (MEC)  Master reference  

 
 
 
 
 
 
Freshwaters  

European rivers: 0.2-90.4 ng/L 
(Eschauzier et al., 
2012) 

Rhine river: <1.60-188 ng/L 

Rivers discharging in North Sea: <1.60-335 ng/L 
(Möller et al., 2010) 

Italian rivers: 

¶ Arno basin: 8.8-78.7 ng/L 

¶ Brenta basin: <5-333.2 ng/L 

¶ Bormida: <5-234.5 ng/L 

¶ Po: <5-17.4 ng/L 
¶ Tevere and Adige: <5-13.0 ng/L 

 
 
(Valsecchi et al., 2014) 

Llobregat basin, ES 

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

 

(Campo et al., 2015) 

 
 

 
Groundwaters  

Italian groundwaters: 

¶ n: 68 

¶ frequency of detection:28% 

¶ max: 125 ng/L 

¶ mean:  8 ng/L 

¶ median: <LOQ ng/L 
¶ 90th percentile: 24 ng/L 

 
 

 
CNR-IRSA database 

 
 

 
Drinking waters  

Italian drinking waters: 

¶ n: 202 

¶ frequency of detection:37% 

¶ max: 553 ng/L 

¶ mean:  27 ng/L 

¶ median: <LOQ ng/L 
¶ 90th percentile: 46 ng/L 

 
 

 
CNR-IRSA database 

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

                                                 
61 The tables reported existing data only up to 2015. 
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(coastal and/or 
transitional)  

Adriatic lagoons (Venice, Goro, IT): <LOQ-30.6 ng/L CNR-IRSA database 

WWTP 
(municipal 
effluents)  

Como, IT:  <LOQ  weekly average CNR-IRSA database 

0.04-153 ng/L (Campo et al., 2014) 

 

 
WWTP 

(industrial 
effluents)  

Miteni (Trissino, I): <LOQ 

ARICA sewage pipe (Vicenza, I): <LOQ 

Chemical industry (Appiano Gentile, I): <LOQ 

 
CNR-IRSA database 

Bulgarograsso, IT: <LOQ-24 h 

average Fino Mornasco, IT: <LOQ 

Limido Comasco, IT: <LOQ 

 
CNR-IRSA database 

Tangxun Lake, China: 

4200-7800 ng/L 

 

(Zhou et al., 2013) 

 

Sediment 

(Freshwaters) 

ng/g dw 

Tangxun Lake, China: 

5.26-61.2 ng/g 

 

(Zhou et al., 2013) 

Llobregat basin, ES 

0.61-12.9 ng/g  (mean 3.67; frequency 100%) 

 

(Campo et al., 2015) 

Sediment  

(Coastal and 
transitional 
waters)  

ng/g dw 

 

Pearl River Delta and Hong Kong, China: 

0.09 ± 0.0.1 - 1.50 ± 0.26 ng/g 

 

 
(Zhao et al., 2014a) 

 

 

 

 

 

 

 

 
Biota 

(Freshwaters) 

ng/g fw 

Baiyangdian Lake,North China; 

¶ Bird: <0.25 ng/g, dw 

¶ Common carp: 0.35 ng/g, dw 

¶ Loach: <0.25 ng/g, dw 

¶ Crab: 2.72 ng/g, dw 

¶ Shrimp 0.71 ng/g, dw 

¶ River snail 4.31 ng/g, dw 

¶ Ceratophyllum demersum: 0.78 ng/g, dw 

¶ Salvinia natans: <0.5 ng/g, dw 
¶ Plankton: 0.58 ng/g, dw 

 

 

 

 

(Zhou et al., 2012) 

Tangxun Lake, China: 

¶ Crucian carp 0.60 

¶ Sharpbelly <LOQ 

¶ Lotus Root 4.66 

¶ Common Duckweed 7.62 
¶ 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) 
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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 

 

 

 

 

 
(Ahrens et al., 2009) 

French Freshwater and Marine Fish 

<LOQ-0.77 

 

(Yamada et al., 2014) 

Hong Kong, China: Pearl River Delta 

oysters and mussels: 0.14 ± 0.02 - 0.80 ± 0.17 

 

(Zhao et al., 2014a) 

 

 

6.1.2 PFBS 

 

Compartment  Measured environmental concentration (MEC)  Master reference  

 
 
 
 
 
 
 
 
 
Freshwaters  

Rhine river: 0.59-118 ng/L 

Rivers discharging in North Sea: 0.22-181 ng/L 

 
(Möller et al., 2010) 

European rivers: <LOQ-290 ng/L (Eschauzier et al., 2012) 

Italian rivers: 

¶ Arno basin: <1-31.4 ng/L 

¶ Brenta basin: 23.1-1666 ng/L 

¶ Bormida: <1-17.0 ng/L 

¶ Po: <1-15.9 ng/L 
¶ Tevere and Adige: <1 ng/L 

 
 
(Valsecchi et al., 2015) 

Llobregat basin, ES 

<LOQ-4.10 ng/L (mean 0.32 frequency 14%) 
(Campo et al., 2015) 

Taiwan, rivers Touchien and Xiaoli: 

¶ Mean concentration: 5.7 ng/l 

 
(Lin et al., 2009) 

Fuxin, China: River waters: 297-426 ng/l (Bao et al., 2011) 

 
 

 
Groundwaters  

European groundwaters: 

¶ n: 164 

¶ frequency of detection: 15.2% 

¶ max: 25 ng/L 

¶ mean : <LOQ 

¶ median: <LOQ 
¶ 90th percentile:  1 ng/L 

 
 

 
(Loos et al., 2010) 

Italian groundwaters: 

¶ n: 68 

¶ frequency of detection: 28% 

¶ max:15 ng/L 

¶ mean: 1 ng/L 

¶ median:<LOQ 
¶ 90th percentile:2 ng/L 

 

 

 
CNR-IRSA database 

Fuxin, China: Groundwaters: 5.0-872 ng/l (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 
Å 90th 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: 7.6ï18.8 ng/L 

¶ Ispra, I: 0.50 ng/L 
¶ Tromsø, N: <LOQ 

 
 

(Ullah et al., 2011) 

 

 
Marine waters 
(coastal and/or 
transitional)  

North Sea: 1.1-3.9 ng/l 

River Elbe estuary: 1.5 ng/l 

 

(Ahrens et al., 2009b) 

North Sea : <0.08-4.76 ng/L (Möller et al., 2010) 

Adriatic lagoons (Venice, I): 3.6-9.9 ng/L 

River Po Delta (Goro, I): < 1-6.9 ng/L 

 

CNR-IRSA database 

 

 

 

 

 

 

WWTP 

(municipal 
effluents)  

Norway : 1.00-2.60 ng/L 

Finland :  2.61-3.09 ng/L 

 

(Kallenborn et al., 2004) 

River Elbe, Germany:  2.3-6.7 ng/l (Ahrens et al., 2009a) 

Fuxin, China: 0.20 ng/l (Bao et al., 2011) 

Como, IT: <LOQ weekly average CNR-IRSA database 

Bulgarograsso, IT: <LOQ -24 h 

average Fino Mornasco, IT: <LOQ 

Limido Comasco, IT: <LOQ 

 

CNR-IRSA database 

0.02-305 ng/L (Campo et al., 2014) 

WWTP 

(industrial 
effluents)  

Effluent of a wafer photolithographic plant: 75.43 ng/l (Lin et al., 2009) 

Miteni (Trissino, IT): 4,800,000 ng/L 

ARICA sewage pipe (Vicenza, I): 26,000 ng/L 

Chemical industry (Appiano Gentile, I): <LOQ 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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Sediment 

(Freshwaters) 

ng/g dw 

Llobregat basin, ES 

<LOQ-3.53 ng/g (mean 1.27; frequency 64%) 

 

(Campo et al., 2015) 

Tangxun Lake, China: 

21.1- 114 

 

(Zhou et al., 2013) 

Taiwanese rivers: 

<0.4 upstream industrial WWTP 

<0.4 downstream industrial WWTP 

 

(Lin et al., 2014) 

Sediment  

(Coastal and 
transitional 
waters)  

ng/g dw 

 

 

Goro Lagoon, Po Delta, IT: < 0.6-1.3 ng/g d.w. 

 

 

CNR-IRSA database 

 

 

 

 

 

 

 

 

 
Biota 

(Freshwaters) 

ng/g fw 

Baiyangdian Lake,North China; 

¶ 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 

¶ Shrimp 1.05 ng/g, dw 

¶ River snail 0.45 ng/g, dw 

¶ Ceratophyllum demersum: <0.5 ng/g, dw 

¶ Salvinia natans: <0.5 ng/g, dw 

¶ Plankton: <0.25 ng/g, dw 

 

 

 

 

 

 

(Zhou et al., 2012) 

Tangxun Lake, China: 

¶ Crucian carp 2.18 

¶ Sharpbelly 1.18 

¶ Lotus Root 0.50 

¶ Common Duckweed 10.8 

¶ Common Water Hyacinth 5.96 

 

 

 
 

(Zhou et al., 2013) 

Llobregat basin, ES 

Á Fish: < LOQ-7.12 ng/g (mean 7.07; frequency 
67%) 

 
(Campo et al., 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

Tokyo bay: 

Á Sea bass: < 138 ng/ml 
Á sole : blood : < 61 ng/ml; liver: < 142 ng/ml 
Á Japanese stingfish : blood: < 21 ng/ml; liver: < 

67 ng/ml 

Osaka bay: 

Á Sea bass: blood: < 11 ng/ml; liver: < 40 ng/ml 
Á mackerel : blood: < 8 ng/ml; liver: < 53 ng/ml 

Tokyo bay: 

Á Corvus corone : liver: < 45 ng/g 
Á Anas platyrhynchos : liver: < 44 ng/g 
Á 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 

¶ n: 15 

¶ detected number: 10 

¶ Min.ïMax: <0.044ï0.24 

¶ Mean (median): 0.065 (0.040) 
Crabs 
Å n: 44 
Å detected number: 40 
Å Min.ïMax: <0.068ï1.6 
Å Mean (median): 0.25 (0.17) 

Gastropods 
Å n: 11 
Å detected number: 10 
Å Min.ïMax: <0.046ï0.21 

Å Mean (median): 0.096 (0.077) 
Bivalves 
Å n: 5 
Å detected number: 4 
Å Min.ïMax: <0.036ï0.12 
Å Mean (median): 0.044 (0.023) 

 

 

 

 

 

 

 

 

(Naile et al., 2013) 

Fish <DLï2.4 
Bivalve <DLï0.57 
Crab <DLï4.7 
Gastropod <DLï9.2 
Shrimp <DLï0.21 

 
 

(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: 

¶ n: 122 

¶ frequency of detection: 39% 

¶ max: 109 ng/L 

¶ average :4 ng/L 

¶ median: 0 ng/L 
¶ Per90:  12 ng/L 

 
 

 
(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 

 
 
 

(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 

 
(Möller 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: 

¶ Arno basin: <0.2-40.3 ng/L 

¶ Brenta basin: ng/L 

¶ Bormida: 10.1-253.7ng/L 

¶ Po: <0.2-20.4 ng/L 
¶ 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 
¶ 90th percentile: 26 ng/L 

 

 

 
CNR-IRSA database 

 

 

 

 

 

 

 
Drinking water  

ng/L 

¶ Stoccolma, Svezia: 2.86 ng/l 

¶ Ispra, Italia: 2.1 ng/l 

¶ Antwerp, Belgio: 3 ng/l 
¶ Amsterdam, Olanda: 5.15 ng/l 

 
(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 
¶ 90th percentile: 17 ng/L 

 

 

 
CNR-IRSA database 

EU drinking waters: 

¶ n: 121 

¶ about 55% <  1 ng/L 

¶ median: <  1 ng/L 
¶ 90th percentile: about 20 ng/L 

 

(Eschauzier et al., 
2012) 
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Marine waters 
(coastal and/or 
transitional)  

ng/L 

North Sea: 0.08-4.39 ng/l 
(Kallenborn et al., 
2004) 

North Sea, German Bight : 0.47-9.56 ng/l (Ahrens et al., 2009b) 

North Sea : <0.03-0.37 ng/L (Möller et al., 2010) 

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) 

 

 

 

 
WWTP 

(municipal 
effluents)  

ng/L 

Norway: 13.9-14.5 ng/L 

Finland: 8.08-13.5 ng/L 

(Kallenborn et al., 
2004) 

River Elbe, Germany: 4.6 ï 5.8 ng/l (Ahrens et al., 2009a) 

European WWTPs: 

¶ n: 90 

¶ frequency of detection: 72% 

¶ max: 23800 ng/L 

¶ average :304 ng/L 

¶ median: 5.7 ng/L 
¶ 90th percentile:  18.2 ng/L 

 

 

 
(Loos et al., 2013a) 

3 WWTPs (Milano, IT): 1 ng/L weekly average CNR-IRSA database 

Como, IT: 1 ng/L weekly average CNR-IRSA database 

18 WWTPs, Baltic countries: 

¶ Sweden: 5.95 ng/L 

¶ Finland: 4.78 ng/L 

¶ Poland: 2.38 ng/L 

¶ Latvia: 0.975 ng/L 

¶ Estonia: 0.675-0.688 ng/L 
¶ Lithuania: 0.109-0.133 ng/L 

 

 

 
(Filipovic et al., 2013) 

0.4-51.6 ng/L (Campo et al., 2014) 

 

 

 

 

 
WWTP 

(industrial 
effluents)  

ng/L 

Norway: 70 ng/L (landfill leachate) 

Finland: 140 ng/L (landfill leachate) 

(Kallenborn et al., 
2004) 

Effluent of a wafer photolithographic plant: 76.4 ng/l (Lin et al., 2009) 

Miteni (Trissino, IT): 811431 ng/L 

ARICA sewage pipe (Vicenza, I): 5386 ng/L 

Chemical Industry (Appiano Gentile, I): 364 ng/L 

 

CNR-IRSA database 

Bulgarograsso, IT: 48 ng/L-24 h average 

Fino Mornasco, IT: 45 ng/L 

Limido Comasco, IT: 53.8 ng/L 

 

CNR-IRSA database 

Tangxun Lake, China: 

815-945 ng/L 

 

(Zhou et al., 2013) 

 

 

 

 

 
Sediment 
(Freshwaters)  

Norway: 0.14 ng/g 

Finland: 0.03 ng/g 

(Kallenborn et al., 
2004) 

River Bormida, IT: 

¶ <0.2 upstream fluoropolymer plant 

¶ <0.2 downstream fluoropolymer plant 

River Po, I: <0.2-0.2 ng/g 

 
 

CNR-IRSA database 
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ng/g dw Tangxun Lake, China: 

<0.31 ng/g 

 

(Zhou et al., 2013) 

Taiwanese rivers: 

¶ 0.6±0.3 ng/g upstream industrial WWTP 
¶ 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: 

¶ Liver Perch (Perca fluviatilis): 0.62-1.08 ng/g 

¶ Liver Trout (Salmo trutta): 0.86 ng/g 
¶ 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 

 

 

 

 

(Zhou et al., 2012) 

Tangxun Lake, China: 

¶ Crucian carp <LOQ 

¶ Sharpbelly <LOQ 

¶ Lotus Root <LOQ 

¶ Common Duckweed 0.36 
¶ Common Water Hyacinth 0.30 

 

 

(Zhou et al., 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Norway: 

Herring gulls (Larus argentatus): 
¶ 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 

 

 

 

 

 
(Ahrens et al., 2009c) 
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Biota 

(Coastal 

and 

transitional 

waters)   

ng/g fw 

Norway: 

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

Denmark: 

¶ Liver Flounder (Platichthys flesus): <LOQ- 

0.74 

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

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

Iceland: 

¶ Liver Minke whale (Balaenoptera 
acutorostrata): 0.68-0.99 ng/g 

¶ Liver Long rough dab (Hippoglossoides 
platessoides): <LOQ-9.6 ng/g 

¶ Liver Sculpin (Myoxocephalus scorpius): 11 

ng/g 

Faroe Islands: 

¶ Liver Pilot whale (Globicephala melas): 0.53- 
1.0 ng/g 

 

 

 

 

 

 

 
 

(Kallenborn et al., 
2004) 

¶ Fish <LOQï0.78 

¶ Bivalves <LOQï3.5 

¶ Crabs<LOQï0.44 

¶ Gastropods <LOQï2.3 
¶ Shrimps<LOQï0.39 

 
 

(Hong et al., 2014) 

Goro Lagoon, Po Delta, IT: 

¶ Tapes philippinarum:  < 0.1 ng/g 
¶ Mytilus 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:  

¶ n: 121 

¶ frequency of detection: 97% 

¶ max: 174  

¶ average :12  

¶ median: 3  

¶ 90th 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 

(Mc Lachlan et al., 

2007) 

European rivers: <LOQ-200  
(Eschauzier et al., 

2012) 
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Rhine river: 0.61-4.1  

Rivers discharging in North Sea: 0.87-42.1  
(Möller et al., 2010) 

Rivers discharging in Baltic Sea: <LOQ-7  (Filipovic et al., 2013) 

River Danube: < 50  

¶ Basin closure: 12  
(Loos et al., 2010b) 

Italian rivers: 

¶ Arno basin: <LOQ-222  

¶ Brenta basin: 83-2284  

¶ Bormida: 253-6480  

¶ Po: <LOQ-124  

¶ Tevere and Adige: <LOQ 

(Valsecchi et al., 2014) 

Llobregat basin, ES 

<LOQ-146 (mean 20.3; frequency 86%) 
(Campo et al., 2015) 

Groundwaters 

(ng/L) 

European groundwaters: <LOQ-7000  
(Eschauzier et al., 

2012) 

European groundwaters:  

¶ n: 164 

¶ frequency of detection: 65.9% 

¶ max: 39  

¶ mean :3  

¶ median: 1  

¶ 90th percentile:  6  

(Loos et al., 2010a) 

Italian groundwaters:  

¶ n: 68 

¶ frequency of detection: 71% 

¶ max: 29.900  

¶ mean: 936  

¶ median: 8  

¶ 90th percentile: 1936  

CNR-IRSA database 

Drinking waters 

(ng/L) 

Å Stockholm, S: 6.2  

Å Antwerp, B : 2.7  

Å Amsterdam, NL: 5.76-8.6  

Å Ispra, I: 4.9  

Å Tromsø, N: 2.2  

(Ullah et al., 2011) 

Italian drinking waters:  

¶ n: 213 

¶ frequency of detection: 54% 

¶ max: 1886  

¶ mean: 113  

¶ median: 3  

¶ 90th percentile: 69  

CNR-IRSA database 

EU drinking waters:  

¶ n: 121 

¶ about 40% < 1  

¶ median: about 1  

¶ 90th percentile: about 75  

(Eschauzier et al., 

2012) 

Marine waters 

(coastal and/or 

transitional)  

North Sea : <LOQ-0.59  (Möller et al., 2010) 

North Sea: 3.6-4.0  

River Elbe estuary: 3.7-5.3  
(Ahrens et al., 2009b) 
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(ng/L) Baltic Sea: mean: 0.347 (n=62) (Filipovic et al., 2013) 

Adriatic lagoons (Venice, Goro, I): 0.6-19.4  CNR-IRSA database 

Adriatic sea, I: 0.793-2.505  (Loos et al., 2013b) 

WWTP  

(municipal 

effluents)  

(ng/L) 

Norway: 20.2-22.5  

Finland :  19.9-22.8  

(Kallenborn et al., 

2004) 

River Elbe, Germany: 12.3- 27.5  (Ahrens et al., 2009a) 

European WWTPs:  

¶ n: 90 

¶ frequency of detection: 99% 

¶ max: 15,900  

¶ average :255  

¶ median: 12.9  

¶ 90th percentile:  60.9  

(Loos et al., 2013a) 

3 WWTPs (Milano, I): 8-17 weekly average 
(Castiglioni et al., 

2015) 

Como, I: 32 weekly average CNR-IRSA database 

18 WWTPs, Baltic countries: 

Sweden: 8.39  

Finland: 9.86  

Poland: 7.66  

Latvia: 3.10  

Estonia: 4.81  

Lithuania: 3.24  

(Filipovic et al., 2013) 

0.04-67.9 ng/L (Campo et al., 2014) 

WWTP  

(industrial 

effluents) 

(ng/L) 

Miteni (Trissino, I): 712,877  

ARICA sewage pipe (Vicenza, I): 3,668  

Chemical industry (Appiano Gentile, I): 2,322  

CNR-IRSA database 

Bulgarograsso, I: 260 ng/L-24 h average 

Fino Mornasco, I: 78 ng/L 

Limido Comasco, I: 786 ng/L 

(Castiglioni et al., 

2015) 

Tangxun Lake, China: 

2630-3040 ng/L 
(Zhou et al., 2013) 

Sediment 

(Freshwaters) 

ng/g dw 

Germany: 0.018-0.068 ng/g (n=4) 

Austria: 0.06-2.8 ng/g (n=19) 

USA: 0.05-0.625 ng/g (n=15) 

Japan: 0.12-3.9 ng/g (n=14) 

China: 0.09-203 ng/g (n=22) 

(Zareitalabad et al., 

2013) 

River Bormida, IT: 

¶ 1.2 ng/g upstream fluoropolymer plant 

¶ 7.0 ng/g downstream fluoropolymer plant 

River Po, I: 0.7-2.7 ng/g 

CNR-IRSA database 

Llobregat basin, ES 

<LOQ-1.52 ng/g (mean 0.64; frequency 86%) 
(Campo et al., 2015) 

Tangxun Lake, China: 

0.48-6.35 
(Zhou et al., 2013) 

Taiwanese rivers: 

0.5 ng/g upstream industrial WWTP 

3.1-5.6 ng/g downstream industrial WWTP 

(Lin et al., 2014) 

Sediment 
Orbetello Lagoon, IT: 0.98-9.38 ng/g (Renzi et al., 2013) 

Goro Lagoon, Po Delta, IT: 0.2-1.0 ng/g CNR-IRSA database 
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(Coastal and 

transitional 

waters) 

ng/g dw 

Marine: 

Svalbard, NO < 0.11-0.44 ng/g 

Cantabrian Sea, ES: < LOQ-0.13 ng/g 

North Sea, NL: < 0.4-47.6 ng/g 

Tyrrhenian sea, IT: < 0.1 ng/g 

(Perra et al., 2013) 

Baltic Sea: 0.147 ng/g (Filipovic et al., 2013) 

Biota 

(Freshwaters) 

ng/g fw 

Raisin river. USA 

Å Amphipods: < 5 ng/g 

Å Dreissena polymorpha : < 5 ng/g 

Å Gobio gobio: 0.2-2 ng/g 

Å Dicentrarchus labrax, Micropterus 

dolomieui: < 2 ng/g 

(Kannan et al., 2005) 

Michigan, USA:  

Å Salmon, liver:  < 72 ng/g 

Å Coregonus, liver: < 36 ng/g 

Å Trout, eggs:  < 18 ng/g 

Å Carp: 36 ng/g 

Å Bald eagle : 19-38 ng/g 

(Kannan et al., 2005) 

Ai river, Japan:  

Trachemys scripta elegans and Chinemys 

reevesii, Turtles Serum: <0.2 to 870 µg/L 

(Morikawa et al., 

2006) 

North Sea; German Bight: 

Harbor seals (Phoca vitulina)  

¶ 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 ± 0.11 

¶ Thymus: 0.70 ± 0.25 

¶ Blubber: 0.03 ± 0.04 

(Ahrens et al., 2009c) 

Roter Main River, Bayreuth, DE: 

Leuciscus cephalus  

Å liver: 0.5-3.6 ng/g 

Å kidneys: 0.6-206 ng/g 

Å gonads: 0.4-9.7 ng/g 

Å hearth: 3-9 ng/g 

Å muscle: < 1.5 ng/g 

Gobio gobio  

Å organs: 0.6-3 ng/g 

Å muscle: 2-7.8 ng/g 

(Becker et al., 2010) 
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Korean rivers and lakes: 

Plankton: <LOQ 

Carp:  

Å blood: <LOQ-0.89 ng/mL 

Å liver: <LOQ-0.33 ng/g 

Mandarin fish 

Å blood: 0.06-0.34 ng/mL 

Å liver: 0.09-0.33 ng/g ww 

(Lam et al., 2014) 

European rivers and lakes 

¶ Fish: 0.17-206 ng/g 
(Houde et al., 2011) 

Baiyangdian Lake, North China; 

¶ Bird: 2.29 ng/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 snail 9.17 ng/g, dw 

¶ Ceratophyllum demersum: 8.62 ng/g, dw 

¶ Salvinia natans: 12.67 ng/g, dw 

¶ Plankton: 2.17 ng/g, dw 

(Zhou et al., 2012) 

Tangxun Lake, China: 

¶ Crucian carp <LOQ 

¶ Sharpbelly <LOQ 

¶ Lotus Root <LOQ 

¶ Common Duckweed 1.03 

¶ Common Water Hyacinth <LOQ 

(Zhou et al., 2013) 

Lake Maggiore, IT 

Coregonus lavaretus (European whitefish) and 

Perca fluviatilis (European perch)  

Muscle: < 0.50 ng/g 

(Squadrone et al., 

2014) 

Po river, IT:  

Eel (Anguilla anguilla) 

¶ blood: <0.4-89.19 (detection freq: 54%) 

¶ kidney: <0.4-69.33 (detection freq: 44%) 

¶ liver: <0.4-84.63 (detection freq: 25%) 

¶ gonad: <0.4-78.25 (detection freq: 25%) 

¶ muscle: <0.4-12.76 (detection freq: 254%) 

(Giari et al., 2014) 

Llobregat basin, ES 

Fish: < LOQ-31.4 ng/g (mean 5.93; frequency 

25%) 

(Campo et al., 2015) 

Biota 

(Coastal and 

transitional 

waters) 

ng/g fw 

Mediterranean Sea: 

Å dolphin, liver: 36-72 ng/g 

Å sword fish, liver: < 36 ng/g 

Å tuna fish, liver: 36-72 ng/g 

Å sea crow, liver: 30-450 ng/g 

(Kannan et al., 2002) 

Comacchio lagoon, IT:  

Eel (Anguilla anguilla) 

¶ blood: <0.4-68.16 (detection freq: 54%) 

¶ kidney: <0.4-49.37 (detection freq: 14%) 

(Giari et al., 2014) 
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¶ liver: <0.4-27.33 (detection freq: 32%) 

¶ gonad: <0.4-92.77 (detection freq: 33%) 

¶ muscle: <0.4-24.71(detection freq: 11%) 

Goro Lagoon, Po Delta, IT: 

¶ Tapes philippinarum: 2.2-4.5 ng/g 

¶ Mytilus galloprovincialis: 0.1-0.3 ng/g 

CNR-IRSA database 

Ariake Sea, Japan: 

¶ Oysters: 6 ng/g 

¶ Mussels: 9.5 ng/g 

¶ Clams: 7.5 ng/g 

¶ Lumbrineris Lutei: 82 ng/g 

(Nakata et al., 2006) 

Mediterranean Sea: 

Pelagic fishes: 

Å Muscle: < 1.5-12 ng/g 

Å Liver: < 1.5-13 ng/g 

Bentonic fishes: 

Å Muscle: < 1.5-40 ng/g 

Å Liver: < 1.5-37 ng/g 

Molluscs 

Å Squids and Redshanks: < 1.5-2.5 ng/g 

Å Mussels: < 1.5-2.5 ng/g 

Å Clams: 12-16 ng/g 

(Nania et al., 2009) 

Arctic Sea: geometric means (ng/g) 

¶ Macroalgae (tissue): 0.14 

¶ 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 (male) 

¶ Beluga (muscle): <0.07 

¶ Beluga (blubber): 1.52 

(Kelly et al., 2009) 

Norwegian Arctic Sea: 

Larus hyperboreus (Glaucus Gull): 

Eggs and plasma: <0.74 ng/g 

(Verreault et al., 2005) 

European Sea: 

¶ Invertebrates: 0.14-15 ng/g 

¶ Fish: <0.10-14 ng/g 

¶ Birds: 0.08-4.68 ng/g 

¶ Marine mammals: 0.03-0.75 ng/g 

North American sea 

¶ Marine mammals: <5.10 ng/g 

(Houde et al., 2011) 

Mediterranean sea: 

¶ Caretta caretta (blood): <0.4 ng/g ww 
(Guerranti et al., 2013) 

Mediterranean sea: 

Å Caretta caretta (liver): 0.28± 0.09 

ng/g d.w. 

(Guerranti et al., 2014) 

Mediterranean sea: 

¶ Swordfish: <3 ng/g (liver and muscle) 
(Corsolini et al., 2008) 
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6.1.5 PFPeA 

 

Compartment  Measured environmental concentration (MEC)  Master reference  

 
 
 
 
 

 
Freshwaters  

River Elbe, Germany: 

¶ 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 
(Möller et al., 2010) 

Llobregat basin, ES 

<LOQ-2.5 ng/L (mean 0.40; frequency 79%) 

 
(Campo et al., 2015) 

Italian rivers: 

¶ Arno basin: <2-9.9 ng/L 

¶ Brenta basin: 4.5-189.7ng/L 

¶ Bormida: <2-584.7 ng/L 

¶ Po: <2-29.9 ng/L 
¶ 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 
¶ 90th percentile: 6 ng/L 

 
 

 
CNR-IRSA database 

 
 
 

 
Drinking 
waters  

¶ Antwerp, Belgium : 1.39 ng/L 

¶ Amsterdam : 0.73-2.69 ng/l 

 
(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 
¶ 90th percentile: 18 ng/L 

 
 

 
CNR-IRSA database 

 

 

 
Marine waters 
(coastal and/or 
transitional)  

North Sea, Germany: 0.81-1.5 ng/l 

North Sea, Germany: <0.15-0.59 ng/l 

 

(Ahrens et al., 2009b) 

River Elbe, Germany: 

¶ Estuary: 1.0-1.6 ng/l 
¶ brackish waters : 2.0-4.7 ng/l 

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

Adriatic lagoons (Venice, Goro, IT): <LOD-8.0 ng/L CNR-IRSA database 

Adriatic sea, IT: 2.349 ng/L (Loos et al., 2013) 

 
WWTP 

(municipal 
effluents)  

River Elbe, Germany: 1.5-4.6 ng/l (Ahrens et al., 2009a) 

Como, IT: < LOD ng/L weekly average CNR-IRSA database 

3 WWTPs (Milano, IT): 1-2 ng/L weekly average CNR-IRSA database 

0.04-54.6 ng/L (Campo et al., 2014) 
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WWTP 

(industrial 
effluents)  

Miteni (Trissino, IT): 582,881 ng/L 

ARICA sewage pipe (Vicenza, I): 6,194 ng/L 

Chemical Industry (Appiano Gentile, I): <LOD ng/L 

 

CNR-IRSA database 

Bulgarograsso, IT: 14.5 ng/L-24 h 

average Fino Mornasco, IT: 18.8 ng/L 

Limido Comasco, IT: < LOD ng/L 

 

CNR-IRSA database 

Tangxun Lake, China: 

229-309 ng/L 

 

(Zhou et al., 2013) 

 

 

 
Sediment 

(Freshwaters) 

ng/g dw 

Llobregat basin, ES 

<LOQ-1.06 ng/g (mean 0.33; frequency 71%) 

 

(Campo et al., 2015) 

River Bormida, IT: 

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

¶ <0.6 ng/g d.w. downstream fluoropolymer plant 

River Po, I: 0.21 ng/g d.w. 

 
 

CNR-IRSA database 

Tangxun Lake, China: 

<0.54 ng/g dw 

 

(Zhou et al., 2013) 

Sediment  

(Coastal and 
transitional 
waters)  

ng/g dw 

 

 

Goro Lagoon, Po Delta, IT: <0.6 ng/g dw 

 

 

CNR-IRSA database 

 

 

 

 

 
Biota 

(Freshwaters) 

ng/g fw 

Baiyangdian Lake,North China; 

¶ Bird: 0.37 ng/g, dw 

¶ Common carp: 1.88 ng/g, dw 

¶ Loach: <0.25 ng/g, dw 

¶ Crab: 1.29 ng/g, dw 

¶ Shrimp 0.52 ng/g, dw 

¶ River snail <0.25 ng/g, dw 

¶ Ceratophyllum demersum: <0.5 ng/g, dw 

¶ Salvinia natans: <0.5 ng/g, dw 
¶ Plankton: <0.25  ng/g, dw 

 

 

 

 

(Zhou et al., 2012) 

Tangxun Lake, China: 

¶ Crucian carp <LOQ 

¶ Sharpbelly <LOQ 

¶ Lotus Root <LOQ 

¶ Common Duckweed <LOQ 
¶ 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: 

¶ Tapes philippinarum:  < 0.3 ng/g 
¶ 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 

 

 

 

 

 
(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: This section has been revised and updated after the final adoption of QS values for PFAS by 

the SCHEER committee in the plenary meeting on 18 August 2022. The term Predicted No Effect 

Concentration (PNEC) is utilised sometimes in the text as a more general term in risk assessment 

and for keeping approach used in the prioritisation exercise, started 2014 (Carvalho et al., 2016). 

 

6.2.1.1 Data availability and data scenarios 

To update the information on exposure in the PFAS 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 for 17 of the totally considered 24 PFAS. The seven substances missing 

measurements are ADONA, 6:2 FTOH, 8:2 FTOH, C6O4, PFHxDA, PFTrDA (available only one 

sample and for this reason PFTrDA was excluded from analyses) and PFODA.  

The currently available disaggregated raw data for measured environmental concentrations (MECs) 

in inland surface water compartment are summarised in Table 6.2.1, for the 17 PFAS with found 

exposure data, showing 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 raw monitoring data for measured 

environmental concentrations (MECs). For confidentiality, coded instead of real names of MS were 

used. 

Source/Dataset Available disaggregated raw data 

JRC, Prioritisation dataset (2014) 

48526 samples (30.2% quantified) from 1177 sites in 13 MS  

(2006 ï 2014) for 15 out of the considered 24 PFAS (about 

28.3% of samples are for PFOA and PFOS) 

EEA, WISE (2020) 

PFOA: 1326 samples (39.9% quantified) from 283 sites in 6 

MS  (2012 ï 2018) 

PFOS: 17789 samples (23.3% quantified) from 1275 sites in 

9 MS  (2011 ï 2018) 

Data received after the 18th 

meeting of WFD CIS WG 

Chemicals (held in October 2020) 

MS(#07):  40642 samples (24.4% quantified) from 234 sites 

(2015-2019) for 14 out of the considered 24 PFAS 

MS(#24):  37410 samples (49.1% quantified) from 48 sites 

(2013-2020) for 16 out of the considered 24 PFAS 

Additional recent data 

EEA, WISE (2022) 

33134 samples (27% quantified) from 2296 sites in 13 MS  

(2019 ï 2021) for 10 out of the considered 24 PFAS (about 

99.8% of samples are for PFOA and PFOS) 

 

The Prioritisation dataset (Carvalho et al., 2016; https://circabc.europa.eu/w/browse/52c8d8d3-

906c-48b5-a75e-53013702b20a) includes data collected at the beginning of the second prioritisation 

exercise which are taken from following sources: 

ü 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).  

https://remi.webmail.ec.europa.eu/owa/redir.aspx?C=FJoaKajfjb66nxl0FO31MOK_EWVAdoiT4rH9098MZDRI_IJweabUCA..&URL=https%253a%252f%252fcircabc.europa.eu%252fw%252fbrowse%252f52c8d8d3-906c-48b5-a75e-53013702b20a
https://remi.webmail.ec.europa.eu/owa/redir.aspx?C=FJoaKajfjb66nxl0FO31MOK_EWVAdoiT4rH9098MZDRI_IJweabUCA..&URL=https%253a%252f%252fcircabc.europa.eu%252fw%252fbrowse%252f52c8d8d3-906c-48b5-a75e-53013702b20a
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ü MSDAT ï 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 

monitoring data have been submitted on behalf of the European drinking water companies.  

ü EMPODAT - a database of geo-referenced monitoring data managed by NORMAN (Network 

of reference laboratories, research centres and related organisations for monitoring of 

emerging environmental substances) https://www.norman-network.net/). The EMPODAT 

data were provided to the JRC in March 2015. 

ü JDS - monitoring data from the third Joint Danube Survey (JDS) from the year 2013 

https://www.icpdr.org/  

ü IPCheM - the Information Platform for Chemical Monitoring data, managed by the JRC was 

downloaded in January 2015 (https://ipchem.jrc.ec.europa.eu).  

The monitoring data from the WISE 2020 database, managed by the EEA, has been received in 

November 2020 (information about WISE data could be found on https://www.eea.europa.eu/data-

and-maps/data/waterbase-water-quality-icm-1). Recently, the JRC has retrieved additional data for 

the period 2019-2021 from WISE database (2022). 

Further, the JRC acknowledged the point raised by the stakeholders that despite the constant 

improving of sensitivity of analytical techniques, any set of measured environmental concentrations 

(MECs) may contain a portion of non-detected or non-quantified samples, called often ñless thanò 

values or censored concentrations (Helsel 2006; Gardner 2011; Helsel 2012; Shoari and Dubé, 

2018; Merrington et al., 2021). The censored or 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; Shoari and Dube, 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 Kaplan-Meier nonparametric method and/or as alternative, if 

feasible, the substitution approach. The latter follows the guideline of the European Food Safety 

Authority (EFSA, 2010) which suggests making the calculations of statistics twice, once for a lower 

bound by substituting non-detects with null and once for an upper bound by substituting non-detects 

with the LOD or LOQ. If the 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. ½ 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 dataset including censored data (in 

particular deriving statistics by the Kaplan-Meier 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/land-research/proucl-software).  

Moreover, in monitoring datasets, the usage of non-quantified 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 following the experience from 

the latest review of the priority substances (PS) list (Carvalho et al., 2016), three data scenarios are 

considered in PFAS dossier (Table 6.2.2).  

https://www.norman-network.net/
https://www.icpdr.org/
https://ipchem.jrc.ec.europa.eu/
https://www.eea.europa.eu/data-and-maps/data/waterbase-water-quality-icm-1
https://www.eea.europa.eu/data-and-maps/data/waterbase-water-quality-icm-1
https://www.epa.gov/land-research/proucl-software
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Table 6.2.2. Data scenarios considered in the data analyses and risk assessment.  Please note that 

the scenario indicated as Sc3 was called Sc2-PNEC-QC in the last monitoring-based prioritisation 

exercise (Carvalho et al., 2016). 

Data scenario Description 

Scenario 1 

(Sc1) 
Only quantified monitoring samples (i.e. >LOQ) 

Scenario 2 

(Sc2) 

All monitoring samples (quantified and non-quantified).  

In Sc2, when the substitution approach is feasible, the non-quantified samples 

are set equal to half of LOQ as stipulated in Directive 2009/90/EC. Other 

substitutions are also possible (for example set at LOQ) 

Scenario 3 

(Sc3) 

Quantified monitoring samples plus non-quantified samples when   İ LOQ 

Ò PNEC (or EQS) 

Sc3 is a more relevant data scenario for making a risk assessment according 

the sub-group on review (SG-R) of the priority substances list (Carvalho et 

al., 2016). 

 

Scenario 1 (Sc1) includes only quantified samples, thus clearly overestimating the risk. In both 

Scenario 2 (Sc2) and Scenario 3 (Sc3), when feasible, the non-quantified samples are set to half 

LOQ62. However, Sc2 comprises all monitoring records, which could lead to non-confirmed 

exceedances when ½LOQ>PNEC, while Sc3 takes into account quantified monitoring samples and 

non-quantified samples only when İ LOQ Ò PNEC, thus avoiding any non-confirmed exceedances. 

According to the sub-group on review (SG-R) of the priority substances list, Sc3 is the most 

relevant scenario to assess whether the substance poses a risk at EU-level (Carvalho et al., 

2016).  

Then, the records shown in Table 6.2.1, have been combined 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 dataset. Overall, the 

combined dataset for the 17 PFAS with available data includes 159411 samples (33.3% quantified) 

collected at 4042 sites in 20 MS during the period 2006-2021. Details for each of the 17 PFAS with 

available data, including a information about number of reporting MS, monitoring sites and 

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 check). 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 most data-rich 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.  

 

Table 6.2.3.  Available raw data for measured environmental concentrations (MECs) across EU MS 

(jointly data from all countries after the elimination of duplicated records) in the Sc2 scenario of 

the combined (COMBI) dataset for the period 2006 ï 2021 . The substances are presented in 

alphabetic order.  

                                                 
62 Under the QA/QC Directive and EQS Directive, MS are required to replace the non-quantified 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 technique not entailing excessive costs, is referred to as ñless than limit 

of quantificationò, and the limit of quantification of that technique is above the EQS, the result for the substance being measured 

shall not be considered for the purposes of assessing the overall chemical status of that water body". 
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CAS Acronym Number of 

reporting 

MS 

Number of 

sites 

Number of 

samples 

Quantified samples 

(% from all for this 

substance) 

62037-80-3 HFPO-DA (Gen X) 1 46 1028 22.4 

375-22-4 PFBA 3 451 7276 44.2 

375-73-5 PFBS 10 512 7819 47.7 

335-76-2 PFDA 10 727 8327 20.4 

307-55-1 PFDoDA (PFDoA) 6 458 4089 11.2 

335-77-3 PFDS 2 200 3349 0.2 

375-85-9 PFHpA 12 628 7976 33.9 

375-92-8 PFHpS 2 178 2385 10.9 

307-24-4 PFHxA 10 542 7970 48.4 

355-46-4 PFHxS 4 479 9001 39.0 

375-95-1 PFNA 13 615 8405 22.8 

335-67-1 PFOA 18 3150 32770 34.3 

1763-23-1 PFOS 16 2913 44583 36.1 

2706-90-3 PFPeA 4 466 7341 39.2 

2706-91-4 PFPeS (PFPS) 1 46 1055 76.1 

376-06-7 PFTeDA (PFTDA) 1 48 2681 1.2 

2058-94-8 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 

(PFUnDA). 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 6.2.1 shows the range of LOQs of non-quantified samples per substance for Sc2 

data scenario of the combned dataset. It was found that the majority of non-quantified samples were 

taken with LOQs in the range of 0.0001 ï 0.01 µg/L. In this context, the quality of available 

monitoring data for the considered 17 PFAS in the COMBI dataset seems acceptable because the 

monitoring is done with sufficiently sensitive analytical methods.  

However, in order to reduce eventual false exceedances from non-quantified samples taken with 

higher LOQs (Carvalho et al., 2016; Loos et al., 2018), it was decided to exclude from the 

combined dataset (Sc2 scenario) the non-quantified samples of all substances taken with method 

having LOQs>0.04 µg/L, i.e. about 2 times higher than the AA-EQS=0.023 µg/L of the most data-

abundant substance (PFOS) among the 17 PFAS with available data. In this way the decisive Sc3 

data scenario is developed for 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 2006-2021. Relevant details for each of the 17 PFAS with available 

data in the Sc3 are presented in Table 6.2.4. 

 

 

 

 

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-
quantified 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 (MECs) in the period 2006 

ï 2021 across EU MS (jointly data from all countries) in the Sc3 scenario of the combined 

(COMBI) dataset after the data quality check. The substances are presented in alphabetic order.  
CAS Acronym Number of 

reporting 

MS 

Number of 

sites 

Number of 

samples 

Quantified samples 

(% from all for this 

substance) 

62037-80-3 HFPO-DA (Gen X) 1 46 1028 22.37 

375-22-4 PFBA 3 451 7276 44.20 

375-73-5 PFBS 10 512 7818 47.71 

335-76-2 PFDA 10 727 8326 20.38 
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307-55-1 PFDoDA (PFDoA) 6 458 4089 11.15 

335-77-3 PFDS 2 200 3349 0.24 

375-85-9 PFHpA 12 628 7976 33.91 

375-92-8 PFHpS 2 178 2385 10.90 

307-24-4 PFHxA 10 542 7969 48.37 

355-46-4 PFHxS 4 479 9001 39.00 

375-95-1 PFNA 13 615 8404 22.83 

335-67-1 PFOA 18 2830 28960 38.80 

1763-23-1 PFOS 16 2769 42804 37.60 

2706-90-3 PFPeA 4 464 7339 39.26 

2706-91-4 PFPeS (PFPS) 1 46 1055 76.11 

376-06-7 PFTeDA (PFTDA) 1 48 2681 1.16 

2058-94-8 PFUnA (PFUnDA) 6 530 3356 12.46 

 

 

6.2.1.3 Sumary statistics of measured concentrations 

The summary statistics of measured environmental concentrations (MECs) across the EU MS, 

regarding the 17 PFAS with available measurements in the combined dataset and considering 

together the data from all MS, is presented in Table 6.2.5 for Sc3 scenario, including minimum, 

average, standard deviation, median, 90th percentile (P90), 95th percentile (P95) and maximum 

concentration. The statistics is derived assuming substitution at ½ LOQ for non-quantified samples 

because the majority of considered PFAS have higher quantification rates. Regarding the eleven 

substances, which have been monitored in Ó 4 MS (see Table 6.2.3), the analysis showed mean 

concentrations from 0.00195 µg/L to 0.0336 µg/L (average ~0.01 µg/L), while the 95th percentiles 

of MECs ranged from 0.005 µg/L to 0.1 µg/L (average ~0.027 µg/L).  

In addition, box-plots of MECs of the 17 PFAS with available measurements in the combined 

dataset, considering together data from all reporting MS, are shown on Figure 6.2.2 for Sc3 

scenario. The plot is prepared assuming substitution at ½ LOQ for non-quantified samples. Higher 

MECs have been observed for PFBA, PFBS, PFDA, PFHpA, PFHxA, PFHxS, PFOA, PFOS, 

PFPeA and PFUnA. Indeed, for these 10 substances the mean concentrations are Ó 0.0049 µg/L (see 

Table 6.2.5) and also higher 95th percentiles of MECs (P95 Ó 0.01 µg/L) have been estimated for 

the aforementioned ten PFAS (see Table 6.2.5). 

 

 

Table 6.2.5. Summary statistics of measured environmental concentrations (µg/L) for each of the 

17 monitored PFAS, described in the dossier, considering jointly data from all MS for Sc3 data 

scenario in the combined dataset. The summary statistics is derived assuming substitution at ½ 

LOQ for non-quantified samples because the majority of considered substances have higher 

quantification rates. The substances are presented in alphabetic order. 
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Acronym Min  Mean StDev Median P90 P95 P99 Max 

HFPO-DA (Gen X) 1.00E-07 7.18E-04 1.81E-03 9.65E-05 1.93E-03 2.95E-03 5.48E-03 3.76E-02 

PFBA 1.00E-07 1.08E-01 4.30E+00 5.00E-03 2.10E-02 5.20E-02 1.52E-01 2.35E+02 

PFBS 1.50E-04 1.44E-02 9.10E-02 5.00E-03 1.90E-02 3.50E-02 1.20E-01 4.33E+00 

PFDA 1.00E-07 5.45E-03 1.87E-02 2.50E-03 5.00E-03 6.68E-03 1.00E-01 1.00E+00 

PFDoDA (PFDoA) 1.00E-07 1.95E-03 3.25E-03 5.00E-04 5.00E-03 5.00E-03 5.00E-03 1.00E-01 

PFDS 1.00E-07 2.36E-03 2.37E-03 8.50E-04 5.00E-03 5.00E-03 5.00E-03 5.00E-03 

PFHpA 2.37E-04 7.75E-03 2.36E-02 5.00E-03 1.00E-02 1.90E-02 1.00E-01 1.00E+00 

PFHpS 1.00E-07 3.05E-03 9.62E-03 5.00E-04 5.00E-03 5.00E-03 4.72E-02 1.50E-01 

PFHxA 2.00E-04 1.11E-02 3.68E-02 5.00E-03 1.50E-02 2.80E-02 1.60E-01 8.92E-01 

PFHxS 1.00E-07 4.86E-03 1.80E-02 5.00E-03 5.60E-03 1.50E-02 3.90E-02 9.80E-01 

PFNA 1.00E-07 3.65E-03 7.12E-03 5.00E-03 5.00E-03 5.00E-03 1.40E-02 3.20E-01 

PFOA 1.00E-06 3.37E-02 3.87E-01 2.50E-03 2.00E-02 4.80E-02 7.09E-01 3.50E+01 

PFOS 5.00E-07 7.40E-03 4.67E-02 3.20E-03 1.00E-02 1.40E-02 4.80E-02 4.00E+00 

PFPeA 1.00E-07 7.70E-03 2.32E-02 5.00E-03 1.10E-02 1.90E-02 8.16E-02 9.74E-01 

PFPeS (PFPS) 1.00E-07 2.68E-04 2.62E-04 2.20E-04 5.34E-04 9.23E-04 1.21E-03 1.72E-03 

PFTeDA (PFTDA) 1.00E-07 1.72E-04 3.97E-04 1.00E-07 9.40E-04 9.50E-04 1.57E-03 4.02E-03 

PFUnA (PFUnDA) 1.00E-06 9.49E-03 4.41E-02 1.25E-03 5.00E-03 1.00E-01 1.00E-01 1.18E+00 
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Figure 6.2.2. Box-plots of measured environmental concentrations, considering together data from 

all reporting MS, for each of the 17 PFAS with available measurements in the combined dataset for 

Sc3 scenario of the combined dataset. The plot is prepared assuming substitution at ½ LOQ for 

non-quantified samples. The lowest line of the figure shows the overall number of samples per 

substance. The substances are presented in alphabetic order. 

 

 

Besides, for a sake of completeness, Table 6.2.6 presents for each of the 17 PFAS with avaible 

monitoring data the mean of measured environmental concentrations for Sc1, Sc2 and Sc3 data 

scenarios (jointly data from all MS in the period 2006-2021). The Sc1 includes only quantified 

samples, while 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 Kaplan-Meier method for datasets containing censored data (ProUCL 5.1 tool). 

Then, Table 6.2.7 shows an analogous comparison of the 95th percentiles of measured 

environmental concentrations for Sc1, Sc2 and Sc3 data scenarios (jointly data from all MS in the 

period 2006-2021). Further details of the descriptive statistics derived for Sc3 dataset by the 

Kaplan-Meier non-parametric method could be seen in the accompaning Excel file entitled 

MEC_PFAS_dossier.  

Finally, the JRC has tried to verified the temporal trend of the considered 17 PFAS in the period 

2006-2020 (the 2021 is excluded since scarce data) according to annual variability of 95th 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

82 

percentiles (P95) of MECs estimated by the common substitution approach for non-quantified 

samples (1/2 LOQ). However, the available monitoring data (see the supporting Excel file) allow 

such analysis to be done only for two of the 17 substances (PFOS and PFOA). Considering data 

from all MS together, onwards 2011, both substances showed generally a gradual decreasing trend 

of P95 to about 0.01-0.02 µg/L with some yearly variability and oscillations (attention should be 

paid that the substitution approach could give up to two-times lower estimates for P95 in 

comparison to the KM method). 

 

 

Table 6.2.6. Mean of measured environmental concentrations (µg/L) for Sc1, Sc2 and Sc3 data 

scenarios (jointly data from all MS in the period 2006-2021) for each of the 17 PFAS with avaible 

monitoring data. Sc1 includes only quantified samples, while 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 Kaplan-Meier method for 

datasets containing censored data (ProUCL 5.1 tool of the US EPA). 

 

Substance 

Sc1  
scenario 

Sc2 

scenario 
Sc3 scenario 

Substitution of non-

quantified samples by 

a half of LOQ 

Sc3 scenario 

Kalpan-Meier method 

(ProUCL 5.1) 

HFPO-DA (Gen X) 2.59E-03 
7.18E-04 7.18E-04 1.35E-03 

PFBA 2.40E-01 
1.08E-01 1.08E-01 1.08E-01 

PFBS 2.49E-02 
1.44E-02 1.44E-02 1.33E-02 

PFDA 1.28E-02 
5.46E-03 5.45E-03 2.94E-03 

PFDoDA (PFDoA) 1.36E-03 
1.95E-03 1.95E-03 2.23E-04 

PFDS 1.22E-03 
2.36E-03 2.36E-03 3.54E-05 

PFHpA 1.42E-02 
7.75E-03 7.75E-03 5.90E-03 

PFHpS 1.12E-02 
3.05E-03 3.05E-03 1.33E-03 

PFHxA 1.78E-02 
1.11E-02 1.11E-02 1.01E-02 

PFHxS 5.37E-03 
4.86E-03 4.86E-03 2.74E-03 

PFNA 3.77E-03 
3.66E-03 3.65E-03 1.39E-03 

PFOA 8.17E-02 
4.32E-02 3.37E-02 3.23E-02 

PFOS 1.03E-02 
1.71E-02 7.40E-03 4.68E-03 

PFPeA 1.33E-02 
7.70E-03 7.70E-03 6.69E-03 

PFPeS (PFPS) 3.33E-04 
2.68E-04 2.68E-04 2.77E-04 

PFTeDA (PFTDA) 1.20E-04 
1.72E-04 1.72E-04 3.41E-05 

PFUnA (PFUnDA) 5.66E-02 
9.49E-03 9.49E-03 7.46E-03 

 

 

Table 6.2.7. 95th percentiles of measured environmental concentrations (µg/L) for Sc1, Sc2 and 

Sc3 data scenarios (jointly data from all MS in the period 2006-2021) for each of the 17 PFAS with 

avaible monitoring data. Sc1 includes only quantified samples, while 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 Kaplan-Meier method 

for datasets containing censored data (ProUCL 5.1 tool of the US EPA). 

 Sc1  Sc2 Sc3 scenario Sc3 scenario 
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Substance scenario scenario Substitution of non-

quantified samples by 

a half of LOQ 

Kalpan-Meier method 

(ProUCL 5.1) 

HFPO-DA (Gen X) 5.29E-03 2.95E-03 2.95E-03 2.95E-03 

PFBA 9.20E-02 5.20E-02 5.20E-02 5.20E-02 

PFBS 6.43E-02 3.50E-02 3.50E-02 3.50E-02 

PFDA 1.00E-01 6.92E-03 6.68E-03 1.00E-02 

PFDoDA (PFDoA) 2.74E-03 5.00E-03 5.00E-03 1.00E-02 

PFDS 4.39E-03 5.00E-03 5.00E-03 1.00E-02 

PFHpA 1.00E-01 1.90E-02 1.90E-02 3.00E-02 

PFHpS 8.41E-02 5.00E-03 5.00E-03 1.00E-02 

PFHxA 6.53E-02 2.80E-02 2.80E-02 3.00E-02 

PFHxS 2.20E-02 1.50E-02 1.50E-02 2.50E-02 

PFNA 1.30E-02 5.00E-03 5.00E-03 1.00E-02 

PFOA 2.10E-01 5.90E-02 4.80E-02 4.80E-02 

PFOS 3.00E-02 2.50E-02 1.40E-02 2.00E-02 

PFPeA 5.00E-02 1.90E-02 1.90E-02 1.90E-02 

PFPeS (PFPS) 9.99E-04 9.23E-04 9.23E-04 9.23E-04 

PFTeDA (PFTDA) 4.21E-04 9.50E-04 9.50E-04 9.50E-04 

PFUnA (PFUnDA) 1.00E-01 1.00E-01 1.00E-01 1.00E-01 
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6.2.2 PFOA risk assessment (freshwater)  

 

Data availability, quality of data and summary statistics 

The data analysis and risk assessment (RA) of PFOA, developed in this section, utilise a PNEC 

equal to the critical AA-EQSfreshwater =0.0044 µg/L for the sum of PFOA-equivalents derived in the 

current dossier from TWI of EFSA (2020) for drinking water. In this case, the threshold is applied 

only to PFOA. Additional analysis for the sum of the other PFAS is presented  in the next section. 

Overall information about the numbers of reporting MS, monitoring sites and collected samples in 

Sc1 and Sc2 scenarios is presented for PFOA in Table 6.2.8 for the period 2006 ï 2021 in the 

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

 

 

Table 6.2.8.  Available data for the measured environmental concentrations (MECs) across EU MS 

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

2021 in the combined dataset (COMBI dataset) for Sc1 and Sc2 data scenarios (the information for 

Sc3 is given after the data quality check).  

Scenario 
Member States 

(MS) 
Sites Samples 

Quantified samples (% from 

all for this scenario) 

Sc1 18 1779 11237 100 

Sc2 18 2830 28960 38.8 

 

 

Regarding the quality of available data, Figure 6.2.4 shows the range of LOQs of non-quantified 

samples per country while Figure 6.2.5 informs how many non-quantified samples fulfilled the 

LOQ-PNEC condition (½ LOQÒPNEC) in each of the MS. It was found that some of the 

participating MS partially or fully monitored with insufficiently sensitive analytical methods but the 

majority of reported censored measurements have fulfilled the LOQ-PNEC criterion (excluding all 

6 censored samples of MS #13 and some of non-quantified samples reported by the MS #06 and 

#24). The detailed information about the LOQ values per MS for non-quantified samples in Sc2 

dataset is provided in the accompanying Excel file. 

After the LOQ-PNEC check the decisive Sc3 data scenario is developed using PNEC=0.0044 µg/L. 

The summary information for this data scenario is presented in Table 6.2.9. Seemingly, there is a 

sufficient amount of representative data with a good quality in Sc3 for making a union-wide risk 

assessment. Since the higher quantification frequency (47.8% from all samples are quantified 

samples) the substitution of censored data is possible. Details per reporting country could be found 

in the supplementaty Excel file. Three MS (#07, #12 and #19) are overrepresented in the Sc3 

scenario of the combined dataset holding together about 88.3% of all samples. 

Then, the measured environmental concentrations in Sc3 scenario of the combined dataset (2006-

2021) are vidualised on Figure 6.2.6 as box-plots per country. The censored samples are set equal to 

½ LOQ. Majority of the reporting MS showed exceedances.  

Afterwards, the summary statistics of measured environmental concentrations across EU (min, 

average, standard deviation (StDev), median, 90th percentile (P90), 95th percentile (P95), 99th 

percentile (P99) and max) is presented in Table 6.2.10 considering together the data from all MS for 

different data scenarios (Sc1, Sc2 and Sc3). The censored samples are set equal to ½ LOQ in Sc2 

and Sc3. The table displays also statistical estimates found by the Kaplan-Meier method for Sc3. 

The comparison of statistical parameters for Sc3 scenario estimated by Kaplan-Meier method 

(ProUCL 5.1 tool) and substitution approach showed fully identical results. 
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Figure 6.2.4. Range of LOQs for non-quantified samples in Sc2 scenario of combined dataset per 

country. The lowermost line of the figure shows the overall number of non-quantified samples in 

each reporting MS. For confidentiality, the countriesô names are coded. The red line indicates the 

PNEC value. 

 

 
Figure 6.2.5. Number of non-quantified samples that fulfilled LOQ -PNEC condition (½ 

LOQÒPNEC) as percentage from reported non-quantified samples per country in Sc2 scenario of 

the combined dataset (PNEC=0.0044 µg/L). The lowermost line of the figure shows the overall 
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number of non-quantified samples in each reporting MS. For confidentiality, the countriesô names 

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 2006 ï 2021 in Sc3 scenario of the combined dataset 

(PNEC=0.0044 µg/L). Details per reporting country  could be found in the supplementaty Excel 

file. 

Scenario 
Member States 

(MS) 
Sites Samples 

Quantified samples 

(% from all) 

Sc3  18 2462 23522 47.8 

 

 

 

 

Figure 6.2.6. Box-plot of measured environmental concentrations (MECs) per country for Sc3 

scenario of 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 value. The censored samples are 

set equal to ½ LOQ.  
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Table 6.2.10. Statistics of measured environmental concentrations (µg/L) across EU (jointly data 

from all MS) for different data scenarios in the combined dataset. The censored samples are set 

equal to ½ LOQ in Sc2 and Sc3. The table displays for Sc3 also statistics found by the Kaplan-

Meier method. The comparison of statistical parameters for Sc3 estimated by Kaplan-Meier method 

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

Concentration  

(Õg/L) 

 

Sc1 Sc2 

Sc3 
Substitution of non-

quantified samples by 

1/2LOQ 

Sc3 

Kalpan-Meier 

method 

(ProUCL 5.1) 

Min 
2.10E-06 1.00E-06 1.00E-06 2.00E-06 

Mean 
8.17E-02 3.37E-02 3.97E-02 3.93E-02 

StDev 
6.19E-01 3.87E-01 4.29E-01 4.30E-01 

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 

 

 

 

Figure 2.6.7. Temporal trend of 95th percentiles (P95) of measured environmental concentrations 

(MECs) for Sc3 scenario of the combined dataset considering together data from all MS. Overall, 

the P95 of MECs always exceeded the PNEC value.  Details 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 2006-2020 (the 2021 is excluded since scarce 

data) according to the annual variability of 95th percentiles (P95) of MECs (see Figure 2.6.7). 

Considering data from all MS together), in the period 2006-2014 it was found a stable downward 

trend of P95 (lowering about two orders of magnitude) but excluding 2012 when 2 MS reported 

very high concnetrations. Onwards 2014, the stable downward trend of P95 is changed to a low 

diminishing pattern followed by a sudden increase and oscillations in 2019-2020. Overall, the P95 

of MECs always exceeded the PNEC value. Since the statistical parameters for Sc3 estimated by 

Kaplan-Meier method (ProUCL 5.1 tool) and substitution approach are identical, the figure is 

prepared assuming that censored samples are set equal to ½ LOQ in Sc3. Details for P95 per year 

could be found in the supplementaty Excel file. 

 

Risk Assessment 

The Risk Assessment (RA) analysis of PFOA, developed after the adoption EQS values by the 

SCHEER committee, includes two components ï first, a screening of overall risk for inland surface 

water compartment and second, a compliance check in regard to the critical freshwater AA-EQS. 

 

Screening of risk 

The screening of overall risk was elaborated following the procedure adopted by the sub-group of 

revision of the Priority Substances list (Carvalho et al., 2016; 

https://circabc.europa.eu/w/browse/52c8d8d3-906c-48b5-a75e-53013702b20a). Accordingly, the 

risk screening is based on MECs in Sc3 data scenario of the combined dataset and utilizes PNEC 

equal to the critical freshwater AA-EQS=0.0044 µg/L. The risk screening takes into account the 

Risk Quotient RQ(P95), the Spatial, Temporal and Extent of PNEC exceedances (STE score) and 

number of exceeding MS (see Table 6.2.11).  

The Risk Quotient RQ(P95) is estimated by the 95th percentile (P95) of measured concentrations 

considering the data in Sc3 from all MS and for the entire time period. A given country is specified 

as ñExceeding MSò if the 95th percentile of its own measured concentrations is higher than the 

freshwater AA-EQS. The STE (Spatial, Temporal and Extent of PNEC exceedances) is assessment 

tool developed in-house by the JRC. The STE method is widely described and discussed in 

Carvalho et al., 2016 (https://circabc.europa.eu/w/browse/52c8d8d3-906c-48b5-a75e-

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 between 0 and 3 since 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 Table 6.2.10) are estimated by Kaplan-Meier 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 Kaplan-Meier method and 

ProUCL tool (see the complementary Excel file). However, the STE score is calculated in a 

traditional manner using the substitution by half of LOQs for non-quantified (censored) data. 

 

Table 2.6.11. Risk assessment screening results for PFOA. The evaluation is based on measured 

environmental concentrations in Sc3 scenario of the combined dataset and PNEC=0.0044 µg/L. The 

Risk Quotient RQ(P95) is calculated with 95th percentile (P95) of measured concentrations 

considering together the data from all MS. The P95 is estimated by Kaplan-Meier nonparametric 

method for dataset containing censored 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 

given country is specified ñExceeding MSò if the 95th percentile of its measured concentrations is 

higher than the PNEC value.  

https://circabc.europa.eu/w/browse/52c8d8d3-906c-48b5-a75e-53013702b20a
https://circabc.europa.eu/w/browse/52c8d8d3-906c-48b5-a75e-53013702b20a
https://circabc.europa.eu/w/browse/52c8d8d3-906c-48b5-a75e-53013702b20a
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Scenario RQ(P95) Fspat Ftemp Fext 
STE  

score 

Exceeding 

MS (% from 

total) 

Total 

number of 

reporting 

MS 

Sc3  18.75 0.367 0.685 0.41 1.462 14 (77.8%) 18 

 

The performed risk screening indicated a presence of risk for inland surface waters at EU level 

because the overall RQ(P95)=18.75, viz. it is considerably higher than one, the STE score is 

elevated (>1) and 14 MS out of the 18 reporting MS in Sc3 could be specified as exceeding MS 

(about 77.8% from all MS). 

Notes: 

1. The EU-wide concern for freshwaters is confirmed also if the most data-abundant MS (#07, #12 

and #19) are excluded from the combined dataset (Sc3 scenario) because the corresponding 

P95=0.1 Õg/L exceeds the PNEC=0.0044 Õg/L. Respectively, RQ(P95)=22.7 and exceedances 

were observed in 11 reporting MS. 

2. The monitoring data for present exposure (2015-2020)  likewise confirmed that PFOA continues 

to pose an EU-wide risk in the recent years since RQ(P95)=4.1 and 5 out of the 8 reporting MS 

showed exceedances.  

 

Compliance check 

The compliance check, which is a core part of the developed risk assessment, was performed 

according to the EQS Directive63 (amended by the Directive 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 non-quantified concentrations in the Sc3 dataset were 

assumed to be equal to a half of LOQs64 i.e. the substitution approach, adopted by the Directives 

2009/90/EC and 2013/39/EU, was applied.   

Firstly, Figure 6.2.8 visualises a boxplot of annual average concentrations at monitoring sites (Sc3 

data scenario) for the time period 2006-2020 (the 2021 is excluded since scarce data) comparing to 

the critical freshwater AA-EQS=0.0044 µg/L. The annual mean concentrations at sites 

demonstrated a pattern similar to the already described temporal trend of P95 of PFOA MECs.  

Thereafter, a relevant statistics about the number of monitoring sites in Sc3 dataset which annual 

mean concentrations exceeded the critical freshwater AA-EQS (given also as a percentage from the 

total number of sites) is presented in Table 6.2.12. The analysis evidenced that in the recent years 

(2015-2020) on average 24.8% of monitoring sites showed exceeding annual mean concentrations 

(range of yearly exceeding sites from 31 to 322, i.e. 14.1% to 36.8% from the annual numbers of 

sites). 

Thus, the above observations confirm a failure of compliance in regard to critical the freshwater 

AA-EQS. 

 

                                                 
63 Directive 2008/105/EC Annex I Part B  

     Paragraph 1 "For any given surface water body, applying the AA-EQS means that, for each representative monitoring point within 

the water body, the arithmetic mean of the concentrations measured at different times during the year does not exceed the standardôô 

and  

     Paragraph 2 ñFor any given surface water body, applying the MAC-EQS means that the measured concentration at any 

representative monitoring point within the water body does not exceed the standardôô. 
64 Directive 2009/90/EC Article 5 Paragraph 1 states ñWhere the amounts of physico-chemical or chemical measurands in a given 

sample are below the limit of quantification, the measurement results shall be set to half of the value of the limit of quantification 

concerned for the calculation of mean valuesò. 
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Conclusion:  

The performed risk screening and the observed failures of compliance in regard to the critical 

freshwater AA-EQS, estimated through the monitoring data for exposure described in this 

dossier, showed that PFOS poses an EU-wide risk for in inland surface waters. 

 

 
Figure 2.6.8. Boxplot of annual average values of measured concentrations at monitoring sites in 

Sc3 scenario for the time period 2006-2020. In this analysis the non-quantified concentrations are 

assumed to be equal to a half of LOQ (Directives 2009/90/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 

the critical freshwater AA-EQS. 

 

 

Table 6.2.12. Number of monitoring sites in Sc3 dataset which annual mean concentrations 

exceeded the critical freshwater AA-EQS (given also as a percentage from the total number of 

sampling locations). In this analysis the non-quantified concentrations are assumed to be equal to a 

half of LOQ (Directives 2009/90/EC and 2013/39/EU). 
Year Number of 

reporting MS 

Total number of 

sites 

Number of 

exceeding sites 

% of exceeding sites 

from all  

2006 3 146 129 88.4 

2007 10 142 110 77.5 

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 current cumulative RA exercise includes the 17 PFAS, described in section 6.2.1, because each 

individual substance has available a considerable amount of exposure samples (more than 1000 

samples; see Table 6.2.3) regarding the data in Sc2 scenario (Sc2 includes quantified and non-

quantified records). Since part of data in Sc2 are non-quantified samples, taken sometimes with 

analytical methods with higher LOQs (for instance > 0.01 µg/L; see details in Figure 6.2.1), we 

decided to include in the cumulative RA either only quantified samples (i.e. data in Sc1 scenario) 

avoiding in this way any possible artificial exceedances or the complete Sc2 dataset assuming a 

substitution of censored data by ½ LOQs. The same approach was proposed and applied in the 

article of Bil et al. (2020) that originally introduced the Relative Potency Factors (RPFs) in 

evaluation of mixtures of perȤ and polyfluoroalkyl substances. This section presents the outcome of 

the cumulative RA based on data of the Sc1 dataset while the results for Sc2 for a recent data-

abundant year (2019) are given in the supporting Excel file. 

Regarding the 17 PFAS of interest, in Sc1 scenario there are available overall 45459 quantified 

samples gathered at 1494 monitoring sites in 18 MS for the period 2006-2020 (the additional recent 

data, described in Table 6.2.1, are not included in Sc1 dataset). The relevant details per substance 

are provided in Table 2.6.13 together with the Relative Potency Factors (RPF) which were applied 

to calculate PFOA-equivalents according the paper of Bil et al. (2020). In cases, when RPFs are 

estimated to be in a given interval (for example 4Ò RPF Ò10 of PFDA) we have chosen the mean 

value (i.e. RPF=7 for PFDA). Then, the events (cases) of eventual simultaneous monitoring of 17 

PFAS were identified, i.e. the combinations of monitoring sites and dates for measurements in Sc1 

dataset. Totally, 14689 combinations (cases) were found including also a single substance 

monitoring (Table 2.6.14). Attention should be paid that the datas of monitoring at sites could differ 

considerably. 

 

Table 2.6.13. Available monitoring data in Sc1 dataset for the considered 17 PFAS in the JRC 

dataset 2020. The table shows also Relative Potency Factors (RPF) related to PFOA-equivalents 

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

it was chosen the mean value. 

CAS Arconym Number of 

reporting 

MS 

Number of 

sites 

Number of 

samples 

Relative 

Potency 

Factor 

(RPF) 

62037-80-3 HFPO-DA (Gen X) 1 27 230 0.06 

375-22-4 PFBA 3 273 3216 0.05 

375-73-5 PFBS 9 367 3727 0.001 

335-76-2 PFDA 9 280 1696 7 

307-55-1 PFDoDA (PFDoA) 4 135 455 3 

335-77-3 PFDS 2 8 8 2 
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375-85-9 PFHpA 11 388 2704 0.505 

375-92-8 PFHpS 2 35 260 1.3 

307-24-4 PFHxA 9 348 3850 0.01 

355-46-4 PFHxS 4 224 3510 0.6 

375-95-1 PFNA 12 311 1919 10 

335-67-1 PFOA 16 890 7240 1 

1763-23-1 PFOS 13 1077 12512 2 

2706-90-3 PFPeA 3 267 2881 0.03 

2706-91-4 PFPeS (PFPS) 1 42 803 0.3 

376-06-7 PFTeDA (PFTDA) 1 19 31 0.3 

2058-94-8 PFUnA (PFUnDA) 5 183 417 4 

 

 

Table 2.6.14. Events (cases) of eventual simultaneous or individual monitoring of 17 PFAS in Sc1 

dataset (i.e. combinations of monitoring sites and dates of measurements; monitoring dates at sites 

could differ considerably). 
Number of dataset of 

monitoring  

Number of sites where was 

monitored 

Combinations 

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 of the 17 PFAS based on the summed PFOA-equivalents, as 

proposed in Bil et al., 2020, according the number of monitored PFAS at sites.  

Number of 

monitored 

PFAS 

Combinations 

of monitoring 

sites and dates 

Cases when all 

individual PFOA-

equivalents are below 

0.0044 µg/L 

Cases when all individual 

PFOA-equivalents are 

below 0.0044 µg/L but the 

sum of PFOA-equivalents 

is higher than  0.0044 µg/L 

% of additional 

exceedances from all 

combinations for this 

event 

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 5.3 
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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 concept based on the Relative Potency Factors (RPFs), 

described in Bil et al. (2021), the measured concentrations of the 17 PFAS were converted to 

PFAO-equivalents multiplying by the RPFs. Afterwards, for each monitoring site, the sums of 

PFOA-equivalents of the17 PFAS were calculated and the sums are compared to the threshold value 

of 0.0044 µg/L in order to evaluate eventual exceedances (individual and cumulative) and a 

presence of risk (see Table 2.6.15). Generally, could be observed that the cumulative RA of the 17 

PFAS (using summed PFOA-equivalents) showed 5.9% increase of exceedances comparing to the 

assessment when all individual PFOA-equivalents are below the threshold of 0.0044 µg/L. 

Expectedly, the percentage of additional cumulative exceedances is higher (about 13.8%) if the 

cases of single substance monitoring with the individual PFOA-equivalents < 0.0044 µg/L are 

excluded from the analysis because they do not contribute at all to the cumulative RA (see the fist 

row in the Table 2.6.15).  

Regarding exceedances of PFOA-equivalents for individual substances (overall 4782 from 8368 

cases) in Sc1, 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 

also some exceedances, the percentages from all exceedances are as follows - PFDA 0.8%, 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 PFOA-equivalents of the 17 PFAS, considering the complete set of 

combinations in Sc1, vary from 1.2 *10-7 µg/L to 19.7 µg/L. The statistical analysis, based on all 

combinations of dates and sites (including monitoring of single substances), estimated the following 

concentrations for the sums of PFOA-equivalents of the 17 PFAS: mean=0.075 µg/L (standard 

deviation 0.421 µg/L), 90th percentile=0.096 µg/L and 95th percentile=0.22 µg/L. The estimated 

mean, P90 and P95 are considerably higher than the threshold of 0.0044 µg/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 ï 
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) 

Species Exp time Endpoint 
LC50 

mg/L 

EC50 

mg/L 
Master reference 

Algae 
Selenastrum capricornutum 

(aka Pseudokirchneriella 
subcapitata) 

96 h   71  

126 
Environment Agency,2004 

Selenastrum capricornutum 
(aka Pseudokirchneriella 

subcapitata) 

96 h   48.2 

Environment Agency, 2008 (Noted that this 

study should be considered with care as it is 
based on nominal concentrations and the study 

duration is longer than the recommended test 

duration.) 

Pseudokirchneriella 

subcapitata 
72 h   120 OECD, 2002 in RIVM 2010 

Navicula pelliculosa 96 h   283 OECD, 2002 in RIVM 2010 

Chlorella vulgaris 96 h   81.6 
Environment Agency, 2004; Boudreau et al, 

2003b in RIVM 2010 

Anabaena flos-aquae 96 h   176 
Environment Agency, 2004; OECD, 2002 in 

RIVM 2010 

Lemna gibba 7 d   31.1 
Environment Agency, 2004; Boudreau et al, 

2003b in RIVM 2010 

Marine algae 
Skeletonema costatum 

96 h   >3.2 Environment Agency, 2004 

Crustacean 
Daphnia magna 

48 h   27 Environment Agency, 2004 

Daphnia magna 48 h   4 

Environment Agency, 2008 (This value was 

generated in a static system with nominal 
concentrations and therefore the data should be 

treated with care.) 

Daphnia magna 48 h   48 

OECD, 2002, Boudreau et al, 2003b, Ji et al 

2008, and Li, 2009 in RIVM 2010 (geometric 

mean of 6 values) 

Daphnia magna 48 h   79.35 Liang et al. 2017 (R1)ª 

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 

Platyhelminthes 
Dugesia japonica 

96 h mortality 18  Li, 2008 and Li, 2009 in RIVM 2010 (geometric 

mean of two values) 
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Mollusc 
Physa acuta 

96 h mortality 165  Li, 2009 in RIVM 2010 

Unio complanatus 96 h mortality 59  Environment Agency, 2004; OECD, 2002 in 

RIVM 2010 

Annelida 
Limnodrilus hoffmeisteri 

24 h mortality 55.75  
Liu et al. 2016 (Reliability: 2) (Geometric mean 

of 45.36, 46.23, 60.7, 64.48 and 65.74 mg/l 

(study conducted at pH 5, 6, 7, 8, 9, respectively) 

Marine crustacean 
Americamysis bahia 

96 h   3.6 
Environment Agency, 2004; OECD, 2002 in 
RIVM 2010 

Artemia spp. 48 h mortality 8.9  Environment Agency, 2004 

Artemia spp. 48 h mortality 8.3  OECD, 2002 in RIVM 2010 

Marine mollusc 
Crassostrea virginica 

96 h 
Shell 

deposition 
 >3 

Wildlife international (2000) referenced in 

OECD 2002 

Fish 
Pimephales promelas 

96 h   4.7 

Environment Agency, 2004 (This study was 

conducted in a static system with nominal test 
concentrations and should therefore be treated 

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 of 

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 of 

two values) 

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

Danio rerio 72 h 
Spine crook 

malformations 
37 Zheng et al., 2012 (Reliability 1) 

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

Oncorhynchus mykiss 96 h mortality 2.5  Sharpe et al., 2010 (Reliability 2) 

Oncorhynchus mykiss  96 h mortality 13.7  Environment Agency, 2004 

Marine fish 
Cyprinodon variegatus 

96 h   >15 Environment Agency, 2004 

 

PFOA: ACUTE EFFECTS 

Table 7.2. Acute ecotoxicity data on PFOA collected from the Italian and Dutch EQS dossiers (IT, 

2015a; RIVM (2017) 

Species  
Exp 

time 
Endpoint 

LC50 

(95% CI) 

mg/L 

EC50 

(95% CI) 

mg/L 

Master reference 

FRESHWATER SPECIES 

Cyanobacteria  

Geitlerinema amphibium 
72 h biomasse  247.8±12.4 f Latala et al., 2009  

Anabaena CPB4337 24 h 
luminescence 

inhibition 
 

19.81 

(15.44ï26.44) 
Rodea-Palomares et al., 2012 

Anabaena CPB4337 24 h 
luminescence 

inhibition 
 78.88 

Rodea-Palomares et al., 2015 

in RIVM, 2017 

Algae 

Pseudochirchneriella 

subcapitata 

72 h 
96 h 

growth rate and 
biomass 

  
>100 
>100 

Colombo et al., 2008 
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Pseudochirchneriella 
subcapitata 

72 h       
96 h 

growth rate  and 
biomass 

  
>400 
>400 

OECD, 2006 

Pseudochirchneriella 
subcapitata 

72 h 
growth inibition 

(biomass) 
  

96.2 

(88.6-113.7) 
Rosal et al., 2010 

Pseudokirchneriella 

subcapitata 
4.5 h photosynthesis   

746.40 

(726.99-768.29) 
Ding et al., 2012a 

Scenedesmus quadricanda 96 h Not reported   
269.63 

(207.83-349.82) 
Yang et al., 2014a 

Chlamydomonas reinhardtii 96 h 
growth 

inhibition 
 51.9±1.0 Hu et al., 2014 

Scenedesmus obliquus 96 h 
growth 

inhibition 
 44.0±1.5 Hu et al., 2014 

Chlorella vulgaris 72 h biomasse   974.82 ± 49.56f  Latala et al., 2009  

Invertebrata: Crustacean 

Daphnia magna 
48 h immobilization   480 OECD, 2006 

Daphnia magna 48 h immobilization   480 Colombo et al., 2008 

Daphnia magna 

24 h 

immobilization   

675.05 

(559.62-790.50) 
Ji et al., 2008 

48 h 
476.52 

(375.32-577.72) 

 Daphnia magna 
24 h 

48 h 
immobilization   

219.33 
(209.01-229.25) 

211.07 

(184.22-254.86) 
Ding et al., 2012b 

Chydorus sphaericus 
24 h 

48 h 
immobilization   

175.96 
(92.11-221.81) 

116.48 

(50.39-142.51) 

Chydorus sphaericus 48 h immobilization  91.1 
Le and Peijnenburg, 2013 in 
RIVM 2017 

Moina macrocopa 

24 h 

immobilization   

348.76 
(272.65-424.87) 

Ji et al., 2008 

48 h 
199.51 

(153.89-245.13) 

Daphnia magna 48 h mortality 
201.85 

(134.68-302.50) 
  Yang et al., 2014a 

Daphnia magna 
24 h 

48 h 
immobilization   

298 (278-321) 

181 (166-198)                 
Li, 2009 

Neocaridina denticulate 

 (green neon shrimp) 

24h 
48 h 

72 h 

96 h 

mortality 

> 1000 
712(663-764) 

546 (502-594) 

454 (418-494) 

  Li, 2009 

Macrobrachium nipponense 

(freshwater shrimp) 
96 h mortality 

366.66 

(253.09-531.18) 
  Yang et al., 2014a 

Invertebrata:  Rotifers 

Brachionus calyciflorus 
24 h mortality 150   Zhang et al., 2013 

Invertebrata: Gastropoda  

Physa acuta 

24 h 

48 h 
72 h 

96 h 

mortality 

856 (768-954) 

732 (688-779) 
697 (661-735) 

672 (635-711) 

  Li, 2009 

Cipangopaludina 

cathayensis 
96 h mortality 

740.07 

(597.66-916.41) 
  Yang et al., 2014a 

Invertebrata: Mollusca 

Lampsilis siliquoidea 
48 h 

viability (shell 

closure) 
162.6  

Hazelton et al., 2012  in 

RIVM 2017 

Lampsilis siliquoidea 96 h mortality >500  
Hazelton et al., 2012  in 

RIVM 2017 
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Ligumia recta 48 h 
viability (shell 

closure) 
161.3  

Hazelton et al., 2012  in 

RIVM 2017 

Ligumia recta 96 h mortality >500  
Hazelton et al., 2012  in 
RIVM 2017 

Invertebrata:  

Platyhelminthes 

Dugesia japonica 

24 h              

48 h            
72 h             

96 h 

mortality 

352 (331-374) 

345 (325-366) 
343 (324-364) 

337 (318-357) 

  Li, 2009 

Dugesia japonica 

24 h              

48 h            

72 h             
96 h 

mortality 

548 

536 

519 
458 

 Li, 2008 in RIVM 2017 

Invertebrata: Insecta   

Chironomus plumosus 
96 h mortality 

402.24 

(323.83-499.63) 
  Yang et al., 2014a 

Chironomus tentans 10 d Mortality NOEC Ó 100  
MacDonald et al., 2004 in 

RIVM 2017 

Invertebrata: Anellida      
Limnodrilus hoffmeisteri  

96 h mortality 
568.20 

(476.33-677.80) 
  Yang et al., 2014a 

Vertebrata: Amphibia  

Bufo gargarizans 
96 h mortality 

114.74 
(83.02-158.58) 

  Yang et al., 2014a 

Vertebrata:  Fish 
Pseudorasbora parva 

96 h mortality 
365.02 

(269.78-493.86) 
  Yang et al., 2014a 

Carassius auratus 96 h mortality 
606.61 

(460.93-798.32) 
  Yang et al., 2014a 

Carassius auratus 96 h Mortality >5.0  
Feng et al., 2015 in RIVM 
2017 

(Reliability: 3) 

Cyprinus carpio 96 h Mortality >55.6  
Kim et al., 2010 in RIVM 

2017 

Cyprinus carpio 96 h growth NOEC Ó 55.6  
Kim et al., 2010 in RIVM 

2017 

Oncorhynchus mykiss 
(rainbow trout) 

96 h mortality 707   OECD, 2006 

Oncorhynchus mykiss 
(rainbow trout) 

96 h mortality 800   OECD, 2006 

Danio rerio 

(zebrafish embryo test) 
144 hpf 

mortality  
430 

(290-710) 
  

Ulhaq et al., 2013 mortality and 

malformation 

effects 

  
350 

(290-430) 

Danio rerio 

(zebrafish embryo test) 

96 hpf mortality and 
malformation 

effectsg 

> 500 
205.72 

(168.25-251.53) 
Hagenaars et al., 2011 

120 hpf > 500 
113.05 

(96.22-132.84) 

MARINE SPECIES 

Marine Algae:  
Skeletonema marinoi 

72 h biomasse   367.52 ± 16.5f Latala et al., 2009 

Isochrysis galbana 72 h 
Growth 

inhibition 
 

163.6 

(131.7ï203.2) 
Mhadhbi et al., 2012 

Marine Bacteria 

Vibrio fischeri  
30 min 

luminescence 
inhibition 

 570.19±57.33 Mulkiewicz et al., 2007  

Vibrio fischeri 15 min 
luminescence 

inhibition 
 

524 

(505 - 538) 
 Rosal et al., 2010 

Photobaterium 

phosphoreum 
15 min 

luminescence 

inhibition 
  14.65 Wang et al., 2011a  
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Invertebrata: Marine 

Crustacea    Siriella armata 
96 h mortality 

15.5 

(13.0ï18.6) 
 Mhadhbi et al., 2012 

Invertebrata: 

Echinodermata (marine) 

Paracentrotus lividus 
48 h 

Growth 

inhibition 
 

110.0 

(99.2ï121.9) 
Mhadhbi et al., 2012 

Vertebrata: Marine Fish  
Psetta maxima 

144 h 
Abnormalities/

Mortality 
11.9 

(9.5ï14.9) 
 Mhadhbi et al., 2012 

 NOTES 
a at the beginning of the test 
b nominal concentrations. The measured concentrations are in the range 554-9360 
d the measured concentrations were between 82 and 91% 
e biomass assessed by optical density 
f standard deviation 
g 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 Italian EQS dossiers (IT, 2015b) 

Species  
Exp 

time 
Endpoint 

LC 50 

(95% CI) 

mg/L 

EC50 

(95% CI) 

mg/L 

Master reference 

Bacteria 

Photobacterium 

phosphoreum 

15 min 
Luminescence 

inhibition 
 14.07 Wang et al., 2011a 

Algae 

Pseudokirchneriella 

subcapitata 

4.5 h Photosynthesis  
260.96 

(213.03-319.55)a 
Ding et al., 2012a 

Plant 

Lactuca sativa 
5 d Root elongation  

891.74 
(830.82-952.64)a 

Ding et al., 2012a 

Invertebrata: Crustacean 

Daphnia magna 

24 h 

Immobility  

184.27 

(182.78-185.55)a 
> 4260.6b 

Ding et al., 2012b 

48 h 

180.65 

(179.15-182.35)a 

> 4260.6b 

Chydorus sphaericus 

24 h 

Immobility  

534.49  

(513.19-555.37)a 
 

> 4.26b  
Ding et al., 2012b 

48 h 

460.14 

(440.97-479.10)a 
>4260.6b 

Invertebrata: Rotifera  

Brachionus calyciflorus 
24 h Mortality 110a  Wang et al., 2014 

Vertebrata: Fish 

Danio rerio 
144 hpf 

Mortality >3000a 

>2200  
(1200-22000)a.d  

Ulhaq et al., 2013 Mortality and 

malformation 
effects 

 

Danio rerio 
96 hpf Mortality and 

malformation 
effectse 

>3000b 
 Hagenaars et al., 2011 

120 hpf >3000b 

 NOTES 
a at the beginning of the test 
b nominal concentrations. The measured concentrations are in the range 554-9360 
d the measured concentrations were between 82 and 91% 
e biomass assessed by optical density 
f standard deviation 
g malformation of head and tail and effects on growth 

hpf: hours post fertilization 
 

 

PFBS: ACUTE EFFECTS 
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Table 7.4. Acute ecotoxicity data on PFBS collected from the Italian EQS dossiers (IT, 2015c) and 

from ECHA registration dossier. 65 

Species  
Exp 

time 
Endpoint 

LC 50 

(95% CI) 

mg/L 

EC50 

(95% CI) 

mg/L 

Master reference 

Sewage microorganisms 3 h 
Respiration 
inhibition 

 >1000 NICNAS, 2005 

Bacteria 

Vibrio fischeri 
15 min 

Bioluminescenc
e inhibition 

 17520 (16850-18200) Rosal et al., 2010 

Algae 

Pseudokirchneriella 
subcapitata 

72 h 

Growth 

inhibition 

(biomass) 

 

>20 250 

(37% growth inhibition 

at 20 250 mg/L) 

Rosal et al., 2010 

Growth rate  5661 
Unnamed, 2001 (In ECHA) 

Anabaena CPB4337 30 min 
Bioluminescenc

e inhibition 
 

8386 

(7752ï8693) 

Rosal et al., 2010 

Pseudokirchneriella 
subcapitata 

96 h 

Growth 
inhibition 

 

5733 
(5659-5817) 

NICNAS, 2005 

Biomass 
2347 

(2018-2707) 

Desmodesmus subspicatus 72 h Growth rate  >115.5 Unnamed, 2003 (In ECHA) 

Scenedesmus obliquus 72 h Growth rate  >676 
    Liu W et al 2008 (In 

ECHA) 

Crustacean 

Daphnia magna 
48 h Immobility 

 
2183 

(1707-3767) 
NICNAS, 2005 

 Ó 106.8 Unnamed, 2003 (In ECHA) 

Fish 

Danio rerio 
144 hpf 

Mortality and 

malformation 

1500 

(1100 - 1900) 
 

Ulhaq et al., 2013 

 
450 

(350-600) c 

Danio rerio 

96 hpf Mortality and 
malformation 

effectse 

>3000 
1900.78 

(1728.76-2089.92) c 
Hagenaars et al., 2011 

120 hpf >3000 
1592.32 

(1316.19-1776.96) c 

Danio rerio 96 h Mortality Ó105  Unnamed, 2003 (In ECHA) 

Pimephales promelas 96 h Mortality 
1938 

(888-3341) 
 NICNAS, 2005 

Lepomis macrochirus 96 h Mortality 6452  NICNAS, 2005 

Marine fish 

Americamysis bahia 
96 h 

Mortality and 

abnormal 
behaviour 

 
372 

(314-440) 
NICNAS, 2005 

 NOTES 
s saltwater organism 
f freshwater organism 
hpf: hours post fertilization 
c values based on combined sublethal and lethal embryotoxicity effect data 
e malformation of head and tail and effects on growth 
g juveniles 35±5 mm and mean wet weight 320 ±100 mg 
h juveniles 44±10 mm and mean wet weight 1000 ±600 mg 

 

 

 

 

 

PFHxA: ACUTE EFFECTS 

Table 7.5. Acute ecotoxicity data on PFHxA collected from the Italian EQS dossiers (IT, 2015d) 

and ECHA. (2019a). 

                                                 
65 https://echa.europa.eu/it/registration-dossier/-/registered-dossier/22432/6/2/2/?documentUUID=06c3cad2-4fae-40d5-a042-

487d9d9496f3 
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Species  
Exp 

time 
Endpoint 

LC 50 

(95% CI) 

mg/L 

EC50 

(95% CI) 

mg/L 

Master reference 

FRESHWATER 

SPECIES 
    

 

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

Scenedesmus subspicatus 72 h Growth rate  
EC50: 86 

NOEC: 50  

ENVIRON, 2014 

Rotifera 

Brachionus calyciflorus 
24 h Mortality 140  Wang et al., 2014 

Crustacea 

Daphnia 
48 h Mortality >96.5  Hoke et al., 2012 

Daphnia magna 48 h Immobility  1048 Barmentlo et al., 2015) 

Fish 

Oncorhynchus mykiss 
96 h mortality >99.2  Hoke et al., 2012 

MARINE SPECIES      

Algae 

Chlorella vulgaris 
72 h Biomassa  4019.51 ±200.35b 

Latala et al., 2009 
 

Skeletonema marinoi 72 h Biomassa  1477.58 ±72.00b 

Geitlerinema amphibium 72 h Biomassa  995.49±50.09b 

Bacteria 

Vibrio fischeri 
30 min 

Luminescence 

inhibition 
 1335.39±123.18 Mulkiewicz et al., 2007 

Photobacterium 
phosphoreum 

15 min 
Luminescence 

inhibition 
 17.20 Wang et al., 2011a 

NOTES: 
a biomass assessed by optical density 
b standard deviation 

 

PFPeA: ACUTE EFFECTS 

Table 7.6. Acute ecotoxicity data on PFPeA collected from the Italian EQS dossiers (IT, 2015e) 

Species  
Exp 

time 
Endpoint 

LC 50 

(95% CI) 

mg/L 

EC50 

(95% CI) 

mg/L 

Master reference 

Bacteria 

Photobacterium 

phosphoreum 

15 min 
Luminescence 

inhibition 
 16.22 Wang et al., 2011a 

Algae 

Pseudokirchneriella 

subcapitata 

72 h Biomass  
81.7 

(76.7-87.5) 
Hoke et al., 2012 

Crustacean 

Daphnia magna 
48 h Immobility  >112 

Rotifera 

Brachionus calyciflorus 
24 h Mortality 130  Wang et al., 2014 

Fish 

Pimephales promelas 
96 h Mortality 

31.8 

(10.3-98.3) 
 Hoke et al., 2012 

NOTES: 
s saltwater organism 
f freshwater organism 

 

 

 

PFOS: CHRONIC EFFECTS 

Table 7.7. Chronic ecotoxicity data on PFOS collected 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 
Selenastrum 

capricornutum (aka 
Pseudokirchneriella 

subcapitata) 

96 h 
 

5.3 
 

Environment Agency, 2008 (Noted that the algal study 

needs to be treated with care as based on nominal 

concentrations and also of 96hr duration rather than the test 
recommendation of 72hrs) 

Raphidocelis subcapitata 
(aka P. subcapitata) 

96 h 
 

53 
 

OECD, 2002 in RIVM, 2010 

Chlorella vulgaris 96 h 
 

8.2 
 

Environment Agency, 2008; Boudreau et al., 2003b in 

RIVM, 2010 

Algae - diatom 
Navicula pelliculosa 

96 h 
  

44 Environment Agency, 2004; OECD, 2002 in RIVM 2010 

Algae - cyanobacteria 
Anabaena flos-aquae 

96 h 
  

44 OECD, 2002 in RIVM, 2010 

Higher aquatic plants 
Lemna gibba 

7 d 
  

15.1 Environment Agency, 2004 

Lemna gibba 42 d 
 

0.2 
 

Environment Agency, 2008 (Noted that this data generated 

in an outdoor microcosm study and the study details are 
incomplete) 

Lemna gibba 7 d 
 

6.6 
 

Environment Agency, 2008; Boudreau et al., 2003b in 

RIVM, 2010 

Myriophyllum sibiricum 42 d 
  

0.092 Hanson et al., 2005 in RIVM 2010 

Myriophyllum spicatum 42 d 
  

3.2 Hanson et al., 2005 in RIVM, 2010 

Crustacean 
Daphnia magna 

21 d 
  

12 Environment Agency, 2004 

Danio rerio 120 hpf mortality 
LC50 

2.2 
 Huang et al., 2010 (Reliability 2) 

Daphnia magna 28 d 
  

7 Environment Agency, 2004 (Noted that these studies were 

undertaken with nominal concentrations and therefore 

should be treated with care.  Lowest valid datapoint is 12 
mg/l). 

Daphnia magna 21 d 
  

5.3 Environment Agency, 2004 (Noted that these studies were 

undertaken with nominal concentrations and therefore 

should be treated with care). 

Daphnia magna 21-28 d 
  

7 Boudreau et al., 2003b, OECD, 2002 and Ji et al., 2008 in 

RIVM, 2010 (geomean of 4 values) 

Moina macrocopa 7 d 
 

0.4 
 

Ji et al., 2008 in RIVM 2010 

Insect 
Chironomus tentans 

10 d 
  

0.049 Environment Agency, 2008 

Chironomus tentans 36 d 
  

NOEC: 
0.049 mg  

<0.032mg/l 

LOEC with 
32% effect 

MacDonald et al., 2004 in RIVM, 2010 

Chironomus tentans 36 d Emergence 
 

NOEC: < 

0.002 mg/l  
LOEC 

0.002 mg/l 

MacDonald et al., 2004 in RIVM, 2010 

Enallagma cyathigerum 120 d 
  

NOEC: < 
0.01 mg/l 

LOEC with 

18% effect 

Bots et al., 2010 in RIVM 2010 

Monoporeia affinis 22 d mortality 0.064  Jacobson et al., 2010 (Reliability 2), Water/sediment 
microcosm study 

Fish 
Pimephales promelas 

42 d 
  

0.3 Environment Agency, 2004 

Pimephales promelas 21 d 
  

0.028 Environment Agency, 2008; Ankley et al., 2005 in RIVM, 
2010 
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Oryzias latipes 14 d 
  

<0.01 

LOEC with 

80% effect 

Ji et al., 2008 in RIVM, 2010 

Lepomis macrochirus 62 d 
  

<0.87 
 

Danio rerio 120 d Swimming 

behaviour 

 LOEC: 0.25 Chen et al., 2013 (Reliability: 2), Unclear effect at 

population level. Effect observed at the single 
concentration tested. No NOEC value was therefore 

extrapolated. Used as supporting information. 

Danio rerio 70 d Malformation 
in F1 

generation 

 0.01 Du et al., 2009 (Reliability 2) 

Danio rerio multi-gen F1 and F2 

length and 
weigh 

 LOEC: 

0.0006 

Keiter et al., 2012 (Reliabiliy: 2), Effect observed at the 

lowest concentration tested. No NOEC value was therefore 
extrapolated. Used as supporting information. 

Danio rerio multi-gen Altered F0 

sex ratio 

 0.05 Wang et al., 2011 (Reliability: 2) 

Danio rerio multi-gen F0 males 
body weight 

and length 

 0.005 Wang et al., 2011 (Reliability 2) 

Danio rerio 72 h Malformation  LOEC: 12.5 Zheng et al., 2012 (Reliability: 1). No % effect of LOEC 
value is known. Therefore, the NOEC value was not 

extrapolated. Used as supporting information. 

Danio rerio 48 h Incidence of 

edemas 

 LOEC: 50 Zheng et al., 2012 (Reliability: 1). No % effect of LOEC 

value is known. Therefore, the NOEC value was not 
extrapolated. Used as supporting information. 

Danio rerio 72 h Hatching 

delay 

 LOEC: 6.5 Zheng et al., 2012 (Reliability: 1). No % effect of LOEC 

value is known. Therefore, the NOEC value was not 
extrapolated. Used as supporting information. 

Danio rerio 120 h Malformation  4 Chen et al., 2014 (Reliability: 2) 

Danio rerio 6 dpf Length of 

larvae 

 0.7 Hagenaars et al., 2014 (Reliability: 2) 

Amphibian  
Xenopus laevis 

96 h 
  

5 No reference available in the EQS dossier 

Rotifer  
Brachionus calyciflorus 

96 h Mictic rates 

of F1 

generation 

 LOEC: 0.25 Zhang et al., 2014 (Reliability: 1). Effect observed at the 

lowest concentration tested. No NOEC value was therefore 

extrapolated. Used as supporting information. 

MARINE SPECIES      

Marine algae-diatom 

Skeletonema costatum 

96 h   >3.2 Environment Agency, 2004; OECD, 2002 in RIVM, 2010 

Marine crustacean 
Americamysis bahia 

35 d   0.25 Environment Agency, 2004; OECD, 2002 in RIVM 2010 

 

 

PFOA: CHRONIC EFFECTS 

Table 7.8. Chronic ecotoxicity data on PFOA collected from the Italian and Dutch EQS dossiers 

(IT, 2015a; RIVM (2017) 

Species  Exp 

time 
Endpoint 

EC10 

(95% CI) 

mg/L 

NOEC 

mg/L 
Master reference 

FRESHWATER SPECIES       

Algae 

Pseudochirchneriella subcapitata 
f 

72 h 

96 h 
growth rate and biomass  

200 

12.5 
Colombo et al., 2008 

Pseudochirchneriella subcapitata f 
72 h       
96 h 

growth rate  and biomass  
200 

12.5 
OECD, 2006 

Pseudokirchneriella subcapitata f 4.5 h photosynthesis  413.06 Ding et al., 2012a 

Algae ï cyanobacteria 

Anabaena 
s 24 h Bioluminescence 49.05 

 Rodea-Palomares et al., 

2015 in RIVM 2017 

Anabaena s 24 h Bioluminescence  
30 Rodea-Palomares et al., 

2015 in RIVM 2017 

Aquatic Plant                          Myriophyllum 
spicatum 

f 35 d 
growth (plant length) 

31.5 

(0 - 68.2) 
23.9 

Hanson et al., 2005 

root number 10.2 23.9 
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(6.6 - 13.7) 

root length 
8.8 

(5.9 - 11.7) 
23.9 

longest root 
24.3 

(0 - 56.7) 
23.9 

node number 
8.3 

(5.3 - 11.4) 
23.9 

biomass (wet mass) 
22.8 

(0 - 53.5) 
74.1 

biomass (dry mass) 
19.7 

(0 - 53.5) 
74.1 

Myriophyllum sibiricum f 35 d 

growth (plant length) 
23.7 

(5.3 - 42.1) 
23.9 

Hanson et al., 2005 

root number 
29.2 

(0 - 69.2) 
23.9 

root length 
24.8 

(0 - 64.1) 
23.9 

longest root 
30.0 

(0 - 90.6) 
23.9 

node number 
7.8 

(6.0 - 9.7) 
23.9 

biomass (wet mass) 
21.6 

(0 - 59.07) 
23.9 

biomass (dry mass) 
24.7 

(0 - 340.7) 
23.9 

Invertebrata - Crustacea  
Daphnia magna 

 
21 d 

reproduction  NR 
Colombo et al., 2008 

f growth (as length) 44.2 

Daphnia magna f 21 d reproduction  12.5 Ji et al., 2008 

Moina macrocopa f 7 d reproduction  3.125 Ji et al., 2008 

Daphnia magna f 
21 d 

survival  >100 
Li, 2010   reproduction 10 

Daphnia magna 
f 

21 d 
reproduction  20 

OECD, 2006  growth( as length) 44.2 

Daphnia magna f 

21 d reproduction rate 
 

22 

OECD, 2006 14 d reproduction 8 

14 d survival 60 

Daphnia magna f 
21 d 

survival 11.12  Yang et al., 2014a 
  reproduction 7.02 

Invertebrata - Rotifera 
Brachionus calyciflorus 

r 4 d 
Intrinsic rate of population 

increase 
 4 

Zhang et al., 2014 in RIVM 
2017 

Brachionus calyciflorus r 6 d Hatching rate  0.25 
Zhang et al., 2014 in RIVM 

2017 (Reliability: 3) 
Brachionus calyciflorus 

r 6 d Time to hatch  <0.125 
Zhang et al., 2014 in RIVM 

2017 (Reliability: 3) 
Brachionus calyciflorus 

r 6 d Hatching rate  0.25 
Zhang et al., 2014 in RIVM 

2017 
Brachionus calyciflorus 

r 6 d Time to hatch  <0.125 
Zhang et al., 2014 in RIVM 
2017 (Reliability: 3) 

Brachionus calyciflorus 
r 3 d Resting egg formation 0.07  

Zhang et al., 2014 in RIVM 

2017 
Vertebrata - Amphibia              Bufo 
gargarizans 

f 30 d survival 5.89  Yang et al., 2014a 

Vertebrata - Fish                     
Oncorhynchus mykiss (rainbow trout)c,d 

f 85 d mortality  40e Colombo et al., 2008 

Oncorhynchus mykiss (rainbow trout)c,d f 85 d 
mortality and  

growth (length) 
 40e OECD, 2006 

Danio rerio r 120 h Malformations  Ó33 
Padilla et al., 2012 in RIVM 

2017 

Gobiocypris rarus f 14 d Adverse effects  
Ó30 Fang et al., 2010 in RIVM 

2017 

Gobiocypris rarus f 28 d Mortality  
Ó30 Wei et al., 2007 in RIVM 

2017 

Pimephales promelas f 39 d 

survival 

 

> 74.1a 

OECD, 2006 
time for first oviposition 50a 

male plasma 11-

ketotestosterone and 
testosterone 

0.3a 

Pimephales promelas f f 30 d 
Hatchability, survival 

growth and histopathology 
 > 100 

OECD, 2006 

Pseudorasbora parva f 30 d survival 11.78  Yang et al., 2014a 

Salmo salar f 52 d Hatching, weight, length  Ó0.1 
Arukwe et al., 2013 in 
RIVM 2017 

Salmo salar f 52 d Hatching, weight, length  Ó0.1 
Spachmo and Arukwe, 

2012 in RIVM 2017 
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MARINE SPECIES       

Marine algae 

Isochrysis galbana 
s 72 h Growth inhibition 

41.6 

(25.9ï66.6) 

25 
Mhadhbi et al., 2012 

Marine mussels 

Mytilus galloprovincialis 
s 48 h D-shaped larvae  

0.01 
Fabbri et al., 2014 in RIVM 
2017 

NOTES 
f freshwater organism 
a real concentrations applied to mesocosm 

c embryos  
d larvae and juveniles 
e for all life stages 
f eggs and fry 
 

 

PFBS: CHRONIC EFFECTS 

Table 7.9. Chronic ecotoxicity data on PFBS collected from the Italian EQS dossier (IT, 2015c) 

and ECHA (2019d). 

Species  Exp 

time 
Endpoint 

EC10 

(95% 

CI)  

mg/L 

NOEC 

mg/L 
Master reference 

FRESHWATER SPECIES       

Algae 

Pseudochirchneriella subcapitata 
f 96 h 

growth inhibition 
 

1077 
NICNAS, 2005 

biomass 1077 
Crustacean 

Daphnia magna 
f 21 d Reproduction/length  

502 
NICNAS, 2005 

MARINE SPECIES       

Fish 

Oryzias melastigma 
s 

Life 
cycle 

impair development in fish and 

decreased body length of male 

medaka 

 

NOEC=1.0 

ɛg/L and 

LOEC= 

2.9 ɛg/L 

Chen et al. 2018a  

Oryzias melastigma s 
Life 

cycle 
Eye weight  

 2.9 ɛg/L 
Chen et al. 2018b 

Oryzias melastigma s 
Life 

cycle 
Larvae mortality  

NOEC=1.0 

ɛg/L and 

LOEC= 

2.9 ɛg/L 

Chen et al. 2019a 

 

PFHxA: CHRONIC  EFFECTS 

Table 7.10. Chronic ecotoxicity data on PFHxA collected from the ECHA dossier (2019a). 

Species Exp time Endpoint 

EC10 

(95% CI) 

mg/L 

NOEC 

mg/L 

Master 

reference 

FRESHWATER SPECIES      

Crustacean 

Daphnia magna 
21 days 

reproduction 
EC50: 776 mg/L 
EC5: 724 mg/L 

 Barmentlo et al., 
2015 

population  

growth rate 

EC50: 853 mg/L 

EC5: 779 mg/L 
 Barmentlo et al., 

2015 

Fish 

Oncorhynchus mykiss 

hatching success,  
survival, length and 

weight 

Fish early life-
stage  

toxicity test 

 
NOEC: 9.96 mg/L 

LOEC> 9.96 mg/L 
Burke, 2008 

 

7.2 DERIVATION OF THE MA C-QSWATER,ECO  

7.2.1 FRESHWATER MAC -QSFRESHWATER,ECO 

According to the EQS Technical Guidance (EC, 2018), pool of data can be assembled with fresh 

and marine waters species, following by the choice of the lowest value which with an appropriate 

AF will be used for deriving the MAC-EQS. This rule will be applied for all substance unless 

specified in case i.e. sensitivity of organisms differs significantly between freshwater and saltwater 

environments. Furthermore, for the QS derivation, wherever sufficient data are available, the 

probabilistic approach will be reported 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 approach to derive the MAC-

QS.  The assessment factor approach has therefore been used. 

Therefore, the lowest acute toxicity endpoint is the mortality (96h) LC50 of 2.5 mg/L for 

Oncorhynchus mykiss.The EQS Technical Guidance notes that an assessment factor (AF) of 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)C50 values (all reliable acute toxicity data were used) is greater than 0.5 (i.e., standard deviation 

of 0.7). An AF of 100 was therefore applied to the lowest acute effect concentration of 2.5 mg/L. 

This gives a MAC-QS for the freshwater environment of 0.025 mg/L. 

 
PFOA 

Deterministic approach 

As mentioned above, freshwater and marine water data were combined for quality standard (QS) 

derivation without statistical analysis (EC, 2018). The lowest relevant value from the acute dataset 

is the LC50 of 11.9 mg/L for the marine fish species Psetta maxima (144 h abnormalities/mortality). 

According to the EQS TGD (EC, 2018) if the standard deviation of the log10 transformed L(E)C50 

values is < 0.5, an assessment factor of 10 could be applied. Applying an assessment factor of 10 to 

the lowest LC50 of 11.9 mg/L would then result in a MAC-QSfw, eco of 1.2 mg/L (RIVM, 2017). 

Probabilistic approach 

The criteria for construction of a Species Sensitivity Distribution (SSD) are listed in the EQS 

Technical Guidance (EC, 2018). The output from an SSD-based quality standard is considered 

reliable if the database contains preferably more than 15, but at least 10 data points, from different 

species covering at least eight taxonomic groups. The acute dataset covers 22 species from 10 

taxonomic groups. Below, the criteria are copied, together with the representative species from the 

present dataset: 

Å Fish: Carassius auratus (family Cyprinidae) 

Å A second family in the phylum Chordata: Oncorhynchus mykiss (family Salmonidae) 

Å A crustacean: Chydorus sphaericus 

Å An insect: Chironomus plumosus (order Diptera, family Chironomidae) 

Å A family in a phylum other than Arthropoda or Chordata: Dugesia japonica (phylum 

Plathyltelminthes, family Dugesiidae) 

Å A family in any order of insect or any phylum not already represented: Limnodrilus hoffmeisteri 

(phylum Annelida), Cipangopaludina cathayensis (phylum Gastropoda) 

Å Algae: Scenedesmus obliquus 

Å Higher plants: no laboratory data, but outdoor bioassay indicates that 7-days EC50 for 

Myriophyllum spicatum and M. sibiricum is > 100 mg/L. 

The HC5 value is 27.8 mg/L (13.4-46.9 mg/L). The SSD curve is represented below in figure 7.1. 

The assumption of normality is accepted at all levels with the Kolmogorov-Smirnov test, but is 

rejected with the Cramer-Von Mises test at 0.1 and the Anderson-Darling test at 0.1 and 0.05. 

Applying the standard factor of 10 to the HC5, the SSD-based MAC-QSfw, eco is 2.8 mg/L (RIVM, 

2017). 
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Figure 7.1. Species Sensitivity Distribution for PFOA based on acute toxicity dataset combined for 

freshwater and marine species. The X-axis represents log-transformed L(E)C50 values in mg/L, the 

Y-axis represents the fraction of species affected (RIVM, 2017). 

 
PFBA 

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. Therefore, according to EQS Technical Guidance, 

the freshwater and saltwater data for PFBA have been combined. 

Short-term 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 groups covered is insufficient to enable use of the Species Sensitivity 

Distribution approach to derive the MAC-QS. Therefore, the assessment factor (AF) approach has 

been used. 

The EQS Technical Guidance notes 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 direction (log 

transformed reliable acute toxicity data SD>0.5), the MAC-QSfw, eco is derived by applying an 

assessment factor of 100 to the lowest L(E)C50. 

From the available dataset for PFBA, the lowest acute toxicity data (15 min EC50 = 14.07 mg/L) has 

been obtained for the bioluminescence inhibition of the Photobacterium phosphoreum, but 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 invertebrate Brachionus 

calyciflorus (Wang et al., 2014) is the key driving study for MAC-QS setting. The 24h LC50 for B. 

calyciflorus is 110 mg/L. 

By applying an AF of 100 to the lowest acute effect concentration of 110 mg/L a MAC-QS for the 

freshwater environment of 1.1 mg/L (i.e. 1100 ɛg/L) is derived (IT, 2015b). 

 
PFBS 

Deterministic approach 

Only two acute toxicity values are 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. Therefore, according to the EQS Technical 

Guidance, the freshwater and saltwater data for PFBS have been combined. 
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Short-term toxicity data are available for four taxonomic groups including bacteria, algae, 

crustaceans 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 MAC-QS. The assessment factor (AF) approach has therefore 

been used. 

The EQS Technical Guidance notes 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 direction (log 

transformed reliable acute toxicity data SD>0.5), the MAC-QSfw,eco is derived by applying an 

assessment factor of 100 to the lowest L(E)C50. 

From the available dataset for PFBS, the lowest acute toxicity data (96h EC50 = 372 mg/L) has been 

obtained for the estuarine/marine  invertebrate Americamysis bahia and the study has been 

considered reliable without restriction (IT, 2015c). 

By applying an AF of 100 to the lowest acute effect concentration of 372 mg/L, a MAC-QS for the 

freshwater environment of 3.72 mg/L (i.e. 3,720 ɛg/L) is derived (IT, 2015c). 

 
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 MAC-QS. The assessment factor (AF) approach has therefore 

been used. 

The EQS Technical Guidance notes 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 direction (log 

transformed reliable acute toxicity data SD>0.5), the MAC-QSfw, eco is derived by applying an 

assessment factor of 100 to the lowest L(E)C50. 

From the available dataset for PFHxA, the lowest acute toxicity data (72 h, EC50 = 86 mg/L) has 

been obtained for the growth rate of the algae Scenedesmus subspicatus (ENVIRON, 2014). 

By applying an AF of 100 to the lowest acute effect concentration of 86 mg/L a MAC-QS for the 

freshwater environment of 0.86 mg/L (i.e. 860 ɛg/L) is derived. 

 
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. Therefore, according to EQS 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 standard deviation of 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 MAC-QS. The assessment factor (AF) approach has therefore 

been used. 

The EQS Technical Guidance notes 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 lower than a factor of 3 in both direction (log 
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transformed reliable acute toxicity data SD<0.5), the MAC-QSfw, eco is derived by applying an 

assessment factor of 10 to the lowest L(E)C50. 

From the available dataset for PFPeA, the lowest acute toxicity data (15 min EC50 = 16.22 mg/L) 

has been obtained for the bioluminescence inhibition of the Photobacterium phosphoreum, but the 

study has been considered not reliable since it is not well documented. For this reason that value 

was excluded in the QS derivation and the study on the freshwater fish Pimephales promelas (Hoke 

et al., 2012) is the key driving study for MAC-QS setting. The 96h LC50 for P. promelas was 31.8 

mg/L and the study was considered reliable without restriction. 

By applying an AF of 10 to the lowest acute effect concentration of 31.8 mg/L and MAC-QS for the 

freshwater environment of 3.18 mg/L (i.e. 3180 ɛg/L) is derived (IT, 2015e). 

 

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 the mortality (96h) LC50 of 2.5 mg/L for Oncorhynchus mykiss. According to the EQS 

Technical Guidance (EC, 2018), the proposed additional assessment factor 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 mollusc Crassostrea virginica. To the extent of our 

knowledge, no different life forms or feeding strategies were identified for the crustacean species 

available for the marine environment. Hence, an AF of 1000 was applied to the acute  LC50 2.5 mg/l 

for O. mykiss giving a MAC-QSsw,eco of 0.0025mg/L PFOA 

Deterministic approach 

The lowest marine L(E)50 value is 11.9 mg/L for the marine fish Psetta maxima. At least one short-

term L(E)C50 from each of the three trophic levels of the base set (fish, crustaceans and algae) are 

available in the acute toxicity dataset of PFOA. An initial assessment factor of 1000 should be 

applied to derive the MAC-QSsw, eco. To the extent of our knowledge, no different life forms or 

feeding strategies were identified for the species available for the marine environment.Further 

lowering is not possible, because the standard deviation of the log-transformed marine L(E)50 values 

is >0.5. With an assessment factor of 1000 to the LC50 of 11.9 mg/L, the AF-based MAC-QSsw, eco is 

0.012 mg/L.  

 

Probabilistic approach 

 For the SSD-based MAC-QSsw,eco , the default AF to be used on the HC5 is 10. However, when the 

datasets for fresh- and saltwater are combined, for a MAC-QSsw,eco derivation an additional 

assessment factor of 10 is used to deal with residual uncertainty, resulting in a total AF of 100. This 

additional AF 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 extent of our knowledge, no 

different life forms or feeding strategies were identified for the available marine species compared 

to the freshwater ones available in the acute toxicity dataset for PFOA. Therefore, no additional 

taxonomic groups were identified in the present evaluation. 

The application of an AF of 100 to the HC5 value of 27.8 mg/L, resulted in an SSD-based MAC-

QSsw,eco of 0.28 mg/L. 

 
PFBA 

Deterministic approach 

According to the considerations reported for the assessment of the MAC-QSfw, eco the lowest reliable 

acute toxicity study from the available dataset for PFBA is a 24h LC50 study on the freshwater 

invertebrate Brachionus calyciflorus. The 24h LC50 for Brachionus calyciflorus is 110 mg/L. At 
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least one short-term L(E)C50 from each of the three trophic levels of the base set (fish, crustaceans 

and algae) are available in the acute toxicity dataset of PFBA. An initial assessment factor of 1000 

should be applied to derive the MAC-QSsw, eco To the extent of our knowledge, no different life 

forms or feeding strategies were identified for the species available for the marine environment. 

The application of an assessment factor of 1000 to the acute study on Brachionus calyciflorus (24h 

LC50 110 mg/L) gives a proposed MAC-QS for the marine environment of 0.110 mg/L (i.e. 110 

ɛg/L) (IT, 2015b). 

 
PFBS 

Deterministic approach 

According to the considerations reported for the assessment of the MAC-QSfw, eco the lowest reliable 

acute toxicity study from the available dataset for PFBS is a 96h EC50 study on the invertebrate  

Americamysis bahia. The 96h EC50 for A. bahia is 372 mg/L. At least one short-term L(E)C50 from 

each of the three trophic levels of the base set (fish, crustaceans and algae) are available in the acute 

toxicity dataset of PFBA. An initial assessment factor of 1000 should be applied to derive the 

MAC-QSsw, eco. To the extent of our knowledge, no different life forms or feeding strategies were 

identified for the species available for the marine environment. 

The application of an assessment factor of 1000 being applied to the acute study on A. bahia (96h 

EC50 372 mg/L), gives a proposed MAC-QS for the marine environment of 0.372 mg/L (i.e. 372 

ɛg/L) (IT, 2015c). 

 
PFHxA 

Deterministic approach 

According to the considerations reported for the assessment of the MAC-QSfw, eco the lowest reliable 

acute toxicity study from the available dataset for PFHxA is a 72 h EC50  study on the algae species 

86 mg/L) has been obtained for the growth rate of the algae Scenedesmus subspicatus (ENVIRON, 

2014). The 72h EC50 is 86 mg/LL.  

At least one short-term L(E)C50 from each of the three trophic levels of the base set (fish, 

crustaceans, and algae) are available in the acute toxicity dataset of PFBA. An initial assessment 

factor of 1000 should be applied to derive the MAC-QSsw, eco. To the extent of our knowledge, no 

different life forms or feeding strategies were identified for the species available for the marine 

environment. 

The application of an assessment factor of 1000 to the acute study on S. suspicatus (72h EC50 86 

mg/L), gives a proposed MAC-QS for the marine environment of 0.086 mg/L (i.e. 86 ɛg/L). 

 
PFPeA 

Deterministic approach 

According to the considerations reported for the assessment of the MAC-QSfw, eco the lowest reliable 

acute toxicity study from the available dataset for PFPeA is a 48h EC50 study on the freshwater fish 

Pimephales promelas. The 96h LC50 was 31.8 mg/L. 

In the case of the freshwater value an assessment factor of 10 was applied to derive the QS. Short-

term L(E)50 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 QSsw, eco applying an additional AF of 10 (EC, 2011; EC, 2018). This results in an assessment 

factor of 100 being applied to the acute study on Pimephales promelas of 96h LC50 31.8 mg/L. This 

gives a proposed MAC-QS for the marine environment of 0.318 mg/L (i.e. 318 ɛg/L) (IT, 2015e). 

7.3 DERIVATION OF THE AA-QSWATER,ECO  

7.3.1 FRESHWATER AA -QSFRESHWATER,ECO 

PFOS 
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Deterministic approach 

Long-term data are available for eight taxonomic groups including algae, cyanophyta, crustaceans, 

insects, fish, macrophytes, rotifers and amphibians. However, no NOEC could be derived for the 

rotifer species, being the LOEC value the lowest concentration tested. Therefore, this value was 

only retained as supporting information. The lowest effect concentrations are noted in Section 7.1. 

Although chronic data was available for a number of species, the range of taxonomic groups 

covered was insufficient to enable use of the Species Sensitivity Distribution approach to derive the 

AA-QS. The assessment factor approach has therefore been used. 

The lowest chronic NOECs for a number of invertebrates and fish are in a similar order of 

magnitude with a number of NOECs being reported in the range of 0.01 ï 0.095 mg/L. The lowest 

chronic NOECs however have been reported for the invertebrates Chironomus tentans and 

Enallagma cyathigerium. A NOEC for total emergence of Chironomus tentans (MacDonald et al., 

2004) indicated a NOEC of <0.0023 mg/L. A NOEC for Enallagma cyathigerium (Bots et al., 

2009) for effects on metamorphosis indicated effects at concentrations of <0.01 mg/L. Both of these 

NOECs relate to the study of the effect of PFOS on the emergence of invertebrates. This looks to be 

a particularly sensitive endpoint. In terms of the Chironomus tentans study, the EC10 for total 

emergence was reported as 0.0893 mg/L which is considerably higher than the NOEC of <0.0023 

mg/L. The paper by Mac Donald et al. (2004) however does not indicate any reason not to consider 

the NOEC for this endpoint. 

As chronic data is available for three trophic levels an assessment factor of 10 will normally be 

applied to the lowest reliable NOEC or EC10 value. This is only sufficient whether the species tested 

available in the dataset represent the more sensitive species groups. However, in the chronic dataset 

of PFOS there are several LOECs that are far below the lowest NOEC, and consequently, applying 

an assessment factor of 10 on the lowest NOEC,  would lead to a AA-QS  highly  underprotective. 

Therefore, applying an assessment factor of 100 to the lowest LOEC of 2.3 ɛg/L gives a AA-

QSfreshwater,eco of 0.023 ɛg/L.    

 
PFOA 

Deterministic approach 

For the AA-QSfw,eco, only the AF-method 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 

crustacean Moina macrocopa. In addition, the outdoor tests delivered a NOEC of 0.3 mg/L for the 

fish Pimephales promelas, and EC10 values of 5.7 and 8.7 mg/L for the macrophytes Myriophyllum 

spicatum and M. sibiricum. In line with the Italian assessment, the NOEC of 0.3 mg/L for P. 

promelas is selected as the basis for EQS-derivation. Using the default assessment factor of 10, the 

AA-QSfw, eco is 0.03 mg/L (30 ɛg/L). Lowering the assessment factor is not justified because the 

microcosm results for fish relate to single species outdoor tests (RIVM, 2017). 

 
PFBA 

No chronic toxicity data are available on PFBA for AA-QS derivation. Therefore, the hazard 

assessment is based on the acute toxicological data (EC, 2011; EC, 2018). The freshwater and 

saltwater data for PFBA are combined and assessment factor (AF) approach is used. The combined 

short-term toxicity dataset for PFBA comprises six taxonomic groups including algae, crustacea and 

fish and the lowest reliable acute toxicity study from the available dataset for PFBA is a short-term 

study on the freshwater invertebrate Brachionus calyciflorus (24h LC50 110 mg/L). When only 

short-term toxicity data are available for at least algae, invertebrates and fish an assessment factor 

of 1000 is applied to the lowest L(E)50 value of the relevant available toxicity data (EC, 2011; EC, 

2018). By applying an AF of 1000 to the lowest acute effect concentration of 110 mg/L a MAC-QS 

for the freshwater environment of 0.11 mg/L (i.e. 110 ɛg/L) is derived (IT, 2015b). 

 
PFBS 

Deterministic approach 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

111 

For the AA-QSfw,eco, only the AF-method is applicable since too few data are available for the SSD-

approach. The lowest chronic value from laboratory tests is the NOEC of 1 ɛg/L for the Life cycle 

study with the fish species Oryzias melastigma (Chen et al. 2018a; 2019a). In the chronic dataset of 

PFBS are available lowest long-term results for three freshwater or saltwater species (algae, 

crustaceans and fish) representing three trophic level. According to the EQS Technical Guidance, 

the AA-QSwater, eco is derived by using an assessment factor of 10 to the lowest EC10 or NOEC of the 

long-term tests (EC, 2018).  

By applying an AF of 10 to the life cycle study for O. melastigma of 1 ɛg/L a provisional AA-QS 

for the freshwater environment of 0.1 ɛg/L is derived. 

 
PFHxA 

Deterministic approach 

For the AA-QSfw,eco, only the AF-method is applicable since too few data are available for the SSD-

approach. The lowest chronic value from laboratory tests is the NOEC of 9.96 mg/L for the Fish 

early life-stage toxicity test with the fish species Oncorhynchus mykiss for the endpoint hatching 

success, survival, length and weight (Burke, 2008). 

In the chronic dataset of PFHxA are available two long-term results from species representing two 

trophic levels (crustaceans and fish). According to the EQS Technical Guidance, the AA-QSwater, eco 

is derived by using an assessment factor of 50 to the lowest EC10 or NOEC of the long-term tests 

(EC, 2018). By applying an AF of 50 to the life cycle study for O. mykiss of 9.96 mg/L a 

provisional AA-QS for the freshwater environment of 0.1999 mg/L is derived. 

 
PFPeA 

Deterministic approach 

No chronic toxicity data are available on PFPeA for 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 short-term toxicity dataset 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 short-term study on the freshwater fish Pimephales promelas (96h LC50 31.8 

mg/L). 

When only short-term toxicity data are available for at least algae, invertebrates and fish an 

assessment factor of 1000 is applied to the lowest L(E)50 value of the relevant available toxicity data 

(EC, 2011; EC, 2018). By applying an AF of 1000 to the lowest acute effect concentration of 31.8 

mg/L a MAC-QS for the freshwater environment of 0.032 mg/L (i.e. 32 ɛg/L) is derived (IT, 

2015e). 

 

7.3.2 SALTWATER AA -QSSALTWATER, ECO  

PFOS 

Deterministic approach 

Chronic data were available for algae, invertebrates and fish. According to the EQS Technical 

Guidance (EC, 2018), AF of 100 should be applied to the lowest of two long-term results (e.g. EC10 

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) and the lowest LOEC (36 days) of 2.3 ɛg/L 

for emergence for Chironomus tentans (MacDonald et al., 2004) was chosen as the lowest value for 

the derivation of the AA-QSsw, eco.  

No true longer-term studies for species representing additional marine taxa are available. However, 

there is a 96-hour study with the marine species Crassostrea virginica (EC50 > 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 LOEC (36 d) of 2.3 ɛg/L for emergence of C. tentans (total assessment factor 

500).  

This results in the application of an assessment factor of 500 to the lowest NOEC value of 2.3 ɛg/L 

to give a AA-QSsaltwater,eco of 0.0046  ɛg/L. 

However, according to the SCHEER final opinion (2022), the EC50 value of ñ>3 mg/Lò does not 

seem to indicate that shell deposition is a ñvery sensitiveò parameter, and any further justification 

for using this AF is lacking. The SCHEER therefore suggests to use the AF of 10 (total assessment 

factor 100) which would result in an AA-QSsw,eco of 0.0023 ɛg/L. 

 

 
PFOA 

Deterministic approach 

The corresponding AA-QSsw, eco is derived with an additional assessment factor of 10 to the NOEC 

of 0.3 mg/L for P. promelas, because chronic data for specific marine taxa are not available. The 

AA-QSsw, eco is 0.003 mg/L (3.0 ɛg/L). 
 

PFBA 

Deterministic approach 

No chronic toxicity data are available on PFBA for 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 lowest L(E)50 value of the relevant 

available toxicity data was applied to derive the QS value. Short-term toxicity data are available for 

at least 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 the AA-QSsw,eco (EC, 

2011; EC, 2018). This results in the application of an assessment factor of 10000 to lowest acute 

effect concentration of 110 mg/L to give a AA-QSsw,eco of 0.011 mg/L (i.e. 11 ɛg/L) (IT, 2015b). 

 
PFBS 

Deterministic approach 

Long-term toxicity data are available for algae, invertebrates and fish. The lowest chronic value 

from laboratory tests is the NOEC of 1 ɛg/L for the Life cycle study with the fish species Oryzias 

melastigma (Chen et al. 2018a; 2019a).  An 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 concentration of 1 ɛg/L to 

give a AA-QSsw,eco of 0.01 ɛg/L. 

 
PFHxA 

Deterministic approach 

In the chronic dataset of PFHxA are available two long-term results from species representing two 

trophic levels (crustaceans and fish). The lowest chronic value from laboratory tests is the NOEC of 

9.96 mg/L for the fish early life-stage toxicity test with the species Oncorhynchus mykiss for the 

endpoint hatching success, survival, length, and weight (Burke, 2008). 

According to the EQS Technical Guidance, the AA-QSsw, eco is derived by using an assessment 

factor of 500 to the lowest EC10 or NOEC of the long-term tests (EC, 2018). By applying an AF of 

500 to the life cycle study for O. mykiss of 9.96 mg/L a provisional AA-QS for the freshwater 

environment of 0.0199 mg/L is derived. 

 
PFPeA 

Deterministic approach 
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No chronic toxicity data are available on PFPeA for 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 lowest L(E)50 value of the relevant 

available toxicity data is applied to derive the QS value. Short-term toxicity data are available for at 

least 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 the AA-QSsw,eco (EC, 2011; EC, 

2018). This results in the application of an assessment factor of 10000 to lowest acute effect 

concentration of 31.8 mg/L to give a AA-QSsw,eco of 0.0032 mg/L (IT, 2015e). 

 

7.4 DERIVATION OF THE QS SEDIMENT  

PFOS 

The derivation of QSsed is determined using assessment factors (AFs) applied to the lowest credible 

datum from long-term toxicity tests. The data and the evaluation based on the AF approach as 

performed by the Swiss Ecotox Centre are reported below (CH, 2020). 

Reliable long-term effect data are available for PFOS for one species, with additional supportive 

information for another species. The lowest NOEC is 1.3 mg/kg dw for the survival of Monoporeia 

affinis (Jacobson et al., 2010 in CH, 2020) (Table 7.11). 

Table 7.11. Most sensitive relevant and reliable chronic data, retrieved from the Swiss EQSsed 

dossier on PFOS (CH, 2020). 
Species Exp time Endpoint NOEC (µg/kg dw) OC (%) 

Monoporeia affinis 22 d Survival 1300 4.8 

 

In case of long-term tests (NOEC or EC10) being available for one species, the EQS Technical 

Guidance (EC, 2018) recommends the application of an assessment factor of 100 on the critical 

datum (Table 11 in EC, 2018). This results in a QSsed,AF = 13 ɛg/kg, which corresponds to a lowest 

value of 13.5 ɛg/kg dw for a sediment with 5 % OC. 

The EQSsed for protecting benthic organisms is considered preliminary given the conservative AF of 

100 applied because of the small number of available effect data. 

No sufficient data from spiked sediment toxicity tests are available for applying the SSD approach. 

Furthermore, no field or mesocosm studies that provide effect concentrations of PFOS in sediment 

are available, thus, no QSsed based on field data or mesocosm data has been derived (CH, 2020). 

 
PFOA 

The evaluation reported below entirely relies on the Italian EQS dossier on PFOA (IT, 2015a). 

The criteria for triggering the development of a QSsediment include log Koc and log Kow properties, 

toxicity to benthic organisms and evidence of accumulation in sediment (EC, 2011; EC, 2018). 

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 octanol-water system. Thus, it is impossible 

to directly determine their Kow values using óregularô methods that are common for organic 

chemicals. Experimental Kow data for perfluorocarboxylic acids are therefore very scarce (Ding and 

Peijnenburg, 2013). Calculated log Kow for PFOA, ranging from 4.30 to 6.30 (Arp et al., 2006; 

Wang et al., 2011a; Wang et al., 2011b), fulfils the criteria for triggering a QSsediment according to 

TGD-EQS (EC, 2018). 

Reported log Koc 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 filtration experiment with a sandy sediment 

which is not really representative of the river bed sediment. Nevertheless the use of log Koc as the 

key parameter of the adsorption mechanism could not be valid for this substance: in fact the 

sorption of PFOA at near neutral pH is controlled by the electrostatic sorption on ferric oxide 

minerals, and not by the sorption to organic carbon (Ferrey 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 accumulation of PFOA in sediments. Ksed-water values 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 European freshwater 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 accumulation of 

PFOA in sediment is limited. 

Based on the above, it seems that insufficient information is available to support a decision to derive 

a QSsediment for PFOA (IT, 2015a) and furthermore PFOA is not sorptive enough to trigger a QS for 

sediment, as more in line  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 a QSsediment include log Koc and log Kow properties, 

toxicity to benthic organisms and evidence of accumulation in sediment (EC, 2011; EC, 2018). 

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 octanol-water system. Thus, it is impossible 

to directly determine their Kow values using óregularô methods that are common for organic 

chemicals. Experimental Kow data for perfluorocarboxylic acids are therefore very scarce (Ding and 

Peijnenburg, 2013). Calculated log Kows for PFBA range from -0.52 to 2.82 (Arp et al., 2006; Wang 

et al., 2011a; Wang et al., 2011b) and the criteria for triggering a QSsediment according to EQS 

guidance (log Kow >3) is not fulfilled. 

Log Koc values for PFBA in sediment range from 0.8 to 2.7, with a single value of 4.3 (Campo et 

al., 2015). Log Koc, calculated by EPISuite, is 1.8. Excluding the out of range value, all log Kocs are 

< 3. 

No data on the toxicity of PFBA to sediment dwelling organisms are available and therefore it is not 

possible to determine whether PFBA is of high toxicity to benthic organisms. 

The final criterion relates to evidence of accumulation of PFBA in sediments. Ksed-water values 

(0.004-214) are generally lower than those measured for legacy POPs such as chlorinated pesticides 

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 above it is felt that there is no need for a QSsediment for PFBA and that in addition there 

would be insufficient data to derive such a threshold for PFBA (IT, 2015b). 

 
PFBS 

The evaluation reported below entirely relies on the Italian EQS dossier on PFBS (IT, 2015c). 

The criteria for triggering the development of a QSsediment include log Koc and log Kow properties, 

toxicity to benthic organisms and evidence of accumulation in sediment (EC, 2011; EC, 2018). 

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 octanol-water system. Thus, it is impossible 

to directly determine their Kow values using óregularô methods that are common for organic 

chemicals. Experimental Kow data for perfluorocarboxylic acids are therefore very scarce (Ding and 

Peijnenburg, 2013). Calculated log Kows for PFBA range from -0.52 to 2.82 (Arp et al., 2006; Wang 

et al., 2011a; Wang et al., 2011b) and the criteria for triggering a QSsediment according to EQS 

guidance (log Kow >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 Koc, calculated by EPISuite, is 2.3. Excluding the out-of-range value, all log Kocs 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 in sediments. Ksed-water values 

(0.07-759) 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 ranged from < 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 for a QSsediment for PFBS and that however there 

would be insufficient data to derive such a threshold for PFBS (IT, 2015c). 

 
PFHxA 

The evaluation reported below entirely relies on the Italian EQS dossier on PFHxA (IT, 2015d). 

The criteria for triggering the development of a QSsediment include log Koc and log Kow properties, 

toxicity to benthic organisms and evidence of accumulation in sediment (EC, 2011; EC, 2018). 

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 octanol-water system. Thus, it is impossible 

to directly determine their Kow values using óregularô methods that are common for organic 

chemicals. Experimental Kow 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 fulfils the criteria for 

triggering a QSsediment according to EQS guidance. 

Log Koc values for PFHxA in sediment range from 1.3 to 3.7. The log Koc, calculated by EPISuite, 

is 3.1. As in the case of log Kow only the highest values are > 3. 

No data on the toxicity of PFHxA 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 sediments. Ksed-water 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 data we can conclude 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 QSsediment for PFHxA and that however there would be insufficient data to derive such 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 a QSsediment include log Koc and log Kow properties, 

toxicity to benthic organisms and evidence of accumulation in sediment (EC, 2011; EC, 2018). 

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 octanol-water system. Thus, it is impossible 

to directly determine their Kow values using óregularô methods that are common for organic 

chemicals. Experimental Kow data for perfluorocarboxylic acids are therefore very scarce (Ding and 

Peijnenburg, 2013). Calculated log Kows for PFPeA range from 0.09 to 3.43 (Arp et al., 2006; Wang 

et al., 2011a; Wang et al., 2011b): only the highest values slightly exceed the criteria for triggering 

a QSsediment according to EQS guidance. 

Log Koc values for PFPeA in sediment range from 1.4 to 2.3, with a single value of 4.7 (Campo et 

al., 2015). Log Koc, calculated by EPISuite, is 2.4. Excluding the out of range value, all log Kocs are 

< 3. 

No data on the toxicity of PFPeA to sediment dwelling organisms are available and therefore it is 

not possible to determine whether PFPeA is of high toxicity to benthic organisms. 
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The final criterion relates to evidence of accumulation of PFPeA in sediments. Ksed-water values 

(0.04-251) 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 above it is felt that there is no need for a QSsediment for PFPeA and that in addition there 

would be insufficient data to derive such a threshold for PFPeA. 
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Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFOA 

MAC freshwater, eco  HC5 27.8 mg.L-1 (13.4 ï 

46.9 mg.L-1) 

10  2.8 mg.L-1 

MACmarine water, eco  10 x 10  0.28 mg.L-1 

AA-QSfreshwater, eco  Pimephales promelas / 39 

days 

NOEC : 0.3 mg.L-1 

10  0.030 mg.L-1 

AA-QSmarine water, eco  10 x 10  0.003 mg.L-1 

AA-QSfreshwater, sed.  - - 
  -  µg.kg-1

ww 

  -  µg.kg-1
dw 

 

Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFOS 

MAC freshwater , eco  *  Oncorhynchus mykiss/ 

96 h 

LC50: 2.5 mg/l 

100 0.025 mg.L-1 

MACmarine water , eco  1000 0.0025 mg.l-1 

AA-QSfreshwater , eco  Chironomus tentans / 36-d 

LOEC : <0.0023 mg.l-1 

100 0.023  µg.L-1  * 

AA-QSmarine water , eco  100 x 5 0.0046 µg.L-1  * 

AA-QSfreshwater, sed.  

Monoporeia affinis / 22 

d 

NOEC: 1300 µg/kg d.w. 

100 

13 µg.kg-1
dw  

(= 13.5 µg.kg-1
dw for  

5% OC) 

 

Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFBA 

MAC freshwater , eco  *  Brachionus calyciflorus 

/ 24 h 

LC50: 110 mg/L 

100 1.1 mg.L-1 

MACmarine water , eco  100 x 10 0.110 mg.L-1 

AA-QSfreshwater , eco  No chronic toxicity data, 

assessment based on the 

lowest acute toxicity 

value 

1000 0.11 mg.L-1 

AA-QSmarine water , eco  1000 x 10 0.011 mg.L-1 

AA-QSfreshwater, sed.  - -  

 

Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFBS 

MAC freshwater , eco  *  Americamysis  bahia / 

96 h 

EC50: 372 mg/L 

100 3.72 mg.L-1 

MACmarine water , eco  1000 0.372 mg.L-1 

AA-QSfreshwater , eco  Oryzias melastigma / 

Life cycle study 

NOEC: 1 ɛg/L  

10 0.1 µg.L-1 

AA-QSmarine water , eco  100 0.01 µg.L-1 

AA-QSfreshwater, sed.  - -  

 

Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFHxA 

MAC freshwater , eco  *  100 0.86 mg.L-1 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

118 

MACmarine water , eco  

Scenedesmus 

subspicatus / 72 h 

EC50: 86 mg/L 

1000 0.086 mg.L-1 

AA-QSfreshwater , eco  Oncorhynchus mykiss / 

early life-stage toxicity 

test  

NOEC: 9.96 mg/L 

(Burke, 2008). 

50 0.199 mg.L-1 

AA-QSmarine water , eco  500 0.019 mg.L-1 

AA-QSfreshwater, sed.  - -  

 

Tentative QSwater 
Relevant study for 

derivation of QS 

Assessment 

factor 
Tentative QS - PFPeA 

MAC freshwater , eco  *  Pimephales promelas / 

96 h 

LC50: 31.8 mg/L 

10 3.18 mg.L-1 

MACmarine water , eco  10 x 10 0.318 mg.L-1 

AA-QSfreshwater , eco  No chronic toxicity data, 

assessment based on the 

lowest acute toxicity 

value 

1000 0.0318 mg.L-1 

AA-QSmarine water , eco  1000 x 10 0.0032 mg.L-1 

AA-QSfreshwater, sed.  - -  



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

119 

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 in the next sections 7.5 and 7.6. 

The RPF methodology, or toxic equivalency factor (TEF) approach, provides 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 dioxin-like PCBs.  

The principle of the RPF approach is well-described in Bil et al. (2021), as following reported: 

In the RPF approach, the toxic potencies of a set of compounds are expressed relative to the toxic 

potency of the index compound. The substances that are less potent compared to the index 

compound receive an RPF smaller than 1; the compounds with a higher potency than the index 

compound receive an RPF larger than 1. Quantities of individual compounds in a mixture are 

multiplied with their corresponding RPF and consequently are converted to index compound 

equivalents. The risk associated with a mixture occurring in some matrix (e.g., drinking water, food, 

air) can be assessed by comparing the sum of the index compound equivalents to a relevant limit 

value (Figure 7.3). 

 
Figure 7.3. Schematic representation of the relative potency 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 (PFASi). The individual PFAS concentrations (Ci) 

per sample are then multiplied 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 consumption limit (Bil et al., 2021) (Figure taken from Niegowska et al., 

2021). 

 

Bil et al. (2021) derived RPF for 14 perȤ and polyfluoroalkyl acids (PFAA) and 2 PFAA precursors, 

using one of the best studied PFAA as the index compound, i.e. PFOA. Moreover, the RPFs for 7 

additional PFAS were estimated by readȤacross and are provided as a range because these were 

assumed to be in between the derived RPFs of either the perfluoroalkyl carboxylic or sulfonic acids 

with a shorter or a longer alkyl chain.  

Relative potencies were calculated using liver toxicity after oral exposure in the male rat as the 

common effect. Hepatotoxicity is one of the most data-rich endpoints and is a phenomenon 

commonly observed for PFAS (Bil et al., 2021). For each PFAS, the benchmark dose (BMD), 

corresponding to a benchmark response (BMR) of 5% increase in relative liver weight, was used to 

derive an RPF using Equation 1: 

RPFi = BMDPFOA/BMDi       

    Equation 1 
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BMD values were preferred over NOAEL values, being equipotent doses. Equipotent doses are 

required to ensure that the differences in the doses in the nominator and denominator of equation 1 

are not caused by differences in the effect related to these doses. Whereas, NOAELs 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 the relative potencies of the 23 PFAS compared to the potency of index compound 

PFOA is given in Table 7.12. 

 

Table 7.12. List of the 24 PFAS compared to the potency of index compound PFOA with the 

available RPFs, as derived in Bil et al. (2021) except for C6O4 66.   The RPF of C6O4 was estimated 

based on read-across, comparing with HFPO-DA (Gen X) molecule. Chemical details of the listed PFAS 

are reported in section 1 of the present EQS dossier 
Acronym  CAS number Relative potency factors (Bil et al., 2021) 

PFBA 375-22-4 0.05 

PFPeA 2706-90-3 0.01 Ò RPF Ò 0.05 * 

PFHxA 307-24-4 0.01 

PFHpA 375-85-9 0.01 Ò RPF Ò 1 * 

PFOA 335-67-1 1 

PFNA 375-95-1 10 

PFDA 335-76-2 4 Ò RPF Ò 10 * 

PFUnA or PFUnDA 2058-94-8 4 

PFDoDA or PFDoA 307-55-1 3 

PFTrDA  72629-94-8 0.3 Ò RPF Ò 3 * 

PFTeDA 376-06-7 0.3 

PFHxDA 67905-19-5 0.02 

PFODA 16517-11-6 0.02 

PFBS 375-73-5 0.001 

PFPeS 2706-91-4 0.001 Ò RPF Ò 0.6 * 

PFHxS 355-46-4 0.6 

PFHpS 375-92-8 0.6 Ò RPF Ò 2 * 

PFOS 1763-23-1 2 

PFDS 335-77-3 2 * 

6:2 FTOH 647-42-7 0.02 

8:2 FTOH 678-39-7 0.04 

HFPO-DA (Gen X) 62037-80-3 / 13252-13-6 0.06 

ADONA 958445-44-8 0.03 

C6O4 1190931-27-1 0.06 * 

  *Based on read-across 

 

 

The underlying mechanism(s) related to the PFAS-associated liver toxicity still needs to be 

revealed. Nonetheless, establishment of RPFs allows for grouping of chemicals with different mode 

                                                 
66 Although percentages in absolute and relative liver weight gain are shown, no avalaible raw data for C6O4 in the ECHA 

registration dossier (https://echa.europa.eu/it/registration-dossier/-/registered-dossier/5712/7/6/2) are publicly reported. Therefore, it 

is not possible to set up a normalized dose-response curve, as suggested in Bil et al. (2021), for the evaluation of the potency of 

C6O4 and subsequently the  RPF value. For this reason, the read-across method has been chosen for the derivation of the RPF for 

C6O4, obtaining a value of 0.06. This data is equal to that for the PFAS GenX product FRD-902/-903. In fact, both molecules 

possess a NOAEL of 1 mg/kg/d for liver toxicity, as reported in the C6O4 registration dossier and in the RIVM Report 2018-0070 

(Zeilmaker et al., 2018). Furthermore, both molecules belong to the ether carboxylic acid PFAS family, sharing similar 

characteristics, such as a carboxylic acid and ether groups. 

https://echa.europa.eu/it/registration-dossier/-/registered-dossier/5712/7/6/2
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of action, or when information on mode of action is lacking, leading to 1) the same toxicological 

effect, where 2) the chemicals only differ in potency and 3) are concentration additive (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 dose-response curves for several liver toxicity endpoints (Bil et al., 2021). The verification 

of the third assumption requires further validation. However, a preliminary assessment based on in 

vitro and in vivo studies confirmed the dose-addition concept (Bil et al., 2021).  

In general, it was concluded that perfluoroalkyl carboxylic and sulfonic acids with 7 to 12 

perfluorinated carbon atoms are equally potent to, or more potent than PFOA. ShorterȤ and longerȤ
chain perfluoroalkyl carboxylic and sulfonic acids are less potent. The perfluoroalkyl ether 

carboxylic acids HFPOȤDA and ADONA and the two analyzed fluorotelomer alcohols (6:2 FTOH 

and 8:2 FTOH) are less potent compared to PFOA (Bil et al., 2021). 

To sum up, the RPF approach is suitable for evaluating the cumulative risk of oral exposure to 

mixtures of PFAS and of PFAS mixture concentrations occurring in various matrices to which 

humans or wildlife may be orally exposed (e.g., food or drinking water) (Bil et al., 2021). This 

facilitates the risk assessment of PFAS, since sufficient and reliable toxicological data might not be 

available for the derivation of human health and secondary poisoning QS for the majority of PFAS 

under evaluation. As understanding of PFAS mixture toxicity will improve, this methodology may 

be extended to more substances, and further refined and validated in the future (Bil et al., 2021). 

 

7.6 THE RELATIVE BIOACCU MULATION FACTORS (RB F)  

Partitioning coefficients used to predict the environmental distribution of chemicals, such as Kow, 

are independent of concentration. Although more species- and environmental factor dependent, the 

BAF in many ways is similar to these partitioning coefficients. For nonionic organic chemicals, 

lipid normalisation causes wholeȤbody and muscle/fillet BAFs to become equal. With this equality, 

one set of BAFs can be developed and used with any of the criteria (Burkhard, 2021). However, the 

use of different BAFs for PFAS chemicals is different from the procedures for developing criteria 

for nonionic organic chemicals. Perfluorinated compounds do not behave like lipophilic 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 straightforward prediction of bioaccumulation 

impossible (RIVM, 2017).  

Literature reviews indicate that BAF data from both laboratory and field studies are inconsistent, a 

fact that may possibly be explained by the concentration dependence of PFAS (Liu et al., 2011). 

Based on laboratory BCF measurement studies, bioaccumulation factors of some PFAS appear to be 

inversely related to concentration. Field data for some but not all PFAS, even though there is a fair 

amount of scatter in the measurements, have trends consistent with the laboratory studies. However, 

more data are needed. There is a need to understand the mechanism(s) responsible for the 

concentration dependency of bioaccumulation factors of PFAS chemicals (Burkhard, 2021). 

Although further research work is still needed, the concentration factor should be taken into 

consideration when assessing 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 limitations 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 differences in BCF and BAF measurements for a 

chemical (Arnot and Gobas, 2006), and this variability is present in these measurements. 
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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. 2016), and different studies have different exposure 

concentrations.  

4. In some studies, wholeȤbody residues and their resulting BCFs or BAFs were determined by 

summing the concentrations in dissected tissues (e.g., liver, plasma/blood, muscle, ovary, etc.) 

and the remainder of the organism after accounting for the mass of the individual tissues. 

WholeȤbody residues determined in this manner are more uncertain in comparison with 

measurements made directly on the whole organism. 

5. The BAF for the n-isomer and the branched isomers may be different. In extracting the data 

from the literature, compounds labeled with the parent name only (e.g., ñPFOSò) were 

assigned by default as the nȤisomer and not the summation of the nȤisomer and all its branched 

alkylȤisomers. Branched isomers will always be present in field studies whereas in laboratory 

studies, depending on the chemicals used, branched isomers may or may not be present.  

6. Laboratory measurements suggest that BCFs decline with increasing exposure concentration 

(Liu et al., 2011; Inoue et al., 2012; Dai et al., 2013; FernándezȤSanjuan et al., 2013; Hoke et 

al., 2015; Chen et al., 2016). For example, Inoue et al. (2012) reported BCFs of 720 and 1300 

with aqueous concentrations of 16 and 1.88 ɛg/L, respectively, for PFOS with common carp, 

a 1.8Ȥfold increase in BCF with an 8.5Ȥfold 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.  

7. Cause(s) of the decrease in BCFs with higher concentrations are unknown. However, PFAS 

residues are known to be controlled by a combination of passive diffusion and active transport 

processes (Ng and Hungerbühler, 2014; Ankley et al., 2020).  

8. Field measurements provide a mixed message on the relationship between 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 dependence on concentration, 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 any, is unknown. 

9. With mixtures, laboratory testing suggests there are effects after accumulation. The behaviour 

of PFAS is different in comparison with nonionic organics like PCBs, DDTs, and 

polychlorinated dibenzoȤpȤdioxins/dibenzofurans, with their uptake and elimination 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 involved 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 are physiological reasons to expect BAFs for marine species 

to be similar, greater than, or less than the BAFs for freshwater species. 

 

Based on the above-mentioned 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 

the PFAS 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 

performing regression analyses on all the available data per taxonomic group and, separately, per 

species. Results of these analyses were considered in the present dossier for the back-calculation of 
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the water-based QSwater,biota based on PFOA data, however the back calculation 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 understood how to 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 on the concentration dependency of the bioaccumulation of several 

PFAS should be further carried out, and discussed among the expertsô subgroup on PFAS. 

Alternative solutions for considering the water-based QSwater,biota were 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 partitioningïbased models assume that if uptake occurs by the 
same mechanism in ñwater-respiringò organisms (e.g., 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, 2012a in 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  sexȤspecific 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 ï 13 were shown in the 
food chain of dolphins and 1.4 ï 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 perfluoroȤalkyl 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/kgbw/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/kgbw/d (LOAEL), while the NOAEL was observed 
at a concentration of 0.3 mg/kgbw/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 protect top predators, the 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 mammals that purely 

feed on this food item. Therefore, first, 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 

characteristics of a substance throughout the food chain in combination with the energy content of 

food items in the food chain. An extensive evaluation of bioaccumulation was made by RIVM 

(2017) for several taxonomic groups from the food chain, including fish, molluscs, crustaceans, and 

aquatic plants. The selection of the most critical food items follows from this assessment of 

bioaccumulation factors (RIVM, 2017). 

 

According to RIVM report (2017), the BAF values are highly variable and that there may be 

relatively significant differences between similar species, e.g. mussels. Further, salinity and 

exposure concentration might influence the height of the BAF values. There is rather strong 

evidence that PFOA's bioaccumulation potential depends on the exposure concentration and is not 

the same for the different taxonomic groups, as observed in both fish and bivalves. From RIVMôs 

assessment, fish appear to be the most critical food item for the freshwater food chain if the 

regression of all BAF data per taxonomic group is used. However, if the regression of the generic 

slope for individual species is used, mollusc is the critical food item (RIVM, 2017). The secondary 

poisoning assessment was therefore conducted for both fish and molluscs in the present EQS 

dossier. 
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According to the technical guideline (EC, 2018), the selected endpoint BMD 0.3 mg/kgbw/day for 

PFOA for mice (Abbott et al., 2007; RIVM, 2017) could be expressed as a diet concentration 

normalised to the energy content of the food. This value represents the amount of food that an 

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 

 

The maternal bw of mice, 30.9 g, was selected (Abbott et al., 2007; RIVM, 2017) and added to 

Equation 2, obtaining a value of 75.63 kJ/day. 

 

Afterward, the BMD of 0.3 mg/kgbw/d PFOA was normalised to the energy content as shown in 

Equation 3: 

 

Cenergy normalised [mg/kJ] = dose * (bw [kg]/DEE)     

                   Equation 3 

 

The obtained Cenergy normalised was equivalent to 0.000123 mg/kJ or 123 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 from Cenergy normalised (Equation 4): 

 

Cfood item [mg/kgww] = Cenergy normalised [mg/kJ] * energy contentfood item, dw * (1-moisture fractionfood item) 

Equation 4 

 

  = Cenergy normalised [mg/kJ] * energy contentfood item, fw 

 

The energy contents on a dry weight basis were 21 and 19.3 kJ/gdw for fish and bivalves, 

respectively (EC, 2018, Table 7). The corresponding moisture fractions were 73.7% for fish and 

91.7% for bivalves, and for the Cenergy normalised was used the 123 ng/kJ for PFOA. These values were 

put in Equation 4, obtaining a Cfood item of 0.67  mg/kgww for fish and  0.19 mg/kgww for bivalves. 

 

These values were thus divided by an AF of 10 (AF 3 from Table 9, and AF 10 from Table 10 of 

EC, 2018), obtaining a final QSbiota, secpois,fw of 0.0223 mg/kgww or 22.3 µg/kgww for fish  and 

0.0062 mg/kgww or 6.2 µg/kgww for bivalves.  

 

An additional step is considered for the marine food chain since fish-eating 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 technical and ethical reasons. For 

calculating the biota standard for the marine environment (QSbiota, sec pois, sw), the NOAEL of 0.3 

mg/kgbw/day for PFOA (Abbott et al., 2007; RIVM, 2017) was selected. Successively, the derived 

Cenergy normalised value of 123 ng/kJ for PFOA was multiplied with the energy content on a dry weight 

basis for birds and mammals (23 kj/gdw (EC,2018, Table 7)) and with the dry weight fraction for 

vertebrates (1-0.68 (EC, 2018, Table 7)), according to Equation 4. The resulting Cfood item for birds 

and mammals (Cfood item b/m) was 0.9 mg/kgww.  

According to the EC (2018), the QSbiota, sec pois, sw should then be derived by dividing the final value for birds or 
mammals by the BMFb/m to 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 Cenergy,normalised,sw values for PFOA for birds and mammals were divided thus by an AF of 30 

(AF 3 from Table 9, and AF 10 from Table 10 of EC, 2018) and again by the corresponding BMF 

for birds and mammals (BMFb/m). The geometric mean of BMFb/m values for PFOA for fish and 

bivalves are respectively 4.3 and 15 kgww/kgww b/m (RIVM, 2017). As a result, the QSbiota, secpois, sw 

should be stricter than the QSbiota, secpois, fw.  

Finally, the final QSbiota, secpois,sw was thus 6.99 µg/kgww for fish and 2 µg/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 BMFb/m values would be 
somewhat lower: 7.3 kgww fish/kgww b/m for biomagnification from fish to fish-eating predators and 4.05 kgww 

bivalves/kgww b/m for biomagnification from mussel to mussel-eating predators (RIVM, 2017).  

 

By using the derived QSbiota,secpois as risk limits for PFOA, the sum of PFOA equivalents estimated 

based on the RPF approach would then be compared to the biotafreshwater values of 42.13 and 11.73 

µg/kgww for fish and molluscs, respectively, and to the biotasaltwater values of 13.29 and 4.57 ɛg/kgww 

for fish and mussels, respectively. It should be noted that biomagnification, which is relevant for the 

marine environment, is substance specific and not represented by the RPFs. 

 

Example 

The following fictitious PFAS concentrations were  assumed to be measured  in fish samples collected in a 
(freshwater) monitoring site:  

PFAS Fictitious concentration 
(µg/kg biota ) 

RPF PFOA equivalent (µg/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 µg/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 and 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 QSwater,biota, according to RIVM (2017): 

 

QSwater,biota = 10 ^ ((logQSbiota,sec pois ï logBAF at 1 ng/L)/(slope+1))  
 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 BMFb/m normalised to standard protein content, the QSwater, 

sec pois, sw would have been 861 and 427 ng/L for fish and molluscs, respectively. 

 

Tentative QSbiota, sec pois 
Relevant study for derivation 

of QSbiota, sec pois 
Tentative QSbiota, sec pois 

Secondary poisoning  
NOAEL: 0.3 mg/kgbw/day for litter loss 
and pup survival in mice (Abbott et al., 
2007; RIVM, 2017) 

QSbiota,sec pois, fw: 22.3 for fish and 
6.2 µg/kgww for bivalves (PFOA-

equivalents) 

(= 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 and developmental outcomes, and 

cancer. Similarly, experimental animal data show many of these effects. However, information on 

modes of action and adverse outcome pathways is still missing, and profound differences in PFAS 

toxicokinetic properties must be considered in understanding differences in responses between the 

sexes and among species and life stages (Fenton et al., 2020). 

In 2018, EFSA derived separate tolerable weekly intakes (TWIs) for PFOS and PFOA on the basis 

of the effects on serum cholesterol levels. An updated risk assessment was performed in 2020, 

where EFSA concluded that effects on the immune system, which were observed at the lowest 

serum PFAS levels in both animals and humans, are critical for the risk assessment. The findings of 

a decreased immune response were considered robust since they were consistently observed for the 

two studied PFASs in rodents (PFOA, PFOS) and in humans. Based on observations in animals and 

humans, EFSA decided to combine its assessment on the sum of four PFASs, i.e. PFOA, PFNA, 

PFHxS and PFOS, since these four PFASs contributed most to the levels observed in human serum 

in the underlying studies, and shared similar toxicokinetic properties, accumulation and long half-

lives in humans. The derivation of potency factors for this critical endpoint was not considered 

possible. As a pragmatic approach, EFSA assumed by default equal potencies for effects of these 

four PFASs on immune outcomes (EFSA, 2020).  

Based on the decreased response of the immune system to vaccination, EFSA (2020) established a 

threshold of 4.4 ng/kg body weight as tolerable weekly intake (TWI) referred to the sum of PFOA, 

PFNA, PFHxS and PFOS, which takes into account possible mother-to-child transfer upon long-

term exposure. In more details, the health based guidance value (HBGV) was derived considering 

the lowest benchmark dose level (BMDL10) of 17.5 ng/mL for the sum of the four PFASs in serum 

identified for 1-year-old children in a human study (Abraham et al., 2020). Using physiologically-

based pharmacokinetic (PBPK) modelling, this serum level of 17.5 ng/mL in children was 

estimated to correspond to long-term 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 than a disease itself, 

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, EFSA established 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 long half-lives 

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 QSbiota,hh food intended 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 0.115 kg·d-1 in combination with a body weight of 

70 kg resulting in a daily consumption of 1.6 g fish·kg-1 body weight. Following the EQS Technical 

Guidance (EC, 2018) the default allocation factor of 20% is a conservative value to protect humans 

from adverse health effects caused by consuming contaminated fish and seafood. The QSbiota, hh, food 

(expressed as ɛg·kgï1 
biota) is calculated based on the TLhh (expressed as ɛg·kgï1bw·dï1): 

 

QSbiota, hh = 0.2 * TLhh / 0.00163     

    Equation 6 

 

To represent TLhh, Oral Reference Doses (RfD), Acceptable Daily Intake (ADI), Tolerable 

Daily Intake (TDI), or No Observable Adverse Effect Level (NOAEL) divided by an appropriate 

assessment factor can 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 QSbiota, hh for the index compound PFOA is therefore required. Furthermore, 
if the EFSAôs TWI is also used in the present human health assessment, the following limitations should be 
acknowledged: 

a) the EFSAôs TWI is based on immune effects derived for the sum of PFOA, PFNA, 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 the EFSAôs TWI showed that only for PFOA there was a significant association 
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 

recognises that the different PFASs are not all equally harmful. Using the RPF approach, it is 

assumed that these differences in harmfulness 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 as various 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 immune effects (RIVM, 2021). This would make the use of 

the RPFs based on liver toxicity also applicable to an HBGV based on immune effects. 

Nonetheless, it is agreed that it would be advisable to validate the RPFs for immune effects 

in the future, and as understanding of PFAS mixture toxicity will improve, this methodology 

may be extended with more substances, further refined, and validated in the future (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 above-mentioned uncertainties identified in the combination of the RPF approach with 

the EFSAôs TWI based on immune effects: 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

129 

¶ the QSbiota,hh for PFOA is calculated, using the EFSAôs TWI as TLhh in Equation 6 (above-

reported) 

¶ the QSdw,hh  for PFOA is calculated, using the EFSAôs TWI as TLhh in Equation 8 

The   option, along with examples of calculation using the RPF method, is discussed below. 

 

The QSbiota,hh for PFOA-equivalents is calculated, using the EFSAôs TWI as TLhh in Equation 

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 TLhh 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, 
PFHxS, PFNA) was used as TLhh for the calculation of the QSbiota,hh for PFOA-equivalents, rather than the 
weekly intake. 

In this way, the resulting QSbiota,hh for the sum of PFAS (expressed as PFOA-equivalents) is calculated to be 

0.077 g˃/kgbiota. 

By using the derived QSbiota,hh 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 µg/kgbiota. 

 

Tentative QSbiota, hh 
Relevant study for derivation 

of QSbiota, hh 
Tentative QSbiota, hh 

Human health  

EFSAôs TWI of 4.4 ng/kg bw/week, 
equivalent to 0.63 ng/kg bw/day 

 

0.077 µg.kg-1
biota ww, PFOA-

equivalents 

(0.22 ng PFOA·L-1 )* 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 
(µg/kg biota ) 

RPF PFOA equivalent (µg/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,hh of 0.077 
µg/kgbiota (or, 0.077 ng/gbiota) calculated for PFOA). In the example shown, the sum of PFOA equivalents 
exceeds the proposed QSbiota,hh for the monitoring site under evaluation. 

                                                 
67 Using the Bioaccumulation Factor, BAF, for PFOA. This back calculation to water is only for PFOA and not as PFAS group. 
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7.8.1 Human health via consumption of drinking water  

 Master reference 

Existing drinking 

water standard(s) 

Total PFAS68: 0.50 µg.L-1  

Sum of PFAS69: 0.10 µg.L-1 

Directive (EU) 

2020/2184 

 

 QS dw,hh for PFOA-equivalents is calculated, using the EFSAôs TWI as TLhh in 

Equation 7 

The main root of PFAS intake is represented by food, which contributes for 83-98%, while the 

contribution of drinking water accounts for 2-17% (RIVM, 2021). However, although less 

important, a risk of exposure through drinking water intake exists for several PFAS (EFSA, 2020) 

and, therefore, provisional drinking water QS has been  calculated.  

 

The EQS Technical Guidance (EC, 2018) recommends using a human body weight (bw) of 70 kg 

and a daily uptake of drinking water (uptakedrw) of 2 litres. By default, a fraction of 0.2 of the 

human toxicological threshold (threshold level human health, TLhh) is allocated to the intake of the 

substance via drinking water. The QSdw, hh is calculated based on the TLhh (here, expressed as ng·kgï

1
bw·dï1): 

 

QSdw, hh = 0.2 * TLhh * bw / uptakedrw     

   Equation 7 

 

To represent TLhh, Oral Reference Doses (RfD), Acceptable Daily Intake (ADI), Tolerable 

Daily Intake (TDI), or No Observable 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 per week, in order to take into account the long half-lives of these PFASs (EFSA, 2020). 

However, considering that the TLhh is expressed as µg/kg bw per day, and that a daily uptake of 

drinking water 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, PFHxS, PFNA) was used as TLhh for the calculation of the 

QSdw,hh for PFOA, rather than the weekly intake. 

The resulting provisional QSdw, hh is 4.41 ng/L (0.0044 µg/L). This provisional value is noted to be 

lower  than the existing drinking water standards of 0.1 and 0.5 µg/L identified for the sum of 

PFAS, and for total PFAS (Directive (EU) 2020/2184). 

By using the derived QSdw,hh 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 µg/L. 

 

Example 

The following fictitious PFAS concentrations were assumed to be measured in drinking water:  

PFAS Fictitious concentration ( µg/L)  RPF PFOA equivalent (µg/L)  

PFOA 0.02 1 0.02 

PFOS 0.05 2  0.1  

PFUnA or 

PFUnDA 

0.001 4 0.004 

                                                 
68 óTotal PFASô means the totality of per- and polyfluoroalkyl substances (Directive (EU) 2020/2184). 
69 Sum of PFASô means the sum of per- and polyfluoroalkyl substances considered a concern as regards water intended for human 

consumption listed in point 3 of Part B of Annex III. This is a subset of óPFAS Totalô substances that contain a perfluoroalkyl moiety 

with three or more carbons (i.e. ïCnF2nï, n Ó 3) or a perfluoroalkylether moiety with two or more carbons (i. e. ïCnF2nOCmF2mï, 

n and m Ó 1) (Directive (EU) 2020/2184). 
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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 QSdw,hh of 0.0044 
µg/L calculated for PFOA. In the example shown, the sum of PFOA equivalents exceeds the proposed QSdw,hh 

for the monitoring site under evaluation. 

 

 

 
Relevant study for derivation 

of QSbiota, hh 

Tentative QSbiota, hh 

 

Human health 

Biota montoring  

Surface Water monitoring   

EFSAôs TWI of 4.4 ng/kg 

bw/week, equivalent to 0.63 ng/kg 

bw/day 

 

0.077 µg.kg-1biota ww,  PFOA-

equivalents) 

0.0044 µg/L( 4.41 ng/L) 

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 QSbiota 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 use of a RPF of 1 was instead proposed, in order to avoid ñdouble-countingò the risk limit 
based on the EFSAôs TWI when the PFOA equivalents are calculated for PFOS. However this proposal might 
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 QSbiota,hh 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 the sum of PFOA-equivalents for the available 24 PFAS monitored in 

freshwater, without considering removal efficiencies. However, it is noted that the proposed 

provisional drinking water limit of 4.41 ng/L (see next paragraph) would not be protective 

the human health based on fish consumption and for this reason the value measurement in 

QSbiota, 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, the data from the 

review by Burkhard (2021) 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 log BAF values 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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concentration that is related to the EQS). 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: ễPFOA equivalents = 

ễCaq,i*RBFi*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 = 10^3.55/10^2.16 = 

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 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 no be able to be measured routinely, compliance checking against a 

biota standard might be mandatory. JRC agreed that the biota matrix should be mandatory 

being very difficult to measure in water such low concentrations. 

b) Italy made the following proposal: PFAS should be separated into two groups: 

bioaccumulative and mobile PFAS. The QS for bioaccumulative PFAS, which are more 

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 NL would not agree to have two groups since at moment, for some PFAS is not yet fully 

investigated if they are bioacumulative.  

 Furthermore, also the less bioaccumulative PFAS might attribute 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 QSbiota,hh 0.077 ɛg/kgbiota is QS for the sum of PFOA equivalents measured in fish. This option is similar 
to the one proposed by the NL. This value is based on the EFSAôs TWI. The monitoring in biota should be mandatory .  

Use of the provisional drinking water standard derived for PFOA based on the EFSAôs TWI as  risk limit of the the sum of PFOA-
equivalents for the available 24 with  a  proposed provisional drinking water limit of 4.41 ng/L (see next paragraph).  

It  would be protective for all organisms in water since the TLhh based on EFSAôs TWI would derive  a QS in water lower than the 
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. 

 

 

For EQS water, JRC 
agreed on this proposal 
initially  made by CH  

2. If the RPF method 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, the 
data from the review by Burkhard (2021) 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 log BAF 
values 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 concentration that is related to the EQS). If the concentration dependency 
is considered too 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: ễPFOA equivalents = ễCaq,i*RBFi*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 = 10^3.55/10^2.16 = 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 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 no be able to be measured routinely, compliance checking against a biota standard might be mandatory.  

JRC agreed with use of 
RPF method, and the 
biota matrix to measure 
the PFAS. The  back 
calculation to water 
would lead to a value 
very low and not 
possible to measure. 
However,  in case the 
back calculation to water 
is mandatory, this 
approach  should be 
implemented  

3. PFAS should be separated into two groups: bioaccumulative and mobile PFAS. The QS for bioaccumulative PFAS, which are more 
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, while those which are mobile should be measured in water.  

 

 

 

 

JRC is not in favour of 
this proposal because at 
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.  



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

134 

 

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 preparation70. 

 

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. 

LoD 13 ng/L 

 

HPLC-ESI/MS/MS, LOD 0.22 

ng/g wet weight (Zhou et al., 2013) 

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) 

PFPeA ISO 21675 (2019) LC/MS/MS, 

LoD Ó 0,2 ng/L ; DW US EPA 

(2019), method 533,  LC/MS/MS. 

LoD 3.9 ng/L 

 

HPLC-ESI/MS/MS, LOD 0.25 

ng/g dry weight (Zhou et al., 2012) 

HPLC-ESI/MS/MS, LOD 0.25 

ng/g dry weight (Zhou et al., 

2012) 

PFHxA DW US EPA (2018), LC/MS/MS. 

LoD 1.0 ng/L 

 

IPE method (sonication), LOD 

0.0047 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

(MSPD method, LOD 0.08 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013). 

PFHpA DW US EPA (2018), LC/MS/MS. 

LoD 0.71 ng/L 

 

IPE method (sonication), LOD 

0.0017 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

MSPD method, LOD 0.08 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013). 

PFOA Drinking water (DW) US EPA 

(2018), LC/MS/MS. Limit of 

detection (LoD) 0.53 ng/L  

Ion-pair extraction (IPE) method 

(sonication), LOD 0.0066 ng/g for 

fish (fillet) (Vestergen et al., 2012 

in Valsecchi et al., 2013) 

Matrix solid-phase dispersion 

(MSPD) method, LOD 0.2 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013). 

PFNA DW US EPA (2018), LC/MS/MS. 

LoD 1.4 ng/L 

 

IPE method (sonication), LOD 

0.0018 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

MSPD method, LOD 0.3 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013 ; HPLC-

MS/MS, LOD 0.2 ng/g wet weight 

(Zhao et al., 2014a) 

PFDA DW US EPA (2018), LC/MS/MS. 

LoD 1.6 ng/L 

 

IPE method (sonication), LOD 

0.0029 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

MSPD method, LOD 0.05 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013). 

PFUnA or 

PFUnDA 

DW US EPA (2018), LC/MS/MS. 

LoD 1.6 ng/L 

 

IPE method (sonication), LOD 

0.0026 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

MSPD method, LOD 0.09 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013). 

PFDoDA or 

PFDoA 

DW US EPA (2018), LC/MS/MS. 

LoD 1.2 ng/L 

 

IPE method (sonication), LOD 

0.001 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

MSPD method, LOD 0.2 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013 ; HPLC-

MS/MS, LOD 0.1 ng/g wet weight 

(Zhao et al., 2014a) 

PFTrDA  DW US EPA (2018), LC/MS/MS. 

LoD 0.72 ng/L 

 

UHPLC-MS/MS coupled to a 

TFC, LOD 0.01 ng/g ww for fish 

(fillet) (Valsecchi et al., 2021) 

 

                                                 
70 Additional analytical methods are mentioned above:  US EPA method 533 (2019) and Wolf and Reagen (2013) for the water 

analysis and the Malinsky et al. (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) 

 

PFHxDA ISO 21675 (2019) LC/MS/MS, 

LoD Ó 0,2 ng/L 

UHPLC-MS/MS coupled to a 

TFC, LOD 0.04 ng/g ww (Mazzoni 

et al., 2019) 

PFHxDA 

PFODA ISO 21675 (2019) LC/MS/MS, 

LoD Ó 0,2 ng/L 

UHPLC-MS/MS coupled to a 

TFC, LOD 0.07 ng/g ww (Mazzoni 

et al., 2019) 

PFODA 

PFBS DW US EPA (2018), LC/MS/MS. 

LoD 1.8 ng/L 

HPLC-ESI/MS/MS, LOD 0.25 

ng/g dry weight (Zhou et al., 

2012) ; HPLC-ESI/MS/MS, LOD 

0.15 ng/g ww (Zhou et al., 2013)  

HPLC-ESI/MS/MS, LOD 0.25 

ng/g dry weight (Zhou et al., 

2012) 

PFPeS DW US EPA method 533(2019), 

LC/MS/MS 

Liquid chromatography tandem 

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. 

LoD 1.4 ng/L 

 

IPE method (sonication), LOD 

0.0006 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

High performance liquid 

chromatograph with an 

electrospray ionization tandem 

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, 

LoD Ó 0,2 ng/L 

UHPLC-MS/MS coupled to a 

TFC, LOD 0.1 ng/g ww (Mazzoni 

et al., 2019) 

 

PFOS DW US EPA (2018), LC/MS/MS. 

LoD 0.53 ng/L 

 

 IPE method (sonication), LOD 

0.0017 ng/g for fish (fillet) 

(Vestergen et al., 2012 in 

Valsecchi et al., 2013) 

 MSPD method, LOD 0.2 ng/g 

(Villaverde-de-Sáa et al., 2012 in 

Valsecchi et al., 2013 ; HPLC-

MS/MS, LOD 0.1 ng/g wet weight 

(Zhao et al., 2014a) 

PFDS ISO 21675 (2019) LC/MS/MS, 

LoD Ó 0,2 ng/L 

UHPLC-MS/MS coupled to a 

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 

(Gen X) 

DW US EPA (2018), LC/MS/MS. 

LoD 1.9 ng/L 

 

  

ADONA DW US EPA (2018), LC/MS/MS. 

LoD 0.88 ng/L 

 

  

C6O4 ISS.CBA.052.REV00, LC/MS/MS 

LoD 40 ng/L.  

ASTM 7979-20, LoQ = 40 ng/L 

  

 

 

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 TOP assay (Total Oxidizable Precursors assay), by Houtz and Sedlak, 2012 

allows to « quantify concentrations of difficult-to-measure and unidentified precursors of 

perfluoroalkyl carboxylic (PFCA) and sulfonic (PFSA) acids ». Briefly the samples are oxydizes 

under persulfate thermolisys conditions that allows « perfluoroalkyl 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 PFAA precursors 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-1) 9.5E+03 (25°C) (OECD, 2006); (USEPA, 2014b): Kauck and Diesslin 1951 
in IT, 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-1) Not measurable (USEPA, 2014b) in IT, 2015a 

Organic carbon ï 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) (Li et al., 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 ï 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) (Li et al., 2012) in IT, 2015a 

1.1 (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) 
0.8±0.3 (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 ɛg/L Cw) 
<5.1-9.4 (4.71 ɛg/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 Cw0) 
12±0 (10 ppb Cw0) 

(Liu et al., 2011) in IT, 2015a 
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PFOA Value Reference  

Phytoplankton 
292 

(Loi et al., 2011) in IT, 2015a 

Daphnia magna 
91±20 

(Dai et al., 2013) in IT, 2015a 

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; 
Å Common carp: 182 
Å Loach: 589 
Å Crab: 209 
Å Shrimp: 363 
Å River snail: 316 
Å Ceratophyllum demersum: 407 
Å Salvinia natans: 603 
Å Plankton: 59 

(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, Micropterus salmoides) 
804 (n=1); log BAF=2.91 (n=1) 

(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-1) 
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.m3.mol-1) No data ATSDR (2021) 

  <2E-06 to 3E-04 Concawe (2016) 

Organic carbon ï 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 ï 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 
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=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 

PFHxS Value Reference  

Water solubility (mg.L-1) 
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-1) No data ATSDR (2021) 
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Organic carbon ï 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 ï 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) 

BCF  
Log BCF= 2.07 ± 0.25(Whole body, fish Teleostei 
taxonomic class)  

Burkhard (2021) 

BAF 

Fish Log BAF= 2.30 ± 0.74(Whole body, teleostei 
taxonomic class) 
Log BAF=(average standard deviation, n): 
Bivalvia-freshwater=3.44 (ð,1) 
Bivalvia-Brackish and marine= 2.3 (1.12,5);  
Gastropoda-FW=3.21 (ð,1);  
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 (ð,1);  
Plankton-SW=2.35 (0.84,7); 
Teleostei-FW=2.10 (0.77,20); 
Teleostei-SW=2.58 (0.44,5) 

Burkhard (2021) 

 

11.4 Environmental distribution data for PFNA  

 

PFNA Value Reference  

Water solubility (mg.L-1) 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); 
8.4 mm Hg at 99.63°C (measured) 

Kaiser et al. 2005 in ATSDR (2021) 

1.3 Wang Z. et al (2011) in Concawe (2016) 

Henry's Law constant (Pa.m3.mol-1) No data ATSDR (2021) 

Organic carbon ï water partition coefficient 
(KOC) 

log Koc=2.39 (Higgins and Luthy, 2006) in ECHA (2018c); 
Concawe(2016) 

log Koc=2.4 (Ahrens et al. 2010b) in ECHA (2018c); Campo et al. (2015) 
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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) 

sediment ï water partition coefficient (K sed-

water) 

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) 

log Kd=2.89 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 72007Ȥ68Ȥ2)Fish Log BCF=2.78 ± 0.51 (Whole body, teleostei taxonomic 
class) 

Burkhard (2021) 

BAF  

(CAS 72007Ȥ68Ȥ2)Fish Log BAF=2.85 ± 1.18 (Whole body, teleostei taxonomic 
class) 

Burkhard (2021) 

(CAS 72007Ȥ68Ȥ2) 
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-1) 

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.m3.mol-1) 

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 ï 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 ï 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, 2008c; EPA 2005a) in ATSDR (2021) 

BCF  
(CAS 45048Ȥ62Ȥ2)Fish Log BCF= 1.18 ± 0.08(Whole body, teleostei taxonomic 
class) 

Burkhard (2021) 
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BAF 
(CAS 45048Ȥ62Ȥ2)Fish Log BAF= 2.16 ± 1.68(Whole body, teleostei taxonomic 
class) 

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: 
Å Crucian carp 0.2 
Å Lotus Root 1.6 
Å Common Duckweed 2.51 
Å Common Water Hyacinth 4.0 

(Zhou et al., 2013) in IT, 2015b 

 

11.6 Environmental distri bution data for PFBS 

 

PFBS Value Reference  

Water 
solubility 
(mg.L-1) 

4340 (CAS 29420-49-3) UNEP, 2012 (annex 1) in Danish EPA (2015) 

4.62E+04 (NANO pure water) at 20°C for potassium salt (CAS 29420-49-
3) 

(NICNAS, 2005) in IT, 2015c 

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 
pressure  (Pa) 

0.00000149 (CAS 29420-49-3) UNEP, 2012 (annex 1) in Danish EPA (2015) 

Henry's Law 
constant 
(Pa.m3.mol-1) 

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 ï 
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, 2015c 

0.2 -1.2 (sediment) (Enevoldsen and Juhler, 2010) in IT, 2015c 

83 (sediment) (Zhao et al., 2012a) in IT, 2015c 

62 (sediment) (Guelfo and Higgins, 2013) in IT, 2015c 

617 (Pico et al., 2012) in IT, 2015c 

83,176 (sediment) (Campo et al., 2015) in IT, 2015c 
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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, 2015c 

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 ï 
water 
partition 
coefficient 
(Ksed-water) 

No adsorption of PFBS potassium salt to 3 soils or a sediment, low 
adsorption to sludge 

(NICNAS, 2005) in IT, 2015c 

26.3 (sediment) (Kwadijk et al., 2010) in IT, 2015c 

0.07-0.41 (sediment) (Enevoldsen and Juhler, 2010) in IT, 2015c 

0.34 (sandy sediment) (Vierke et al., 2014) in IT, 2015c 

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 -
water 
partition 
coefficient 
(Log Kow)  

3.90 (log KOW, dry) (COSMOthermmodel), neutral form (Wang et al., 2011) in IT, 2015c; ECHA (2019d); Concawe (2016) 

BCF, 
laboratory 
(L/kg)  

Log BCF= 1.06 ± 0.49(Whole body, fish Teleostei taxonomic class) Burkhard (2021) 

Lepomis macrochirus 
(Bluegill sunfish) BCF <1 

Wildlife International, 2001a in (NICNAS, 2005) in IT, 2015c 

BAF, field 
(L/kg)  

Fish Log BAF(L/kg wet wt)= 2.00 ± 1.13(Whole body,Teleostei taxonomic 
class) 
Log BAF=(average standard deviation, n): 
Bivalvia-Brackish and marine= 1.41 (0.93,6);  
Gastropoda-freshwater=3.15 (ð,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 (ð,1);  
Plankton-SW=2.50 (ð,1); 
Teleostei-FW=2.65 (1.6,3); 
Teleostei-SW=1.92 (0.11,2) 

Burkhard (2021) 
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Fish whole body 69.2±4.4 
Crab whole body 109.6±5 
soft tissue 89.1±5,2 
Gastropod 107.2±1,7 
Bivalve 12.3 

(Naile et al., 2013) in IT, 2015c 

Tangxun Lake, China: 
Crucian carp 0.6 
Sharpbelly 0.3 
Lotus Root 0.16 
Common Duckweed 3.2 
Common Water Hyacinth 2.0 

(Zhou et al., 2013) in IT, 2015c 

Fish 100.0±2.9 L/kg 
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 

(Hong et al., 2014) in IT, 2015c 

Fish (Llobregat basin) 
1736 L/kg (n=1) 

(Campo et al., 2015) in IT, 2015c 

BMF(laborato
ry, 
freshwater)  

Oncorhynchus mykiss (rainbow trout) <<1 (Martin et al., 2003) in IT, 2015c 

Oncorhynchus mykiss (rainbow trout) 0.02 (Goeritz et al., 2013) in IT, 2015c 

 

11.7 Environmental distribution data for PFHxA  

 

PFHxA Value Reference  

Water solubility (mg.l-1) 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.m3.mol-1) 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://www.chemspider.com/Chemical-
Structure.4286919.html (accessed 14:51, 
Jul 16, 2014) in IT, 2015d 

20 (sediment) (Guelfo and Higgins, 2013) in IT, 2015d 
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Organic carbon ï water partition 
coefficient (K OC) 

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) 

1.63 ï 2.35  (Sepulvado et al., 2011) in ECHA (2018c) 

log Koc=1.91[L/kg]  in Concawe (2016) 

sediment ï water partition coefficient 
(Ksed-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 partition coefficient 
(Log Kow)  

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 92612Ȥ52Ȥ7)Fish Log BCF=0.98 ± 0.3(Whole body, teleostei taxonomic class) Burkhard (2021) 

BAF, field (L/kg)  Å Fish 63.1Ñ3.7 L/kg 
Å Bivalve 251.2Ñ3.5 L/kg 
Å Crab 39.8Ñ2.4 L/kg 
Å Gastropod 158.5Ñ4.0 L/kg 
Å Shrimp 63.1Ñ2.2 L/kg 

(Hong et al., 2014) in IT, 2015d 

Baiyangdian Lake,North China; 
Å Common carp: 1175 
Å Loach: 398 
Å Crab: 4074 
Å Shrimp: 2042 
Å River snail: 9120 
Å Ceratophyllum demersum: 3236 
Å Salvinia natans: 219 
Å Plankton: 389 

(Zhou et al., 2012) in IT, 2015d 

Tangxun Lake, China: 
Å Common Duckweed 6.3 
Å Common Water Hyacinth 5.0 

(Zhou et al., 2013) in IT, 2015d 

(CAS 92612Ȥ52Ȥ7)Fish Log BAF=1.25 ± 1.48 (Whole body, teleostei taxonomic class) Burkhard (2021) 

(CAS 92612Ȥ52Ȥ7) 
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 (ð,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.l-1) 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-1) 6.26x10-4 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, 2015e 

Organic carbon ï 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 ï 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) (COSMOthermmodel) (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 45167Ȥ47Ȥ3)Fish Log BCF=ï0.05(Whole body, 
teleostei taxonomic class) 

Burkhard (2021) 

BFC Oncorhynchus mykiss= insignificant (Martin et al., 2003a) in IT, 2015e 

BAF  (CAS 45167Ȥ47Ȥ3)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-1) 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.m3.mol-1) No data  in  

Organic carbon ï 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) 

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) 

sediment ï water partition coefficient (K sed-water) 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 73829Ȥ36Ȥ4)Fish Log BCF=3.79 ± 0.48 
(Whole body, teleostei taxonomic class) 

Burkhard (2021) 

BAF (CAS 73829Ȥ36Ȥ4)Fish Log BAF=3.50 ± 0.62 
(Whole body, teleostei taxonomic class) 

Burkhard (2021) 

(CAS 73829Ȥ36Ȥ4) 
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 (ð,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-1) 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, 2012e) 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, 2012e) in ECHA 
(2018c) 

0.01Pa Wang Z. et al (2011) in Concawe (2016) 

Henry's Law constant (Pa.m3.mol-1) No data ATSDR (2021); Concawe (2016) 

Organic carbon ï water partition 
coefficient (K OC) 

No data ATSDR (2021), Concawe (2016) 

sediment ï water partition 
coefficient (K sed-water) 

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 171978Ȥ95Ȥ3)Fish Log BCF=3.64 ± 0.60 (Whole body, teleostei taxonomic class) Burkhard (2021) 

Rainbow trout (carcass) 18000 ± 2700 
Rainbow trout (blood) 40000 ± 4500 
Rainbow trout (liver) 18000 ± 2900 

(Martin et al., 2003a) in ECHA (2012) 

Carp (whole body)10000-16000 (National Institute of Technology and 
Evaluation, 2007) in ECHA (2012) 

BAF (CAS 171978Ȥ95Ȥ3)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 
carp at Anhui Research Center for Chinese alligator  

Wang et al., 2013 in Campo et al. (2015) 

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:  
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 

Houde et al. in ECHA (2012) 
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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) 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 to 99.97 kPa (112 to 237.7°C) (calculated) (European Chemicals Agency, 2012b) in ECHA (2018c) 

0.1 Pa Wang Z. et al (2011) in Concawe (2016) 

Henry's Law constant (Pa.m3.mol-1) No data   

Organic carbon ï water partition coefficient (K OC) 
log Koc=3.3 

(Higgins and Luthy, 2006) in ECHA (2018c); Concawe 
(2016) 

Log Koc=4.8 Ahrens et al. (2010) in ECHA (2018c) 

sediment ï 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 196859Ȥ54Ȥ8)Fish Log BCF=3.57 ± 0.31 (Whole body, teleostei taxonomic 
class) 

Burkhard (2021) 

BAF  (CAS 196859Ȥ54Ȥ8)Fish Log BAF=3.47 ± 1.01 (Whole body, teleostei taxonomic 
class) 

Burkhard (2021) 

(CAS 196859Ȥ54Ȥ8) 
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-1) 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.m3.mol-1) 0.573 Pa-m3/mol at 25°C Kwan 2001 in ATSDR (2021) 

Organic carbon ï water partition 
coefficient (K OC) 

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 ï water partition coefficient 
(Ksed-water) 

log KD=1.26 (Pico et al., 2012) in Campo et al. (2015) 

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 120885Ȥ29Ȥ2)Fish Log BCF=1.26 (Whole body, teleostei taxonomic class) Burkhard (2021) 

BAF  (CAS 120885Ȥ29Ȥ2)Fish Log BAF=1.80 ± 1.24 (Whole body, teleostei taxonomic class) Burkhard (2021) 
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(CAS 120885Ȥ29Ȥ2) 
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 (ð,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.l-1) 7.3E-6 g/L; pH 1 at 25 °C 
5.5E-5 g/L; pH 2 at 25 °C 
5.1E-4 g/L; pH 3 at 25 °C 
3.5E-3 g/L; pH 4 at 25 °C 
8.6E-3 g/L; pH 5 at 25 °C 
0.0100 g/L; pH 6-10 at 25 °C 
(calculated) 

(European Chemicals Agency, 2012d) in ECHA 
(2018c) 

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.m3.mol-1) No data Concawe (2016) 

Organic carbon ï water partition coefficient (K OC) No data Concawe (2016) 

sediment ï 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 862374Ȥ87Ȥ6)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.l-1) 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.m3.mol-1) No data   

Organic carbon ï 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 ï water partition coefficient (K sed-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) 1.9E-6 g/L; pH 1 at 25°C 
1.4E-5 g/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.m3.mol-1) No data   

Organic carbon ï water partition coefficient (K OC) No data Concawe (2016) 

sediment ï 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 365971Ȥ87Ȥ5)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-1) No data   

Vapour pressure  (Pa) No data   

Henry's Law constant (Pa.m3.mol-1) No data   

Organic carbon ï water partition coefficient (K OC) No data   

sediment ï water partition coefficient (K sed-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):  FRD-902 is ammonium-2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)-propanoate, CAS 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-1) 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 (2019e) 

>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 ± 11.8 g / L at 20 ° 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 (2019e) 

Vapour pressure  (Pa) 0.0117 ± 0.000115 Pa at 20 ° C (solid; 99.4% pure) 
(FRD-902) 

ECHA, 2018din RIVM(2019); ECHA (2019e) 

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 (2019e) 

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 (2019e) 

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 (2019e) 

Henry's Law constant (Pa.m3.mol-1) No experimental data are available for Henryôs Law 
constant. 

ECHA (2019e) 

20.8 Pa·m3/mol (QSAR program HenryWin v3.20 
of EpiSuite) 

US EPA, 2002-2012 in ECHA (2019e) 

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 (2019e) 

Organic carbon ï water partition coefficient (K OC) log Koc=1.08 for soil and 1.10 for sewage sludge Bloxham, 2008 in RIVM (2019) 

sediment ï 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 (2019e) 
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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 
treatment 

Hoke et al. , 2016 in RIVM (2019) 

fish BFC<3 L / kg for 0.02 mg HFPO-DA / L 
treatment 

Kobayashi, 2009 in RIVM (2019) 

BAF  average BAF of 4.1 L/kg in common carp (based on 
muscle tissue) 

Pan et al., 2017 in RIVM (2019) 

 

11.18 Environmental distribution data for ADONA  

 

ADONA Value Reference  

Water solubility (mg.l-1) 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.m3.mol-1) No data  

Organic carbon ï water partition  coefficient (K OC) No data  

sediment ï water partition coefficient (K sed-water) No data  

Bioaccumulation  Not bioaccumulative.   ECHA (2021) 

Octanol -water partition coefficient (Log Kow)  1.3 at pH 7.1, 25°C (HPLC method), Ionic 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-1) 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.m3.mol-1) 5726 Concawe (2016) 
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Organic carbon ï water partition coefficient (K OC) log Koc=2.43 Ding & Peijnenburg, 2013 in Danish EPA (2015); Concawe (2016) 

sediment ï 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.l-1) 0.2 ï 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 ɛg/L at 25 °C Berti WR DPont EMSE Report No 92-02) in ECHA (2018e); CLH (2010b) 

Vapour pressure  (Pa) 1.64 Ding & Peijnenburg, 2013 in Danish EPA (2015) 

31 Pa at 25 ºC (Retention time method) 
29 Pa at 45ºC (HeadspaceGC/AED method) 
Vapour pressure seem sensitive to choice of method 

Cobranchi et al 2006 in ECHA (2018e); CLH (2010b) 

254 Pa at 25 ºC , 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.m3.mol-1) 5039 Concawe (2016) 

Adsorption  adsorption to soil and sludge might be relevant. Liu and Lee (2005) in ECHA (2018c) 

Organic carbon ï 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 ï 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 C6O4 

C6O4 Value Reference  

Water solubility (mg.L-1) No data   

Vapour pressure  (Pa) 0.16 hPa at 20 °C 

0.26 hPa at 25 °C 

2.50 hPa at 50 °C 

ECHA  cC6O4 (2021) 

Henry's Law constant (Pa.m3.mol-1) No data   

Organic carbon ï water partition coefficient (K OC) No data   

sediment ï water partition coefficient (K sed-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, 

female, F1, 

F2) 

Application 

route 

Toxicity test Observed effect Endpoint value (mg/kg 

bw per day) 

Duration 

exposure 

Reference 

PFHxA Rat female route not 

specified 

Acute toxicity not reported LD50 > 1,750; < 

5,000 

not reported Loveless et al. (2009) 

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 

2ï30) 

single gavage Acute toxicity Incr. abs liver weight LOEL/LOAEL 40  Brewster and 

Birnbaum (1989) in 
EFSA, 2020 

PFDA Mice female, (day 

2ï30) 

single gavage Acute toxicity Incr fatty-acyl- CoA oxidase 

activity 

LOEL/LOAEL 40  Brewster and 

Birnbaum (1989) in 

EFSA, 2020 

PFOA Rat male, 10ï11 

weeks old at 

start 

orally Acute toxicity Reduced epidydimal weight NOEL/NOAEL 5  NTP (2019a) in 

EFSA, 2020 

PFOA Rat male, 10ï11 

weeks old at 

start 

orally Acute toxicity Reduced epidydimal sperm 

count 

NOEL/NOAEL 5  NTP (2019a) in 

EFSA, 2020 

PFOA Rat male, 10ï11 
weeks old at 

start 

orally Acute toxicity Reduced epidydimal weight LOEL/LOAEL 10  NTP (2019a) in 
EFSA, 2020 

PFOA Rat male, 10ï11 
weeks old at 

start 

orally Acute toxicity Reduced epidydimal sperm 
count 

LOEL/LOAEL 10  NTP (2019a) in 
EFSA, 2020 

PFBA Mice male gavage Repeated dose 

toxicity 

Hepatocellular necrosis NOEL/NOAEL 35 28 days Foreman et al. (2009) 

in EFSA, 2020 

PFBA Mice male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 35 28 days Foreman et al. (2009) 

in EFSA, 2020 

PFBA Mice male gavage Repeated dose 

toxicity 

Incr hepatic replicative DNA 

synthesis 

NOEL/NOAEL 35 28 days Foreman et al. (2009) 

in EFSA, 2020 

PFBA Mice male gavage Repeated dose 

toxicity 

Incr mRNA of 

Cyp4A10/ACO 

NOEL/NOAEL 35 28 days Foreman et al. (2009) 

in EFSA, 2020 

PFBA Mice male gavage Repeated dose 

toxicity 

Hepatocellular necrosis NOEL/NOAEL 175 28 days Foreman et al. (2009) 

in EFSA, 2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Incr abs liver weight NOEL/NOAEL 6 28 days Butenhoff et al. 

(2012) in EFSA, 

2020 
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PFBA Rat male gavage Repeated dose 

toxicity 

Decr serum cholesterol NOEL/NOAEL 6 28 days Butenhoff et al. 

(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of Acox, 

Cyp4A1 

NOEL/NOAEL 6 28 days Butenhoff et al. 

(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 30 28 days Butenhoff et al. 
(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 
toxicity 

Decr serum cholesterol LOEL/LOAEL 30 28 days Butenhoff et al. 
(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of Acox, 

Cyp4A1 

LOEL/LOAEL 30 28 days Butenhoff et al. 

(2012) in EFSA, 
2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Incr abs liver weight NOEL/NOAEL 6 90 days Butenhoff et al. 

(2012) in EFSA, 
2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of Cyp4A1 NOEL/NOAEL 6 90 days Butenhoff et al. 

(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 

toxicity 

Decr serum total T4 NOEL/NOAEL 6 90 days Butenhoff et al. 

(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 30 90 days Butenhoff et al. 
(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 
toxicity 

Incr mRNA of Cyp4A1 LOEL/LOAEL 30 90 days Butenhoff et al. 
(2012) in EFSA, 

2020 

PFBA Rat male gavage Repeated dose 
toxicity 

Decr serum total T4 LOEL/LOAEL 30 90 days Butenhoff et al. 
(2012) in EFSA, 

2020 

PFHxA Rat  male gavage Repeated dose 

toxicity 

Lethality, reduced body 

weight 

NOEL/NOAEL 150 28 days WIL Research 

Laboratories (2005) 
in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 

toxicity 

Decr mean corpuscular 

haemoglobin 

NOEL/NOAEL 150 28 days WIL Research 

Laboratories (2005) 
in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 

toxicity 

Incr abs and rel liver weight NOEL/NOAEL 50 28 days WIL Research 

Laboratories (2005) 

in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 

toxicity 

Decr serum cholesterol NOEL/NOAEL 50 28 days WIL Research 

Laboratories (2005) 

in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 
toxicity 

Lethality, reduced body 
weight 

LOEL/LOAEL 450/300 28 days WIL Research 
Laboratories (2005) 

in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 
toxicity 

Decr mean corpuscular 
haemoglobin 

LOEL/LOAEL 450/300 28 days WIL Research 
Laboratories (2005) 

in EFSA, 2020 
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PFHxA Rat  male gavage Repeated dose 

toxicity 

Incr abs and rel liver weight LOEL/LOAEL 150 28 days WIL Research 

Laboratories (2005) 

in EFSA, 2020 

PFHxA Rat  male gavage Repeated dose 

toxicity 

Decr serum cholesterol LOEL/LOAEL 150 28 days WIL Research 

Laboratories (2005) 

in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr rel liver weight NOEL/NOAEL 50 90 days Chengelis et al. 
(2009) in EFSA, 

2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Decr serum cholesterol NOEL/NOAEL 10 90 days Chengelis et al. 
(2009) in EFSA, 

2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr serum ALT and ALP NOEL/NOAEL 50 90 days Chengelis et al. 

(2009) in EFSA, 
2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 200 90 days Chengelis et al. 

(2009) in EFSA, 
2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr rel kidney weight LOEL/LOAEL 10 90 days Chengelis et al. 

(2009) in EFSA, 

2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr serum cholesterol LOEL/LOAEL 50 90 days Chengelis et al. 

(2009) in EFSA, 

2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr serum ALT and ALP LOEL/LOAEL 200 90 days Chengelis et al. 
(2009) in EFSA, 

2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Decr body weight NOEL/NOAEL 100 92 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr perox ß-oxidation NOEL/NOAEL 20 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat female gavage Repeated dose 
toxicity 

Incr perox ß-oxidation NOEL/NOAEL 100 92 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 

toxicity 

Incr rel & abs liver weight NOEL/NOAEL 100 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 

toxicity 

Incr rel kidney weight NOEL/NOAEL 100 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 

toxicity 

Incr urine volume NOEL/NOAEL 100 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Degeneration/atrophy in nasal 
cavity 

NOEL/NOAEL 20 92 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr body weight LOEL/LOAEL 500 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr perox ß-oxidation LOEL/LOAEL 100 92 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat female gavage Repeated dose 

toxicity 

Incr perox ß-oxidation LOEL/LOAEL 500 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 

toxicity 

Incr rel & abs liver weight LOEL/LOAEL 500 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr ALT LOEL/LOAEL 20 92 days Loveless et al. (2009) 

in EFSA, 2020 
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PFHxA Rat m/f gavage Repeated dose 

toxicity 

Incr rel kidney weight LOEL/LOAEL 500 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Incr urine volume LOEL/LOAEL 500 92 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 

toxicity 

Degeneration/atrophy in nasal 

cavity 

LOEL/LOAEL 100 92 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Decr body weight NOEL/NOAEL 20 110 days Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr body weight LOEL/LOAEL 100 110 days Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr rel liver weight NOEL/NOAEL 125 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr abs liver weight NOEL/NOAEL 250 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat female gavage Repeated dose 
toxicity 

Incr rel+abs liver weight NOEL/NOAEL 250 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr. acyl-CoA oxidase 

activity 

NOEL/NOAEL 125 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Incr ALT and AST NOEL/NOAEL 250 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr ALP NOEL/NOAEL 250 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Degeneration and hyperplasia 
of olfactory epithelium 

NOEL/NOAEL 125 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 250 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 500 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat female gavage Repeated dose 

toxicity 

Incr rel+abs liver weight LOEL/LOAEL 500 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat male gavage Repeated dose 
toxicity 

Incr. acyl-CoA oxidase 
activity 

LOEL/LOAEL 250 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr haematocrit, 

haemoglobin, erys 

LOEL/LOAEL 62.6 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr blood cholesterol LOEL/LOAEL 62.6 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Decr T3 and free+total T4 LOEL/LOAEL 62.6 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Incr ALT and AST LOEL/LOAEL 500 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male gavage Repeated dose 

toxicity 

Incr ALP LOEL/LOAEL 500 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat m/f gavage Repeated dose 
toxicity 

Degeneration and hyperplasia 
of olfactory epithelium 

LOEL/LOAEL 250 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Mice male  Repeated dose 

toxicity 

Incr abs liver weight NOEL/NOAEL 1 7 days Hui et al. (2017) in 

EFSA, 2020 

PFOA Mice male  Repeated dose 

toxicity 

Decr free fatty acids in serum NOEL/NOAEL 1 7 days Hui et al. (2017) in 

EFSA, 2020 

PFOA Mice male  Repeated dose 

toxicity 

Incr ALT LOEL/LOAEL 1 7 days Hui et al. (2017) in 

EFSA, 2020 
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PFOA Mice male  Repeated dose 

toxicity 

Necrosis and vacuolation of 

hepatocytes 

LOEL/LOAEL 1 7 days Hui et al. (2017) in 

EFSA, 2020 

PFOA Mice male  Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 5 7 days Hui et al. (2017) in 
EFSA, 2020 

PFOA Mice male  Repeated dose 

toxicity 

Incr triglycerides in liver LOEL/LOAEL 1 7 days Hui et al. (2017) in 

EFSA, 2020 

PFOA Mice male  Repeated dose 
toxicity 

Decr body weight LOEL/LOAEL 1 7 days Hui et al. (2017) in 
EFSA, 2020 

PFOA Mice male  Repeated dose 

toxicity 

Decr free fatty acids in serum LOEL/LOAEL 5 7 days Hui et al. (2017) in 

EFSA, 2020 

PFOA Mice male  Repeated dose 
toxicity 

Decr triglycerides in serum LOEL/LOAEL 1 7 days Hui et al. (2017) in 
EFSA, 2020 

PFOA Mice male oral Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in 

EFSA, 2020 

PFOA Mice male oral Repeated dose 
toxicity 

Incr fasting blood glucose 
levels 

LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in 
EFSA, 2020 

PFOA Mice male oral Repeated dose 

toxicity 

Decr glycogen and glucose 

content in the liver 

LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in 

EFSA, 2020 

PFOA Mice male oral Repeated dose 
toxicity 

Incr blood glucagon LOEL/LOAEL 1.25 28 days Zheng et al. (2017) in 
EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 1 14 days Wang et al. (2017b) 

in EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr MDA content in liver NOEL/NOAEL 1 14 days Wang et al. (2017b) 
in EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 5 14 days Wang et al. (2017b) 

in EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr activity of superoxide 
dismutase and glutathione 

peroxidase in the liver 

LOEL/LOAEL 1 14 days Wang et al. (2017b) 
in EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr MDA content in liver LOEL/LOAEL 5 14 days Wang et al. (2017b) 
in EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 1 21 days Wu et al. (2018) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Incr ALT and AST NOEL/NOAEL 1 21 days Wu et al. (2018) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Decr serum triglycerides NOEL/NOAEL 1 21 days Wu et al. (2018) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Incr hepatic triglycerides NOEL/NOAEL 1 21 days Wu et al. (2018) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Decr hepatic FGF21 protein NOEL/NOAEL 1 21 days Wu et al. (2018) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Incr abs & rel liver weight LOEL/LOAEL 5 21 days Wu et al. (2018) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr ALT and AST LOEL/LOAEL 5 21 days Wu et al. (2018) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Decr serum triglycerides LOEL/LOAEL 5 21 days Wu et al. (2018) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr hepatic triglycerides LOEL/LOAEL 5 21 days Wu et al. (2018) in 

EFSA, 2020 
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PFOA Mice male gavage Repeated dose 

toxicity 

Decr hepatic FGF21 protein LOEL/LOAEL 5 21 days Wu et al. (2018) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Decr body weight (week 
8+16) 

LOEL/LOAEL 1 2, 8 or 16 weeks Li et al. (2019a) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr liver weight (week 8) LOEL/LOAEL 1 2, 8 or 16 weeks Li et al. (2019a) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

Incr rel liver weight (week 2ï
16) 

LOEL/LOAEL 1 2, 8 or 16 weeks Li et al. (2019a) in 
EFSA, 2020 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr replication of 

hepatocytes (week 2+8) 

LOEL/LOAEL 1 2, 8 or 16 weeks Li et al. (2019a) in 

EFSA, 2020 

PFOA Mice male gavage Repeated dose 
toxicity 

"Incr hepatic peroxisomal ß-
oxidation activity (week 2ï

16) 

LOEL/LOAEL 1 2, 8 or 16 weeks Li et al. (2019a) in 
EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Incr rel+abs liver weight NOEL/NOAEL 25 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Incr rel kidney weight NOEL/NOAEL 25 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr rel thyroid weight NOEL/NOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Incr serum 

cholesterin+triglycerides 

NOEL/NOAEL 25 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr rel+abs liver weight LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr rel kidney weight LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Incr rel+abs liver weight LOEL/LOAEL 50 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat female gavage Repeated dose 
toxicity 

Incr rel kidney weight LOEL/LOAEL 50 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr rel thyroid weight LOEL/LOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Decr serum cholesterin & 
triglyceride 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr ALT, ALP, 

albumin/globulin ratio 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Decr T3, free+total T4 LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Decr haematocrit LOEL/LOAEL 6.25 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat female gavage Repeated dose 
toxicity 

Incr TSH, ALP LOEL/LOAEL 6.25 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat female gavage Repeated dose 

toxicity 

Incr serum 

cholesterin+triglycerides 

LOEL/LOAEL 50 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male gavage Repeated dose 
toxicity 

Degeneration and 
inflammation of olfactory 

epithelium 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 0.2 14 days Fang et al. (2012a) in 

EFSA, 2020 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

197 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of SREBP-1c, 

ACOT1/2 

NOEL/NOAEL 0.2 14 days Fang et al. (2012a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr serumlevels of ALT, 
AST, ALP, LDH 

NOEL/NOAEL 1 14 days Fang et al. (2012a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 1 14 days Fang et al. (2012a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Decr total serum cholesterol LOEL/LOAEL 0.2 14 days Fang et al. (2012a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of SREBP-1c, 

ACOT1/2 

LOEL/LOAEL 1 14 days Fang et al. (2012a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr hepatic levels of 
Il1ß,Il10,TNFa 

LOEL/LOAEL 0.2 14 days Fang et al. (2012a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr serumlevels of ALT, 

AST, ALP, LDH 

LOEL/LOAEL 5 14 days Fang et al. (2012a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr serum glucose NOEL/NOAEL 0.2 14 days Fang et al. (2012b) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr liver glycogen NOEL/NOAEL 1 14 days Fang et al. (2012b) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr liver MDA NOEL/NOAEL 1 14 days Fang et al. (2012b) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of G6PC/GLUT2 NOEL/NOAEL 1 14 days Fang et al. (2012b) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr serum glucose LOEL/LOAEL 1 14 days Fang et al. (2012b) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Decr serum HDL LOEL/LOAEL 0.2 14 days Fang et al. (2012b) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr liver glycogen LOEL/LOAEL 5 14 days Fang et al. (2012b) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr liver MDA LOEL/LOAEL 5 14 days Fang et al. (2012b) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr mRNA of G6PC/GLUT2 LOEL/LOAEL 5 14 days Fang et al. (2012b) in 
EFSA, 2020 

PFNA Mice male gavage repeated dose 

toxicity 

Incr serum levels of AST, 

ALT 

NOEL/NOAEL 1 14 days Wang et al. (2015a) 

in EFSA, 2020 

PFNA Mice male gavage repeated dose 

toxicity 

Incr rel liver weight  0.2 14 days Wang et al. (2015a) 

in EFSA, 2020 

PFNA Mice male gavage repeated dose 

toxicity 

Incr total hepatic 

cholesterol/triglycer 

 0.2 14 days Wang et al. (2015a) 

in EFSA, 2020 

PFNA Mice male gavage repeated dose 
toxicity 

Incr mRNA of 
Cyp4A1/ACOX1 

 0.2 14 days Wang et al. (2015a) 
in EFSA, 2020 

PFNA Mice male gavage repeated dose 

toxicity 

Incr serum levels of AST, 

ALT 

 5 14 days Wang et al. (2015a) 

in EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr hepatic cholesterol NOEL/NOAEL 0.2 7 days Fang et al. (2015) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr activity of glucose-6-

Pdehydrogenase 

NOEL/NOAEL 0.2 7 days Fang et al. (2015) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr serum ALT NOEL/NOAEL 0.2 7 days Fang et al. (2015) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr hepatic cholesterol LOEL/LOAEL 1 7 days Fang et al. (2015) in 

EFSA, 2020 
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PFNA Rat male gavage Repeated dose 

toxicity 

Incr activity of glucose-6-

Pdehydrogenase 

LOEL/LOAEL 1 7 days Fang et al. (2015) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr serum ALT LOEL/LOAEL 1 7 days Fang et al. (2015) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr plasma corticosterone LOEL/LOAEL 0.0125 14 days Hadrup et al. (2016) 

in EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Decr hepatic OATP4C1 
protein 

LOEL/LOAEL 0.0125 14 days Hadrup et al. (2016) 
in EFSA, 2020 

PFNA Mice male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 1 7 days Rosen et al. (2017) in 

EFSA, 2020 

PFNA Mice male gavage Repeated dose 
toxicity 

Incr abs & rel liver weight LOEL/LOAEL 10 7 days Das et al. (2017) in 
EFSA, 2020 

PFNA Mice male gavage Repeated dose 

toxicity 

Incr hepatic lipid and 

triglyceride content 

LOEL/LOAEL 10 7 days Das et al. (2017) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Decr body weight NOEL/NOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat female gavage Repeated dose 

toxicity 

Decr body weight NOEL/NOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr urea, albumin/globulin 
ratio 

NOEL/NOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr total+direct bilirubin, 

ALP/ALT/AST 

NOEL/NOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat female gavage Repeated dose 
toxicity 

Incr urea and serum bile salts NOEL/NOAEL 1.56 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat female gavage Repeated dose 

toxicity 

Decr total+freeT4 NOEL/NOAEL 1.56 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Decr body weight LOEL/LOAEL 1.25 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat female gavage Repeated dose 

toxicity 

Decr body weight LOEL/LOAEL 3.12 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Incr rel + abs liver weight LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA oxidase 

activity 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr rel kidney weight LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat female gavage Repeated dose 

toxicity 

Incr rel + abs liver weight LOEL/LOAEL 1.56 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat female gavage Repeated dose 
toxicity 

Incr rel kidney weight LOEL/LOAEL 1.56 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Decr serum 

cholesterol+triglyceride 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 
toxicity 

Decr free + total T4 LOEL/LOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr serum bile salts LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr urea, albumin/globulin 

ratio 

LOEL/LOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male gavage Repeated dose 

toxicity 

Incr total+direct bilirubin, 

ALP/ALT/AST 

LOEL/LOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 
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PFNA Rat female gavage Repeated dose 

toxicity 

Incr albumin/globulin ratio LOEL/LOAEL 1.56 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat female gavage Repeated dose 
toxicity 

Incr urea and serum bile salts LOEL/LOAEL 3.12 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat female gavage Repeated dose 

toxicity 

Decr total+freeT4 LOEL/LOAEL 3.12 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat male diet Repeated dose 
toxicity 

Incr abs liver weight NOEL/NOAEL 1.5 1 week Kawashima et al. 
(1995) in EFSA, 

2020 

PFDA Rat male diet Repeated dose 

toxicity 

Incr peroxisomal ß-oxidation NOEL/NOAEL 1.5 1 week Kawashima et al. 

(1995) in EFSA, 
2020 

PFDA Rat male diet Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 1.5 1 week Kawashima et al. 

(1995) in EFSA, 
2020 

PFDA Rat male diet Repeated dose 

toxicity 

Incr abs liver weight LOEL/LOAEL 3 1 week Kawashima et al. 

(1995) in EFSA, 

2020 

PFDA Rat male diet Repeated dose 

toxicity 

Incr peroxisomal ß-oxidation LOEL/LOAEL 3 1 week Kawashima et al. 

(1995) in EFSA, 

2020 

PFDA Rat male diet Repeated dose 
toxicity 

Incr acyltransferase activity LOEL/LOAEL 1.5 1 week Kawashima et al. 
(1995) in EFSA, 

2020 

PFDA Rat male diet Repeated dose 
toxicity 

Incr intrahepatic 
triacylglycerol 

LOEL/LOAEL 1.5 1 week Kawashima et al. 
(1995) in EFSA, 

2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr abs liver and rel kidney 
weight 

NOEL/NOAEL 0.125 28 days Frawley et al. (2018) 
in EFSA, 2020 

PFDA Rat female gavage Repeated dose 

toxicity 

Incr abs kidney weight NOEL/NOAEL 0.25 28 days Frawley et al. (2018) 

in EFSA, 2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 0.125 28 days Frawley et al. (2018) 
in EFSA, 2020 

PFDA Rat female gavage Repeated dose 

toxicity 

Incr abs liver and rel kidney 

weight 

LOEL/LOAEL 0.25 28 days Frawley et al. (2018) 

in EFSA, 2020 

PFDA Rat female gavage Repeated dose 

toxicity 

Incr abs kidney weight LOEL/LOAEL 0.5 28 days Frawley et al. (2018) 

in EFSA, 2020 

PFDA Mice female gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 0.31 28 days Frawley et al. (2018) 

in EFSA, 2020 

PFDA Mice female gavage Repeated dose 
toxicity 

Incr rel spleen weight NOEL/NOAEL 0.625 28 days Frawley et al. (2018) 
in EFSA, 2020 

PFDA Mice female gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 0.625 28 days Frawley et al. (2018) 

in EFSA, 2020 

PFDA Mice female gavage Repeated dose 
toxicity 

Incr rel spleen weight LOEL/LOAEL 1.125 28 days Frawley et al. (2018) 
in EFSA, 2020 

PFDA Rat female gavage Repeated dose 

toxicity 

Incr abs+rel weight of thyroid NOEL/NOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr AST NOEL/NOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Repeated dose 

toxicity 

Incr ALT NOEL/NOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 
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PFDA Rat female gavage Repeated dose 

toxicity 

Incr ALT NOEL/NOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat m/f gavage Repeated dose 
toxicity 

Incr ALP NOEL/NOAEL 0.156 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat m/f gavage Repeated dose 

toxicity 

Incr abs+rel liver weight LOEL/LOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat male gavage Repeated dose 
toxicity 

Incr acyl-CoA-oxidase 
activity 

LOEL/LOAEL 0.156 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Repeated dose 

toxicity 

Decr abs weight of adrenal 

gland 

LOEL/LOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr abs+rel weight of thyroid LOEL/LOAEL 0.312 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat m/f gavage Repeated dose 

toxicity 

Incr albumin/globulin ratio LOEL/LOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat male gavage Repeated dose 
toxicity 

Decr cholesterol in blood LOEL/LOAEL 0.156 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Repeated dose 

toxicity 

Incr AST LOEL/LOAEL 0.156 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr AST LOEL/LOAEL 1.25 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Repeated dose 

toxicity 

Incr ALT LOEL/LOAEL 0.312 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat female gavage Repeated dose 
toxicity 

Incr ALT LOEL/LOAEL 1.25 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat m/f gavage Repeated dose 

toxicity 

Incr ALP LOEL/LOAEL 0.312 28 days NTP (2019a) in 

EFSA, 2020 

PFUnDA Rat m/f gavage Repeated dose 
toxicity 

Incr abs liver weight NOEL/NOAEL 0.3 42 days Takahashi et al. 
(2014) in EFSA, 

2020 

PFUnDA Rat male gavage Repeated dose 
toxicity 

Incr rel liver weight NOEL/NOAEL 0.1 42 days Takahashi et al. 
(2014) in EFSA, 

2020 

PFUnDA Rat female gavage Repeated dose 

toxicity 

Incr rel liver weight NOEL/NOAEL 0.3 42 days Takahashi et al. 

(2014) in EFSA, 
2020 

PFUnDA Rat male gavage Repeated dose 

toxicity 

Decr abs & rel spleen weight NOEL/NOAEL 0.3 42 days Takahashi et al. 

(2014) in EFSA, 
2020 

PFUnDA Rat male gavage Repeated dose 

toxicity 

Incr serum ALP, AST NOEL/NOAEL 0.3 42 days Takahashi et al. 

(2014) in EFSA, 

2020 

PFUnDA Rat m/f gavage Repeated dose 

toxicity 

Incr serum BUN NOEL/NOAEL 0.3 42 days Takahashi et al. 

(2014) in EFSA, 

2020 

PFUnDA Rat male gavage Repeated dose 
toxicity 

Decr serum albumin NOEL/NOAEL 0.3 42 days Takahashi et al. 
(2014) in EFSA, 

2020 

PFUnDA Rat m/f gavage Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 1 42 days Takahashi et al. 
(2014) in EFSA, 

2020 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

201 

PFUnDA Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 0.3 42 days Takahashi et al. 

(2014) in EFSA, 

2020 

PFUnDA Rat female gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 1 42 days Takahashi et al. 

(2014) in EFSA, 

2020 

PFUnDA Rat male gavage Repeated dose 
toxicity 

Decr abs & rel spleen weight LOEL/LOAEL 1 42 days Takahashi et al. 
(2014) in EFSA, 

2020 

PFUnDA Rat male gavage Repeated dose 
toxicity 

Incr serum ALP, AST LOEL/LOAEL 1 42 days Takahashi et al. 
(2014) in EFSA, 

2020 

PFUnDA Rat m/f gavage Repeated dose 

toxicity 

Incr serum BUN LOEL/LOAEL 1 42 days Takahashi et al. 

(2014) in EFSA, 
2020 

PFUnDA Rat male gavage Repeated dose 

toxicity 

Decr serum albumin LOEL/LOAEL 1 42 days Takahashi et al. 

(2014) in EFSA, 
2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 1 14 days Zhang et al. (2008) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr serum triglyceride NOEL/NOAEL 5 14 days Zhang et al. (2008) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic triglyceride NOEL/NOAEL 5 14 days Zhang et al. (2008) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr hepatic content of 
cholesterol 

NOEL/NOAEL 5 14 days Zhang et al. (2008) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 5 14 days Zhang et al. (2008) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr serum triglyceride LOEL/LOAEL 10 14 days Zhang et al. (2008) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic triglyceride LOEL/LOAEL 10 14 days Zhang et al. (2008) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr hepatic SOD activity LOEL/LOAEL 1 14 days Zhang et al. (2008) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic mRNA of 

PPARa/g, ACOX,CypA4 

LOEL/LOAEL 1 14 days Zhang et al. (2008) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr hepatic content of 
cholesterol 

LOEL/LOAEL 10 14 days Zhang et al. (2008) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic mRNA of 

PPARa, Cyp4A1, ACOX, 
cd36 

NOEL/NOAEL 0.05 110 days Ding et al. (2009) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr serum glucose LOEL/LOAEL 0.02 110 days Ding et al. (2009) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr serum albumin LOEL/LOAEL 0.02 110 days Ding et al. (2009) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic mRNA of 

PPARa, Cyp4A1, ACOX, 

cd36 

LOEL/LOAEL 0.2 110 days Ding et al. (2009) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr protein level of pyruvate 

carboxylase in kidney 

NOEL/NOAEL 0.05 110 days Zhang et al. (2011) in 

EFSA, 2020 
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PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr protein level of pyruvate 

carboxylase in kidney 

LOEL/LOAEL 0.5 110 days Zhang et al. (2011) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr protein level of 
isovaleryl coenzyme A 

dehydrogenase, malate 

dehydrogenase 1 and 
dihydrolipoamide S-

acetyltransferase in kidney 

LOEL/LOAEL 0.2 110 days Zhang et al. (2011) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic cholesterol LOEL/LOAEL 0.2 110 days Zhang et al. (2013e) 

in EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic triglycerides LOEL/LOAEL 0.2 110 days Zhang et al. (2013e) 

in EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Altered hepatic levels of 

signal transduction proteins 
(e.g. glycogen synthase 

kinase, insulin receptor 

substrate) 

LOEL/LOAEL 0.2 110 days Zhang et al. (2013e) 

in EFSA, 2020 

PFDoDA Rat m/f gavage Repeated dose 

toxicity 

Incr rel liver weight NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat female gavage Repeated dose 

toxicity 

Decr weight of spleen/heart NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Decr in reticulocytes  NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr serum ALP  NOEL/NOAEL 0.1 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Liver hypertrophy  NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat female gavage Repeated dose 
toxicity 

Hepatic necrosis NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Pancreas: decr zymogen 

granules  

NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Decr serum glucose NOEL/NOAEL 0.5 42 days Kato et al. (2015b) in 
EFSA, 2020 

PFDoDA Rat m/f gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat female gavage Repeated dose 

toxicity 

Decr weight of spleen/heart LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Decr in reticulocytes  LOEL/LOAEL 2.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr serum ALP  LOEL/LOAEL 0.5 42 days Kato et al. (2015b) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Decr serum total cholesterol LOEL/LOAEL 0.1 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Liver hypertrophy  LOEL/LOAEL 2.5 42 days Kato et al. (2015b) in 
EFSA, 2020 

PFDoDA Rat female gavage Repeated dose 

toxicity 

Hepatic necrosis LOEL/LOAEL 2.5 42 days Kato et al. (2015b) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Pancreas: decr zymogen 
granules  

LOEL/LOAEL 2.5 42 days Kato et al. (2015b) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Decr serum glucose LOEL/LOAEL 2.5 42 days Kato et al. (2015b) in 

EFSA, 2020 
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PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr hepatic SOD activity NOEL/NOAEL 0.2 110 days Liu et al. (2016) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr TBARS in liver NOEL/NOAEL 0.2 110 days Liu et al. (2016) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Decr hepatic GPX activity NOEL/NOAEL 0.2 110 days Liu et al. (2016) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr mRNA of mitochondrial 
acyl-CoAthioesterase 1 and 

hydroxyacyl-

CoAdehydrogenase 

NOEL/NOAEL 0.05 110 days Liu et al. (2016) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr hepatic SOD activity LOEL/LOAEL 0.5 110 days Liu et al. (2016) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr TBARS in liver LOEL/LOAEL 0.5 110 days Liu et al. (2016) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Decr hepatic GPX activity LOEL/LOAEL 0.5 110 days Liu et al. (2016) in 
EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 

toxicity 

Incr mRNA of 

PPARa/Cyp4A1 

LOEL/LOAEL 0.2 110 days Liu et al. (2016) in 

EFSA, 2020 

PFDoDA Rat male gavage Repeated dose 
toxicity 

Incr mRNA of mitochondrial 
acyl-CoAthioesterase 1 and 

hydroxyacyl-

CoAdehydrogenase 

LOEL/LOAEL 0.05 110 days Liu et al. (2016) in 
EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr serum phosphorus and 

potassium 

NOEL/NOAEL 100 28 days NICNAS (2005) in 

EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Incr rel and absolute liver 
weight 

NOEL/NOAEL 300 28 days NICNAS (2005) in 
EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr serum phosphorus and 

potassium 

LOEL/LOAEL 300 28 days NICNAS (2005) in 

EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Incr rel and absolute liver 
weight 

LOEL/LOAEL 900 28 days NICNAS (2005) in 
EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr red blood cells (m) NOEL/NOAEL 200 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Decr haematocrit (m) NOEL/NOAEL 60 90 days Lieder et al. (2009a) 
in EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr haemoglobin (m) NOEL/NOAEL 60 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Incr serum chloride (m) NOEL/NOAEL 200 90 days Lieder et al. (2009a) 
in EFSA, 2020 

PFBS Rat female gavage repeated dose 

toxicity 

Decr serum albumin and total 

protein 

NOEL/NOAEL 200 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Decr abs &rel spleen weight LOEL/LOAEL 60 90 days Lieder et al. (2009a) 
in EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr red blood cells (m) LOEL/LOAEL 600 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Decr haematocrit (m) LOEL/LOAEL 200 90 days Lieder et al. (2009a) 
in EFSA, 2020 

PFBS Rat male gavage repeated dose 

toxicity 

Decr haemoglobin (m) LOEL/LOAEL 200 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage repeated dose 
toxicity 

Incr serum chloride (m) LOEL/LOAEL 600 90 days Lieder et al. (2009a) 
in EFSA, 2020 
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PFBS Rat female gavage repeated dose 

toxicity 

Decr serum albumin and total 

protein 

LOEL/LOAEL 600 90 days Lieder et al. (2009a) 

in EFSA, 2020 

PFBS Rat male gavage Repeated dose 
toxicity 

Incr abs & rel liver weight NOEL/NOAEL 100 10 weeks Lieder et al. (2009b) 
in EFSA, 2020 

PFBS Rat male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 300 10 weeks Lieder et al. (2009b) 

in EFSA, 2020 

PFBS Rat female gavage Repeated dose 
toxicity 

Incr rel liver weight NOEL/NOAEL 62.6 28 days NTP, 2019b) in 
EFSA, 2020 

PFBS Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

NOEL/NOAEL 125 28 days NTP, 2019b) in 

EFSA, 2020 

PFBS Rat m/f gavage Repeated dose 
toxicity 

Incr albumin/globulin ratio  NOEL/NOAEL 62.6 28 days NTP, 2019b) in 
EFSA, 2020 

PFBS Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 62.6 28 days NTP, 2019b) in 

EFSA, 2020 

PFBS Rat female gavage Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 125 28 days NTP, 2019b) in 
EFSA, 2020 

PFBS Rat male gavage Repeated dose 

toxicity 

Incr abs liver weight LOEL/LOAEL 125 28 days NTP, 2019b) in 

EFSA, 2020 

PFBS Rat female gavage Repeated dose 
toxicity 

Incr abs liver weight LOEL/LOAEL 250 28 days NTP, 2019b) in 
EFSA, 2020 

PFBS Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

LOEL/LOAEL 250 28 days NTP, 2019b) in 

EFSA, 2020 

PFBS Rat female gavage Repeated dose 
toxicity 

Incr rel kidney weight LOEL/LOAEL 62.6 28 days NTP, 2019b) in 
EFSA, 2020 

PFBS Rat m/f gavage Repeated dose 

toxicity 

Decr haematocrit, RBC, 

cholesterol, T3, total+free T4 

LOEL/LOAEL 62.6 28 days NTP, 2019b) in 

EFSA, 2020 

PFBS Rat m/f gavage Repeated dose 
toxicity 

Incr albumin/globulin ratio LOEL/LOAEL 125 28 days NTP, 2019b) in 
EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight NOEL/NOAEL 1 42 days Butenhoff et al. 

(2009) in EFSA, 
2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr haemoglobin NOEL/NOAEL 0.3 42 days Butenhoff et al. 

(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr haematocrit NOEL/NOAEL 1 42 days Butenhoff et al. 

(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Decr RBC NOEL/NOAEL 1 42 days Butenhoff et al. 
(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Thyroid 
hypertrophy/hyperplasia 

NOEL/NOAEL 1 42 days Butenhoff et al. 
(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 3 42 days Butenhoff et al. 

(2009) in EFSA, 
2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr prothrombin time LOEL/LOAEL 0.3 42 days Butenhoff et al. 

(2009) in EFSA, 
2020 
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PFHxS Rat male gavage Repeated dose 

toxicity 

Decr serum cholesterol LOEL/LOAEL 0.3 42 days Butenhoff et al. 

(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr haemoglobin LOEL/LOAEL 1 42 days Butenhoff et al. 

(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Decr haematocrit LOEL/LOAEL 3 42 days Butenhoff et al. 
(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Decr RBC LOEL/LOAEL 3 42 days Butenhoff et al. 
(2009) in EFSA, 

2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Thyroid 

hypertrophy/hyperplasia 

LOEL/LOAEL 3 42 days Butenhoff et al. 

(2009) in EFSA, 
2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr abs liver weight NOEL/NOAEL 3 7 days Rosen et al. (2017) in 

EFSA, 2020 

PFHxS Mice male gavage Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 3 7 days Rosen et al. (2017) in 
EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr abs liver weight LOEL/LOAEL 10 7 days Rosen et al. (2017) in 

EFSA, 2020 

PFHxS Mice male gavage Repeated dose 
toxicity 

Incr abs and rel liver weight LOEL/LOAEL 10 7 days Das et al. (2017) in 
EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr hepatic lipid and 

triglyceride content 

LOEL/LOAEL 10 7 days Das et al. (2017) in 

EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight NOEL/NOAEL 0.3 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr ALP NOEL/NOAEL 1 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Decr serum cholesterol NOEL/NOAEL 1 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Necrotic hepatocytes and 

lipid vesicles in hepatocytes 

NOEL/NOAEL 1 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr abs & rel liver weight LOEL/LOAEL 1 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Centrilobular hypertrophy LOEL/LOAEL 0.3 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Incr ALP LOEL/LOAEL 3 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Decr serum cholesterol LOEL/LOAEL 3 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Mice male gavage Repeated dose 

toxicity 

Necrotic hepatocytes and 

lipid vesicles in hepatocytes 

LOEL/LOAEL 3 42 days Chang et al. (2018) 

in EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Incr rel and abs liver weight NOEL/NOAEL 0.625 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

NOEL/NOAEL 2.5 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat female gavage Repeated dose 

toxicity 

Decr total T4 NOEL/NOAEL 3.12 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat female gavage Repeated dose 

toxicity 

Decr free T4 NOEL/NOAEL 6.25 28 days NTP, 2019b in 

EFSA, 2020 
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PFHxS Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

NOEL/NOAEL 2.5 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Incr rel and abs liver weight LOEL/LOAEL 1.25 28 days NTP, 2019b in 
EFSA, 2020 

PFHxS Rat female gavage Repeated dose 

toxicity 

Incr rel and abs liver weight LOEL/LOAEL 3.12 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat male gavage Repeated dose 
toxicity 

Decr T3 and cholesterol LOEL/LOAEL 0.625 28 days NTP, 2019b in 
EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr total T4 LOEL/LOAEL 0.625 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat female gavage Repeated dose 
toxicity 

Decr total T4 LOEL/LOAEL 6.25 28 days NTP, 2019b in 
EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Decr free T4 LOEL/LOAEL 0.625 28 days NTP, 2019b in 

EFSA, 2020 

PFHxS Rat female gavage Repeated dose 
toxicity 

Decr free T4 LOEL/LOAEL 12.5 28 days NTP, 2019b in 
EFSA, 2020 

PFHxS Rat male gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

LOEL/LOAEL 5 28 days NTP, 2019b in 

EFSA, 2020 

PFOS Rat male gavage every 
second day 

Repeated dose 
toxicity 

DNA fragmentation in liver 
(Comet Assay) 

LOEL/LOAEL ~ 0.6 30 days Eke et al. (2017) in 
EFSA, 2020 

PFOS Mice male Diet Repeated dose 

toxicity 

Incr epididymal adipose 

tissue 

LOEL/LOAEL 0.2 28 days Huck et al. (2018) in 

EFSA, 2020 

PFOS Mice male Diet Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 0.2 28 days Huck et al. (2018) in 
EFSA, 2020 

PFOS Mice male Diet Repeated dose 

toxicity 

Incr hepatic triglycerides LOEL/LOAEL 0.2 28 days Huck et al. (2018) in 

EFSA, 2020 

PFOS Mice male Diet Repeated dose 
toxicity 

Incr hepatocellular lipid 
storage 

LOEL/LOAEL 0.2 28 days Huck et al. (2018) in 
EFSA, 2020 

PFOS Mice male Diet Repeated dose 

toxicity 

Incr blood glucose LOEL/LOAEL 0.2 28 days Huck et al. (2018) in 

EFSA, 2020 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr AST, ALT, LDH LOEL/LOAEL 10 21 days Lv et al. (2018) in 
EFSA, 2020 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 10 21 days Lv et al. (2018) in 

EFSA, 2020 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr content of hepatic MDA 

and H2O2 

LOEL/LOAEL 10 21 days Lv et al. (2018) in 

EFSA, 2020 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr hepatic levels of TNFa 

and IL6 

LOEL/LOAEL 10 21 days Lv et al. (2018) in 

EFSA, 2020 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr hepatic caspase 3 activity LOEL/LOAEL 10 21 days Lv et al. (2018) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr AST NOEL/NOAEL 1 28 days Han et al. (2018a) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr ALT LOEL/LOAEL 1 28 days Han et al. (2018a) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr AST LOEL/LOAEL 10 28 days Han et al. (2018a) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr TNFa in serum LOEL/LOAEL 1 28 days Han et al. (2018a) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr hepatic MDA content LOEL/LOAEL 1 28 days Han et al. (2018a) in 

EFSA, 2020 
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PFOS Rat male gavage Repeated dose 

toxicity 

Decr hepatic catalase activity LOEL/LOAEL 1 28 days Han et al. (2018a) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 
toxicity 

Decr hepatic content of GSH 
and GSH/GSSG 

LOEL/LOAEL 1 28 days Han et al. (2018a) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr cleavage of caspase 3 in 

liver 

LOEL/LOAEL 1 28 days Han et al. (2018a) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr ALT NOEL/NOAEL 1 28 days Han et al. (2018b) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr ALT LOEL/LOAEL 10 28 days Han et al. (2018b) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr AST LOEL/LOAEL 10 28 days Han et al. (2018b) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr TNFa in serum LOEL/LOAEL 1 28 days Han et al. (2018b) in 

EFSA, 2020 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr IL6 in serum LOEL/LOAEL 1 28 days Han et al. (2018b) in 
EFSA, 2020 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr PCNA positive nuclei LOEL/LOAEL 1 28 days Han et al. (2018b) in 

EFSA, 2020 

PFOS Mice male diet Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in 
EFSA, 2020 

PFOS Mice male diet Repeated dose 

toxicity 

Incr hepatic triglyceride conc. LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in 

EFSA, 2020 

PFOS Mice male diet Repeated dose 
toxicity 

Incr blood glucose LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in 
EFSA, 2020 

PFOS Mice male diet Repeated dose 

toxicity 

Incr. serum triglyceride & 

cholesterol 

LOEL/LOAEL 0.089 6 weeks Huck et al. (2018) in 

EFSA, 2020 

PFOS Mice female diet Repeated dose 
toxicity 

Incr abs & rel liver weight NOEL/NOAEL 0.3 7 weeks Lai et al. (2018) in 
EFSA, 2020 

PFOS Mice female diet Repeated dose 

toxicity 

Decr serum triglyceride NOEL/NOAEL 0.3 7 weeks Lai et al. (2018) in 

EFSA, 2020 

PFOS Mice female diet Repeated dose 
toxicity 

Incr abs & rel liver weight LOEL/LOAEL 3 7 weeks Lai et al. (2018) in 
EFSA, 2020 

PFOS Mice female diet Repeated dose 

toxicity 

Incr liver triglyceride LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in 

EFSA, 2020 

PFOS Mice female diet Repeated dose 

toxicity 

Decr serum triglyceride LOEL/LOAEL 3 7 weeks Lai et al. (2018) in 

EFSA, 2020 

PFOS Mice female diet Repeated dose 

toxicity 

Altered pyruvate tolerance 

test 

LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in 

EFSA, 2020 

PFOS Mice female diet Repeated dose 
toxicity 

Altered gut microbiome LOEL/LOAEL 0.3 7 weeks Lai et al. (2018) in 
EFSA, 2020 

PFOS Mice male  Repeated dose 

toxicity 

Incr. ALT & AST LOEL/LOAEL 10 21 days Su et al. (2019) in 

EFSA, 2020 

PFOS Mice male  Repeated dose 
toxicity 

Incr total cholesterol & 
triglycerides in serum 

LOEL/LOAEL 10 21 days Su et al. (2019) in 
EFSA, 2020 

PFOS Mice male  Repeated dose 

toxicity 

Incr TNFa & IL6 in serum LOEL/LOAEL 10 21 days Su et al. (2019) in 

EFSA, 2020 

PFOS Rat male Gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity 

NOEL/NOAEL 1.25 28 days NTP (2019b) in 

EFSA, 2020 

PFOS Rat m/f Gavage Repeated dose 

toxicity 

Incr rel and abs liver weight 

(m/f) 

LOEL/LOAEL 0.312 28 days NTP (2019b) in 

EFSA, 2020 
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PFOS Rat male Gavage Repeated dose 

toxicity 

Incr acyl-CoA-oxidase 

activity (m) 

LOEL/LOAEL 2.5 28 days NTP (2019b) in 

EFSA, 2020 

PFOS Rat male Gavage Repeated dose 
toxicity 

Decr blood cholesterol (m) LOEL/LOAEL 0.312 28 days NTP (2019b) in 
EFSA, 2020 

PFOS Rat m/f Gavage Repeated dose 

toxicity 

Decr total and free T4 (m, f) LOEL/LOAEL 0.312 28 days NTP (2019b) in 

EFSA, 2020 

PFOA Mice female oral 
gavage+diet 

(milk) 

Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEL 5 GD 1-17, GD 8-
17, GD 12-17 

White et al. (2007) in 
EFSA, 2020 

PFOA Mice female oral 
gavage+diet 

(milk) 

Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEL 3 GD 1-17 and GD 
8-17, + cross-

fostering 

(lactation) 

White et al. (2009) in 
EFSA, 2020 

PFOA Mice female oral gavage Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEL 5 GD 7/10/13/15-

17 

White et al. (2009) in 

EFSA, 2020 

PFOA Mice female oral gavage Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEL 0.3 GD 1-17 Macon et al. (2011) 

in EFSA, 2020 

PFOA Mice female oral gavage Reproductive 

and 

developmental 

toxicity 

delayed mammary gland 

development in pups assessed 

on postnatal day 21 

LOAEL 0.01 GD 10-17 Macon et al. (2011) 

in Italian EQS 

dossier, 2015 

PFOA Mice female oral gavage Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEL 0.01 GD 10-17 Macon et al. (2011) 
in EFSA, 2020; 

Italian EQS dossier, 

2015 

PFOA Mice sex not  
specified 

diet (milk) Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEC (ng/mL) 4,980 Pup PND 7 Macon et al. (2011) 
in EFSA, 2020 

PFOA Mice sex not  

specified 

diet (milk) Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 285 Pup PND 1 Macon et al. (2011) 

in EFSA, 2020 

PFOA Mice sex not  

specified 

diet (milk) Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 16.5 Pup PND 21 Macon et al. (2011) 

in EFSA, 2020 

PFOA Mice F1 PND 22 drinking water Reproductive 

and 
developmental 

toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 21.3 P0 GD 1-7 White et al. (2011) in 

EFSA, 2020 

PFOA Mice F1 PND 63 drinking water Reproductive 

and 

developmental 

toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 66.2 P0 GD 1-7 White et al. (2011) in 

EFSA, 2020 
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PFOA Mice GD 18 dam drinking water Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

NOAEL 3 GD 1-17 Albrecht et al. (2013) 

in EFSA, 2020 

PFOA Mice Pup PND 21 oral gavage Reproductive 

and 
developmental 

toxicity 

impaired development of 

mammary glands 

LOAEL 0.01 GD 1-17 Tucker et al.(2015) 

in EFSA, 2020 

PFOA Mice Pup PND 21 oral gavage Reproductive 

and 
developmental 

toxicity 

impaired development of 

mammary glands 

NOAEL 0.1 GD 1-17 Tucker et al.(2015) 

in EFSA, 2020 

PFOA Mice Pup PND 21 oral gavage Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEL 0.3 GD 1-17 Tucker et al.(2015) 
in EFSA, 2020 

PFOA Mice PND 21 oral gavage Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

NOAEL 0.7 28 days, 5 
days/week; GD 

1ï17 

Yang et al. (2009) in 
EFSA, 2020 

PFOA Mice PND 22 oral gavage Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEL 3.6 28 days, 5 

days/week; GD 

1ï17 

Yang et al. (2009) in 

EFSA, 2020 

PFOA Mice PND 23 oral gavage Reproductive 

and 
developmental 

toxicity 

impaired development of 

mammary glands 

NOAEC (ng/mL) 29,500 28 days, 5 

days/week; GD 
1ï17 

Yang et al. (2009) in 

EFSA, 2020 

PFOA Mice PND 24 oral gavage Reproductive 

and 
developmental 

toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 109,000 28 days, 5 

days/week; GD 
1ï17 

Yang et al. (2009) in 

EFSA, 2020 

PFOA Mice PND 21 oral gavage Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEL 1.8 28 days, 5 
days/week; GD 

1ï17 

Zhao et al. (2012b) in 
EFSA, 2020 

PFOA Mice PND 22 oral gavage Reproductive 
and 

developmental 

toxicity 

impaired development of 
mammary glands 

LOAEC (ng/mL) 51,100 28 days, 5 
days/week; GD 

1ï17 

Zhao et al. (2012b) in 
EFSA, 2020 

PFOA Mice PND 22 oral gavage Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEL 5.4 28 days, 5 

days/week; GD 

1ï17 

Zhao et al. (2012b) in 

EFSA, 2020 

PFOA Mice PND 23 oral gavage Reproductive 

and 

developmental 
toxicity 

impaired development of 

mammary glands 

LOAEC (ng/mL) 93,400 28 days, 5 

days/week; GD 

1ï17 

Zhao et al. (2012b) in 

EFSA, 2020 

PFBA Mice mother oral gavage Reproductive 

and 

Increased liver weight NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in 

EFSA, 2020 
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developmental 

toxicity 

PFBA Mice mother oral gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight LOEL/LOAEL 175 GD 1-17 Das et al. (2008) in 
EFSA, 2020 

PFBA Mice offspring oral gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight (PND 
1) 

NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in 
EFSA, 2020 

PFBA Mice offspring oral gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight (PND 

1) 

LOEL/LOAEL 175 GD 1-17 Das et al. (2008) in 

EFSA, 2020 

PFBA Mice offspring oral gavage Reproductive 

and 

developmental 
toxicity 

Delayed eye opening LOEL/LOAEL 35 GD 1-17 Das et al. (2008) in 

EFSA, 2020 

PFBA Mice offspring 

female 

oral gavage Reproductive 

and 
developmental 

toxicity 

Delayed vaginal opening NOEL/NOAEL 35 GD 1-17 Das et al. (2008) in 

EFSA, 2020 

PFBA Mice offspring 

female 

oral gavage Reproductive 

and 

developmental 

toxicity 

Delayed vaginal opening LOEL/LOAEL 175 GD 1-17 Das et al. (2008) in 

EFSA, 2020 

PFBA Mice offspring male oral gavage Reproductive 
and 

developmental 

toxicity 

Delayed preputial separation NOEL/NOAEL 175 GD 1-17 Das et al. (2008) in 
EFSA, 2020 

PFBA Mice offspring male oral gavage Reproductive 

and 

developmental 
toxicity 

Delayed preputial separation LOEL/LOAEL 350 GD 1-17 Das et al. (2008) in 

EFSA, 2020 

PFHxA Mice mother oral gavage Reproductive 

and 

developmental 
toxicity 

Maternal mortality NOEL/NOAEL 100 GD 6-18 Iwai and Hoberman 

(2014) in EFSA, 

2020 

PFHxA Mice mother oral gavage Reproductive 

and 
developmental 

toxicity 

Maternal mortality LOEL/LOAEL 350 GD 6-18 Iwai and Hoberman 

(2014) in EFSA, 
2020 

PFHxA Mice offspring oral gavage Reproductive 

and 
developmental 

toxicity 

Increased % pups found dead 

day 1ï4 

NOEL/NOAEL 100 GD 6-18 Iwai and Hoberman 

(2014) in EFSA, 
2020 

PFHxA Mice offspring oral gavage Reproductive 
and 

developmental 

toxicity 

Increased % pups found dead 
day 1ï5 

LOEL/LOAEL 350 GD 6-18 Iwai and Hoberman 
(2014) in EFSA, 

2020 
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PFHxA Mice offspring oral gavage Reproductive 

and 

developmental 
toxicity 

Increase in stillborn pups and 

pups dying on PND1 

NOEL/NOAEL 35 GD 6-18 Iwai and Hoberman 

(2014) in EFSA, 

2020 

PFHxA Mice offspring oral gavage Reproductive 

and 
developmental 

toxicity 

Increase in stillborn pups and 

pups dying on PND2 

LOEL/LOAEL 175 GD 6-18 Iwai and Hoberman 

(2014) in EFSA, 
2020 

PFHxA Rat One generation 

reproduction 
study, mother 

oral gavage Reproductive 

and 
developmental 

toxicity 

Reduced body weight gain 

(females) during first week of 
exposure and during lactation 

NOEL/NOAEL 100 Females and 

males: 70 days 
prior to 

cohabitation 

until weaning, 
approximately 

126 day totally 

for females and 
110 days totally 

for males 

Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat One generation 
reproduction 

study, 

offspring 

oral gavage Reproductive 
and 

developmental 

toxicity 

Reduced body weight gain 
(females) during first week of 

exposure and during lactation 

LOEL/LOAEL 500 Females and 
males: 70 days 

prior to 

cohabitation 
until weaning, 

approximately 

126 day totally 
for females and 

110 days totally 

for males 

Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat One generation 

reproduction 

study, female 

oral gavage Reproductive 

and 

developmental 
toxicity 

Reduced mean F1 pup weight NOEL/NOAEL 100 Females and 

males: 70 days 

prior to 
cohabitation 

until weaning, 

approximately 
126 day totally 

for females and 

110 days totally 
for males 

Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat One generation 

reproduction 

study, female 

oral gavage Reproductive 

and 

developmental 
toxicity 

Reduced mean F1 pup weight LOEL/LOAEL 500 Females and 

males: 70 days 

prior to 
cohabitation 

until weaning, 

approximately 
126 day totally 

for females and 

110 days totally 
for males 

Loveless et al. (2009) 

in EFSA, 2020 

PFHxA Rat One generation 

reproduction 
study, mother 

oral gavage Reproductive 

and 

Reduced maternal body 

weight 

NOAEL 100 GD 6-20 Loveless et al. (2009) 

in EFSA, 2020 
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developmental 

toxicity 

PFHxA Rat One generation 
reproduction 

study, 

offspring 

oral gavage Reproductive 
and 

developmental 

toxicity 

Reduced maternal body 
weight 

LOEL/LOAEL 500 GD 6-20 Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat One generation 
reproduction 

study, female 

oral gavage Reproductive 
and 

developmental 

toxicity 

10% decrease of fetal weight NOAEL 100 GD 6-20 Loveless et al. (2009) 
in EFSA, 2020 

PFHxA Rat One generation 

reproduction 

study, mother 

oral gavage Reproductive 

and 

developmental 
toxicity 

10% decrease of fetal weight LOEL/LOAEL 500 GD 6-20 Loveless et al. (2009) 

in EFSA, 2020 

PFNA Mice One generation 

reproduction 

study, mother 

oral gavage Reproductive 

and 

developmental 
toxicity 

increased relative liver 

weights 

BMD5/BMDL5 0.43/0.27 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 
study, pups at 

PND1 

oral gavage Reproductive 

and 
developmental 

toxicity 

increased relative liver 

weights 

BMD5/BMDL5 0.24/0.19 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 

study, mother 

oral gavage Reproductive 

and 

developmental 

toxicity 

Dams at 10 mg/kg failed to 

carry pregnancy 

NOEL/NOAEL 5 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 
reproduction 

study, mother 

oral gavage Reproductive 
and 

developmental 

toxicity 

Dams at 10 mg/kg failed to 
carry pregnancy 

LOEL/LOAEL 10 GD 1ïGD 17 Das et al. 2015 in 
EFSA, 2020 

PFNA Mice One generation 

reproduction 

study, mother 

oral gavage Reproductive 

and 

developmental 
toxicity 

Increase in absolute and 

relative liver weight 

LOEL/LOAEL 1 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 

study, 
offspring 

oral gavage Reproductive 

and 

developmental 
toxicity 

"Dose dependent increase in 

relative liver weight in pups" 

LOEL/LOAEL 1 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 
study, 

offspring 

oral gavage Reproductive 

and 
developmental 

toxicity 

Neonatal mortality within the 

first 10 days 

NOEL/NOAEL 3 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 
study, 

offspring 

oral gavage Reproductive 

and 
developmental 

toxicity 

Neonatal mortality within the 

first 10 days 

LOEL/LOAEL 5 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 
reproduction 

study, 

offspring 

oral gavage Reproductive 
and 

developmental 

toxicity 

Postnatal reduction of body 
weight gain 

LOEL/LOAEL 1 GD 1ïGD 17 Das et al. 2015 in 
EFSA, 2020 
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PFNA Mice One generation 

reproduction 

study, 
offspring 

oral gavage Reproductive 

and 

developmental 
toxicity 

Delay in eye opening, 

preputial separation and 

vaginal opening 

NOEL/NOAEL 1 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 
study, 

offspring 

oral gavage Reproductive 

and 
developmental 

toxicity 

Delay in eye opening, 

preputial separation and 
vaginal opening 

LOEL/LOAEL 3 GD 1ïGD 17 Das et al. 2015 in 

EFSA, 2020 

PFNA Rat One generation 

reproduction 
study, mothers 

not mentioned Reproductive 

and 
developmental 

toxicity 

Delayed weight gain LOEL/LOAEL 5 GD 1ï20 Rogers et al. 2014 in 

EFSA, 2020 

PFNA Rat One generation 
reproduction 

study, 

offspring 
females 

not mentioned Reproductive 
and 

developmental 

toxicity 

Lower birth weight in females LOEL/LOAEL 5 GD 1ï20 Rogers et al. 2014 in 
EFSA, 2020 

PFNA Rat One generation 

reproduction 

study, 
offspring  

not mentioned Reproductive 

and 

developmental 
toxicity 

Increased blood pressure in 

males and females at 10 

weeks of age 

LOEL/LOAEL 5 GD 1ï20 Rogers et al. 2014 in 

EFSA, 2020 

PFNA Rat One generation 

reproduction 
study, 

offspring 

males 

not mentioned Reproductive 

and 
developmental 

toxicity 

Reduced nephron endowment 

(nephrons per kidney) in 
males at week 22 

LOEL/LOAEL 5 GD 1ï20 Rogers et al. 2014 in 

EFSA, 2020 

PFNA Mice One generation 

reproduction 

study, 
offspring 

PND3 

oral feeding 

needle 

Reproductive 

and 

developmental 
toxicity 

Decreased testicular 

testosterone PND3 

NOEL/NOAEL 2 GD 12 to 

parturition 

Singh and Singh, 

2019a in EFSA, 2020 

PFNA Mice One generation 

reproduction 
study, 

offspring 

PND3 

oral feeding 

needle 

Reproductive 

and 
developmental 

toxicity 

Decreased testicular 

testosterone PND3 

LOEL/LOAEL 5 GD 12 to 

parturition 

Singh and Singh, 

2019a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight NOEL/NOAEL 0.25 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight LOEL/LOAEL 0.5 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 
study, mother 

Gavage Reproductive 

and 
developmental 

toxicity 

Reduced bw NOEL/NOAEL 8 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 
study, mother 

Gavage Reproductive 

and 

Reduced bw LOEL/LOAEL 16 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 
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developmental 

toxicity 

PFDA Mice One generation 
reproduction 

study, 

offspring 

Gavage Reproductive 
and 

developmental 

toxicity 

Reduced bw NOEL/NOAEL 0.25 GD10-13 and 
GD 5-15 

Harris and Birnbaum 
1989a in EFSA, 2020 

PFDA Mice One generation 
reproduction 

study, 

offspring 

Gavage Reproductive 
and 

developmental 

toxicity 

Reduced bw LOEL/LOAEL 0.5 GD10-13 and 
GD 5-15 

Harris and Birnbaum 
1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight NOEL/NOAEL 0.3 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight LOEL/LOAEL 1 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 
study, mother 

Gavage Reproductive 

and 
developmental 

toxicity 

Reduced body weight NOEL/NOAEL 3 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 

toxicity 

Reduced body weight LOEL/LOAEL 6.4 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFDA Mice One generation 
reproduction 

study, 

offspring 

Gavage Reproductive 
and 

developmental 

toxicity 

Reduced body weight NOEL/NOAEL 0.1 GD10-13 and 
GD 5-15 

Harris and Birnbaum 
1989a in EFSA, 2020 

PFDA Mice One generation 

reproduction 

study, 
offspring 

Gavage Reproductive 

and 

developmental 
toxicity 

Reduced body weight LOEL/LOAEL 0.3 GD10-13 and 

GD 5-15 

Harris and Birnbaum 

1989a in EFSA, 2020 

PFUnDA Rat One generation 

reproduction 

study, 
offspring (male 

and female) 

PNDs 0 and 4 

Gavage Reproductive 

and 

developmental 
toxicity 

Lowered body weights in 

male and femalepups at PNDs 

0 and 4 

NOEL/NOAEL 0.3 from 14 days 

prior to mating 

for 42 days in 
males and until 

PND 5 in 

females. 

Takahashi et al. 2014 

in EFSA, 2020 

PFUnDA Rat One generation 

reproduction 

study, 
offspring (male 

and female) 

PNDs 0 and 4 

Gavage Reproductive 

and 

developmental 
toxicity 

Lowered body weights in 

male and femalepups at PNDs 

0 and 4 

LOEL/LOAEL 1 from 14 days 

prior to mating 

for 42 days in 
males and until 

PND 5 in 

females. 

Takahashi et al. 2014 

in EFSA, 2020 

PFDoDA Rat One generation 
reproduction 

study, 

offspring 
males 

Gavage Reproductive 
and 

developmental 

toxicity 

Decreased spermatid and 
spermatozoa 

NOAEL 0.5 from 14 days 
prior to mating 

for 42 days in 

males and 
through 

Kato et al.2015b in 
EFSA, 2020 
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gestation until 6 

days of nursing 

in females 

PFDoDA Rat One generation 

reproduction 

study, 
offspring 

males 

Gavage Reproductive 

and 

developmental 
toxicity 

Decreased spermatid and 

spermatozoa 

LOEL/LOAEL 2.5 from 14 days 

prior to mating 

for 42 days in 
males and 

through 

gestation until 6 
days of nursing 

in females 

Kato et al.2015b in 

EFSA, 2020 

PFDoDA Rat One generation 

reproduction 
study, mother 

Gavage Reproductive 

and 
developmental 

toxicity 

Continuous dioestrus NOAEL 0.5 from 14 days 

prior to mating 
for 42 days in 

males and 

through 
gestation until 6 

days of nursing 

in females 

Kato et al.2015b in 

EFSA, 2020 

PFDoDA Rat One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Continuous dioestrus LOEL/LOAEL 2.5 from 14 days 

prior to mating 

for 42 days in 
males and 

through 

gestation until 6 
days of nursing 

in females 

Kato et al.2015b in 

EFSA, 2020 

PFDoDA Rat One generation 
reproduction 

study, mother 

Gavage Reproductive 
and 

developmental 

toxicity 

Death in late pregnancy (7 
out of 12 animals) 

NOAEL 0.5 from 14 days 
prior to mating 

for 42 days in 

males and 
through 

gestation until 6 

days of nursing 
in females 

Kato et al.2015b in 
EFSA, 2020 

PFDoDA Rat One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Death in late pregnancy (7 

out of 12 animals) 

LOEL/LOAEL 2.5 from 14 days 

prior to mating 

for 42 days in 
males and 

through 

gestation until 6 
days of nursing 

in females 

Kato et al.2015b in 

EFSA, 2020 

PFDoDA Rat One generation 
reproduction 

study, mother 

Gavage Reproductive 
and 

developmental 

toxicity 

Failure to deliver live pups (4 
out of 12 animals) 

NOAEL 0.5 from 14 days 
prior to mating 

for 42 days in 

males and 
through 

gestation until 6 

days of nursing 
in females 

Kato et al.2015b in 
EFSA, 2020 
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PFDoDA Rat One generation 

reproduction 

study, mother 

Gavage Reproductive 

and 

developmental 
toxicity 

Failure to deliver live pups (4 

out of 12 animals) 

LOEL/LOAEL 2.5 from 14 days 

prior to mating 

for 42 days in 
males and 

through 

gestation until 6 
days of nursing 

in females 

Kato et al.2015b in 

EFSA, 2020 

PFHxA Rat male Gavage Reproductive 
toxicity 

Cauda epidydimis sperm 
count 

NOEL/NOAEL 1,000 28 days NTP (2019a) in 
EFSA, 2020 

PFHxA Rat male Gavage Reproductive 

toxicity 

Serum testosterone NOEL/NOAEL 1,000 28 days NTP (2019a) in 

EFSA, 2020 

PFHxA Rat female Gavage Reproductive 
toxicity 

Oestrus cyclicity NOEL/NOAEL 1,000 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male Gavage Reproductive 

toxicity 

Reduced testis weight with 

histopathological changes 

NOEL/NOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male Gavage Reproductive 
toxicity 

Decrease serum testosterone NOEL/NOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFNA Rat male Gavage Reproductive 

toxicity 

Decreased epidydimal weight 

with histopathological 

findings. 

LOEL/LOAEL 0.625 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male Gavage Reproductive 

toxicity 

Reduced testis weight with 

histopathological changes 

LOEL/LOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Rat male Gavage Reproductive 

toxicity 

Decrease serum testosterone LOEL/LOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

"Reduced male fertility NOEL/NOAEL 0.2 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Decreased cholesterol NOEL/NOAEL 0.2 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Decreased testosterone NOEL/NOAEL 0.2 90 days (PND 25 
to PND 114) 

Singh and Singh 
(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Reduced expression of 
steroidogenic enzymes in 

testes 

NOEL/NOAEL 0.2 90 days (PND 25 
to PND 114) 

Singh and Singh 
(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Reduced PCNA (proliferation 

marker) and increased 
caspase3 (apoptosis marker) 

expression in testis 

NOEL/NOAEL 0.2 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 
2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Reduced litter size NOEL/NOAEL 0.2 90 days (PND 25 
to PND 114) 

Singh and Singh 
(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

"Reduced male fertility 

(reduced sperm number, 
viability and motility)" 

LOEL/LOAEL 0.5 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 
2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Decreased cholesterol LOEL/LOAEL 0.5 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 
2020 
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PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Decreased testosterone LOEL/LOAEL 0.5 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Reduced expression of 

steroidogenic enzymes in 

testes 

LOEL/LOAEL 0.5 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Reduced PCNA (proliferation 
marker) and increased 

caspase3 (apoptosis marker) 

expression in testis 

LOEL/LOAEL 0.5 90 days (PND 25 
to PND 114) 

Singh and Singh 
(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Reduced litter size LOEL/LOAEL 0.5 90 days (PND 25 

to PND 114) 

Singh and Singh 

(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Decreased SOD and catalase 
activity in testes 

LOEL/LOAEL 0.2 90 days (PND 25 
to PND 114) 

Singh and Singh 
(2019b) in EFSA, 

2020 

PFNA Mice male oral feeding 
needle 

Reproductive 
toxicity 

Reduced body weight gain NOEL/NOAEL 2 14 days, from 
PND 25 to PND 

38 

Sing and Singh 
(2019c) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Reduced body weight gain LOEL/LOAEL 5 14 days, from 

PND 25 to PND 
38 

Sing and Singh 

(2019c) in EFSA, 
2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Reduced serum and testicular 

testosterone 

LOEL/LOAEL 2 14 days, from 

PND 25 to PND 

38 

Sing and Singh 

(2019c) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Degenerative changes in 

seminiferous tubules 

LOEL/LOAEL 2 14 days, from 

PND 25 to PND 
38 

Sing and Singh 

(2019c) in EFSA, 
2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Increased liver weight and 

hepatocellular hypertrophy 

LOEL/LOAEL 2 14 days, from 

PND 25 to PND 

38 

Singh and Singh 

(2019d) in EFSA, 

2020 

PFNA Mice male oral feeding 

needle 

Reproductive 

toxicity 

Altered proportions of 4C and 

2C cells in testis 

LOEL/LOAEL 2 14 days, from 

PND 25 to PND 

38 

Singh and Singh 

(2019d) in EFSA, 

2020 

PFDA Rat male gavage Reproductive 
toxicity 

Reduced epidydimal weight 
and cauda epidydimis sperm 

count 

NOEL/NOAEL 0.625 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Reproductive 
toxicity 

Reduced testis weight NOEL/NOAEL 1.25 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Reproductive 

toxicity 

Reduced testosterone NOEL/NOAEL 1.25 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat male gavage Reproductive 
toxicity 

Reduced epidydimal weight 
and cauda epidydimis sperm 

count 

LOEL/LOAEL 1.25 28 days NTP (2019a) in 
EFSA, 2020 

PFDA Rat male gavage Reproductive 

toxicity 

Reduced testis weight LOEL/LOAEL 2.5 28 days NTP (2019a) in 

EFSA, 2020 

PFDA Rat male gavage Reproductive 

toxicity 

Reduced testosterone LOEL/LOAEL 2.5 28 days NTP (2019a) in 

EFSA, 2020 

PFDoDA Rat female orally Reproductive 

toxicity 

Body weight decreased NOEL/NOAEL 1.5 28 days (PND 24 

ï PND 52) 

Shi et al. (2009a) in 

EFSA, 2020 
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PFDoDA Rat female orally Reproductive 

toxicity 

Absolute and relative weight 

of uterus and ovary 

NOEL/NOAEL 3 28 days (PND 24 

ï PND 52) 

Shi et al. (2009a) in 

EFSA, 2020 

PFDoDA Rat female orally Reproductive 
toxicity 

Age, weight at vaginal 
opening 

NOEL/NOAEL 3 28 days (PND 24 
ï PND 52) 

Shi et al. (2009a) in 
EFSA, 2020 

PFDoDA Rat female orally Reproductive 

toxicity 

Oestrus cyclicity NOEL/NOAEL 3 28 days (PND 24 

ï PND 52) 

Shi et al. (2009a) in 

EFSA, 2020 

PFDoDA Rat female orally Reproductive 
toxicity 

Increased cholesterol NOEL/NOAEL 1.5 28 days (PND 24 
ï PND 52) 

Shi et al. (2009a) in 
EFSA, 2020 

PFDoDA Rat female orally Reproductive 

toxicity 

Decreased estradiol NOEL/NOAEL 1.5 28 days (PND 24 

ï PND 52) 

Shi et al. (2009a) in 

EFSA, 2020 

PFDoDA Rat female orally Reproductive 
toxicity 

Body weight decreased LOEL/LOAEL 3 28 days (PND 24 
ï PND 52) 

Shi et al. (2009a) in 
EFSA, 2020 

PFDoDA Rat female orally Reproductive 

toxicity 

Increased cholesterol LOEL/LOAEL 3 28 days (PND 24 

ï PND 52) 

Shi et al. (2009a) in 

EFSA, 2020 

PFDoDA Rat female orally Reproductive 
toxicity 

Decreased estradiol LOEL/LOAEL 3 28 days (PND 24 
ï PND 52) 

Shi et al. (2009a) in 
EFSA, 2020 

PFDoDA Rat male orally Reproductive 

toxicity 

Body weight decreased NOEL/NOAEL 0.2 110 days Shi et al. (2009b) in 

EFSA, 2020 

PFDoDA Rat male orally Reproductive 
toxicity 

Absolute and relative weight 
of testis, prostate, seminal 

vesicle, vas deferens 

NOEL/NOAEL 0.5 110 days Shi et al. (2009b) in 
EFSA, 2020 

PFDoDA Rat male orally Reproductive 

toxicity 

Cholesterol NOEL/NOAEL 0.5 110 days Shi et al. (2009b) in 

EFSA, 2020 

PFDoDA Rat male orally Reproductive 

toxicity 

Decreased testosterone NOEL/NOAEL 0.2 110 days Shi et al. (2009b) in 

EFSA, 2020 

PFDoDA Rat male orally Reproductive 
toxicity 

Body weight decreased LOEL/LOAEL 0.5 110 days Shi et al. (2009b) in 
EFSA, 2020 

PFDoDA Rat male orally Reproductive 

toxicity 

Decreased testosterone LOEL/LOAEL 0.5 110 days Shi et al. (2009b) in 

EFSA, 2020 

PFDoDA Rat male gavage Reproductive 
toxicity 

Body weight decrease NOEL/NOAEL 5 14 days exposure 
(sacrifice PND 

35) 

Chen et al. (2019) in 
EFSA, 2020 

PFDoDA Rat male gavage Reproductive 

toxicity 

Decreased testis weight NOEL/NOAEL 5 15 days exposure 

(sacrifice PND 
35) 

Chen et al. (2019) in 

EFSA, 2020 

PFDoDA Rat male gavage Reproductive 

toxicity 

Body weight decrease LOEL/LOAEL 10 16 days exposure 

(sacrifice PND 
35) 

Chen et al. (2019) in 

EFSA, 2020 

PFDoDA Rat male gavage Reproductive 

toxicity 

Decreased testis weight LOEL/LOAEL 10 17 days exposure 

(sacrifice PND 

35) 

Chen et al. (2019) in 

EFSA, 2020 

PFDoDA Rat male gavage Reproductive 

toxicity 

Decreased testosterone, LH, 

FSH 

LOEL/LOAEL 5 18 days exposure 

(sacrifice PND 

35) 

Chen et al. (2019) in 

EFSA, 2020 

PFBS Rat female, mother gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight NOEL/NOAEL 100 2-generation 
reproduction 

study 

Lieder et al. (2009b) 
in EFSA, 2020 

PFBS Rat female, mother gavage Reproductive 

and 

Increased liver weight LOEL/LOAEL 300 2-generation 

reproduction 

study 

Lieder et al. (2009b) 

in EFSA, 2020 
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developmental 

toxicity 

PFBS Rat male (F0 and 
F1 adult 

males) 

gavage Reproductive 
and 

developmental 

toxicity 

Increased hepatocellular 
hypertrophy (P and F1 adult 

males) 

NOEL/NOAEL 100 2-generation 
reproduction 

study 

Lieder et al. (2009b) 
in EFSA, 2020 

PFBS Rat male (F0 and 
F1 adult 

males) 

gavage Reproductive 
and 

developmental 

toxicity 

Increased hepatocellular 
hypertrophy (P and F1 adult 

males) 

LOEL/LOAEL 300 2-generation 
reproduction 

study 

Lieder et al. (2009b) 
in EFSA, 2020 

PFBS Rat female, mother gavage Reproductive 

and 

developmental 
toxicity 

Increased incidence of mild 

microscopic findings in 

kidney 

NOEL/NOAEL 100 2-generation 

reproduction 

study 

Lieder et al. (2009b) 

in EFSA, 2020 

PFBS Rat female, mother gavage Reproductive 

and 

developmental 
toxicity 

Increased incidence of mild 

microscopic findings in 

kidney 

LOEL/LOAEL 300 2-generation 

reproduction 

study 

Lieder et al. (2009b) 

in EFSA, 2020 

PFBS Rat Offspring, sex 

not  specified 

gavage Reproductive 

and 
developmental 

toxicity 

No reproductive and 

developmental toxicity 
findings 

NOAEL 1,000 2-generation 

reproduction 
study 

Lieder et al. (2009b) 

in EFSA, 2020 

PFBS Mice offspring,  

female from 

PND 1 to 

adulthood 

orally Reproductive 

and 

developmental 

toxicity 

Decreased body weight NOAEL 50 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  
female from 

PND 1 to 

adulthood 

orally Reproductive 
and 

developmental 

toxicity 

Delayed eye opening NOAEL 50 GD1-20 Feng et al. (2017) in 
EFSA, 2020 

PFBS Mice offspring,  

female from 

PND 1 to 
adulthood 

orally Reproductive 

and 

developmental 
toxicity 

Delayed vaginal opening NOAEL 50 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  

female from 

PND 1 to 
adulthood 

orally Reproductive 

and 

developmental 
toxicity 

Delayed oestrus cyclicity and 

reduced E2/increased LH 

NOAEL 50 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  

female from 
PND 1 to 

adulthood 

orally Reproductive 

and 
developmental 

toxicity 

Decreased T3/T4, increased 

TSH 

NOAEL 50 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  

female from 
PND 1 to 

adulthood 

orally Reproductive 

and 
developmental 

toxicity 

Impaired ovarian and uterine 

development 

NOAEL 50 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice mother, at 
GN20 

orally Reproductive 
and 

developmental 

toxicity 

Decreased T3/T4, increased 
TSH at GD 20 

NOAEL 50 GD1-20 Feng et al. (2017) in 
EFSA, 2020 
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PFBS Mice offspring,  

female from 

PND 1 to 
adulthood 

orally Reproductive 

and 

developmental 
toxicity 

Decreased body weight LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  

female from 
PND 1 to 

adulthood 

orally Reproductive 

and 
developmental 

toxicity 

Delayed eye opening LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  

female from 
PND 1 to 

adulthood 

orally Reproductive 

and 
developmental 

toxicity 

Delayed vaginal opening LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice offspring,  
female from 

PND 1 to 

adulthood 

orally Reproductive 
and 

developmental 

toxicity 

Delayed oestrus cyclicity and 
reduced E2/increased LH 

LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 
EFSA, 2020 

PFBS Mice offspring,  
female from 

PND 1 to 

adulthood 

orally Reproductive 
and 

developmental 

toxicity 

Decreased T3/T4, increased 
TSH 

LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 
EFSA, 2020 

PFBS Mice offspring,  

female from 

PND 1 to 
adulthood 

orally Reproductive 

and 

developmental 
toxicity 

Impaired ovarian and uterine 

development 

LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFBS Mice mother, at 

GN20 

orally Reproductive 

and 
developmental 

toxicity 

Decreased T3/T4, increased 

TSH at GD 20 

LOEL/LOAEL 200 GD1-20 Feng et al. (2017) in 

EFSA, 2020 

PFHxS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

No reproductive or 

developmental effect 

NOEL/NOAEL 10  F0  14 days 

prior to mating 
until PND 22 or 

presumed 

gestation day 

Butenhoff et al. 

(2009) in EFSA, 
2020 

PFHxS Rat mother Gavage Reproductive 

and 

developmental 

toxicity 

No treatment-related effects 

in dams 

NOEL/NOAEL 10  F0  14 days 

prior to mating 

until PND 22 or 

presumed 

gestation day 

Butenhoff et al. 

(2009) in EFSA, 

2020 

PFHxS Rat offspring, male Gavage Reproductive 

and 
developmental 

toxicity 

Increased liver weight NOEL/NOAEL 5 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, 
female 

Gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight NOEL/NOAEL 0.05 GD 7 until PND 
22 

Ramhøj et al. (2018) 
in EFSA, 2020 

PFHxS Rat mother Gavage Reproductive 
and 

developmental 

toxicity 

Pronounced reduction of T4 
levels, detectable at different 

time points 

NOEL/NOAEL 0.05 GD 7 until PND 
22 

Ramhøj et al. (2018) 
in EFSA, 2020 
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PFHxS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Pronounced reduction of T4 

levels, detectable at different 

time points 

NOEL/NOAEL 0.05 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, male Gavage Reproductive 

and 
developmental 

toxicity 

Mildly decreased body 

weight. 

NOEL/NOAEL 5 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, 

female 

Gavage Reproductive 

and 
developmental 

toxicity 

Mildly decreased body 

weight. 

NOEL/NOAEL 0.05 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, male Gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight LOEL/LOAEL 25 GD 7 until PND 
22 

Ramhøj et al. (2018) 
in EFSA, 2020 

PFHxS Rat offspring, 
female 

Gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight LOEL/LOAEL 5 GD 7 until PND 
22 

Ramhøj et al. (2018) 
in EFSA, 2020 

PFHxS Rat mother Gavage Reproductive 

and 

developmental 
toxicity 

Pronounced reduction of T4 

levels, detectable at different 

time points 

LOEL/LOAEL 5 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Pronounced reduction of T4 

levels, detectable at different 
time points 

LOEL/LOAEL 5 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, male Gavage Reproductive 

and 
developmental 

toxicity 

Mildly decreased body 

weight. 

LOEL/LOAEL 25 GD 7 until PND 

22 

Ramhøj et al. (2018) 

in EFSA, 2020 

PFHxS Rat offspring, 
female 

Gavage Reproductive 
and 

developmental 

toxicity 

Mildly decreased body 
weight. 

LOEL/LOAEL 5 GD 7 until PND 
22 

Ramhøj 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) 

NOAEL 0.3 F0: males 14 
days prior to 

mating until 42 

days, females 14 
days prior to 

mating until 

22LD. F1: 
exposure in utero 

and via lactation 

and after 
weaning (PND 

22) until 14 

days. 

Chang et al. (2018) 
in EFSA, 2020 

PFHxS mice F0 animals Gavage Reproductive 

and 

Increased mean and relative 

liver weight. 

NOEL/NOAEL 0.3 F0: males 14 

days prior to 

Chang et al. (2018) 

in EFSA, 2020 
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developmental 

toxicity 

mating until 42 

days, females 14 

days prior to 
mating until 

22LD. F1: 

exposure in utero 
and via lactation 

and after 

weaning (PND 
22) until 14 

days. 

PFHxS mice F1 males  Gavage Reproductive 

and 

developmental 

toxicity 

Increased relative liver 

weight 

NOEL/NOAEL 1 F0: males 14 

days prior to 

mating until 42 

days, females 14 
days prior to 

mating until 

22LD. F1: 
exposure in utero 

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 1 F0: males 14 
days prior to 

mating until 42 
days, females 14 

days prior to 

mating until 
22LD. F1: 

exposure in utero 

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 1 F0: males 14 

days prior to 

mating until 42 
days, females 14 

days prior to 

mating until 
22LD. F1: 

exposure in utero 

and via lactation 
and after 

weaning (PND 

22) until 14 
days. 

Chang et al. (2018) 

in EFSA, 2020 

PFHxS mice F0 animals Gavage Reproductive 

and 

Increased mean and relative 

liver weight. 

LOEL/LOAEL 1 F0: males 14 

days prior to 

Chang et al. (2018) 

in EFSA, 2020 
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developmental 

toxicity 

mating until 42 

days, females 14 

days prior to 
mating until 

22LD. F1: 

exposure in utero 
and via lactation 

and after 

weaning (PND 
22) until 14 

days. 

PFHxS mice F1 males  Gavage Reproductive 

and 

developmental 

toxicity 

Increased relative liver 

weight 

LOEL/LOAEL 3 F0: males 14 

days prior to 

mating until 42 

days, females 14 
days prior to 

mating until 

22LD. F1: 
exposure in utero 

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 LOEL/LOAEL 3 F0: males 14 
days prior to 

mating until 42 
days, females 14 

days prior to 

mating until 
22LD. F1: 

exposure in utero 

and via lactation 
and after 

weaning (PND 

22) until 14 

days. 

Chang et al. (2018) 
in EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decreased postnatal survival NOEL/NOAEL 1 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased postnatal survival BMDL05 0.58 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased growth in 

surviving pups 

NOEL/NOAEL 1 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 
and 

Delay in eye opening NOEL/NOAEL 1 GD2ïGD21 Lau et al. (2003) in 
EFSA, 2020 
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developmental 

toxicity 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased thyroxin NOEL/NOAEL 1 GD2ïGD21 Lau et al. (2003) in 
EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased postnatal survival LOEL/LOAEL 2 GD2ïGD21 Lau et al. (2003) in 
EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decreased growth in 

surviving pups 

LOEL/LOAEL 2 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Delay in eye opening LOEL/LOAEL 2 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased thyroxin LOEL/LOAEL 2 GD2ïGD21 Lau et al. (2003) in 

EFSA, 2020 

PFOS Rat F0 males and 

females 

Gavage Reproductive 

and 

developmental 

toxicity 

reduced bw gain NOEL/NOAEL 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 

PFOS Rat F0 males and 
females 

Gavage Reproductive 
and 

developmental 

toxicity 

In F0 shorter gestation, lower 
n implantation sites, increase 

in stillborn pups or early 

neonatal death of litter. 

NOEL/NOAEL 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 F1 males and 

females 

Gavage Reproductive 

and 

developmental 
toxicity 

F1 reduced survival and bw 

gain. 

NOEL/NOAEL 0.4 2 generation 

study:  6 weeks 

prior to mating, 
during mating 

and through 

gestation and 

lactation, across 

two generations 

Luebker et al. 

(2005a) in EFSA, 

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 F0 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 F0 males and 

females 

Gavage Reproductive 

and 

developmental 
toxicity 

In F0 shorter gestation, lower 

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 F1 males 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 

and 

developmental 
toxicity 

Decrease in gestation length BMDL05 0.31 6 weeks prior to 

mating to day 

four of lactation 

Luebker et al (2005b) 

in EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decrease in postnatal survival 

day 5 

BMDL05 0.89 6 weeks prior to 

mating to day 
four of lactation 

Luebker et al (2005b) 

in EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Mean pup weight at birth BMDL05 0.39 6 weeks prior to 

mating to day 
four of lactation 

Luebker et al (2005b) 

in EFSA, 2020 

PFOS Rat mother Gavage Reproductive 
and 

developmental 

toxicity 

Increase in serum T4 on LD 5 LOEL/LOAEL 0.4 6 weeks prior to 
mating to day 

four of lactation 

Luebker et al (2005b) 
in EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Increase in serum T4 on LD 5 LOEL/LOAEL 0.4 6 weeks prior to 
mating to day 

four of lactation 

Luebker et al (2005b) 
in EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Increased mortality of 

offspring at 2 mg/kg per day 

NOEL/NOAEL 0.6 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Reduced body weight 

offspring 

NOEL/NOAEL 0.6 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Increased heart to body 

weight ratio at PND 21 

NOEL/NOAEL 0.6 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Cardiac mitochondrial injury NOEL/NOAEL 0.6 GD2ïGD21 Xia et al. (2011) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Increased mortality of 
offspring at 2 mg/kg per day 

LOEL/LOAEL 2 GD2ïGD21 Xia et al. (2011) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Reduced body weight 

offspring 

LOEL/LOAEL 2 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Increased heart to body 

weight ratio at PND 21 

LOEL/LOAEL 2 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 

Cardiac mitochondrial injury LOEL/LOAEL 2 GD2ïGD21 Xia et al. (2011) in 

EFSA, 2020; EFSA, 
2018 
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developmental 

toxicity 

PFOS Rat mother at 
GD20 

Gavage Reproductive 
and 

developmental 

toxicity 

Decreased body weight NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased testis weight and 
liver HDL-cholesterol 

NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decreased testis weight NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Change anogenital distance NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Increased apoptosis rate in 

testicular cells 

NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 

toxicity 

Decreased number of Leydig 

cells 

NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014)c in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased testis testosterone NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decreased testis progesterone NOEL/NOAEL 5 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020 

PFOS Rat mother at 

GD20 

Gavage Reproductive 

and 

developmental 
toxicity 

Decreased body weight LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased testis weight and 

liver HDL-cholesterol 

LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased body weight LOEL/LOAEL 5 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased testis weight and 
liver HDL-cholesterol 

LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020; EFSA, 

2018 
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PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Change anogenital distance LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Increased apoptosis rate in 

testicular cells 

LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 

and 
developmental 

toxicity 

Decreased number of Leydig 

cells 

LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 

EFSA, 2020; EFSA, 
2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased testis testosterone LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased testis progesterone LOEL/LOAEL 20 GD 11-19 Zhao et al. (2014c) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice mother Gavage Reproductive 

and 

developmental 
toxicity 

Reduced weight gain NOEL/NOAEL 10 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice mother Gavage Reproductive 

and 
developmental 

toxicity 

Increased liver weight NOEL/NOAEL 1 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 
2018 

PFOS Mice mother Gavage Reproductive 

and 
developmental 

toxicity 

Liver hypertrophy NOEL/NOAEL 10 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 
2018 

PFOS Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased neonatal survival NOEL/NOAEL 1 GD1ï17/18 Yahia et al. (2008) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Developmental/teratological 
alterations 

NOEL/NOAEL 1 GD1ï17/18 Yahia et al. (2008) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice mother Gavage Reproductive 

and 

developmental 
toxicity 

Reduced weight gain LOEL/LOAEL 20 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice mother Gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight LOEL/LOAEL 10 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice mother Gavage Reproductive 

and 

Liver hypertrophy LOEL/LOAEL 20 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 
2018 
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developmental 

toxicity 

PFOS Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Decreased neonatal survival LOEL/LOAEL 10 GD1ï17/18 Yahia et al. (2008) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Developmental/teratological 
alterations 

LOEL/LOAEL 10 GD1ï17/18 Yahia et al. (2008) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Sternal defects LOEL/LOAEL 1 GD1ï17/18 Yahia et al. (2008) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice offspring, male Gavage Reproductive 

and 

developmental 
toxicity 

Decrease in NK cell activity 

at 8 weeks 

NOEL/NOAEL 0.1 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring, 

female 

Gavage Reproductive 

and 
developmental 

toxicity 

Decrease in NK cell activity 

at 8 weeks 

NOEL/NOAEL 1 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring, male Gavage Reproductive 

and 

developmental 

toxicity 

Decrease in IgM production 

assessed by PFC assay at 8 

weeks (spleen) 

NOEL/NOAEL 1 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring, 
female 

Gavage Reproductive 
and 

developmental 

toxicity 

Decrease in IgM production 
assessed by PFC assay at 8 

weeks (spleen) 

NOEL/NOAEL 5 GD 1ï17 Keil et al. (2008) in 
EFSA, 2020 

PFOS Mice offspring, male Gavage Reproductive 

and 

developmental 
toxicity 

Decrease in NK cell activity 

at 8 weeks 

LOEL/LOAEL 1 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring, 

female 

Gavage Reproductive 

and 

developmental 
toxicity 

Decrease in NK cell activity 

at 8 weeks 

LOEL/LOAEL 5 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring, male Gavage Reproductive 

and 
developmental 

toxicity 

Decrease in IgM production 

assessed by PFC assay at 8 
weeks (spleen) 

LOEL/LOAEL 5 GD 1ï17 Keil et al. (2008) in 

EFSA, 2020 

PFOS Mice offspring Gavage Reproductive 

and 
developmental 

toxicity 

Delayed eye opening NOEL/NOAEL 4.5 GD 15ï18 Abbott et al. (2009) 

in EFSA, 2020 

PFOS Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Postnatal death LOEL/LOAEL 4.5 GD 15ï18 Abbott et al. (2009) 
in EFSA, 2020 
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PFOS Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Delayed eye opening LOEL/LOAEL 6.5 GD 15ï18 Abbott et al. (2009) 

in EFSA, 2020 

PFOS Mice offspring drinking water Reproductive 

and 
developmental 

toxicity 

No obesogenic effects, no 

intestinal tumourigenesis 

NOEL/NOAEL 3 GD 1ï17 Ngo et al. (2014) in 

EFSA, 2020; EFSA 
2018 

PFOS Mice mother Gavage Reproductive 

and 
developmental 

toxicity 

Increased liver weight NOEL/NOAEL 3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 
2018 

PFOS Mice offspring, male Gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight NOEL/NOAEL 0.3 GD1ïPND21 Wan et al. (2014) in 
EFSA, 2020; EFSA 

2018 

PFOS Mice mother Gavage Reproductive 
and 

developmental 

toxicity 

Relative liver weight increase NOEL/NOAEL 0.3 GD1ïPND21 Wan et al. (2014) in 
EFSA, 2020; EFSA 

2018 

PFOS Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Relative liver weight increase NOEL/NOAEL 0.3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 

2018 

PFOS Mice offspring Gavage Reproductive 

and 
developmental 

toxicity 

Increased HOMA-IR NOEL/NOAEL 3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 
2018 

PFOS Mice offspring, 

(PND 21) 

Gavage Reproductive 

and 
developmental 

toxicity 

Elevated fasting glucose NOEL/NOAEL 3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 
2018 

PFOS Mice offspring, male Gavage Reproductive 
and 

developmental 

toxicity 

Increased liver weight LOEL/LOAEL 3 GD1ïPND21 Wan et al. (2014) in 
EFSA, 2020; EFSA 

2018 

PFOS Mice mother Gavage Reproductive 
and 

developmental 

toxicity 

Relative liver weight increase LOEL/LOAEL 3 GD1ïPND21 Wan et al. (2014) in 
EFSA, 2020; EFSA 

2018 

PFOS Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Relative liver weight increase LOEL/LOAEL 3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 

2018 

PFOS Mice mother Gavage Reproductive 

and 

developmental 
toxicity 

Increased HOMA-IR LOEL/LOAEL 0.3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 

2018 

PFOS Mice offspring, 

(PND 63) 

Gavage Reproductive 

and 

Elevated fasting glucose LOEL/LOAEL 0.3 GD1ïPND21 Wan et al. (2014) in 

EFSA, 2020; EFSA 
2018 
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developmental 

toxicity 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Delayed weight gain LOEL/LOAEL 18.75 GD 2ï6 Rogers et al. (2014) 
in EFSA, 2020; 

EFSA 2018 

PFOS Rat offspring Gavage Reproductive 
and 

developmental 

toxicity 

Reduced birth weight both 
sexes 

LOEL/LOAEL 18.75 GD 2ï6 Rogers et al. (2014) 
in EFSA, 2020; 

EFSA 2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Increase blood pressure in 

male offspring from PND7 to 

PND52 

LOEL/LOAEL 18.75 GD 2ï6 Rogers et al. (2014) 

in EFSA, 2020; 

EFSA 2018 

PFOS Rat offspring Gavage Reproductive 

and 

developmental 
toxicity 

Increase blood pressure in 

female offspring from PND37 

to PND65 

LOEL/LOAEL 18.75 GD 2ï6 Rogers et al. (2014) 

in EFSA, 2020; 

EFSA 2018 

PFOS mice mother Gavage Reproductive 

and 
developmental 

toxicity 

Body weight decrease NOEL/NOAEL 2 GD11ïGD16 Lee et al. (2015) in 

EFSA, 2020; EFSA 
2018 

PFOS mice mother Gavage Reproductive 

and 

developmental 

toxicity 

Body weight decrease LOEL/LOAEL 8 GD11ïGD16 Lee et al. (2015) in 

EFSA, 2020; EFSA 

2018 

PFOS mice mother Gavage Reproductive 
and 

developmental 

toxicity 

Dose-dependent increase of 
number of resorptions and 

dead fetuses 

LOEL/LOAEL 0.5 GD11ïGD16 Lee et al. (2015) in 
EFSA, 2020; EFSA 

2018 

PFOS mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Dose-dependent decrease of 

placental weight and capacity 

LOEL/LOAEL 0.5 GD11ïGD16 Lee et al. (2015) in 

EFSA, 2020; EFSA 

2018 

PFOS mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decrease in the numbers of 

glycogen trophoblast cells in 

the junctional zone and the 
number of sinusoidal 

trophoblast giant cells in the 

labyrinth zone 

LOEL/LOAEL 0.5 GD11ïGD16 Lee et al. (2015) in 

EFSA, 2020; EFSA 

2018 

PFOS Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Decrease of mPL-II, mPLPCa 

and mPLP-K expression 

levels and serum 
concentrations 

LOEL/LOAEL 0.5 GD11ïGD16 Lee et al. (2015) in 

EFSA, 2020; EFSA 

2018 

PFOA Mice offspring Gavage Reproductive 

and 

developmental 
toxicity 

Liver weight NOEL/NOAEL 1 GD1-birth Lau et al. (2006) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice mother Gavage Reproductive 

and 

Liver weight LOEL/LOAEL 1 GD1-birth Lau et al. (2006) in 

EFSA, 2020; EFSA, 
2018 
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developmental 

toxicity 

PFOA Mice offspring Gavage Reproductive 
and 

developmental 

toxicity 

Liver weight LOEL/LOAEL 3 GD1-birth Lau et al. (2006) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice mother oral Reproductive 
and 

developmental 

toxicity 

Relative liver weight NOEL/NOAEL 0.6 GD1ï17 Abbott et al. (2007) 
in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring oral Reproductive 

and 

developmental 
toxicity 

Litter loss NOEL/NOAEL 0.3 GD1ï17 Abbott et al. (2007) 

in EFSA, 2020 

PFOA Mice offspring oral Reproductive 

and 

developmental 
toxicity 

Postnatal survival NOEL/NOAEL 0.3 GD1ï17 Abbott et al. (2007) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice mother oral Reproductive 

and 
developmental 

toxicity 

Relative liver weight LOEL/LOAEL 1 GD1ï17 Abbott et al. (2007) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice offspring oral Reproductive 

and 

developmental 

toxicity 

Relative liver weight LOEL/LOAEL 0.1 GD1ï17 Abbott et al. (2007) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring oral Reproductive 
and 

developmental 

toxicity 

Litter loss LOEL/LOAEL 0.6 GD1ï17 Abbott et al. (2007) 
in EFSA, 2020 

PFOA Mice offspring oral Reproductive 

and 

developmental 
toxicity 

Postnatal survival LOEL/LOAEL 0.3 GD1ï17 Abbott et al. (2007) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring oral Reproductive 

and 

developmental 
toxicity 

Reduced bw LOEL/LOAEL 5 GD1ï17 White et al. (2007) in 

EFSA, 2020 

PFOA Mice mother (P0) oral Reproductive 

and 
developmental 

toxicity 

Decreased weaning-induced 

mammary involution (P0) 

LOEL/LOAEL 5 GD1ï17 White et al. (2007) in 

EFSA, 2020 

PFOA Mice offspring oral Reproductive 

and 
developmental 

toxicity 

Mammary gland development 

retardation irrespective of the 
timing of exposure 

LOEL/LOAEL 5 GD1ï17 White et al. (2007) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Mammary gland development 
retardation irrespective of the 

timing of exposure 

LOEL/LOAEL 3 GD1ï17 White et al. (2009) in 
EFSA, 2020; EFSA, 

2018 
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PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Mammary gland development 

retardation irrespective of the 

timing of exposure 

LOEL/LOAEL 5 GD 8ï17 White et al. (2009) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Mammary gland development 

retardation irrespective of the 
timing of exposure 

LOEL/LOAEL 5 Early life effects 

restricted 
gestational (GD 

7,10,13,15ï17) 

White et al. (2009) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

obesity, increase insulin and 

increase leptin in mid-
adulthood 

LOAEL 0.01 GD1ï17 Hines et al. (2009) in 

Italian EQS dossier, 
2015 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Transient body weight gain at 
mid age observation group of 

the pups (21ï33 weeks) 

LOEL/LOAEL 0.01ï 0.3 GD1ï17 Hines et al. (2009) in 
EFSA, 2020, EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

 Increase of insulin and leptin 
0.01ï0.1 mg/kg 

LOEL/LOAEL 0.01 GD1ï17 Hines et al. (2009) in 
EFSA, 2020, EFSA, 

2018 

PFOA Mice mother gavage Reproductive 

and 

developmental 
toxicity 

Dose dependent liver weight 

gain, 

NOEL/NOAEL 1 GD1ï17/18 Yahia et al. (2010) in 

EFSA, 2020, EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Decreased neonatal survival NOEL/NOAEL 1 GD1ï17/18 Yahia et al. (2010) in 

EFSA, 2020, EFSA, 
2018 

PFOA Mice mother gavage Reproductive 

and 
developmental 

toxicity 

Dose dependent liver weight 

gain, 

LOEL/LOAEL 5 GD1ï17/18 Yahia et al. (2010) in 

EFSA, 2020, EFSA, 
2018 

PFOA Mice mother gavage Reproductive 
and 

developmental 

toxicity 

Significant change of 12 out 
of 20 metabolic parameters 

with phosphorus and urea 

levels being most sensitive 

LOEL/LOAEL 1 GD1ï17/18 Yahia et al. (2010) in 
EFSA, 2020, EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Decreased neonatal survival LOEL/LOAEL 5 GD1ï17/18 Yahia et al. (2010) in 
EFSA, 2020, EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Transient (until PND7) 

increase in liver weight 

LOEL/LOAEL 0.3 GD1ï17 Macon et al. (2011) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Decreased mammary gland 

developmental score 

LOEL/LOAEL 0.3 GD1ï17 Macon et al. (2011) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring gavage Reproductive 

and 

Decreased mammary gland 

developmental score 

LOEL/LOAEL 0.01 GD10ï17 Macon et al. (2011) 

in EFSA, 2020; 
EFSA, 2018 
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developmental 

toxicity 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

number of terminal end buds NOEL/NOAEL 0.01 GD10ï17 Macon et al. (2011) 
in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

number of terminal end buds LOEL/LOAEL 0.1 GD10ï17 Macon et al. (2011) 
in EFSA, 2020; 

EFSA, 2018 

PFOA Mice mother gavage Reproductive 

and 

developmental 
toxicity 

Decrease in trophoblast cells 

in the placenta 

NOEL/NOAEL 10 GD 11ï16 Suh et al. (2011) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Number of resorptions and 

dead fetuses 

LOEL/LOAEL 2 GD 11ï16 Suh et al. (2011) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Decrease of placental weight LOEL/LOAEL 2 GD 11ï16 Suh et al. (2011) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 

and 

developmental 

toxicity 

Decrease in trophoblast cells 

in the placenta 

LOEL/LOAEL 25 GD 11ï16 Suh et al. (2011) in 

EFSA, 2020 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Decrease of mPL-II, mPLP-
Ca and mPLP-K expression 

levels and serum 

concentrations 

LOEL/LOAEL 2 GD 11ï16 Suh et al. (2011) in 
EFSA, 2020 

PFOA Mice One 

generation, P0, 

mother 

gavage Reproductive 

and 

developmental 
toxicity 

Prenatal loss (P0) NOEL/NOAEL 1 GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 

2018 

PFOA Mice One 

generation, F1 

offspring 

gavage Reproductive 

and 

developmental 
toxicity 

Postnatal survival (F1) NOEL/NOAEL 1 GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 

2018 

PFOA Mice One 

generation, P0, 
mother 

gavage Reproductive 

and 
developmental 

toxicity 

Prenatal loss (P0) LOEL/LOAEL 5 GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 
2018 

PFOA Mice One 

generation, F1 
offspring 

gavage Reproductive 

and 
developmental 

toxicity 

Postnatal survival (F1) LOEL/LOAEL 5 GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 
2018 

PFOA Mice Two 
generations, 

F1, offspring 

gavage Reproductive 
and 

developmental 

toxicity 

F1 developmental indices 
mammary gland without 

PFOA in drinking water 

(PND 22, 42, 63) 

LOEL/LOAEL 1 GD1ï17 White et al. (2011) in 
EFSA, 2020; EFSA , 

2018 
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PFOA Mice Two 

generations, 

F1, offspring 

gavage (GD1-

17)+drinking 

water(from 
GD7) 

Reproductive 

and 

developmental 
toxicity 

F1 developmental indices 

mammary gland with PFOA 

in drinking water (PND 22, 
42, 63) 

LOEL/LOAEL 0.00045 (5 

ɛg/L in 

water) 

GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 

2018 

PFOA Mice Two 

generations, 
F1, mother 

gavage Reproductive 

and 
developmental 

toxicity 

F1 maternal indices 

mammary gland without 
PFOA in drinking water 

(PND 10) 

LOEL/LOAEL 1 GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 
2018 

PFOA Mice Two 

generations, 
F1, mother 

gavage (GD1-

17)+drinking 
water(from 

GD7) 

Reproductive 

and 
developmental 

toxicity 

F1 maternal indices 

mammary gland with PFOA 
in drinking water (PND 10) 

LOEL/LOAEL 0.00045 (5 

ɛg/L in 
water) 

GD1ï17 White et al. (2011) in 

EFSA, 2020; EFSA , 
2018 

PFOA Mice Two 
generations, 

F2, offspring 

gavage  Reproductive 
and 

developmental 

toxicity 

F2 developmental indices 
mammary gland without 

PFOA in drinking water 

(PND 63) 

LOEL/LOAEL 1 GD1ï17 White et al. (2011) in 
EFSA, 2020; EFSA , 

2018 

PFOA Mice Two 
generations, 

F1, offspring 

gavage (GD1-
17)+drinking 

water(from 

GD7) 

Reproductive 
and 

developmental 

toxicity 

F1 developmental indices 
mammary gland with PFOA 

in drinking water (PND 42) 

LOEL/LOAEL 0.00045 (5 
ɛg/L in 

water) 

GD1ï17 White et al. (2011) in 
EFSA, 2020; EFSA , 

2018 

PFOA Mice offspring orally Reproductive 

and 

developmental 
toxicity 

Decreased neonatal survival LOEL/LOAEL 5 GD1ï17 Abbott et al. (2012) 

in EFSA, 2020; 

EFSA , 2018 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Decrease mammary 

development 

NOEL/NOAEL 3 GD1ï18 Albrecht et al. (2013) 

in EFSA, 2020 

PFOA Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Decrease postnatal survival LOEL/LOAEL 3 GD1ï18 Albrecht et al. (2013) 

in EFSA, 2020 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Decreased neonatal survival NOEL/NOAEL 0.1 GD 1 ï 14/18 Ngo et al. (2014) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Decreased neonatal survival LOEL/LOAEL 3 GD 1 ï 14/18 Ngo et al. (2014) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Small increase of liver weight 

at 0.01 mg/kg per day, but not 

at 0.1 mg/kg per day 

LOEL/LOAEL 0.01 (not 

detectable at 

0.1) 

GD 1 ï 14/18 Ngo et al. (2014) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Several nonneoplastic 

alterations in livers 

NOEL/NOAEL 1 GD 1 ï17 Filgo et al. (2014) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 

and 

bile duct hyperplasia in 

129/Sv PPARa knockout, but 
not wild-type mice 

NOEL/NOAEL 1 GD 1 ï17 Filgo et al. (2014) in 

EFSA, 2020; EFSA, 
2018 
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developmental 

toxicity 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

Several nonneoplastic 
alterations in livers 

LOEL/LOAEL 5 GD 1 ï17 Filgo et al. (2014) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring gavage Reproductive 
and 

developmental 

toxicity 

bile duct hyperplasia in 
129/Sv PPARa knockout, but 

not wild-type mice 

LOEL/LOAEL 5 GD 1 ï17 Filgo et al. (2014) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring, 

(PND21) 

gavage Reproductive 

and 

developmental 
toxicity 

CD-1 mice: Decrease of 

mammary gland development 

score 

NOEL/NOAEL 0.01 GD 1 ï17 Tucker et al. (2015) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring,(all 

time points) 

gavage Reproductive 

and 

developmental 
toxicity 

C57Bl/6 mice: Decrease of 

mammary gland development 

score 

NOEL/NOAEL 0.1 GD 1 ï17 Tucker et al. (2015) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring, 

(PND21) 

gavage Reproductive 

and 
developmental 

toxicity 

CD-1 mice: Decrease of 

mammary gland development 
score 

LOEL/LOAEL 0.1 GD 1 ï17 Tucker et al. (2015) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice offspring, 

(PND35, PND 

56) 

gavage Reproductive 

and 

developmental 

toxicity 

CD-1 mice: Decrease of 

mammary gland development 

score 

LOEL/LOAEL 0.01 GD 1 ï17 Tucker et al. (2015) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice offspring,(all 
time points) 

gavage Reproductive 
and 

developmental 

toxicity 

C57Bl/6 mice: Decrease of 
mammary gland development 

score 

LOEL/LOAEL 0.3 GD 1 ï17 Tucker et al. (2015) 
in EFSA, 2020; 

EFSA, 2018 

PFOA Mice Mother  diet Reproductive 

and 

developmental 
toxicity 

Decreased litter size BMDL 0.299 F0 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, 

(week 25) 

diet Reproductive 

and 
developmental 

toxicity 

Decreased Body weight BMDL5 0.85 F0 females: from 

2 weeks prior to 
mating and 

maintained 

through mating, 
gestation and 

lactation. Follow 

Van Esterik et al. 

(2016) in EFSA, 
2020 
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up of offspring 

animals per sex 

into juvenile and 
adult 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 F0 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 F0 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 

Triglycerides (female 

offspring) 

BMDL5 (BMDU/BMDL= 

100) 

0.006 F0 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 F0 females: from 

2 weeks prior to 

mating and 

Van Esterik et al. 

(2016) in EFSA, 

2018 
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developmental 

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 

and 

developmental 

toxicity 

Decreased litter size LOEL/LOAEL 1 F0 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; EFSA, 2018 

PFOA Mice mother diet Reproductive 

and 
developmental 

toxicity 

Periostal areas and medullary 

areas of the femur were 
increased at 17 months of 

age, the bone mineral density 

of the femur unaffected. 
Tibial bone mass was 

decreased both at 13 and 17 

months. Biomechanical 
properties unaffected 

LOEL/LOAEL 0.3 during gestation Koskela et al. (2016) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice mother gavage Reproductive 

and 

developmental 
toxicity 

Decreased bw gain NOEL/NOAEL 10 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 

and 
developmental 

toxicity 

Decreased relative uterus 

weight 

NOEL/NOAEL 1 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 

and 
developmental 

toxicity 

Decreased embryo weight NOEL/NOAEL 1 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 
and 

developmental 

toxicity 

Decreased embryo survival NOEL/NOAEL 5 GD1-17 Li et al. (2018b) in 
EFSA, 2020 
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PFOA Mice mother gavage Reproductive 

and 

developmental 
toxicity 

Decreased bw gain LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 

and 
developmental 

toxicity 

Increased relative liver 

weight 

LOEL/LOAEL 1 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 

and 
developmental 

toxicity 

Decreased relative uterus 

weight 

LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in 

EFSA, 2020 

PFOA Mice mother gavage Reproductive 
and 

developmental 

toxicity 

Decreased embryo weight LOEL/LOAEL 5 GD1-17 Li et al. (2018b) in 
EFSA, 2020 

PFOA Mice mother gavage Reproductive 
and 

developmental 

toxicity 

Decreased embryo survival LOEL/LOAEL 10 GD1-17 Li et al. (2018b) in 
EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 

and 

developmental 
toxicity 

Decreased postnatal survival NOEL/NOAEL 2.5 GD1-17 follow 

up on male 

offspring PND 
21 and 70 

Song et al. (2018a) in 

EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 

and 
developmental 

toxicity 

Decreased bw PND 21 NOEL/NOAEL 1 GD1-17 follow 

up on male 
offspring PND 

21 and 70 

Song et al. (2018a) in 

EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 

and 
developmental 

toxicity 

Decreased number of Leydig 

cells 

NOEL/NOAEL 1 GD1-17 follow 

up on male 
offspring PND 

21 and 70 

Song et al. (2018a) in 

EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 
and 

developmental 

toxicity 

Decreased postnatal survival LOEL/LOAEL 5 GD1-17 follow 
up on male 

offspring PND 

21 and 70 

Song et al. (2018a) in 
EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 
and 

developmental 

toxicity 

Decreased bw PND 21 LOEL/LOAEL 2.5 GD1-17 follow 
up on male 

offspring PND 

21 and 70 

Song et al. (2018a) in 
EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 

and 

developmental 
toxicity 

Decreased testosterone LOEL/LOAEL 1 GD1-17 follow 

up on male 

offspring PND 
21 and 70 

Song et al. (2018a) in 

EFSA, 2020 

PFOA Mice offspring male gavage Reproductive 

and 

developmental 
toxicity 

Decreased number of Leydig 

cells 

LOEL/LOAEL 2.5 GD1-17 follow 

up on female 

offspring on 
PND21 

Song et al. (2018a) in 

EFSA, 2020 

PFOA Mice offspring 

female 

gavage Reproductive 

and 

Decreased postnatal survival NOEL/NOAEL 2.5 GD1-17 follow 

up on male 

Li et al. (2019b) in 

EFSA, 2020 
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developmental 

toxicity 

offspring PND 

21 and 70 

PFOA Mice offspring 
female 

gavage Reproductive 
and 

developmental 

toxicity 

Decreased weight gain NOEL/NOAEL 1 GD1-17 follow 
up on male 

offspring PND 

21 and 70 

Li et al. (2019b) in 
EFSA, 2020 

PFOA Mice offspring 
female 

gavage Reproductive 
and 

developmental 

toxicity 

Decreased postnatal survival LOEL/LOAEL 5 GD1-17 follow 
up on male 

offspring PND 

21 and 70 

Li et al. (2019b) in 
EFSA, 2020 

PFOA Mice offspring 

female 

gavage Reproductive 

and 

developmental 
toxicity 

Decreased weight gain LOEL/LOAEL 2.5 GD1-17 follow 

up on male 

offspring PND 
21 and 70 

Li et al. (2019b) in 

EFSA, 2020 

PFOA Mice offspring 

female 

gavage Reproductive 

and 

developmental 
toxicity 

Increased liver weight LOEL/LOAEL 1 GD1-17 follow 

up on male 

offspring PND 
21 and 70 

Li et al. (2019b) in 

EFSA, 2020 

PFOA Mice offspring PND 

21 (pubertal 
period) 

gavage Developmental 

toxicity  

Delayed vaginal opening 

C57BL/6 mice 

NOEL/NOAEL 1 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 
2018 

PFOA Mice offspring PND 

21 (pubertal 

period) 

gavage Developmental 

toxicity  

Reduction of ductal length, 

number of terminal end buds 

and number of terminal ducts 

in Balb/c mice 

NOEL/NOAEL 1 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring PND 

21 (pubertal 
period) 

gavage Developmental 

toxicity  

Increase of relative liver 

weight in both strains 

LOEL/LOAEL 1 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 
2018 

PFOA Mice offspring PND 

21 (pubertal 
period) 

gavage Developmental 

toxicity  

Delayed vaginal opening 

Balb/c mice 

LOEL/LOAEL 1 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 
2018 

PFOA Mice offspring PND 

21 (pubertal 

period) 

gavage Developmental 

toxicity  

Delayed vaginal opening 

C57BL/6 mice 

LOEL/LOAEL 5 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring PND 

21 (pubertal 

period) 

gavage Developmental 

toxicity  

Dose-dependent decrease 

uterine wet weight in Balb/c 

mice 

LOEL/LOAEL 1 28 days Yang et al. (2009) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring PND 
21 (pubertal 

period) 

gavage Developmental 
toxicity  

Increase of uterine wet weight 
for C57/ BL6 mice 

LOEL/LOAEL 1 28 days Yang et al. (2009) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring PND 
21 (pubertal 

period) 

gavage Developmental 
toxicity  

Reduction of ductal length, 
number of terminal end buds 

and number of terminal ducts 

in Balb/c mice 

LOEL/LOAEL 5 28 days Yang et al. (2009) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice offspring PND 
21 (pubertal 

period) 

gavage Developmental 
toxicity  

Increase of mammary gland 
parameters in C57/BL6 mice 

LOEL/LOAEL 1 28 days Yang et al. (2009) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice male orally Developmental 

toxicity  

Sperm abnormalities, 

decreased testosterone level 

LOEL/LOAEL 1 42 days Li et al. (2011) in 

EFSA, 2020; EFSA, 

2018 
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PFOA Mice offspring PND 

21 (pubertal 

period) 

gavage Developmental 

toxicity  

Reduction in mammary gland 

development (reduced ductal 

length, number of terminal 
end buds, stimulated terminal 

ducts) 

LOEL/LOAEL 2.5 28 days Zhao et al. (2012) in 

EFSA, 2020 

PFOA Mice offspring PND 
21 (pubertal 

period) 

gavage Developmental 
toxicity  

Reduction in mammary gland 
development (reduced ductal 

length, number of terminal 

end buds, stimulated terminal 
ducts) 

LOEL/LOAEL 7.5 28 days Zhao et al. (2012) in 
EFSA, 2020 

PFOA Mice offspring PND 

18 (pubertal 

period) 

gavage Developmental 

toxicity  

increase of absolute and 

relative uterine weights on 

postnatal day 21 

LOAEL 0.01 3 days Dixon et al. (2012) in 

Italian EQS dossier, 

2015 

PFOA Mice offspring PND 

18 (pubertal 

period) 

gavage Developmental 

toxicity  

1.46-fold increase of uterine 

wet weight. Further supported 

by histopathological 
examination 

LOEL/LOAEL 0.01 3 days Dixon et al. (2012) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Sperm count reduced, sperm 

motility, sperm progression 

increased, percentage of 
teratosperm increased 

NOEL/NOAEL 1.25 28 days Zhang et al. (2014b) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Testosterone and 

progesterone levels decreased 

NOEL/NOAEL 0.31 28 days Zhang et al. (2014b) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Mild phenotype in 

seminiferous tubules 

NOEL/NOAEL 0.31 28 days Zhang et al. (2014b) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Sperm count reduced, sperm 

motility, sperm progression 

increased, percentage of 
teratosperm increased 

LOEL/LOAEL 5 28 days Zhang et al. (2014b) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Testosterone and 

progesterone levels decreased 

LOEL/LOAEL 1.25 28 days Zhang et al. (2014b) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice adult male gavage Developmental 

toxicity  

Mild phenotype in 

seminiferous tubules 

LOEL/LOAEL 1.25 28 days Zhang et al. (2014b) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Rat male, 10ï11 

weeks old at 

start 

gavage Developmental 

toxicity  

Reduced epidydimal weight NOEL/NOAEL 5 28 days NTP (2019a) in 

EFSA, 2020 

PFOA Rat male, 10ï11 
weeks old at 

start 

gavage Developmental 
toxicity  

Reduced epidydimal sperm 
count 

NOEL/NOAEL 5 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat male, 10ï11 
weeks old at 

start 

gavage Developmental 
toxicity  

Reduced epidydimal weight LOEL/LOAEL 10 28 days NTP (2019a) in 
EFSA, 2020 

PFOA Rat male, 10ï11 

weeks old at 

start 

gavage Developmental 

toxicity  

Reduced epidydimal sperm 

count 

LOEL/LOAEL 10 28 days NTP (2019a) in 

EFSA, 2020 
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PFDA Mice offspring, 2 

months 

gavage, single 

oral dose via a 

metal gastric 
tube 

Developmental 

neurotoxicity 

Decreased locomotor activity LOEL/LOAEL 10.8 single oral dose, 

PND8 

Johansson et al. 

(2008) in EFSA, 

2020 

PFDA Mice offspring, 4 

months 

gavage, single 

oral dose via a 
metal gastric 

tube 

Developmental 

neurotoxicity 

Decreased locomotor activity LOEL/LOAEL 0.72 single oral dose, 

PND9 

Johansson et al. 

(2008) in EFSA, 
2020 

PFHxS Mice offspring, m/f 

2 months 

gavage, single 

oral dose via a 
metal gastric 

tube 

Developmental 

neurotoxicity 

Decreased locomotor activity 

at 2 months 

LOEL/LOAEL 0.61 single oral dose, 

PND10 

Viberg et al. (2013) 

in EFSA, 2020 

PFHxS Mice offspring,  4 
months 

orally, single 
oral dose via a 

metal gastric 

tube 

Developmental 
neurotoxicity 

Increased expression of 
CaMKII and Tau in 

hippocampus at PND11; 

increased Tau level in cortex 
at 4 months 

LOEL/LOAEL 6.1 single oral dose, 
PND11 

Lee and Viberg 
(2013) in EFSA, 

2020 

PFOS Mice male diet Immunotoxicity 

study 

Several immune parameters 

up or down, but also reduced 

body weight gain 

LOEL/LOAEL 0.02% (40 

mg/kg bw per 

day) 

10 days Qazi et al. (2009a,b) 

in EFSA, 2020; 

EFSA, 2018 

PFOS Mice male diet (restricted 

food diet) 

Immunotoxicity 

study 

Reduced B-cell numbers NOEL/NOAEL 0.001% (1.6 

mg/kg bw per 

day) 

10 days Qazi et al. (2012) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice male diet (restricted 

food diet) 

Immunotoxicity 

study 

Reduced B-cell numbers LOEL/LOAEL 0.02% (23.5 

mg/kg bw per 

day) 

10 days Qazi et al. (2012) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice m/f gavage Immunotoxicity 
study 

Thymus and spleen 
histopathology, but in 

addition to liver effects and 

PPARa changes 

NOEL/NOAEL 5 14 days Wang et al. (2011a) 
in EFSA, 2020; 

EFSA, 2018 

PFOS Mice m/f gavage Immunotoxicity 

study 

Thymus and spleen 

histopathology, but in 

addition to liver effects and 
PPARa changes 

LOEL/LOAEL 20 14 days Wang et al. (2011a) 

in EFSA, 2020; 

EFSA, 2018 

PFOS Mice female gavage Immunotoxicity 

study 

Values various immune 

parameters reduced, but in 

addition to body weights 

LOEL/LOAEL 20 7 days Vetvicka and 

Vetvickova (2013) in 

EFSA, 2020; EFSA, 
2018 

PFOS Mice female gavage Immunotoxicity 

study 

Reduced antibody response 

and NK activity, but 
accompanied by body weight 

effects 

LOEL/LOAEL 30 21 days Vetvicka and 

Vetvickova (2013) in 
EFSA, 2020 

PFOS Mice male gavage Immunotoxicity 

study 

Inconsistent; some ex vivo 

apoptotic parameters in 
splenocytes and thymocytes 

up and others go down 

NOEL/NOAEL 1 7 days Zhang et al. (2013d) 

in EFSA, 2020, 
EFSA, 2018 

PFOS Mice male gavage Immunotoxicity 
study 

Inconsistent; some ex vivo 
apoptotic parameters in 

splenocytes and thymocytes 

up and others go down 

LOEL/LOAEL 5 7 days Zhang et al. (2013d) 
in EFSA, 2020 
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PFOS Mice male gavage Immunotoxicity 

study 

Reduced NK activity, 

antibody response, 

lymphocyte proliferation 

LOEL/LOAEL 5 7 days Zheng et al. (2009, 

2011) in EFSA, 

2020; EFSA, 2018 

PFOS Mice male diet (food) Immunotoxicity 

study 

Effects on body weight and 

liver 

NOEL/NOAEL 0.25 28 days Qazi et al. (2010) in 

EFSA, 2020; EFSA, 

2018 

PFOS Mice female gavage Immunotoxicity 
study 

TNFa and IL-6 up and down, 
but no dose-response 

LOEL/LOAEL 0.0331 28 days Mollenhauer et al. 
(2011) in EFSA, 

2020; EFSA, 2018 

PFOS Mice female gavage Immunotoxicity 
study 

Increased ex vivo IL-6 LOEL/LOAEL 3.31 ɛg/kg 
bw per day 

(0.00331 

mg/kg bw per 
day) 

28 days Fair et al. (2011) in 
EFSA, 2020; EFSA, 

2018 

PFOS Rat m/f diet Immunotoxicity 

study 

Reduced total IgG1 levels in 

serum 

NOEL/NOAEL 0.14 28 days Lefebvre et al. 

(2008) in EFSA, 

2020 

PFOS Rat m/f diet Immunotoxicity 

study 

Reduced total IgG1 levels in 

serum 

LOEL/LOAEL 1.33 28 days Lefebvre et al. 

(2008) in EFSA, 

2020; EFSA, 2018 

PFOS Mice m/f gavage Immunotoxicity 
study 

Reduced specific antibody 
Response (PFCs) 

NOEL/NOAEL 0.166 ɛg/kg 
per day 

(0.000166 

mg/kg bw per 

day) 

28 days Peden-Adams et al. 
(2008) in EFSA, 

2020; EFSA, 2018 

PFOS Mice m/f gavage Immunotoxicity 

study 

Reduced specific antibody 

Response (PFCs) 

LOEL/LOAEL 1.66 ɛg/kg 

bw per day 
(0.00166 

mg/kg bw per 

day) 

28 days Peden-Adams et al. 

(2008) in EFSA, 
2020; EFSA, 2018 

PFOS Mice female gavage Immunotoxicity 

study 

Reduced survival after 

challenge with influenza virus 

NOEL/NOAEL 5 ɛg/kg per 

day (0.005 

mg/kg bw per 
day) 

21 days Guruge et al. (2009) 

in EFSA, 2020; 

EFSA, 2018 

PFOS Mice female gavage Immunotoxicity 

study 

Reduced survival after 

challenge with influenza virus 

LOEL/LOAEL 25 ɛg/kg per 

day (0.025 

mg/kg bw per 
day) 

21 days Guruge et al. (2009) 

in EFSA, 2020; 

EFSA, 2018 

PFOS Mice male gavage Immunotoxicity 

study 

Antibody responses down. NOEL/NOAEL 8.3 ɛg/kg per 

day(0.0083 
mg/kg bw per 

day) 

60 days Dong et al. (2009) in 

EFSA, 2020; EFSA, 
2018 

PFOS Mice male gavage Immunotoxicity 

study 

Antibody responses down. LOEL/LOAEL 83.33 ɛg/kg 

bw per day 
(0.0833 

mg/kg bw per 

day) 

60 days Dong et al. (2009) in 

EFSA, 2020 

PFOS Mice male gavage Immunotoxicity 

study 

IL-4 and IL-10, TNF-a, IL-

1b, values up and down. IgM 

decrease IgG, IgE increase 

NOEL/NOAEL 16.7 ɛg/kg 

per day 

(0.0167 

60 days Dong et al. (2011) in 

EFSA, 2020 
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mg/kg per 

day) 

PFOS Mice male gavage Immunotoxicity 
study 

IL-4 and IL-10, TNF-a, IL-
1b, values up and down. IgM 

decrease IgG, IgE increase 

LOEL/LOAEL 83.33 ɛg/kg 
per day 

(0.0833 

mg/kg per 
day) 

60 days Dong et al. (2011) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice male gavage Immunotoxicity 

study 

Apoptotic lymphocytes NOEL/NOAEL 0.0167 mg/kg 

per day 

60 days Dong et al. (2012) in 

EFSA, 2020 

PFOS Mice male gavage Immunotoxicity 
study 

Apoptotic lymphocytes LOEL/LOAEL 83.33 ɛg/kg 
per day 

(0.0833 

mg/kg per 
day) 

60 days Dong et al. (2012) in 
EFSA, 2020; EFSA, 

2018 

PFOS Mice m/f, 6-8 weeks 

old 

gavage Immunotoxicity 

study 

IL 12 production after 

Citrobacter rodentium 

infection 

LOEL/LOAEL 2 7 days Suo et al. (2017) in 

EFSA, 2020 

PFOS Mice sex not  

specified 

orally Immunotoxicity 

study 

Aggrevated allergic 

inflammation in an 

ovalbumin model. 

LOEL/LOAEL 50 mg/kg, 

three times 

Dose on days 9, 

11, and 13 

Lee et al. (2018) in 

EFSA, 2020 

PFOA Mice female gavage Immunotoxicity 
study 

Several immune parameters 
reduced, but also reduced 

body weight gain and 

increased liver weight 

LOEL/LOAEL 20 7 days Vetvicka and 
Vetvickova (2013) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice female drinking water Immunotoxicity 

study 

Reduced IgM antibody 

responses but enhanced IgG 

response. Also effects on 
body weight gain 

LOEL/LOAEL 30 10 days  DeWitt et al. (2008) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice male drinking water Immunotoxicity 

study 

Reduced IgM antibody 

response 

NOEL/NOAEL 3.75 15 days  Dewitt et al. (2009) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice male drinking water Immunotoxicity 

study 

Reduced IgM antibody 

response 

LOEL/LOAEL 7.5 15 days  Dewitt et al. (2009) 

in EFSA, 2020; 

EFSA, 2018 

PFOA Mice female drinking water Immunotoxicity 

study 

Reduced T-cell dependent 

and T-cell independent IgM 

antibody responses 

NOEL/NOAEL 1.88 15 days  DeWitt et al. (2016) 

in EFSA, 2020 

PFOA Mice female drinking water Immunotoxicity 
study 

Reduced T-cell dependent 
and T-cell independent IgM 

antibody responses 

LOEL/LOAEL 3.75 15 days  DeWitt et al. (2016) 
in EFSA, 2020 

PFOA Mice male diet (food) Immunotoxicity 
study 

Values several immune 
parameters up or down, but 

also body weight gain 

LOEL/LOAEL 0.02% (40 
mg/kg bw per 

day) 

10 days Qazi et al. (2009a,b) 
in EFSA, 2020; 

EFSA, 2018 

PFOA Mice male diet (food) Immunotoxicity 

study 

Reduced B-cell numbers NOEL/NOAEL 0.002% (3.1 

mg/kg bw per 
day) 

10 days Qazi et al. (2012) in 

EFSA, 2020; EFSA, 
2018 

PFOA Mice male diet (food) Immunotoxicity 

study 

Reduced B-cell numbers LOEL/LOAEL 0.02% (23.5 

mg/kg bw per 

day) 

10 days Qazi et al. (2012) in 

EFSA, 2020; EFSA, 

2018 

PFOA Mice female gavage Immunotoxicity 

study 

Various immune parameters 

reduced 

LOEL/LOAEL 20 21 days Vetvicka and 

Vetvickova (2013) in 
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EFSA, 2020; EFSA, 

2018 

PFOA Mice male drinking water Immunotoxicity 
study 

Reduced CD8 levels LOEL/LOAEL 0.49 21 days Son et al. (2009) in 
EFSA, 2020; EFSA, 

2018 

PFOA Mice male gavage Immunotoxicity 

study 

Various immune parameters 

reduced, but also body weight 
gain, increased liver weight 

NOEL/NOAEL 1 29 days Loveless et al. (2008) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice male gavage Immunotoxicity 

study 

Various immune parameters 

reduced, but also body weight 
gain, increased liver weight 

LOEL/LOAEL 10 29 days Loveless et al. (2008) 

in EFSA, 2020; 
EFSA, 2018 

PFOA Mice female diet Immunotoxicity 

study 

Increased airway 

hyperresponsiveness 

LOEL/LOAEL 4 mg/kg diet 12 weeks (at day 

2 of gestation 

though to 12 
weeks of age) 

Ryu et al. (2014) in 

EFSA, 2020; EFSA, 

2018 

PFOS Rat female single oral 

application 

Acute toxicity Decreases in serum total T3, 

T4 and reverse T3 within 24 h 

LOEL/LOAEL 15 single dose Chang et al. (2008) 

in EFSA, 2018 

PFOS Rat male single oral 
application 

Acute toxicity Ultrasound-evoked 
convulsions 

NOEL/NOAEL 125 single dose Sato et al. (2009) in 
EFSA, 2018 

PFOS Rat male single oral 

application 

Acute toxicity Ultrasound-evoked 

convulsions 

LOEL/LOAEL 250 single dose Sato et al. (2009) in 

EFSA, 2018 

PFOS Rat male single oral 
application 

Acute toxicity Ultrasound-evoked 
convulsions 

LD50 > 250; < 500 single dose Sato et al. (2009) in 
EFSA, 2018 

PFOS Mice male single oral 

application 

Acute toxicity Ultrasound-evoked 

convulsions 

LOEL/LOAEL 125 single dose Sato et al. (2009) in 

EFSA, 2018 

PFOS Mice male single oral 

application 

Acute toxicity Ultrasound-evoked 

convulsions 

LD50 ~ 500 single dose Sato et al. (2009) in 

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 

application 

Acute toxicity not applicable NOEL/NOAEL 1,000 single dose Sato et al. (2009) in 

EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr rel liver weight (m) NOEL/NOAEL 0.14 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Decr serum T4 level (m) NOEL/NOAEL 0.14 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat female diet Repeated dose 

toxicity 

Decr serum T4 level (f) NOEL/NOAEL 0.15 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat female diet Repeated dose 

toxicity 

Decr serum cholesterol (f) NOEL/NOAEL 1.43 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr mRNA of Cyp4A22 (m) NOEL/NOAEL 0.14 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr mRNA of ACOX 1 (m) NOEL/NOAEL 1.33 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat female diet Repeated dose 

toxicity 

Incr mRNA of ACOX 1 

Cyp4A22, (f) 

NOEL/NOAEL 1.43 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr rel liver weight (m) LOEL/LOAEL 1.33 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat female diet Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 0.15 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Decr serum T4 level (m) LOEL/LOAEL 1.33 28 days Curran et al. (2008) 

in EFSA, 2018 
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PFOS Rat female diet Repeated dose 

toxicity 

Decr serum T4 level ( f) LOEL/LOAEL 1.43 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat female diet Repeated dose 
toxicity 

Decr serum cholesterol (f) LOEL/LOAEL 3.73 28 days Curran et al. (2008) 
in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr mRNA of Cyp4A22 (m) LOEL/LOAEL 1.33 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 
toxicity 

Incr mRNA of ACOX 1 (m) LOEL/LOAEL 3.21 28 days Curran et al. (2008) 
in EFSA, 2018 

PFOS Rat female diet Repeated dose 

toxicity 

Incr mRNA of ACOX 1 

Cyp4A22, (f) 

LOEL/LOAEL 3.73 28 days Curran et al. (2008) 

in EFSA, 2018 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr relative liver weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 
EFSA, 2018 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr relative kidney weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 

EFSA, 2018 

PFOS Rat male gavage Repeated dose 
toxicity 

Incr relative testis weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 
EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Incr liver weight NOEL/NOAEL 2 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 
toxicity 

Decr spleen weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in 
EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Decr thymus weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 
toxicity 

Decr body weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in 
EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Decr body fat weight NOEL/NOAEL 10 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 
toxicity 

Incr liver weight LOEL/LOAEL 10 10 days Qazi et al. (2009a) in 
EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Decr spleen weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 
toxicity 

Decr thymus weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in 
EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Decr body weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Decr body fat weight LOEL/LOAEL 40 10 days Qazi et al. (2009a) in 

EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Decr body weight NOEL/NOAEL 0.4ï0.8 13 weeks Kawamoto et al. 

(2011) in EFSA, 
2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr rel liver weight NOEL/NOAEL 0.41 13 weeks Kawamoto et al. 

(2011) in EFSA, 

2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr rel brain weight NOEL/NOAEL 0.41 13 weeks Kawamoto et al. 

(2011) in EFSA, 

2018 

PFOS Rat male diet Repeated dose 
toxicity 

Decr body weight LOEL/LOAEL 1.5ï3.5 13 weeks Kawamoto et al. 
(2011) in EFSA, 

2018 

PFOS Rat male diet Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 1.6 13 weeks Kawamoto et al. 
(2011) in EFSA, 

2018 
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PFOS Rat male diet Repeated dose 

toxicity 

Incr rel brain weight LOEL/LOAEL 1.6 13 weeks Kawamoto et al. 

(2011) in EFSA, 

2018 

PFOS Rat m/f gavage Repeated dose 

toxicity 

Incr relative liver weight NOEL/NOAEL 5 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr mRNA of f CYP4A1 (m) NOEL/NOAEL 1.25 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr serum aspartate 

aminotransferase (AST) (m) 

NOEL/NOAEL 5 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat m/f gavage Repeated dose 

toxicity 

Incr relative liver weight LOEL/LOAEL 10 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr mRNA of f CYP4A1 (m) LOEL/LOAEL 5 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat male gavage Repeated dose 

toxicity 

Incr serum aspartate 

aminotransferase (AST) (m) 

LOEL/LOAEL 10 28 days Kim et al. (2011b) in 

EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr hepat. Proliferation (day 

7) 

LOEL/LOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr hepat. apoptotic index 

(day 7) 

LOEL/LOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr hepat. Proliferation (day 

28) 

NOEL/NOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr hepat. Proliferation (day 

28) 

LOEL/LOAEL 7.9 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Incr hepat. ACOX activity 

(day 28) 

LOEL/LOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Rat male diet Repeated dose 
toxicity 

Incr rel liver weight (day 28) LOEL/LOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 
in EFSA, 2018 

PFOS Rat male diet Repeated dose 

toxicity 

Decr serum cholesterol (day 

28) 

LOEL/LOAEL 1.7 1, 7, 28 days Elcombe et al. (2012) 

in EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr total hep triglycerides 
(day 7, 21) 

NOEL/NOAEL 1 3,7,14,21 days Wan et al. (2012) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Decr serum LDL/VLDL level 

(day 21) 

NOEL/NOAEL 1 3,7,14,21 days Wan et al. (2012) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr hepat. ACOX mRNA 
(day 7) 

NOEL/NOAEL 1 3,7,14,21 days Wan et al. (2012) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr rel liver weight (day 7) LOEL/LOAEL 1 3,7,14,21 days Wan et al. (2012) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr total hep triglycerides 
(day 7, 21) 

LOEL/LOAEL 5 3,7,14,21 days Wan et al. (2012) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Decr serum LDL/VLDL level 

(day 21) 

LOEL/LOAEL 5 3,7,14,21 days Wan et al. (2012) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr hepat. ACOX mRNA 
(day 7) 

LOEL/LOAEL 5 3,7,14,21 days Wan et al. (2012) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Decr serum triglycerides, 

cholesterol, LDL-cholesterol 

NOEL/NOAEL 5 14 days Wang et al. (2014a) 

in EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr abs and rel liver weight LOEL/LOAEL 5 14 days Wang et al. (2014a) 
in EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr hepatic lipid 

concentration 

LOEL/LOAEL 5 14 days Wang et al. (2014a) 

in EFSA, 2018 
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PFOS Mice male gavage Repeated dose 

toxicity 

Decr serum HDL-cholesterol LOEL/LOAEL 5 14 days Wang et al. (2014a) 

in EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Decr serum triglycerides, 
cholesterol, LDL-cholesterol 

LOEL/LOAEL 20 14 days Wang et al. (2014a) 
in EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 2.5 30 days Xing et al. (2016) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr ALP LOEL/LOAEL 5 30 days Xing et al. (2016) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr AST LOEL/LOAEL 2.5 30 days Xing et al. (2016) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr ALT LOEL/LOAEL 5 30 days Xing et al. (2016) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr GGT LOEL/LOAEL 2.5 30 days Xing et al. (2016) in 

EFSA, 2018 

PFOS Mice male gavage Repeated dose 
toxicity 

Incr ALP NOEL/NOAEL 2.5 30 days Xing et al. (2016) in 
EFSA, 2018 

PFOS Mice male gavage Repeated dose 

toxicity 

Incr ALT NOEL/NOAEL 2.5 30 days Xing et al. (2016) in 

EFSA, 2018 

PFOS Rat male drinking water Repeated dose 
toxicity 

Incr rel & abs liver weight NOEL/NOAEL 0.09 91 days Yu et al. (2009) in 
EFSA, 2018 

PFOS Rat male drinking water Repeated dose 

toxicity 

Decr total serum T4 NOEL/NOAEL 0.09 91 days Yu et al. (2009) in 

EFSA, 2018 

PFOS Rat male drinking water Repeated dose 
toxicity 

Decr mRNA of hepatic 
deiodinase 1 

NOEL/NOAEL 0.25 91 days Yu et al. (2009) in 
EFSA, 2018 

PFOS Rat male drinking water Repeated dose 

toxicity 

Incr mRNA of hepatic 

UGT1A 

NOEL/NOAEL 0.09 91 days Yu et al. (2009) in 

EFSA, 2018 

PFOS Rat male drinking water Repeated dose 
toxicity 

Incr rel & abs liver weight LOEL/LOAEL 0.25 91 days Yu et al. (2009) in 
EFSA, 2018 

PFOS Rat male drinking water Repeated dose 

toxicity 

Decr total serum T4 LOEL/LOAEL 0.25 91 days Yu et al. (2009) in 

EFSA, 2018 

PFOS Rat male drinking water Repeated dose 
toxicity 

Decr mRNA of hepatic 
deiodinase 1 

LOEL/LOAEL 0.75 91 days Yu et al. (2009) in 
EFSA, 2018 

PFOS Rat male drinking water Repeated dose 

toxicity 

Incr mRNA of hepatic 

UGT1A 

LOEL/LOAEL 0.25 91 days Yu et al. (2009) in 

EFSA, 2018 

PFOS Rat female gavage Repeated dose 

toxicity 

Decr total serum T4 NOEL/NOAEL 0.2 5 days Yu et al. (2011) in 

EFSA, 2018 

PFOS Rat female gavage Repeated dose 

toxicity 

Decr total serum T3 NOEL/NOAEL 1 5 days Yu et al. (2011) in 

EFSA, 2018 

PFOS Rat female gavage Repeated dose 
toxicity 

Incr mRNA of hepatic Oatp2 NOEL/NOAEL 1 5 days Yu et al. (2011) in 
EFSA, 2018 

PFOS Rat female gavage Repeated dose 

toxicity 

Decr total serum T4 LOEL/LOAEL 1 5 days Yu et al. (2011) in 

EFSA, 2018 

PFOS Rat female gavage Repeated dose 
toxicity 

Decr total serum T3 LOEL/LOAEL 3 5 days Yu et al. (2011) in 
EFSA, 2018 

PFOS Rat female gavage Repeated dose 

toxicity 

Incr mRNA of hepatic Oatp2 LOEL/LOAEL 3 5 days Yu et al. (2011) in 

EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Incr rel liver weight LOEL/LOAEL 6 21ï23 days Zhang et al. (2016a) 

in EFSA, 2018 

PFOS Mice male diet Repeated dose 

toxicity 

Incr serum ALT LOEL/LOAEL 6 21ï23 days Zhang et al. (2016a) 

in EFSA, 2018 
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PFOS Mice male diet Repeated dose 

toxicity 

Hepatic steatosis LOEL/LOAEL 6 21ï23 days Zhang et al. (2016a) 

in EFSA, 2018 

PFOS Mice male diet Repeated dose 
toxicity 

Incr hepatic triglycerides LOEL/LOAEL 6 21ï23 days Zhang et al. (2016a) 
in EFSA, 2018 

PFOA Mice male drinking water Repeated dose 

toxicity 

Incr serum ALT NOEL/NOAEL 0.49 21 days Son et al. (2008) in 

EFSA, 2018 

PFOA Mice male drinking water Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 0.49 21 days Son et al. (2008) in 
EFSA, 2018 

PFOA Mice male drinking water Repeated dose 

toxicity 

Incr serum ALT LOEL/LOAEL 2.64 21 days Son et al. (2008) in 

EFSA, 2018 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 
EFSA, 2018 

PFOA Rat male gavage Repeated dose 

toxicity 

Incr rel kidney weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 

EFSA, 2018 

PFOA Rat male gavage Repeated dose 
toxicity 

Incr rel testis weight LOEL/LOAEL 5 28 days Cui et al. (2009) in 
EFSA, 2018 

PFOA MIce male gavage Repeated dose 

toxicity 

Decr serum cholesterol NOEL/NOAEL 5.4 4 weeks Minata et al. (2010) 

in EFSA, 2018 

PFOA MIce male gavage Repeated dose 
toxicity 

Incr rel liver weight LOEL/LOAEL 5.4 4 weeks Minata et al. (2010) 
in EFSA, 2018 

PFOA MIce male gavage Repeated dose 

toxicity 

Incr ALT LOEL/LOAEL 5.4 4 weeks Minata et al. (2010) 

in EFSA, 2018 

PFOA MIce male gavage Repeated dose 
toxicity 

Incr serum triglycerides LOEL/LOAEL 5.4 4 weeks Minata et al. (2010) 
in EFSA, 2018 

PFOA Mice male gavage Repeated dose 

toxicity 

Decr serum cholesterol LOEL/LOAEL 10.8 4 weeks Minata et al. (2010) 

in EFSA, 2018 

PFOA Mice male gavage Repeated dose 
toxicity 

Decr serum triglycerides NOEL/NOAEL 5 14 days Wang et al. (2013a) 
in EFSA, 2018 

PFOA Mice male gavage Repeated dose 

toxicity 

Decr serum triglycerides LOEL/LOAEL 10 14 days Wang et al. (2013a) 

in EFSA, 2018 

PFOA Mice male gavage Repeated dose 
toxicity 

Incr relative liver weight LOEL/LOAEL 5 14 days Wang et al. (2013a) 
in EFSA, 2018 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr relative liver weight LOEL/LOAEL 2.5 14 days Yang et al. (2014b) 

in EFSA, 2018 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr serum ALT LOEL/LOAEL 2.5 14 days Yang et al. (2014b) 

in EFSA, 2018 

PFOA Mice male gavage Repeated dose 

toxicity 

Incr hepatic malondialdehyde 

level 

LOEL/LOAEL 2.5 14 days Yang et al. (2014b) 

in EFSA, 2018 

PFOS Mice mother gavage Reproductive 
and 

developmental 

toxicity 

Liver weight increase NOEL/NOAEL 13 GD 1ï14/18 Era et al. (2009) in 
EFSA, 2018 

PFOS Mice mother gavage Reproductive 

and 

developmental 
toxicity 

Liver weight increase LOEL/LOAEL 20 GD 1ï14/18 Era et al. (2009) in 

EFSA, 2018 

PFOS Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Liver weight increase NOEL/NOAEL 13 GD 1ï14/18 Era et al. (2009) in 

EFSA, 2018 
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PFOS Mice offspring gavage Reproductive 

and 

developmental 
toxicity 

Liver weight increase LOEL/LOAEL 20 GD 1ï14/18 Era et al. (2009) in 

EFSA, 2018 

PFOS Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Liver weight decrease NOEL/NOAEL 13 GD 1ï14/18 Era et al. (2009) in 

EFSA, 2018 

PFOS Mice offspring gavage Reproductive 

and 
developmental 

toxicity 

Liver weight decrease LOEL/LOAEL 20 GD 1ï14/18 Era et al. (2009) in 

EFSA, 2018 

PFOS Rat sex not  
specified 

oral gavage, 
gastric 

perfusion 

Neurotoxicity Decreased motor ability NOEL/NOAEL 12.5 (mg/kg)  single dose Yang et al. (2009c) 
in EFSA, 2018 

PFOS Rat sex not  

specified 

oral gavage, 

gastric 
perfusion 

Neurotoxicity, 

acute exposure 

 Decreased glutamate content 

in cortex 

LOEL/LOAEL 25 (mg/kg)  single dose Yang et al. (2009c) 

in EFSA, 2018 

PFOS Rat male orally Neurotoxicity, 

repetead dose 
exposure 

Increased CaMKII and c-Jun 

expression in the 
hippocampus and cortex 

LOEL/LOAEL 0.153 91 days Liu et al. (2010a) in 

EFSA, 2018 

PFOS Mice sex not  

specified, start 

at 8 weeks 

gavage Neurotoxicity, 

repetead dose 

exposure 

Increased apoptosis and 

glutamate in the hippocampus 

and decreased dopamine in 

the caudate putamen 

NOEL/NOAEL 0.43 3 months Long et al. (2013a) in 

EFSA, 2018 

PFOS Mice sex not  

specified, start 
at 8 weeks 

gavage Neurotoxicity, 

repetead dose 
exposure 

Increased apoptosis and 

glutamate in the hippocampus 
and decreased dopamine in 

the caudate putamen 

LOEL/LOAEL 2.15 3 months Long et al. (2013a) in 

EFSA, 2018 

PFOS Rat sex not  
specified, PND 

60, 

orally Neurotoxicity, 
repetead dose 

exposure 

Increased activity of the 
hypothalamic DA system 

LOEL/LOAEL 3 28 days Salgado et al. (2015) 
in EFSA, 2018 

PFOS Rat sex not  

specified, PND 
60, 

orally Neurotoxicity, 

repetead dose 
exposure 

Downregulation of mRNA 

expression for DRD1 in 
amygdala; Upregulation of 

DRD2 in frontal cortex and 

hippocampus 

LOEL/LOAEL 6 28 days Salgado et al. (2016) 

in EFSA, 2018 

PFOS Mice sex not  

specified, PND 

10 

gavage Neurotoxicity, 

developmental 

exposure 

Decreased locomotor activity LOEL/LOAEL  11.3 (mg/kg 

bw) at age 2 

months; 0.75 
(mg/kg bw) at 

age 4 months 

single dose Johansson et al. 

(2008) in EFSA, 

2018 

PFOS Mice sex not  

specified, PND 
10 

gavage Neurotoxicity, 

developmental 
exposure 

Increased CAMKII, GAP43 

and synaptophysin protein 
level in hippocampus; 

synaptophysin and Tau 

protein level in cortex; 

LOEL/LOAEL 11.3 (mg/kg 

bw) 

single dose Johansson et al. 

(2009) in EFSA, 
2018 

PFOS Rat sex not  

specified 

gavage Neurotoxicity, 

developmental 

exposure 

Increased locomotor activity NOEL/NOAEL 0.1 GD0ïPND 20 Butenhoff et al. 

(2009) in EFSA, 

2018 
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PFOS Rat sex not  

specified 

gavage Neurotoxicity, 

developmental 

exposure 

Increased locomotor activity LOEL/LOAEL 0.3 GD0ïPND 20 Butenhoff et al. 

(2009) in EFSA, 

2018 

PFOS Rat sex not  

specified 

orally Neurotoxicity, 

developmental 

exposure 

Gene expression (microarray) 

in cerebral cortex 

LOEL/LOAEL 3.2 GD 1ïPND21 Wang et al. (2010) in 

EFSA, 2018 

PFOS Rat sex not  
specified 

diet food Neurotoxicity, 
developmental 

exposure 

 LOEL/LOAEL 3.2 (mg/kg 
food per day) 

GD 0ïPND35 Liu et al. (2010b) in 
EFSA, 2018 

PFOS Rat sex not  
specified 

gavage Neurotoxicity, 
developmental 

exposure 

Upregulation of astrocyte 
markers (GFAP and S100B) 

in hippocampus at PND 0, 

and in both hippocampus and 
cortex at PND 21 

LOEL/LOAEL 0.1 GD2ï21 Zeng et al. (2011b) in 
EFSA, 2018 

PFOS Rat sex not  

specified 

gavage Neurotoxicity, 

developmental 

exposure 

Downregulation of 

synaptophysin and synapsin 2 

at PND 0. Downregulation of 
synapsin 1 & 2; length of 

synaptic active zone in CA1 

at PND 21 

LOEL/LOAEL 0.1 GD0ï20 Zeng et al. (2011a) in 

EFSA, 2018 

PFOS Mice male diet food Neurotoxicity, 

developmental 

exposure 

Decreased locomotor activity 

in males only 

LOEL/LOAEL 0.3 GD 1ïPND 0 Onishchenko et al. 

(2011) in EFSA, 

2018 

PFOS Mice sex not  

specified, 

PND10 

gavage Neurotoxicity, 

developmental 

exposure 

Gene expression: 

downregulation of AChE, 

nAChR-b2 in cortex, and 
upregulation of mAChR-5 in 

hippocampus at PND 11; 

decreased locomotor activity 
at age 2 months 

LOEL/LOAEL 11.3 (mg/kg 

bw) 

single dose Hallgren et al. (2015) 

in EFSA, 2018 

PFOS Rat sex not  

specified, 

PND11 

orally Neurotoxicity, 

developmental 

exposure 

Decreased mRNA expression 

of GAP-43 

LOEL/LOAEL 5 mg/L (0.45 

mg/kg bw per 

day*) 

GD 1ïPND35 Wang et al. (2015a) 

in EFSA, 2018 

PFOS Rat sex not  

specified 

drinking water Neurotoxicity, 

developmental 

exposure 

Increased mRNA expression 

and phosphorylation of Tau 

and mRNA expression of 

App 

LOEL/LOAEL 1.7 mg/L 

(0.15 mg/kg 

bw per day*) 

GD0ïPND 90 Zhang et al. (2016b) 

in EFSA, 2018 

PFOS Mice sex not  

specified, 

PND1 

gavage Neurotoxicity, 

developmental 

exposure 

Gene expression: 

downregulation of DRD5 in 

cortex, and upregulation of 
TH in the hippocampus at 

PND 11; downregulation of 

DRD2 and TH in cortex at 
age 2 months 

LOEL/LOAEL 11.3 (mg/kg 

bw) 

single dose Hallgren and Viberg 

(2016) in EFSA, 

2018 

PFOA Mice sex not  

specified, 
PND10 

gavage Neurotoxicity, 

developmental 
exposure 

Decreased locomotor activity LOEL/LOAEL 8.7 mg/kg at 

age 2 months; 
0.58 mg/ kg 

at ages 4 

months 

single dose Johansson et al. 

(2008) in EFSA, 
2018 
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PFOA Mice sex not  

specified, 

PND10 

gavage Neurotoxicity, 

developmental 

exposure 

Increased CAMKII, GAP43, 

synaptophysin and Tau 

protein level in hippocampus; 
synaptophysin and Tau 

protein level in cortex; 

LOEL/LOAEL 8.7 mg/kg single dose Johansson et al. 

(2009) in EFSA, 

2018 

PFOA Mice male diet food Neurotoxicity, 
developmental 

exposure 

Increased locomotor activity 
in males only 

LOEL/LOAEL 0.3 GD 1ïPND 0 Onishchenko et al. 
(2011) in EFSA, 

2018 

PFOA Rat sex not  

specified 

drinking water Neurotoxicity, 

developmental 
exposure 

Increased locomotor activity 

at PND 36 

LOEL/LOAEL 10.12 mg/kg 

per day 

GD 1ïPND 21 Cheng et al. (2013) 

in EFSA, 2018 

PFOA Mice sex not  

specified 

diet food Neurotoxicity, 

developmental 
exposure 

 LOEL/LOAEL 0.1 GD 7ïPND 21 Sobolewski et al. 

(2014) in EFSA, 
2018 

PFOS Rat female diet Long-term 

toxicity and 

carcinogenicity 

Incr serum urea nitrogen (f, 

wk 53) 

NOEL/NOAEL 0.12 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 

toxicity and 

carcinogenicity 

Incr serum urea nitrogen (m, 

wk 53) 

NOEL/NOAEL 0.024 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 
toxicity and 

carcinogenicity 

Incr serum ALT (m, wk 14 + 
53) 

NOEL/NOAEL 0.242 103ï106 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 

toxicity and 

carcinogenicity 

Hepatic centrolob 

hypertrophy (m, wk 104) 

NOEL/NOAEL 0.024 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 
toxicity and 

carcinogenicity 

Hepatic adenoma (m, wk 
104) 

NOEL/NOAEL 0.242 103ï106 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOS Rat female diet Long-term 

toxicity and 
carcinogenicity 

Hepatic adenoma (f, wk 104) NOEL/NOAEL 0.299 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 
2018 

PFOS Rat female diet Long-term 

toxicity and 
carcinogenicity 

Incr serum urea nitrogen (f, 

wk 53) 

LOEL/LOAEL 0.299 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 
2018 

PFOS Rat male diet Long-term 

toxicity and 

carcinogenicity 

Incr serum urea nitrogen (m, 

wk 53) 

LOEL/LOAEL 0.098 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 

toxicity and 

carcinogenicity 

Incr serum ALT (m, wk 14 + 

53) 

LOEL/LOAEL 0.984 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 
toxicity and 

carcinogenicity 

Hepatic centrolob 
hypertrophy (m, wk 104) 

LOEL/LOAEL 0.098 103ï106 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOS Rat male diet Long-term 
toxicity and 

carcinogenicity 

Hepatic adenoma (m, wk 
104) 

LOEL/LOAEL 0.984 103ï106 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOS Rat female diet Long-term 

toxicity and 
carcinogenicity 

Hepatic adenoma (f, wk 104) LOEL/LOAEL 1.251 103ï106 weeks Butenhoff et al. 

(2012b) in EFSA, 
2018 



September 2022 PFAS_Final EQS Dossier after SCHEER final opinion 

253 

PFOA Rat male diet Long-term 

toxicity and 

carcinogenicity 

Hep hypertrophy (m, wk 104) NOEL/NOAEL 1.3 104 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOA Rat female diet Long-term 

toxicity and 

carcinogenicity 

Fibroadenoma in mammary 

gland (f, wk 104) 

NOEL/NOAEL 1.6 104 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOA Rat male diet Long-term 
toxicity and 

carcinogenicity 

Leydig cell adenoma (m, wk 
104) 

NOEL/NOAEL 1.3 104 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOA Rat male diet Long-term 
toxicity and 

carcinogenicity 

Incr serum ALT (m, month 
3ï18) 

LOEL/LOAEL 1.3 104 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOA Rat male diet Long-term 

toxicity and 
carcinogenicity 

Incr serum AST (m, month 6ï

12) 

LOEL/LOAEL 1.3 104 weeks Butenhoff et al. 

(2012b) in EFSA, 
2018 

PFOA Rat male diet Long-term 

toxicity and 
carcinogenicity 

Incr serum ALP (m, month 3ï

6 s) 

LOEL/LOAEL 1.3 104 weeks Butenhoff et al. 

(2012b) in EFSA, 
2018 

PFOA Rat male diet Long-term 

toxicity and 

carcinogenicity 

Hep hypertrophy (m, wk 104) LOEL/LOAEL 14.2 104 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOA Rat male diet Long-term 

toxicity and 

carcinogenicity 

Brain weight (m, wk 104) LOEL/LOAEL 1.3 104 weeks Butenhoff et al. 

(2012b) in EFSA, 

2018 

PFOA Rat female diet Long-term 
toxicity and 

carcinogenicity 

Spleen weight (f, wk 104) LOEL/LOAEL 1.6 104 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOA Rat female diet Long-term 
toxicity and 

carcinogenicity 

Fibroadenoma in mammary 
gland (f, wk 104) 

LOEL/LOAEL 16.1 104 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFOA Rat male diet Long-term 
toxicity and 

carcinogenicity 

Leydig cell adenoma (m, wk 
104) 

LOEL/LOAEL 14.2 104 weeks Butenhoff et al. 
(2012b) in EFSA, 

2018 

PFBA Mice male gavage  increased liver weight and 

hepatocyte hypertrophy (wild 
type and PPAR-Ŭ humanized 

mine) 

LOAEL 35 28 days (Foreman et al., 

2009) in Italian EQS 
dossier, 2015 

PFBA Mice male gavage  hepatic focal necrosis (wild 
type mice) 

LOAEL 175 28 days (Foreman et al., 
2009) in Italian EQS 

dossier, 2015 

PFBA Rat male daily oral 

gastric gavage 

  increase liver weight, slight 

to minimal hepatocellular 
hypertrophy; decrease serum 

total cholesterol; and reduce 

serum thyroxin with no 
change in serum thyrotropin 

NOAEL 6 28 days (Butenhoff et al., 

2012) in Italian EQS 
dossier, 2015 

PFBA Rat male daily oral 

gastric gavage 

  increase liver weight, slight 

to minimal hepatocellular 

hypertrophy; decrease serum 

total cholesterol; and reduce 

NOAEL 6 90 days (Butenhoff et al., 

2012) in Italian EQS 

dossier, 2015 
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serum thyroxin with no 

change in serum thyrotropin 

PFBA Rat female daily oral 
gastric gavage 

  increase liver weight, slight 
to minimal hepatocellular 

hypertrophy; decrease serum 

total cholesterol; and reduce 
serum thyroxin with no 

change in serum thyrotropin 

NOAEL >150 28 days (Butenhoff et al., 
2012) in Italian EQS 

dossier, 2015 

PFBA Rat female daily oral 

gastric gavage 

  increase liver weight, slight 

to minimal hepatocellular 
hypertrophy; decrease serum 

total cholesterol; and reduce 

serum thyroxin with no 
change in serum thyrotropin 

NOAEL >30 90 days (Butenhoff et al., 

2012) in Italian EQS 
dossier, 2015 

PFBA Mice female gavage  maternal toxicity (increased 

liver weight) 

NOAEL 35 GD 1-17 (Das et al., 2008) in 

Italian EQS dossier, 
2015 

PFBA Mice female gavage  developmental and 

reproduction toxicity 

parameters 

NOAEL 350 GD 1-17 (Das et al., 2008) in 

Italian EQS dossier, 

2015 

PFPeA Rat male dietary 

administration 

(0.02% in feed) 

 no inhibition of gap-

junctional intercellular 

communications and no 
increase in liver weight 

NOAEL 36 single dose, 

duration 1 week 

(Upham et al., 2009) 

in Italian EQS 

dossier, 2015 

PFHxA Mice  daily gavage  reproductive and 

developmental toxicity (based 
on the observed increase in 

pups deaths at the higher dose 

of 175 mg/kg bw) 

NOAEL 100 GD 6-18 (Iwai and Hoberman, 

2014) in Italian EQS 
dossier, 2015 

PFHxA Rat male daily gavage  liver histopathology and 
increased weight  

NOAEL 50 90 days (Chengelis et al., 
2009) in Italian EQS 

dossier, 2015 

PFHxA Rat females;  
highest tested 

dose 

daily gavage  general toxicity and 
functional observational 

battery parameters 

NOAEL 200 90 days (Chengelis et al., 
2009) in Italian EQS 

dossier, 2015 

PFHxA Rat  daily gavage  subchronic toxicity: NOAEL 

based on nasal lesions 
observed at the higher doses 

of 100 and 500 mg/kg bw 

NOAEL 20 90 days (Loveless et al., 

2009) in Italian EQS 
dossier, 2015 

PFHxA Rat  daily gavage  subchronic toxicity: NOAEL 
based on nasal lesions 

observed at the higher doses 

of 100 and 500 mg/kg bw 

BMDL10 13 90 days (Loveless et al., 
2009) in Italian EQS 

dossier, 2015 

PFHxA Rat m/f daily gavage  reproduction toxicity study: 
NOAEL base on reduced pup 

weight at the highest dose of 

500 mg/kg bw 

NOAEL 100 126 days 
(females) and 

110 days (males) 

(Loveless et al., 
2009) in Italian EQS 

dossier, 2015 

PFHxA Rat    maternal and developmental 

toxicity: NOAEL base on 

reduced body weight at the 
highest dose of 500 mg/kg bw 

NOAEL 100 GD 6-20 (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 et al., 2009b) 

in Italian EQS 

dossier, 2015 

PFBS Rat females - 

highest dose 

tested 

oral gavage  reductions in average total 

protein and albumin values 

NOAEL 600 90 days (Lieder et al., 2009b) 

in Italian EQS 

dossier, 2015 

PFBS Rat  daily gavage  general toxicity in P and F1 
(based on increased liver 

weight and minimal 

histological findings in 
kidney at the higher dose of 

300 mg/kg bw 

NOAEL 100 10 weeks for 
both P and F1 

generations, 

before and after 
mating 

(Lieder et al., 2009b) 
in Italian EQS 

dossier, 2015 

PFBS Rat highest tested 
dose 

daily gavage  reproductive toxicity 
parametres 

NOAEL 1,000 10 weeks for 
both P and F1 

generations, 

before and after 
mating 

(Lieder et al., 2009b) 
in Italian EQS 

dossier, 2015 

PFBS Rat  oral gavage  increase in kidney and liver 

weights 

NOAEL 300 28 days Primedica Redfield 

(2001) in NICNAS 

2005 in Italian EQS 
dossier, 2015 

PFBS Rat  oral gavage  necrosis in the limiting ridge 

of the forestomach. 

NOAEL 200 90 days Argus Research 

(2003a) in NICNAS 
2005 in Italian EQS 

dossier, 2015 

PFBS Rat  oral gavage  maternal toxicity: reduced 
body-weight gains and 

NOAEL 300 GD 6-20 Argus Research 
(2002) in NICNAS 

2005 in Italian EQS 

dossier, 2015 

PFBS Rat  oral gavage  developmental toxicity: 
reduction in foetal body 

weights 

NOAEL 1,000 GD 6-20 Argus Research 
(2002) in NICNAS 

2005 in Italian EQS 

dossier, 2015 

PFBS Rat male, P0 oral gavage  P generation male: treatment-

related microscopic changes 

in the liver and kidney  

NOAEL 100 Two-Generation 

Reproduction 

Toxicity Study 

Argus Research 

(2003b) in NICNAS 

2005 in Italian EQS 

dossier, 2015 

PFBS Rat female, P0 oral gavage  P generation female: 

treatment-related microscopic 

changes in the kidney 

NOAEL 100 Two-Generation 

Reproduction 

Toxicity Study 

Argus Research 

(2003b) in NICNAS 

2005 in Italian EQS 
dossier, 2015 

PFBS Rat male, P0 oral gavage  P generation male and female 

reproductive: No effect in 
reproductive parameters 

NOAEL 1,000 Two-Generation 

Reproduction 
Toxicity Study 

Argus Research 

(2003b) in NICNAS 
2005 in Italian EQS 

dossier, 2015 

PFBS Rat offspring, F1 oral gavage  F1 litter (development): No 

treatment-related effects 

NOAEL 1,000 Two-Generation 

Reproduction 
Toxicity Study 

Argus Research 

(2003b) in NICNAS 
2005 in Italian EQS 

dossier, 2015 
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PFBS Rat male, F1 oral gavage  F1 generation male: 

treatment-related microscopic 

changes in the liver and 
kidney 

NOAEL 100 Two-Generation 

Reproduction 

Toxicity Study 

Argus Research 

(2003b) in NICNAS 

2005 in Italian EQS 
dossier, 2015 

PFBS Rat female, F1 oral gavage  F1 generation female: 

treatment-related microscopic 
changes in the kidney 

NOAEL 100 Two-Generation 

Reproduction 
Toxicity Study 

Argus Research 

(2003b) in NICNAS 
2005 in Italian EQS 

dossier, 2015 

PFBS Rat male, F1 oral gavage  F1 generation male and 

female reproductive: No 
effect in mating, fertility or 

maternal delivery parameters 

NOAEL 1,000 Two-Generation 

Reproduction 
Toxicity Study 

Argus Research 

(2003b) in NICNAS 
2005 in Italian EQS 

dossier, 2015 

PFBS Rat F2 oral gavage  F2 litter: No treatment-related 
effects 

NOAEL 1,000 Two-Generation 
Reproduction 

Toxicity Study 

Argus Research 
(2003b) in NICNAS 

2005 in Italian EQS 

dossier, 2015 

PFOA Mice offspring daily oral 
gavage 

Reproductive 
and 

developmental 

toxicity 

Decrease in foetal body 
weight 

NOAEL 1 GD 1-17 Lau et al. (2006) in 
ECHA-PFOA Annex 

XV, 2014; ECHA 

(2018f) 

PFOA Mice offspring daily oral 

gavage 

Reproductive 

and 

developmental 
toxicity 

Decrease in foetal body 

weight 

LOAEL 3 GD 1-17 Lau et al. (2006) in 

ECHA-PFOA Annex 

XV, 2014; ECHA 
(2018f) 

PFOA Mice mother daily oral 

gavage 

Reproductive 

and 
developmental 

toxicity 

increased liver weight LOAEL 1 GD 1-17 Lau et al. (2006) in 

ECHA-PFOA Annex 
XV, 2014; ECHA 

(2018f) 

PFOA Mice offsrping, PND 

23 

daily oral 

gavage 

Reproductive 

and 
developmental 

toxicity 

reduced pup weight  BMDL5 0.86 GD 1-17 Lau et al. (2006) in 

ECHA-PFOA Annex 
XV, 2014; ECHA 

(2018f) 

PFOA Mice female, 
pregnant mice 

oral gavage Reproductive 
and 

developmental 

toxicity 

Reduced neonatal survival LOAEL 0.6 GD 1-17 Abbot et al., 2007 in 
ECHA-PFOA Annex 

XV, 2014; ECHA 

(2018f) 

PFOA Mice female, 
pregnant mice 

oral gavage Reproductive 
and 

developmental 

toxicity 

Reduced neonatal survival NOAEL 0.3 GD 1-17 Abbot et al., 2007 in 
ECHA-PFOA Annex 

XV, 2014; ECHA 

(2018f) 

PFOA Mice female, 

pregnant mice 

oral gavage Reproductive 

and 

developmental 
toxicity 

Delay in mammary gland 

development in pups assessed 

on PND21 

LOAEL 0.01 GD1-17 Macon et al., 2011 in 

ECHA-PFOA Annex 

XV, 2014; ECHA 
(2018f) 

PFOA Rat male diet Subchronic 

toxicity 

Hepatocellular hypertrophy 

and increased liver weight 

LOAEL 0.64 90 days Perkins et al., 2004 

in ECHA-PFOA 

Annex XV, 2014; 
ECHA (2018f) 

PFOA Rat male diet Subchronic 

toxicity 

Hepatocellular hypertrophy 

and increased liver weight 

NOAEL 0.06 90 days Perkins et al., 2004 

in ECHA-PFOA 
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Annex XV, 2014; 

ECHA (2018f) 

PFOA Rat male oral gavage Subchronic 
toxicity 

Reductions in total 
cholesterol and triglycerides, 

increased liver weight 

LOAEL 1 14 days Loveless et al., 2006 
in ECHA-PFOA 

Annex XV, 2014; 

ECHA (2018f) 

PFOA Rat male oral gavage Subchronic 
toxicity 

Reductions in total 
cholesterol and triglycerides, 

increased liver weight 

NOAEL 0.3 14 days Loveless et al., 2006 
in ECHA-PFOA 

Annex XV, 2014; 

ECHA (2018f) 

PFOA Rat male orally Chronic toxicity Increased liver weight and 

hepatic changes (m) 

LOAEL 14.2 2-year study Sibinski et al., 1987 

in ECHA-PFOA 

Annex XV, 2014; 
ECHA (2018f) 

PFOA Rat male orally Chronic toxicity Increased liver weight and 

hepatic changes (m) 

NOAEL 1.3 2-year study Sibinski et al., 1987 

in ECHA-PFOA 

Annex XV, 2014; 
ECHA (2018f) 

PFOA Rat female orally Chronic toxicity Reduced body weight gain 

and haematological changes 
(f) 

LOAEL 16.1 2-year study Sibinski et al., 1987 

in ECHA-PFOA 
Annex XV, 2014; 

ECHA (2018f) 

 

 

 

 

 

 


