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INTP-0t)UCTION

Perfluoruoctanesulfonate(PFOS) is one of the degradation products of
Perfluoruoctanesulfonylfluoride,a componentof severalproductlinesby 3M, widely
used for severalpurposes,such as Surface Treatments,Surfactantsand others.
These degradationproductscanbe foundinthe environmentduringseveralstagesof
a product'slifecycle,suchasduringthe industrialsynthesis,the incorporationofthe
fluorochernicalsintoa finishedproduct,duringthe distributionof the productto
users,duringthe use of the productby consumers,and duringdisposalat allthese

stages(3M,August31st,1999).
Becauseof possiblehuman exposureto thesechemicalsby differentroutes,director
indirect,3M has developed a set o toxicologicalstudieson PFOS and other

degradationproducts.

In the presentReport we evaluatea set of mutaqenicity/!genotoxicitystudies

performed on PFOS, in order to express an opinionon the potential
mutagenic/genotoxicriskposedby thischemical.
The setof mutagenicity/genotoxicitystudiessubmittedtoourevaluationconsistsof:

.1.Salmonella-Escherichiaco/i/MammalianMicrosomeReverseMutationAssaywith.
PFOS. CovanceStudy No.20784-0-409,completedon November 5,1999.

2. Chromosome AberrationsinHuman Whole BloodLymphocyteswithPFOS. Covande
Study20784-0-449,completedon October25th,1999.

3. UnscheduledDNA Synthesisin Pat LiverPrimaryCellCultureswith PFOS.
CovanceStudyNo. 20784-0-447,completedon November 9,1999.

4. rn VivoMouse Micronucleus-Assay on T-6295.CorningHazletonInc.,No. 17403-
rd0-455,completedon May 23 '1996.



EVALUATION

1. Salmonella- Escherichiaco/i/MammallanMicrosome Reverse Mutation Assay
withPFOS

1.1 Identificationofthe testchemical

The test chemicalevaluatedinthisstudy has been indicatedas PFOS, FC-95, Lot
217,as whitecrystallinepowder.No otheridentificationpropertiesare reportedin
the study.Purityof the testchemicalhasnon been indicated.
The testchemicalwas dissolvedin T)MSO: the 2.00 pg/ml solutionused for the
dilutionsemployed inthe assaywas stable.

1.2 Testerstrains

The strainsused inthe assay were Styphimurium strainsTA98, TA100, TA1535,
TA1537 and EcolistrainWP2 uvra.

1.3 Metabolicactivation

The assaywas performed inthe absenceand inthe presenceof a metabolicactivation
system.This was providedby S9 mix, liverhomogenate,purchased by Molecular
Toxicology,Inc. Batch 0872 (42.8m.9protein/ml).The hornogenatewas prepared
frornrnaleSprcigue-bawleyratsinjected(i.p.)withAroclor1254 (200 mg/ml)at 500
mg/kg.
Data on compositionof 59 are includedinthe Report.

1.4 t)osesof the chemical

The testeddoses of the chemicalunder evaluationwere determinedafter a dose
rangefindingstudy.
Tested doseswere between 5,000 and 33.3 pg/ml (6 doses)inthe presenceof $9

mix and between 5,000 and 0.333 pg/plate(9 doses)inthe absence of S9 for
S.typhimurium4 strains.As regardsEcoliWP2 uvrathe dosestestedwere between
5,000 and 33.3gg/plate(6doses)both inthe presenceand absenceof S9 mix.I exp.
with 3 plates/dosewas performed.



1.5.Positivecontrols

Positive-controlsin the presenceof S9 mix were benzo(a)pyrenefor TA98; 2-
Aminoanthracenefor TA100, TA1535, TA1537 and WP2 uvra.In the presenceof S9
mix the positivecontrolswere 2-nitrofluorenefor TA98; Sodium Azide for TA100
and TA1535; ICR-191forTA1537, 4-nitroquinoline-N-oxidefor WP2 uvra

1.6.Results

ResultsindicatethatPFOS did not cause a positiveincreaseinthe mean number of
revertants/plateinalltestedstrainsand allconditions.
Allpositivecontrolswere found mutagenicand comparablewith literaturedata.

1.7.Comments

The studywas performed inaccordancewith Good LaboratoryPracticeregulations
laiddown by the US-EPA.

The protocolemployed in the assay was that one recommended by OECD, the
"BacterialReverse MutationAssay",referredto the test conditionsand positive
controls.However,itshouldbe noticedthatdue tothe negativeresultsobserved,the
experimentneeded to be repeatedfor a confirmation.

The tes
'
t reportdoes not includethe identificationdata and the CAS no.,as

requestedby the OECD protocol.

2. Chromosomal Aberrationsin Human Whole Blood Lymphocytes with PFOS

2.1.Identificationof the testchemical

The testchemicalevaluatedinthisstudy was indicatedas PFOS, FC-95,Lot #217, as
whitecrystallinepowder.
No otheridentificationpropertiesare includedinthe report.The purityof the test
chemicalwas not indicated.
The testchemicalwas dissolvedin[)MSO:a solutionwas obtainedwitha 1.0% dilution
of the E)MSO stocksolution(401mg/ml).
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2.2.Biologicalmaterial

Lymphocyteswereobtainedfromhumanvenousbloodprovidedby a healthy,male

adultdonor.
For chromosomeaberrationassay,replicatecultureswere used at each
concentration,vehiclecontrolandpositivecontrol.
In thepresenceandintheabsenceofa metabolicsystem,thetreatmentwiththe
chemicallasted3 hours;the cultureswere laterincubatedfor 22 hours,
correspondingto1.5timesthecellcycletime(15hrs.).

2.3.Metabolicactivation

Theassaywasperformedinthepresenceandintheabsenceofa metabolicsystem.
Thiswasprovidedby S9 mix,liverhom.0genate,purchasedby MolecularToxicology
Inc.LotNo.929.The homogenatewas preparedfrom maleSprague-bawleyrats
injected(i.p.)withAroclor1254at500-mg/kg5 daysbeforesacrifice.
r)ataonthecompositionoftheS9 areincludedintheReport.

2.4. I)osesofthechemical

Concentrationsof the testchemicalwere between27.2and 400 gg/ml(15
concentrations)inthefirstexperiment.
The assaywas repeatedwithconcentrationsbetween12.5and 559 gg/ml(11
concentrations)withoutmetabolicactivationandbetween12.5and449 pg/ml(10
-concentrations)withmetabolicactivation100 cells/replicateflask for 4
concentrationsofthetreatedcultures,thenegativecontrol,andonepositivecontrol
wereanalysed.Themitoticindexwasevaluatedin1000cells.

2.5Positiveandnegativecontrols

MitomycinC (MMC) wasusedaspositivecontrolat 3 concentrations(1-0,1-5,.2.0
pg/ml)for the non-activatedcultures,whereasCyclophosphamide(CP)at 3
concentrations(25m50,75 pg/ml)wasusedforactivatedcultures.
Forthechromosomeaberrationevaluationonlyoneconcentration/positivecontrolhas
beenevaluated.
E)MSOat10gL/mlwasusedasanegativecontrol.



2.6 Results

The toxicity,evaluatedby means of the mitoticindex,was around the orderof 30%
inthe presenceof metabolicactivationand 8-92% inthe absenceof 59 mix.
The test articledid not induce chromosomal aberrations,polyploidyor
endoreduplicationfrequencieshigherthanthe negativecontrolcultures,whereas the
positivecontroltreated culturesdemonstrated'a higher frequencyof induced
chromosomal aberrationsin the absence or presence of metabolicactivation
conditions.

2.7.Comments

The study was performed in accordancewith the Good LaboratoryPractice

regulationslaiddown by the US-EPA.
The testreportdoesnot includethe identificationdataand the CAS No.

3. Unscheduled DNA SynthesisinRat LiverPrimary CellCultureswith PFOS

3.1Identificcitionof the testchemical

The test chemicalevaluatedinthisstudy has been indicatedas PFOS,,FC-95, Lot
#217, as whitecrystallinepowder.
No otheridentificationpropertiesare includedinthe report.The purityof the test

chemicalhasnotbeen indicated.
The test chemicalwas dissolvedin I)MSO: a suspension/translucentliquidwas

achievedat 4010 pg/ml.

3.2Biologicalmaterial

Rat hepatocyteswere obtainedby perfusionof liver;the exposure periodwas of 19.6
- 20 hours;23 hoursafterthe beginningof treatments,cytotoxicitywas assessedas
cellularmorphologyand cellsurvival.
Triplicatecellcultureswere used for UDS analysis,made by means of thymidine

incorporation.

3.3Metabolicactivation

Hepatocytesare ableto undergometabolicactivationby themselves.
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3.4.Doses of the chemical

Fifteenconcentrationsof PFOS were applied,rangingfrom 4000 gg/mi to 0.250
MG/ml; the chemicalwas cytotoxicdown from 25 gg/ml.

3.5.Positiveand Negativecontrols

As positivecontrol,2-AcetylAminoFluorene(2-AAF) was used at a finalconcentration
of 0.10pg/ml.Negativecontrolwas providedby DMSO at a concentrationof 1%.

3.6.Results

The survivalof the concentrationsanalysedof the test chemicalfrom 25 pg/rnlto
0.5 pg/mi was between 65 and 100%; the one of the 2-AAF was 88.5% at a

concentrationof 0.1gg/mi.
The Mean Net NuclearGrams (MNNG) of the treatedcultureswere not different
from the vehiclecontrol(DMSO = 1% survival)while 2-AAF treatedcultures(0.1

gg/ml)presenteda M.N.N.G.of 19.35.
In thisstudy,PFOS was considerednot ableto induceUDS in rat hepatocytes
treatedinvitro.

3.7.Comments

The study was performed in accordancewith the Good LaboratoryPractice
regulationslaiddown by the US-EPA.
The protocolissimilarto the OECT) Guideline482.
The Report does not includeidentificationdata and CAS No. of the testchemical.

4. Mutagenicitytest on T-6295n in an in vivomouse micronucieusAssay

4.1.Identificationof the testchemical

The testchemicalevaluatedinthisstudy has been indicatedasT-6295, as off-white

mixture of powder and fliakes,
There are no indicationsreferringto the PFOS chemical.
The chemicalwas dissolvedincornoil,carboxymethylcelluloseand acetone.

4.2 Biologicalmaterial
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Adultmcileandfemalemice,strainCrl:CD-1(ICR)BRwereusedforthisassay.
After a preliminaryrange findingassay,3 doses were employed inthe main assay,

namely 237.5 mg/kg - 475 mg/kg - 950 mg/kg. 5 males and 5 females were used for

each dose and for treatment (24 - 48 -72 hours).In the highestdose (950 mg/kg) a

few animalsdied and were replacedby otherstreated inthe same way.

Treatment was by oralgavage.

4.3.Positiveand Negative Controls

Positivecontrolwas provided by 10 animals(5M and 5F) treated with

Cyclophosphamide,80 m.9/kg and analysed 24 hours after treatment. Negative

controlwas providedby 10 animals(5M and 5 F) treatedwith deionisedwater and

analysed24 hours after treatment. Bone marrow cellswere analysedfor the

presence of micronuclei,the polychromaticerythrocyte (PCE) and the

normochromaticerythocyte(NCE).
1000 PCE per animalwere scored and the no. of micronucleiwas recorded.The

spontaneousmicronucleifrequency for thisstrainisabout 0-0.4%.

4.4.Results

The chemicaltested did not inducea significantincreasein micronucleiinduction

frequency inallconditionsand concentrations.

There was indicationof some toxicityat 48 and 72 hours treatment,indicatedby the

ratioPCE*NCE.

The positivecontrol(Cyclophosphamide)induced a significantincreasein the

percentage of micronucleatedcells.

4.5.Comments

The study was performed in accordance with the Good Laboratory Practice

regulationslaiddown by the Food and Drug Administration(FDA).

The protocolwas similarto the OECD Guideline474.

The Report does not includethe informationon the identificationdata and CAS no.,

as requested by OECD Guideline474.



GENERAL CONSIBEP.ATIONS

1. Perfluoruoctanesulfonate (PFOS) was tested for the evaluation of its

mutc.qenicity/_qenotoxicityin three in vitrosystems, namely (i)the induction of

gene mutations in bacterialcells,(ii)the inductionof chromosome aberrations in

human lymphocytes, (iii)the inductionof UDS in rat primary livercells,and inone

in vivosystem, namely (iv)the induction of micronuclei in bone marrow cellsof

mice. Besides some inadequacies present inthe reports which could be corrected,

due to the existence of data required, PFOS resulted a chemical classifiableas a

non-mutagenic compound, thus representing no mutagenic risk.Data presented for

this chemical allow itsclassificationas a "probable non-mutagen/non-genotoxic in

vivo",according to IPC5 classificationand proposal(1).

2. Mutageni city/.genotoxicity tests are useful predictive systems for both

carcinogenicityand mutagenicity;they have been extensivelyvalidated in a set of

internationalprogrammes duringthe last30 years.

Several strategies have been proposed to use a small battery of test methods with

the highest probabilityto produce positiveand easilyinterpretableresults.In 1995,

IPCS (ASHBY, J. et al) proposed the scheme reported in Fig.l.IPCS' strategy is

based on the use as a firsttier of the two most employed in vitrotest methods for

analysing the potential for the induction of gene mutation and of chromosome

aberrations,namely (1)the Reverse Mutation Assay using Bacteria (OECD Guidelines

471 and 472) and (2) In Vitro Mammalian Chromosome Aberration Test (OECD

Guideline 473). OECD Guidelinesfor performing these two in vitrotests have been

revised several times by the group of experts on the basis of development of

techniques and methodologies, as wellas on the basis of experience developed during

the years on the use of the two methodologies. The present estimate of the amount

of chemicals tested by these two methodologies amounts to more than 10,000 assays.

Several in vitrogenotoxicitytests are currently available.The combination of two in

vitrotests,.

- bacterialreverse mutation test (or n vitromammalian cellgene mutation test for

specificchemicals,for which a scientificjustificationmust be provided)

- in vitromammalian cellchromosome aberration test

provide ingeneral,sufficientevidence of mutagenic and/or genotoxic potential.(2)

Depending on the results,other in vitroor in vivotests may be required. Use of in

vivotests islimitedto confirmationof a muta_qenicactivityalready observed in vitro.

The scheme of testing chemicals of different use for their mutagenic/genotoxic

potentialproposed by severaldifferent agencies bases itsscientificrationaleon the



schemeproposedby ICPS,asthe latterallowsidentificationOf thetwo typesof
mutagenic/genotoxichazardsofthechemicals,namelycarcinogenicor somaticcell
mutagenandgeneticorgermcellinvivornutagen.
Thesameschemehasbeenacceptedbyasetofnationalhealthprotectionagencies,
amongwhichtheDepartmentofHealthoftheUnitedKingdom,whoseCommitteeon
MutagenicityofChemicalsinFood,ConsumerProductsandtheEnvironment,in1989
statedasfollows-.

"Whereachemicalisnotproposedforhumaningestionandwhereitisexpectedthat
itsusewillbe limited,andthedegreeofhumanexposureissmallorcontainable,itis
acceptableto limitinvestigationto two tests,one to detectgene mutationin
bacteria,andthesecondtodetectclastogeniceffectsinmarnmaliancells".(3)

IPCS'schemefor testingfor mutagenicity/genotoxicityis exemplifiedin Fig.2
developedinthosecasesinwhichtheresultsofthefirsttwoinvitrotestsproduced
both or onlyone positiveresult,thusindicatinga certainpotentialto induce

mutageniceffects.
It shouldalsobe consideredthattheresultsofthemutagenicityarenotvalidat
100% level;thesamecanbesaidforallthetoxicologicalstudies,whendefinin_qthe
toxicologicalhazardandthepossibleriskforconsumers.
However,inordertoillustratethevalueofsuchtests,inthesectorofmutagenicity,
itispossibletoevaluatetheprobabilityof onechemicaltobe carcinogenicornon-
carcinogeniconthebasisoftheresultsofmutagenicitytests.The otherpredictive
valueofthemutagenicitytests,namelytheprobabilityofthepredictionofthegerm,
cellsrnutoqensisatpresentnotpossibleduetoscarcityofdata.
N.LOPRIENO et al,haveinvestigatedthe relationshipsbetweenthe mutagenicity
testingresultsof thetwo ih vitroassays,one invivoassayand the resultsof
carcinogenicityassays.TheresultsarereportedinFig.3whichshowstheaccuracyof
thecorrectidentificationofchemicalsfora reliablenumberofassays,derivedfrom
theanalysisofatotalof3762chemicals(seeFi.9.4)(4)

Sincefluorochemicalsresidualsof differentchemicalstructure(andbiological
reactivity?)areknowntobe presentina fluorochemicalproductandsincesomeof
them have beenfoundin planteffluentor ingroundwaterat differentlevel
concenttrations,itseemsreasonableto developa fullprogrammeof testingfor
rnutagenicity/genotoxicitypotentialofallpossiblederivativeswhichhavebeenfound
intheenvironmentorwhichcouldalsobe predictedto producetosome extenta
specifichumanexposure.
Amongthem,forinstanceN-ETFOSA andN-MEFOSA,PFHS,N-ETFOSEalcoholand
N-MEFOSE alcohol,etc.

in



The mutagenicity/genotoxicitytestingprogrammeshouldinclude,foreachchemical,
thetwobasicinvitrocomplementarytests,namely:

- theinductionofgenemutationinbacterialcells(4SalmonellastrainsandIEcoli

strain);

- theinductionofchromosomeaberrationsinamammaliancellline(Hamsterovary
Cellsorhumanlymphocytes.

The resultsof thesetwo tests,ifnegativeon thebasisof PFOS'results,could
reinforcetheconceptof theabsenceof a mutagenic/genotoxicriskinconnection
withapotentiallyhumanexposuretothesechemicals.
Alltypesofresultsobtainedwithatestingofmanyfluorochemicalderivativesshould
moreovercontributeto the establishmentof a data-basesystemfor further
considerationsofthetoxicologicalprofileofthesespecificchemicals.
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