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Historically，inCanada，themostslgnificantimportsofPFOS，itself：wereinthefbrmofthe  

POtaSSiumsalt，uSedfbrnre－nghtingfoams（EnvironmentCanada，2006）．Canadahasalso  

identifiedthatexistlngStOCksofPFOS－COntainlngnrenghtingfbamscouldbeacontinued  
Slgnincantsourceofreleases，  

AnindustrysurveyCOnductedintheUSbytheFireFightingFoamCoalitionin2004reportedthat  

thetotalinventoryofaqueous坑1m－fbrmlngfbamintheUSwasapproximately9・9milliongallons，  

Ofwhichabout45％wasPFOS－basedstocksproducedbefbre2003，Withtheother55％comprised  

oftelomer－basedfbams．  

Textjle，CarpetandLeatherProtection  

PFOS－relatedsubstanceshavebeenusedtoprovidesoil，Oilandwaterresistancetotextiles，  

apparels，homefumishingsanduphoIstery，CarPetS，andleatherproducts．Since3M’swithdrawal  

fromthemarket，PFOS－relatedsubstancesareusedtoamuchsmallerextentfbrtheseapplications  

（RPAANDBRE，2004）．  

PaperandPackagingProtection  
PFOS－relatedsubstanceshavebeenusedinthepackagingandpaperindustriesinbothfbod  

packagingandcommercialapplicationstoimpartgrease，Oilandwaterresistancetopaper，  

paperboardandpackagingsubstrates．Accordingto3M，fluorochemicalswereusedfbrbothfbod  

COntaCtaPPlications（plates，fbodcontainers，bagsandwraps）andnon－fbodapplications（fblding  

CartOnS，COntainersandcarbonlessfbrmsandmaskingpapers）．Since3M’swithdrawalfromthe  

market，PFOSrelatedsubstancesareusedtoamuchsmal1erextentfbrtheseapplications（RPAand  

BRE，2004）．  

CoatingsandCoatingAdditives  
3MindicatesthatprlOrtOitsvoiuntaryphase－OutOfPFOSproduction，thecompanywot！！dse！！  

fluorochemicalpolymercoatlngSandcoatlngadditiveswhichwereusedundilutedordilutedwith  

WaterOrbuty1acetatetoimpartsoilorwaterrepellencetosurfaces（includingprintingcircuit  

boardsandphotographicfilm）（RPAandBRE，2004）．Thesepolymerscontainedfluorocarbon  

residualsataconcentrationof4％orless・OtherapplicationsfbraqueouscoatlngSaretOPrOteCt  
tile，marbleandconcrete－Itisunclearwhichoftheseproductswereactua11ybasedonPFOS－related  

substances．  
AsurveyintheUKamongmembersoftheBritishCoatingsFederation（BCF）showedthattheuse  
OfPFOS－relatedsubstancesfbrthesepurposesisverylimited（RPAandBRE，2004）．   

1ndustrialandHousehoJdCleaningProducts（Surfactants）  
3MPFOS－basedproductsweresoldinthepasttoavarietyoffbrmulatorstoimprovethewettingof  

Water－basedproductsmarketedasalkalinecleaners，nOOrPOlishes（toimprovewettingand  

levelling），denturecleansersandshampoos・Severaloftheseproducts（alkalinecleaerS，nOOr  

POlishes，Shamp？OS）weremarketedtoconsumers；SOmePrOductswerealsosoldtoJanitorialand  

COmmerCialserv1CeS．Anumberofthealkalinecleanerswerespray－apPlied．  

WithregardtotheUKcleanlngPrOductsindustry，theresponsesreceiveddonotindicatetheuseof  

PFOS－relatedsubstancesinindustrialandhouseholdcleanlngPrOducts，Basedoninfbmation  

PrOVidedinproductregisters，theSwedishNationalChemicalsInspectorate（KemI）hasindicated  

thatPFOS－relatedsubstancesarestillbeingusedinSwedenfbrbothindustrialandhouseholduse  

（RPAandBRE，2004）．  

Photographic］ndustry  
PFOS－basedchemicalsareusedfbrthefbllowlngPurPOSeSinmixtures，1nCOatlngSaPPliedto  

Photographicfilms，PaPerS，andprintingplates（RPAandBRE，2004）二  

● Surfactants  

● Electrostaticchargecontrolagents；  
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・Frictioncontrolagents；  

・Dirtrepe11entagents；and  

・Adhesioncontrolagents  

PhotoLithographyandSemiconductors  
PわOfo′e5由f  

SemiconductormanufacturlngCOmprlSeSuPtO500steps，Ofwhichtherearefburfundamental  

physicalprocesses：  

・Implant  

・Deposition  

● Etch  

・Photolithography  

Photolithographyisthemostimportantsteptowardsthesuccessfu1implementationofeachofthe  
otherstepsand，indeed，theoverallprocess．Itshapesandisolatesthejunctionsandtransistors；it  

de坑nesthemetallicinterconnects；itdelineatestheelectricalpathsthatfbrmthetransistors；and  

」01nSthemtogether．Photolithographyreportedlyrepresents1500fthetotalof500stepsmentioned  

above．Photolithographyisalsointegraltotheminiaturizationofsemiconductors（RPAandBRE，  

2004）．  

PFOSisusedasaphotoacidgenerator（PAG）inamechanismcalledchemicalamplincationthat  
increasesthesensitivityofphotoresisttoallowetchingimagessmallerthanwavelengthoflight，  

A〃〟re〝ecfルeCoa伽g5  

Anumberofresistsupplierssellantirenective？Oatings（ARC），SubdividedintoTop（TARC）and  

Bottom（BARC）coatlngSandusedincombinatlOnWithdeepultraviolet（DUV）photoresist．The  

processinvoIvesplaclngathin，tOPCOatlngOntheresisttoreducereflectivelight，inmuchthesame  

Wayandforthesamepurposesthateyeglassesandcameralensesarecoated・  

HydraulicFluidsfortheAviation］ndustry  

Hydraulicnuidswereinitiallyusedinaircrafttoapplybrakepressure．As1argerandfasteraircraft  
Weredesigned，greateruSeOfhydraulicnuidsbecamenecessary．Anincreaseinthenumberof  

hydraulicfluidnresinthe1940snecessitatedworktowardsdeveloplngfireresistantnuids・The  
firstofthesefluidswasdevelopedaround1948，Whennreresistanthydraulicnuidsbasedon  

Phosphateesterchemistryweredeveloped．  

Pernuorinatedanionsactbyalterlngtheelectricalpotentialatthemetalsurface，therebypreventlng  

theelectrochemicaloxidationofthemetalsurfaceunderhighfluidflowconditions（RpAandBRE，  

2004）．Asaresult，hydraulicnuidsbasedonphosphateestertechnologyandincorporatingadditives  

basedonper且uorinatedanionsareusedinallcommercialaircraft，andinmanymilitaryandgeneral  

aviationaircraftthroughouttheworld，aSWellasbyeveryairframemanufacturer（RPAandBRE，  

2004）．  

Meta［Plating  

ThemainusesofPFOS－relatedsubstancesinmetalplatingareforchromiumplating，andanodising  

andacidpickling．PFOSrelatedsubstanceslowerthesurfacetensionoftheplatingsolutionsothat  

mistcontainingchromicacidfromtheplatingactivityistrappedinsolutionandisnotreleasedto  

air（RPAandBRE，2004）．  
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Other  
ThereisinfbrmationonotherhistoricalorcurrentPFOSapplicationssuchasinpesticides，medical  

applications，minlngandoilsurfactants，nameretardantsandinadhesives．Basedoncurrent  

understanding，theseapplicationsrepresentaminorpartofknownPFOSapplicationsandare  

therefbrenotfurtherelaboratedinthisprofile．  

2．1．3Re］easestotheenvironment  

ThereistodateverylimitedinfbrmationregardingtheemissionsandpathwaysofPFOStothe  
environment・TheoccurrenceofPFOSintheenvironmentisaresultofanthropogenic  
manuねctunnganduse，SincePFOSisnotanaturallyoccurrlngSubstance・  

ReleasesofPFOSanditsrelatedsubstancesarelikelytooccurduringtheirwholeliftcycle・They  
Canbereleasedattheirproduction，attheirassemblylntOaCOmmerCialproduct，duhngthe  

distributionandindustrialorconsumeruseaswellasfromlandnllsandsewagetreatmentplants  

aftertheuseoftheproducts（3M，2000）．  

Manufhctunngprocessesconstituteam叫OrSOurCeOfPFOStothelocalenvironment・Duringthese  
PrOCeSSeS，VOlatilePFOS－relatedsubstancesmaybereleasedtotheatmosphere・PFOSandPFOS－  

relatedsubstancescouldalsobereleasedviasewageeffluents（3M，2000），Highlocalemissionsare  

indicatedbyonestudythatshowedextremelyhighconcentrationsofPFOSinwoodmiceco11ected  
intheimmediatevicinityto3M’snuorochemicalplantinAntwerpen，Belgium（Hoffetal．，2004）．  

HighconcentrationsofPFOSwerealsofbundinliverandbloodfrom坑shcollectedinthe  
MississippiRiverattheimmediatevicinityofanother3MfluorochemicalplantatCottageGrovein  

Minnesota（MPCA，2006）．  

FiretrainlngareaShavealsobeenrevealedtoconstituteasourceofPFOSemissionsduetothe  

PreSenCeOfPFOSinfire－nghtingfbams・HighlevelsofPFOShavebeendetectedinneighbouring  
WetlandsofsuchanareainSweden（SwedishEPA，2004）aswellasingroundwaterintheUSclose  

toanre－trainingarea（Moodyetal，，2003）．  

AninvestlgationontheusesofPFOSandPFOS－relatedcompoundsinNorwayin2005showsthat  

approximately90％ofthetotaluse 

． 

tonnes）・RemainingquantitiesofnreextinguisherfbaminNorTayareeStimatedtobeaminimum  
Ofl・4millionlitres，Whichcorrespondstoanamountofapproxlmately22tonnesPFOS・Releases  

丘omthemunicipalsectorinNorway，2002，WereeStimatedtobe5－7tonnes（SubmissiontoSC，  

2006）．  

TheuseofPFOSinsemiconductorsisestimatedtoresultinareleaseof43kgperyearinthe EU，  

accordingtotheSemiconducturIndustryAssociation（SIA）（SIA，SubmissiontoSC，2006）．This  

COrreSPOndsto12％ofthetotalPFOSuseinthisapplication・PFOSreleasedintheUSAfrom  
Semiconductorsisestimatedtobeinthesamerange（SIA，2006）．  

Thereleasesofsulfbnatedperfluorochemicals，1nCludingPFOSorPFOS－relatedsubstances，n・Om  

difftrentproductusageshavebeenestimated（3MSpecialityMaterials，2002）．Forexample，  

garmentstreatedwithhome－aPPliedproducts，areeXPeCtedtolose73％ofthetreatmentduring  

CleanlngOVera2－yearlifespan・Alossof34％toairisexpectedfromspraycanproductsduring  
use，Whileupto12・5％oftheorlglnalcontentmayberemainlnginthecansatthetimeofdisposal・  

OneroutefbrPFOSandPFOS－relatedsubstancestotheenvironmentmaybethroughsewage  

treatmentplants（STPs）andland坑11s，Whereelevatedconcentrationshavebeenobservedcompared  

tobackgroundconcentrations・Oncereleasedn－OmSTPs，PFOSwillpartiallyadsorbtosediment  

andorganicmatter・AsubstantialamountofPFOSmayalsoenduplnagnCulturalsoil，duetothe  
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applicationofsewagesludge・TheprlmaryCOmPartmentSforPFOSaretherefbrebelievedtobe  
water，Sedimentandsoil（RⅨZ，2002）．  

DispersionofPFOSintheenvironmentisthoughttooccurthroughtransportinsurfacewater，Or  
oceaniccurrents（Yamashitaetal．，2005，Caliebeetal・，2004），tranSpOrtinair（volatilePFOS－  
relatedsubstances），adsorptiontoparticles（inwater，Sedimentorair）andthroughlivingorganisms  
（3M，2003a）．  

OnemaJOrObstaclewhentrylngtOeStimatethereleasesofPFOStotheenvironmentisthatPFOS  
canbefbrmedthroughdegradationofPFOS－relatedsubstances・Therateandtheextentofthat  
fbrmationarepresentlyunknown・InastudyonSwedishSTPs，higherconcentrationsofPFOSwere  
fbundintheefnuentscomparedtoincomlngSeWageWater，WhichcouldindicatethatPFOSwas  
fbrmed丘omPFOS－relatedsubstances（PosnerandJarnberg，2004）・   

2．2亡〃yfm〃Jne〃ねJねIe   

．2．2．1Persistence   

PFOSisextremelypersistent・Itdoesnothydrolyse，Photolyseorbiodegradeinanyenvironmental   

conditiontested（OECD，2002）．   

AstudyonthehydrolysisofPFOSinwaterhasbeenperfbrmedfbllowlngUS－EPAOPPTS   
protoco1835・2210・ThestudywasconductedatpHvarylngffoml・5－11・Oandatatemperatureof   

500C，tOfacilitatehydrolysis，butdidnotindicateanydegradationofPFOS・Thehalf－1ifbofPFOS   

WaSSettObegreaterthan41years・   

AstudyonthephotolysisofPFOSinwaterfbllowlngUS－EPAOPPTSprotoco1835・5270hasbeen   
conducted．NoevidenceofdirectorindirectphotolysISWaSObservedunderanyoftheconditions   
tested・Theindirectphotolytichalf－1ifbofPFOSat250Cwascalculatedtobemorethan3・7years・   

BiodegradationofPFOShasbeenevaluatedinavarietyoftests・AerobicbiodegradationofPFOS   

hasbeentestedinactivatedsewagesludge，Sedimentculturesandsoilculturesinseveralstudies・   
Anaerobicbiodegradationhasbeentestedinsewagesludge，Noneofthestudiesdemonstratedany   
SlgnSOfbiodegradation・   

Modellingwithasimulatorprogramofmicrobialdegradation，theCATABOLsystem，andexpert   

judgmentpredictedthatof171studiedpernuorinatedsubstancesover99％wouldbiodegradeto   
extremelypersistentpernuorinatedacids・Ofthem，109substanceswerepredictedtoendupas   
perfluorinatedsulfbnicacids，includingPFOS，and61asperfluorinatedcarboxylicacids（Dimitrov   

etal．，2004）．   

TheonlyknownconditionwherebyPFOSisdegradedisthroughhightemperatureincineration   
undercorrectoperatingconditions（3M，2003a）・Potentialdegradationatlowtemperature  
incinerationisunknown．  

2．2．2Bioaccumulation  

ItshouldbenotedthatPFOSdoesnotfbllowthe“classical”patternofpartitioningintofattytissues  

fbllowedbyaccumulation，Whichistypicalofmanypersistentorganicpollutants・Thisisbecause  
PFOSisbothhydrophobicandlipophobic・Instead，PFOSbindsprefもrentiallytoproteinsinthe  

plasma，SuChasalbuminandβ－1ipoproteins（KerstneトWoodetal・，2003），andintheliver，SuChas  
liverfattyacidbindingprotein（L－FABP；Luebkeretal・，2002）・Becauseoftheunusualphysical－  
chemicalcharacteristicsofPFOS，themechanismofbioaccumulationprobablydiffers丘omother  

POPs．  
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InastudyfbllowlngOECDprotoco1305，thebioaccumulationofPFOSinbluegillsunnsh  
（Lqpomismacrochirus）hasbeentested．Thewhole－fishkineticbioconcentrationfactor（BCFK）  

WaSdeterminedtobe2796（3M，2002）．  

Inanotherstudyon 
． 

WhenstrictlylookingattheBCFvalues，1tisclearthatthesevaluesarebelowthenumericBCF  

CriteriainStockholmConventionAnnexD（thereportedBCFvaluesarebelow5000）but，inthis  

Particularcase，aSnOtedabove，theBCFnumericcriteriamaynotadequatelyrepresentthe  

bioaccumulationpotentialofthesubstance．Monitorlngdatafromtoppredatorsatvariouslocations  

ShowhighlyelevatedlevelsofPFOSanddemonstratesubstantialbioaccumulationand  
biomagnincation（BMF）propertiesofPFOS．ItisnotablethattheconcentrationsofPFOSfbundin  

liversofArcticpolarbearsexceedtheconcentrationsofallotherknownindividualorganohalogens  
（Martinetal・，2004a）・Basedonthecoヮc？ntrationofPFOSinpredators（e・g・，thepolarbear）in  

relationtotheconcentrationintheirpnncIPalfbod（e・g・，Seals），hypotheticalBMFvalueヲCanbe  

Calculated．SuchdataarereportedinTable4．ItshouldbenotedthatthereareuncertaintleSinthese  

COmparisons．Evenifeitherliverorbloodconcentrationsarecomparedintwospecies，SPeCies  

difftrencesinspeCincproteinbindinglnthatparticularcompartmentmayafftcttheconcentration  

intheorganwithouthavlngaffbctedthewhole－bodyconcentrationofthesubstance・  

Table4．MeasuredconcentrationsofPFOSinbiotafromvariouslocations．CalculatedBMFis  

Shownwhereapplicable．  

－ ConcentrationsofPFOSinliver   

（1700－＞4000ng／g）exceedingall  

Otherindividualorganohalogens．  
CanadianArctic  

－ BMF＞160basedonconcentrations  
inArcticseals．   

－ VeryhighconcentrationsofPFOSin   
1iver（40－4870ng／g）．  Giesyand  

－ BMF＝22basedondatafromnshin  Kannan，2001  

thesamearea．  

－ nOtherminkstudyalsoshowvery  

・Mink，US  highconcentrationsofPFOSinliver  

（1280－59500ng／g，mean18000  

ng／g，）  

ー BMF～145to～4000basedondata  
斤omtheirpreysuchascraynsh  

（wholebody），Carp（muscle）and  
Kannanetal．，  

turtles（1iver   2005   
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ー VeryhighconcentrationsofPFOSin  Giesyand  
●BaldEagle，US  

plasma（1－2570ng／g）．   Kannan2001．   

・DoIphin，US   
－ VeryhighconcentrationsofPFOSin   
1iver（10，1520ng／g）．   

3M，2003a．  

ー VeryhighconcentrationsofPFOSin   
●Sealinthe  1iver（130－1100ng／g）．  Kannanetal．，  
BothnianSea，  
Finland  － BMF＞60basedondatafromsalmon  2002  

inthesamearea．   

InastudybyKannanetal・（2005），thewholebodyBCFfbrroundgobies（〃bqgobius  

mekmostomu少wascalculatedtobeapproximately2400，Whichiscomparablewithlaboratorydata，  

PFOSconcentrationsinnsh（wholebodyofroundgobies）comparedtoconcentrationsinliverof  
SalmonresultsinBMFsofapproximatelylO－20．Inbaldeagles，themeanPFOSconcentrationin  

thelivers，400ng／gww，givesaBMFoffburto丘vewhencomparedtonshathighertrophiclevels  

inthestudy．Formink，BMFsn’Om145to4000canbecalculatedwhenbasedonthemeanliver  

COnCentration，18000ng／gww，COmParedtotheirpreyitemssuchascrayfish（wholebody），Carp  

（muscles）andturtles（1iver）．  

Ingeneral，datashowthatanimalsathighertrophiclevelshavehigherconcentrationsofPFOSthan  

animalsatlowertrophiclevels，indicatlngthatbiomagnincationistakingplace・Forinstance，a  

trophicm竿gnincationfactor（TMF）of5，9wascalculatedforPFOSbasedonapelagicfbodweb  

including‥Oneinvertebratespecies，Mysis；tWOfbragefishspecies，rainbowsmeltandalewift；and  

atoppredatorfishspecies，1aketrout・Adiet－Weightedbioaccumulationfactorofapproximately3  

WaSdeterminedforthetrout（Martinetal．，（2004b）．  

MorikawaetaL（2005）showedahighbioaccumulationinturtles．Resultsfromastudyperfbrmed  

byTomyelal・（2004a）indicatedthatPFOSbiomagninedinチneaSternArcticmarinefbodweb  
（1iverconcentrationsofPFOSwereusedfbrseabirdsandmarlnemammals）．HoudeelaL（2006）  

ShowedPFOSbiomagnincationintheAtlanticOceanbottlenosedolphinfbodweb．  

AstudybyBossiela［（2005a）furthersupportsthatbiomagn沌cationistakingplace．Inthisstudy，  

apreliminaryscreenlngOfPFOSandrelatedcompoundshasbeenperfbrmedinliversamplesof  
fish，birdsandmarinemammals丘omGreenlandandtheFaroeIslands・PFOSwasthepredominant  

fluorochemicalinthebiotaanalyzed，fbllowedbypernuorooctanesulfbnamide（PFOSA）．The  

resultsfromGreenlandshowedabiomagnincationofPFOSalongthemarinefbodchain（shorthorn  

SCulpin＜ringedseal＜polarbear）．  

ItisassumedthatthemainandmostrelevantrouteofexposuretoPFOSfbrbirdsisthroughthe  

dietasbiomagnincationinbirdtissuescanoccurthisway・BMFsaboveonearereportedfbr  
SeVeralbirdspeciescollectedintheGulfofGdansk（Gulkowskael．al．2005）．Kannanetal．（2005）  

reportedaBMFoflOto20inbaldeagles（relativetopreyitems）．Tomyetal．（2004a）calculateda  

trophiclevelBMFfbrblack－1eggedkittiwake‥COdof5・1and aBMFfbrglaucousgull＝COdof9・0・  

Newstedetal・（2005）indicatedthatPFOShasrelativelyshorterhalf－1ivesinbloodandlivertissue  

inbirdscomparedtomammals．Forexample，theestimatedeliminationhalf・1ifbfbrPFOSfrom  

Serumis13・6daysinmalemallardswhereasinmalerats，itisgreaterthan90days・Arecentstudy  

hassuggestedthatPFOSisexcretedrelativelyrapidlyfrombirds（Kannanelal．，2005）．However，  

ifbirdsarechronicallyexposedtoPFOSintheirdiet，biomagnincationcanstilloccur．  

EnvironmentalmonitorlngOfbirdsinnorthempartsoftheirrangeinfactindicatesaccumulationof  

pFOS．  
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ThefactthatPFOSbindstoproteinsleadstotherelevantquestion－－atWhatconcenlrationsQf－  
PFOSwilllhebin虎ngsitesonlheseproteinsbesaluraled？Serumalbuminismostlikelythe  
bindingpoolofPFOS（Jonesetal・，2003）andseveralstudieshavebeencarriedoutwithregardto  

bioconcentrationinplasma・InAnkleyelal・（2005））thebiococentrationin坑shwasstudiedat  

COnCentrationsofPFOSinwateruptolmg几；theconcentratlOnOfPFOSinwaterandplasma  
fbllowedanalmostlinearrelationshipinthedosestesteduptoO・3mg／1withoutany 

． 

relevantconcentrations．  

Inastudyby3M（2003a），thebioconcentrationfactor（BCF）inwholefishwasdeterminedtobe  

approxiTately2800ataPFOSconcentrationof86pg／1，basedoncalculationsofuptakeand  

depuratlOnOfPFOS・Steady－Statelevelswereattainedafter49daysofexposure・Depuration  

OCCurredslowlyand50％clearancefbrwholenshtissueswasestimatedtobe152days・Dueto  
mortality，aBCFcouldnotbecalculatedfbrtheotherconcentrationused，870いg／1．Thus，itisnot  

likelythatsaturationofserumprOteinbindingsiteswilllimitthebioconcentrationofPFOSin坑sh．  

InCynomolgusmonkeys，CumulativedosesofPFOS（0，03，0，15，OrO，75mg／kg／day，Orally，for182  

days）showedalinearincreaseinplasmaatthelow－andmid－dosヲgrOuPSWhileanonlinear  
responsewasshowedinthehigh－dosegroup（CovanceLaboratones，Inc．2002a）．Wearenotaware  

Ofsimilardatainothermammals，butconsideringthehighlevelofbioaccumulationobservedin  
mammals，andthatmammalianserumcontainshighconcentrationsofprotein，bindingsitesarenot  

likelytolimitthebioaccumulationofPFOSinenvironmentallyexposedmammals．   

2・2・3Long－rangeenVironmentaJtransport  

ThepotassiumsaltofPFOShasameasuredvapourpressureof3．31xlO．4pa（OECD，2002）．Due  
tothisvapourpressure 

． 

Predominantlyboundtoparticles，becauseofitssurface－aCtiveproperties，ratherthaninagaseous  

State．  

SomeofthePFOS－relatedsubstanceshaveaconsiderablyhighervapourpressurethanPFOSitself：  
andareasaresultmorelikelytobevolatile・Thevapourpressuresofprecursors，SuChasN－  

EtFOSEAandN－MeFOSEA，mayeXCeedO・5Pa（1000timesgreaterthanthatofPFOS）（Giesyand  

Kannan2002）・OtherPFOSprecursorsconsideredvolatileincludeN－EtFOSEalcohol，N－MeFOSE  

alcohol，N－MeFOSAandN－EtFOSA（3M）2000）・Theseprecurs？rStOPFOScouldevaporateinto  

theatmosphereandbemorewidelytransportedthroughairthanlSPOSSiblefbrPFOSitself Once  

intheatmosphere，theycanremainingasphase，COndenseonparticlespresentintheatmosphere  

andbecarriedorsettleoutwiththem，Orbewashedoutwithrain（3M，2000）．Martinelal．（2002）  

measuredtheairinTorontoandLongPoint，Ontario，fbrsomeprecursorsofPFOS・Theyfoundan  

averageN－MeFOSEalcohoIconcentrationoflOIpg／m3inTorontoand35pg／m3atLongPoint・  
TheaverageconcentrationsofN－EtFOSEalcohoIwere205pg／m3inTorontoand76pg／m3inLong  
Point，  

Forprecursorsreleasedtowater，thevapourpressuremaybesignincantenoughtoallowthe  

Substancetoenterintotheatmosphere・ForN－EtFOSEalcohol，thetendencytoleavethewater  

phaseisindicatedbyitsrelativelyhighHenry，slawconstant（1．9×103pa・m3・mOl‾1）（Heksteretal．  
2002）・IthasbeenreportedthatwhenthesePFOSprecursorsarepreヲentaSreSidualsinproducts，  

theycouldevaporateintotheatmospherewhentheproductscontainlngthemaresprayedanddried  

（3M，2000）．  
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PFOShasbeendetectedinrainwaterfromanurbancenterinCanadawithaconcentrationofO，59  
ng几・WhetherornotPFOSoriginatesfromprecursorseitherbeingtransportedandsubsequently  

wetdepositedanddegradedtoPFOS，OratmOSPhericallydegradedandthenwetdeposited，is  
unclear．MeasurementsofpotentialprecursorsfbrPFOSwerenotperfbrmedinthisstudy（Loewen  

g／αJ，2005）  

Theatmospherichalfこ1ifeofPFOSisexpectedtobegreaterthantwodays・Thisstatement，While  

notspecincallytested，isbasedonthefactthatPFOShasexhibitedextremeresistanceto  
degradationinalltestsperfbrmed・However，anatmOSPherichalfこ1ifeofl14dayshasbeen  

calculatedfbrPFOSusinganAOPcomputermodelingprogramvl・91（EnvironmentAgency”  
2004）．Theindirectphotolytichalf－1iftofPFOSat250Chasbeenestimatedtobemorethan3・7  

years（OECD，2002）．  

Howpernuoralkylacidsubstanceshavecometobegloballydisseminatedintheenvironmenthas  
beenthekeyquestion，Since，fbrexample，thevapourpressureandHenry，slawconstantofPFOS  
indicatesitistooinvolatileandthereforeunlikelytoenterdirectlyintotheatmosphere（Stocketal・  

2004）．ThereforeithasbeenhypothesizedthatPFOSmustbegloballydistributedviamore  
volatile，neutralaifbornecontaminantsthatundergolong－rangetranSpOrtandthendegradetoyield  

thefreeacids．  

Insupport，Stocketal・（2004）havere？entlyreportedthatpolynuorinatedsulfbnamidesarewidely  
distributedthroughouttheNorthAmerlCantrOpOSPhere・Meanconcentrationsrangedfrom22－403  
pg／m3withthedominantpolyfluorinatedcontaminantdependentonthesamplinglocation・  

HighmeanconcentrationsofN－methylpernuoro？CtaneSulfbnamidoethanol（NMeFOSE）of359  

pg／m3，WereidentinedintheairofGrifnn，Georglチ・Theauthorsspeculatethat，aSGrifnnis  
locatedinthemidstofthemaincarpetmanufacturlngandtreatmentzoneoftheUS，itprobablyis  
enterlngtheenvironment丘omcarpettreatmentproducts，manyOfwhichconsistofnuorinated  

moleculeslinkedtopolymericmaterials・Forexample，1tispossiblethatfreechemicalmaybeleft  
inthecarpet且bres，Withpubliclyavailableinfbrmationon3Mproducedproductsindicatlngthe  

concentrationoffreepolyfluorinatedsulfbnamidesistypicallyl－2％orless・Alternatively，itis  
postulatedthatchemicallyboundNMeFOSEmayalsobereleasedfromcarpetsduetochemical，  
physical，and／orbiologlCaldegradationprocesses・  

SupportfbrthishypothesiscomesfromShoeibeial・（2004），WhomeasuredbothNMeFOSEand  
therelatedN－ethylpernuolOOCtaneSulfbnamidoethanol（NEtFOSE）inbothindoorandoutdoorair・  

MeanindoorairconcentratlOnSfbrthesewere2590and770pg／m3，reSPeCtively，andtheratios  
betweenindoorandoutdoorairwerellOand85，reSpeCtively．Againcarpetswereidentinedasa  

possiblesourceofNMeFOSE，andhighusageofpaperinthebuildingasapossiblesourceof  
NEtFOSE．PaperproductswerealsosuggestedbyStocketal・（2004）asapossiblesourcefbrthe  

highlevelsofNEtFOSEintheairofReno，Nevada・  

RecentlyDinglasan－PanlilioandMaybury（2006）havedemonstratedthatresidualfluorinated  
substancesdetectedinmaterials，includingO．39％ofaperfluoroalkylsulfbnamidoalcohoIpresent  

inacommerciallyavailablecarpetprotectorproduct，arethelikelysourcesfbrthesevolatile  
precursors．FurtherN－methylpernuorobutanesulfbnamidoethanol（NMeFBSE）hasbeen  

demonstratedinthelaboratorytodegradetopernuorobutanesulfbnate（PFBS），albeitinlowyield  

（D－eonetal，2006）．  
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PFOShasbeenmeasuredinawiderangeofbiotaintheNorthernHemispheresuchastheCanadian  

Arctic，Sweden，theUSandtheNetherlands・InastudybyMartinela［．（2004a），thelevelsofPFOS  

WeremeaSuredinliversamplesfrombiotaintheCanadianArcticandwerefbundinthevast  

m如0rityofthespeciesexamined・ThepresenceofPFOSinArcticbiota，farfromanthropogenic  

SOurCeS，demonstratesthepotentialofPFOSfbrlongprangetransport・Themechanismsofthis  

transportarenotknown，butitcouldbeduetothetransportofvolatilePFOS－relatedsubstances  

thateventuallydegradetoPFOS．   

Whileprecursorswillundergodegradationoncereleasedtotheenvironment，tranSfbrmationrates  
mayvarywidely・PrecursorsthatreacharemotereglOnthroughtheatmosphereorothermedia  
maybesubjecttobothabioticandbioticdegradationroutestoPFOS（GiesyandKannan2002a；  
Heksteretal・2002）・Themechanismsofthisdegradationarenotwellunderstood．Whenrats  

metabolizeN－MeFOSE－basedcompounds，SeVeralmetaboliteshavebeenconnrmedintissue  

SamPles，includingPFOSandN－MeFOSEalcohol（3MEnvironmentalLaboratory2001a，2001b）．  

PFOSappearstobethefinalproductofratandprobablyothervertebratemetabolismofPOSF－  

basedsubstances．   

Arecentstudyperformedwithrainbowtrout（Onchorjv）nChusmykis可1ivermicrosomeshas  
demonstratedthatN－ethylperfluorooctanesulfbnamide（N－EtPFOSA）isaprecursorofPFOSinnsh  
（Tomyetal・，2004b）・ThesenndingscombinedwiththerecentmeasurementsofcoりCentrationsup  

to92・8土41・9ng／gwetweightofN－EtPFOSAinチquaticorganismsfromArcticreglOnS（Tomyet  
al・，2004a）strengthenthehypothesisthatperfluorlnatedsulfonmidesareoneofthevolatile  

PreCurSOrSOfPFOStransportedoverlongdistancestotheArctlC・However，thehypothesisthat  

thesevolatileprecursorsreachtheArcticlatitudesbyatmospherictransporthasnotyetbeen  

COnfirmedbyatmosphericmeasurements（Bossietai，，2005b）   

2．3亡xp05〟re  

2．3．1Measuredenvironmenta［leveIs  

AscreeningstudywasassignedbytheSwedishEnvironmentalProtectionAgency（SwedishEPA）  
andperfbrmedbyITM，InstituteofAppliedEnvironmentalResearch，OnthelevelsofPFOSinthe  

Swedishenvironment（SwedishEPA，2004）．TheresultsshowedhighlyelevatedlevelsofPFOSin  

awetlandinthevicinityofafiredrillareawithadeclininggradientoutintheaqjacentbay（2．2－  

0・2Llg几）・Elevatedlevelswerealsodetectedoutsidesewagetreatmentplants（STPs）andlandn11s．  

EfnuentsfromSTPscontainedlevelsofPFOSuptoO・020pg几andleachatelevels丘omlandnlls  
WerebetweenO．038－0．152ドg／L．  

TheoccurreりCeOfPFOSandotherpernuoroalkylsulfbnatesubstancesiヮopenoceanwaters竺uCh  
astheAtlantlCandthePacificOceanhavebeeninvestlgated・ThedetectlOnOfPFOSinoceanlC  
WaterSSuggeStSanOtherpotentiallong－rangetranSpOrtmeChanismtoremotelocationssuchasthe  

Arctic・TheresultsshowedthatPFOSispresentincentraltowesternPacificOceanreglOnSin  
COnCentrationsrangingfrom15－56pg几，COmparabletotheconcentrationsinthemid－Atlantic  

OCean・Thesevaluesappeartobethebackgroundvaluesfbrremotemarinewatersfarfromlocal  
SOurCeS（Taniyasueta［，2004）．PFOSwasalsodetectedinoceanicwatersinseveralcoastal  

SeaWaterSfromAsiancountries（Japan，China，andKorea）atconcentrationsrangingfroml．1－57  

700pg、L．1（Jinelal．，2004；Yamashitaelal．，2005）．PFOSwasalsoobservedintheNorthSea  
（estuaryoftheriverElbe，GermanBight，SOuthernandeasternNorthSea）（Caliebeetal．，2004）．  

Inastudyincities 
． 

existedgenerallylnWaterCOmPartmentSinChina・Concentrationsweregenerallyatlevelsof  
approximatelylng6L（Jinetal．，2004）．  
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StudiesintheUShaveidentinedthepresenceofPFOSinsurfacewaterandsedimentdownstream  
Ofaproductionfacility，aSWe11asiりWaSteWatertreatmentPlantefnuent，SeWageSludgeand  

landnllleachateatanumberofurbancentresintheUS（3MMultiCitystudy，reViewedinOECD  
（2002）and3M（2003a）．Fourofthecities（Decatur（AIJ），Mobile，Columbus（GA），Pensacola）were  
citiesthathavemanufacturingorindustrialuseofnuorochemicals；tWOOfthecities（Cleveland  
（TN），PortSt．Lucie）werecontroIcitiesthatdonothavesignincantnuorochemicalactivities・The  
rangesofPFOSlevelsinthesecitiesareprovidedinTable5・  

Table5．EnvironmentalLevelsofPFOSinSixUSUrbanCentresintheUS（fromOECD，2002）  

m   

．義，莞．▲サ   幣響こ攣宝、撃響轡幣      込ミ！7．竺．；㌻←  さ課   ・ぺ ▼醐市河晃    芥－＝               、，珊．‡j三  －憑1．疇ン“．ユ、膿1端々イt、箸ノー鴨、 ㌣！・、  ★   
Municlpalwastewatertreatment  

0．041－5．29   
planteffluent  

MunicIPalwastewatertreatment  
0．2－3．120（dryweight）   

plantsludge  

Drinkingwater  ND－0．063   

Sediment  ND－53．1（dryweight）   

Surfacewater  ND－0．138   

‘Quiet’water  ND－2．93  

Note：ND：nOtdetected  

ThecontroIcities，samplesgenerallyinhabitedthelowerendoftheaboveranges，eXCePtfbrthe  
munlCIPalwastewatertreatmentplantefnuentandsludgenndingsfbroneofthecontroIcities  
（Cleveland），Whichwereintermediateintheirranges，andthe‘quiet’watersamplesatcontroIcity  
（PortSt．Lucie），Whichwerethehighest．InCanada，SuSPendedsedimentsampleswerecollected  
annuallyatNiagara－On－the－LakeintheNiagaraRiverovera22yearperiod（1980－2002）・PFOS  
concentrationsrapgedfrom5tollOOpg・g－1（FurduietaL，2005）・Preliminarynndingssuggestthat  
PFOSconcentratlOnSincreasedduringthestudyperiodfrom＜400pg・g－1intheearly1980sto＞  
1000pg・g－1in2002・  

SamplesofefnuentfromnfteenrepresentativeindustrysectorshavebeenanalysedfbrPFOS  
（Hohenblumelal，2003），Theindustrysectorswereprinting（1site），electronics（3），1eather，metals，  

Paper（6），Photographicandtextiles（2）・ThePFOSlevels？ngedfromO－2・5pg几（2・5pgrLfor  
leather，0・120ug／1fbrmetal，0・140－1・2Llg／1atfburpaperslteS，1・2pg／1fbrphotographic，nOtfbund  

intextilesorelectronics）．  

GroundwaterfrombelowaairfbrcebaseinMichigan，US，hasbeensampled（Moodyetal，2003）・  

FirenghtingfbamscontainlngPFOShadbeenusedthereintrainlngeXerCisesfromthe1950sto  
1993whenthebasewasdecommissioned・ThegroundwaterwasfoundtocontainPFOS，atlevels  

丘om4－110トl釘1．  

SixteenGreatLakeswatersamples（eightlocations）wereanalysedfbrperfluorooctanesurfactants・  

PFOSwaspresentina11sampleswithaconcentrationrangeof21－70ng几・ThreePFOSprecursors  
werealsofoundinthewatersamples．N－EtFOSAA（4．2－11ngn－）andPFOSA（0・6－1・3ngA）were  
presentinnearlyallsampleswhilePFOSul坑natewasidentifiedatsixoutofeightlocations（2・2－17  

ng几）＠oulangeretal，2004）．PFOSwasdetectedinsurfacewaterasaresultofaspillofnre－  

nghtingfbamfromtheTorontoInternationalAirportintonearbyEtobicokeCreek・Concentrations  
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ofPFOSranglngfrom＜0・017to2210pg・L－1weredetectedincreekwatersamplesovera153－day  
samplingperiod，PFOSwasnotdetectedattheupstreamsamplesite（Moodyelal・2003）・  

PFOSandrelatedfluorochemicalshavebeendetectedinanimalsinanumberofstudiesinavahety  
Oflocationsaroundtheglobe．Generally，thehighestconcentrationsarefbundintoppredatorsin  

fbodchainscontainlngnSh，ThehighestNorthAmericanorcircumpolarconcentrationofPFOSin  

mammaltissuereportedinthepublishedliteratureis59500pg▼kg－1wwinminkliverfromUSA  
（Kannanelal．，2005a）．  

Martinelal．（2004a）measuredthelevelsofPFOSinliversamples丘ombiotaintheCanadian  

Arctic．PFOSwasfbundinthevastm毎orityofthesamplesandhigherlevelswerefbundinanimals  
atthetopofthefbodchain・Thehighestlevelswerefoundinpolarbear，Withameanlevelof3100  

ng／gfromsevenanimals（maximumvalue＞4000ng／g）・TheconcentrationsofPFOSinpolarbear  
are5－10timeshigherthantheconcentrationofallotherpernuoroalkylsubstancesandwerehigher  
thananyotherpreviouslyreportedconcentrationsofpersistentorg禦OChlorinechemicals（e・g・，  

PCBs，Chlordaneorhexachlorocyclohexane）inpolarbearfat（MartlnetaL，2004a）・PFOSA，a  

precursortoPFOS，WaSalsofbundinmostofthesamples・TheconcentrationofPFOSAwashigher  

thanthatofPFOSinnsh，butnotinmammals，ThiscouldindicatethatPFOSAhasbeen  
metabolisedtoPFOSinmammalsandthehighconcentrationsmaybetheresultofbothdirect  
exposuretoPFOSandmetabolismfromPFOSA・  

PFOSisfbundinbirdsworldwide．InNorthAmerica，PFOShasbeenfbundineaglesintheGreat  
Lakes＝．mallardsintheNiagaraRiver，loonsinnorthernQuebec，gullsintheArcticandinCanadian  

migratoryspeciesintheUnitedStates（e．g．，COmmOnlooninNorthCarolina）・InCanadianor  

Canada－USmigratoryspecies，COnCentrationshavebeenmeasuredinliverranglngfromnot  

detectableto1780ng／gfbrlooninnorthernQuebecandbaldeagleinMichigan，inbloodplasma  

ranglngfrom＜1－2220ng／g bloodpIasmainbaldeagles，andineggsandeggyolkranglngfrom  

21－220ng／gindouble－CreStedcormorantinManitoba・InseveralmonitorlngStudies，PISCivorous  

waterbirdswerefoundtohavesomeofthehighestliverandserumPFOSconcentrationscompared  
tootherspecies（NewstedelaL，2005）・InastudyofbirdsintheNiagaraRiverRegion，Piscivorous  

birds（co㍗mOnmerganSer，bufnehead）containedsignincantlygreaterPFOSconcentrationsthan  

non－PiscIVOrOuSbirds（Sinclairelal・，2006）・Preliminarydataontemporaltrendsshowanincrease  

inbirdPFOSconcentrations，intwoCanadianArcticspecies（thick－bi11edmurresandnorthern  

fu1mars）from1993to2004（Buttetal．，2005）．ItisnotedthatconcentrationsofPFOSinplasma  

havebeenreportedineagle，gullsandcomorantsaroundtheGreatLakesandintheNorweglan  
Arcticranglngfrom＜1ng／g to2220ng／g，  

KannanandGiesy（2002b）hav？Summarisedresultsofanalysesonarchivedtissuesamples・The  
tissuesanalysedcame丘ommannemammals，birds，nSh，rePtilesandamphibiansfromaroundthe  

world，includingtheArcticandAntarcticOceans・Samplescollectedinthe1990swereused・  

Around1700sampleswereanalysed，Withconcentrationsinliver，eggyOlk，muSCleorblood  

plasmadetermined・Thedetectionlimitvaried丘omlng／gto35ng／gwetweight・Asummaryof  
theresultsisshowninTable6．  
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Table6・MaximumconcentrationsofPFOSinvariousspeciesaswellas丘equencyofdetection．  

BasedonKannanandGiesy（2002a）  

PFOSwasdetectableinmostofthesamples，includingthosefromremotemarinelocations，at  

COnCentrations＞1ng／g・TheauthorscomparedtheresultsfromremoteareaWiththosefrommore  
industriallocationsandnotedthatPFOSiswidelydistributedinremotereglOnS，includingthePolar  
Regions，butthatthelevelsfbundinmoreutbanandindustrialareas（e％theBaltic，GreatLakes）  

areseveraltimeshigher・Thetissuesofnsh－eatlngbirdsinCanada，Italy，JapanandKoreaall  

COntaineddetectablelevelsofPFOS，SuggeStlngthattheyareexposedthroughthenshthey  
COnSume・AsummaryofseveralstudiesisglVeninTable7．  

Table7・MonitoredlevelsofPFOSinanimals（datafromselectedstudies，basedonOECD，2002）  

Mediterranean  NorthernBaltic   

Polarbear（1iver，n＝7）：  

Survey of 
mammals，birds  

Max：＞4000ng／gwet  

and坑shinthe  
B  Wt．  CanadianArctic   

CanadianArctic  Mean：3100ng／gwet  

Wt．   
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