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Arcticfbx（1iver，n＝  

Max：1400ng／gwetwt・  

NorthPacinc  Carp（muscle，n＝10）‥  
Ocean，Antarctic）   

Max：296ng／gwetwt・  

Mean：120ng／gwetwt．   

SurveyOffish－  
eatingbirds（US，   Baldeagle（plasma，n＝   

BalticSea，  42）：   

Mediterranean  D  MidwestUS  
Max：2570ng／mL  

Sea，Japanese  
COaSt，lゝOrean  Mean：520ngmL   

COaSt）  

Mink（1iver，n＝77）：  

Maxニ4870ng／gwetwt・  

Mean：1220ng／gwet  
SurveyOfmink  Ⅵ互．   

andriverotterin  

theUS   
Riverotter（1iver，n＝  

5）：  

Max：994ng／gwetwt・  
US   

Mean：330ng／gwetwt．  

Survey of oysters Oyster（Wholebody，n   
intheUS  ＝77）Max：100ng／gwet  

F  wt. US  

＆Gulfof  
Mexico）  Meanニ60ng／gwetwt・   

Fishsamples   Fish（wholebody）：   

upstream and 
Mean（upstream）：59・1  

downstream of 
G  Llg／kgwetwt・  Decatur，US  

3Mfacilityin  

Decatur，  Mean（downstream）‥   

AlabamaUS  1，332ドg／kgwetwt・ 

Swedishurban   
H   

Perch：3－8ng／g（urban  Sweden（Lake   

andbackground  sitesinthevicinityof  Malaren）   

23   



UNEP／POPS／POPRC．2／17／Add．5  

Sources：A：3M（2003a），B：Martineial．（2004a）；C二GiesyandKannan（2001c）in3M（2003a）；D：  

GiesyandKannan（2001b）in3M（2003）；E：GiesyandKannan（2001d）in3M（2003a）；F：Giesy  

andKannan（2001e）in3M（2003）；G二GiesyandNewsted（2001）inOECD（2002）；H：Holmstr6m  

eJαエ（2003）．   

ConcentrationsofPFOSinguillemot（th・iaaa鹿）eggsfromStoraKarls6intheBalticSeahave  
beenmeasuredretrospectivelyfrom1968to2003（Holmstr6metal，2005）．Theresultsshownin  

Figure2displayatrendofincreasingconcentrationssince1968（17－623ng／g）．  

Figure2．MeasuredconcentrationsofPFOSinGuillemot（th・iaaaなe）eggssampledatStora  

Karls6intheBalticSeabetweentheyears1968－2003．Thegraphistaken丘omthereport  

“ScreenlngaVPernuOreradeamnen”bytheSwedishEPA，EnvironmentalAssessmentDepartment  

（2004）．   

2．3．2BioavailabiJity  

StudiesonnshhaveshownthatPFOShasbioconcentrationproperties．lnstudiesonbluegill  
Sun鎖sh（エ甲Omismacrochirus）andrainbowtrout（Oncorjvmchus7Wkiss），bioconcentrationfactors  

（BCFs）havebeenestimatedtobe2796（wholensh）aswellas2900（1iver）and3100（plasma），  

respectively．Themqjorrouteofuptakeisbelievedtobethroughthegi1ls（MartinetaL，2003）．  

SincePFOSisreleased丘omsewagetreatmentplantstotheenvironmenti．e．throughwater，One  

mqorrouteforPFOSintolocalfoodchainscouldbethroughnsh．PFOShasshownahighoral  
uptake（95％）within24hoursinthegastro－intestinal（GI）tractinstudiesonrats（OECD，2002）．  

Takentogether，thiscouldconstitutethebasisofthehighlyelevatedlevelsthathavebeenobserved  
intoppredatorsinfoodchainscontainlngnSh．  
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ThiscouldalsobecorroboratedbytwoseparatehumanmonitorlngStudiesontheSwedish  

POPulationwherethelevelsofPFOSinwholebloodwashigher（27．2ng／g，3．0－67，n＝10）in  

ftmaleswithahighconsumptionofnsh（Berglund，2004）comparedtosamplesfromftmalesinthe  

generalpopulation（17・8（ng／gフ4，6－33，n＝26）（KarrmanetaL，2004），  

Inhumans，thehighestconcentrationsofPFOS havebeendetectedinworkersat3M，s  

manufbcturlngplantfbrperfluorochemicalsinDecatur，US，Wherethelevelsinseruminthelast  

yearofmeasurement（2000）rangedbetweenO・06－10．06ug／g（n＝263，OECD，2002）．  

Inastudyofthegeneralpopulation，bloodsamplesfromfamiliesincludingthreegenerationslivlng  

in12EuropeanCOuntriesweretestedfbralargenumberofchemicalsincludingPFOSandPFOSA．  

PFOSwaspresentin370f38sampleswithconcentrationsfromO・36to353ng／gblood，While  

PFOSAwaspresentin360f38sampleswithconcentrations丘omO．15to2．04ng／gblood（WWF，  

2005）．   

PooledserumSamPlesfrom3802Australianresidents，COllected2002－2003anddividedinrelation  

toage，genderandregion，Wereanalysedfbrperfluoroalkylsulfbnates，per刊uoroalkylcarboxylates  

andPFOSA（Karrmanetal・，2006）・PFOSandPFOSAwerequantinedinallpooledserumSamples  

Withatotalrangeof12・7－29・5ng／ml（mean17・2ng／ml）andO．36－2．4ng／ml（meanO，81ng／ml），  

respectively・ForPFOS，aSlgnificantcorrelationbetweenageandconcentrationwasshown．No  

Substantialdifftrencewasfbundinlevelsofpertluorinatedcompoundsbetweentheurbanandrural  

reglOnS・Accordingtogendersomediffbrenceswereshownfbrsomeoftheagegroups・  

2．4〃azarda55e5Sme〃Iねre〃巾0血ねOfco〃Cem  

2．4．1MammalianToxicity  

EvidenceofthemammaliantoxicityofPFOSisavailablefromacute，Sub－Chronicandchronic  

exposurestorats，Sub－Chronicexposurestomonkeys，andatwo－generationstudyonrats，Results  

areavailable丘omreproductiveandteratogenicitystudiesonratsandrabbits．Detailsofthese  

Studiesarenotincludedhere，theycanbefbundintheassessmentmadebyOECD（2002）．The  

mostrelevantdatafbrthisriskpronleare：  

●A90－daystudyonrhesusmonkeysexposedtoPFOSpotassiumsaltviagavageatthedosesO，   

0・5，］・5and4L5mg／kgbw／dayL At4－5mg／kgbw／dayallmonkeys（4）diedorweresacrincedin   

moriboundcondition・NodeathswereobservedatO・50rl・5mg／kgbw／day，buttherewereslgnS   

Ofgastrointestinaltoxicity．ANOAELcouldnotbeestablishedsincethelowestdosewasa   
LOAEL（Goldenthaletal．，1978a），  

●A90NdayoralrepeateddosetoxicitystudyinratsthatwereftddietscontainingO，30，100，300，  

1000and3000mgPFOSpotassiumsaltperkgdiet・Allratsdiedwhenfeddietscontainlng300   
mg／kgPFOSandabove（equivalentto18mg／kgbw／dayandabove）．AtlOOmg／kg（6mg／kg  

bw／day），50％（5／10）oftheanimalsdied・Allratsreceivingdietscontaining30mg／kgPFOS（2．O   

mg／kg／day）surviveduntiltheendofthestudy，butsmallchangesinbodyandorganweightswere   

reported．SincethelowestdosetestedwasaLOAEL，aNOAELcouldnotbeestablished  
（Goldenthaletal．，1978b）．  

・A two－generationreproductivetoxicitystudyonratsthatwereftdPFOSpotassiumsaltvia  
甲VageatthedosesO・1，0・4，1・6，and3・2mg／kgbw／day・Atthedosesl・6and3・2mg／kgbw／daya  

SlgnificantreductionintheviabilityoftheFlgenerationwasobserved．Inthel．6mg／kgbw／day  

group，34％（86／254）oftheFIpupsdiedwithinfburdaysafterbirth．Inthe3．2mg／kgbw／day  

group，45％（71／156），OftheFIpupsdiedwithinonedayafterdelivery．Noneofthesepups   

Survivedbeyondday4・Maternaltoxicityatl．6and3．2mg／kgbw／daywasmaniftstedasreduced  
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fbodconsumptlOn，bodyweightgaln，andterminalbodyweight・Localisedalopeciawasalso  

Observedat3・2mg／kgbw／day・TheLOAELinthisstudyTaSO・4mg／kgbw／daybasedon  
SlgnincantreductionsinpupweightgalnintheFlgeneratlOnanimals・TheNOAELwasO・1  
mg／kgbw／day（Christianetal．，1999）．AnewstudybyLuebkereiaL（2005）supportsthese   

results．  

●CynomolgusmonkeysadministeredPFOSfbr26weekswereobservedtohavethymicatrophy  

（ftmales），andreducedhighdensity1ipoprotein，Cholesterol，triiodothyronine，tOtalbilirubin  

levels（males）（CovanceLaboratories，Inc．2002a）．TheLOELdosewasO．03mg．kg，1bw／dayat  
whichaveragemeanfemaleandmaleconcentrationsinseraandliverwere19・8pg・mL－1and14・5  
pg・g－1，reSpeCtively・  

●A2－yeardietaryratstudyinwhichhistopathologlCalefftctsintheliverwereseehinmalesand   
ftmalesatintakesaslowasO．06－0．23mgPFOS／kgbwperdayandO・07LO・21mgPFOS／kgbw   

perday，reSPeCtively（CovanceLaboratories，Inc・2002b）・Averagevaluesweredeterminedfbr   

malesandfbmalestoestablishLOELsof40．8ug／ginliverand13．9mg几inserum．  

AstudybyGrastyetal．（2003）concludedthatexposureofpregnantratstoPFOSlateingestation，  

at25mg／kgb．w．PFOSbyoralgavageongestationday（GD）17－200r50mg／kgPFOSonGD19－  

20，issumcienttoinducelOO％pupmortalityandthatthecausativefactormaybeinhibitionof  

lungmaturation．However，inasubsequentstudybyGrastyetal・（2005），themechanismbehind  

pupmortalitycouldnotbeestablished・   

2．4．2Ecotoxicity  

EnvironmentaltoxicitydatafbrPFOSispredominantlyfoundfbraquaticorganismssuchasnsh，  
invertebratesandalgae，andfbrbirds．  

PFOShasshownmoderateacutetoxicityto坑sh．ThelowestobservedLC50（96h）wasestimatedto  

be4．7mg／1inastudywherefatheadminnow（PimqphalespromeklS）wereexposedtothelithium  

saltofPFOS．ThelowestNOEC，0．3mg／1，hasbeenobservedinPimqphalbspromeh7SatPrOlonged  

XpOSure（42d）andwasbasedonmortality（OECD，2002）・ThelowestLC50（96h）fbraquatic  

lnVertebrateshasbeenobservedinthemysidshrimpP4）Si（桓sisbahiq）andwasestimatedtobe  
3．6mg／1．ThelowestNOECvaluehasbeenobservedinA少Si卸sisbahiaatO・25mg／1（OECD，  

2002）．  

AstudybyMacdonaldeial．（2004）reportedalO－dayNOECofO・0491mg几fbrthegrowthand  

survivaloftheaquaticmidge（Chironomouslentans）．TheauthorsconcludedthatPFOSis2－3  

0rdersofmagnitudemoretoxictochironomidsthantootheraquaticorganismspossiblythrough  

Omekindofinteractionwithhaemoglobin，WhichispresentatalllevelsofdissoIvedoxygen（DO）  

1nChironomidsasopposedtodaphnids，WherehaemoglobinisproducedonlylnreSPOnSetO  

declinlngDOlevels．  

ThemostsensitivealgaeappeartobethegreenalgaePseudbkirchnerilh7Subcqpilak7WithaIC50  

（96h，Celldensity）of48．2mg几．ThelowestNOECvaluefbralgaewasdeterminedinthesame  

StudyfbrPseudbkirchneril肋∫ubcq，itata，5．3mg几（Boudreauetal・，2003）・  

MallardandbobwhitequailwereexposedtoPFOSinftedfbrupto21weeksandavarietyof  
endpointsexaminedincludingchangesinadultbodyandorganweights，ftedconsumptlOnrate，  

fbrtility，hatchability，andoffspringsurvival．AtadoseoflOmg／kgdietPFOS，effectsinmale  

mallards（血asph7少rjD）nCO可includedreducedtestessizeanddecreasedspermatogenesis（3M，  

2003b）・Atthisdose，theconcentrationsofPFOSinseTuTandliverwere87・3ug／mLand60・9  

ug／g，reSpeCtively（3M，2004）．Forquail（ColinusvilglnlanuS），atlOmg／kgindiet，minoreffects  

yereobservedinadults，includinganincreaseinliv？rWeight（ftmales），anincreaseinthe  

lnCidenceofsmalltestessize（males），andreductionlnSurvivabilityinquailchicksasapercentage  
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Ofeggsset・Concentrationsinserumandliverofadultquailfもmaleswas84Llg，mLTIserum（week  

5，pre－reprOductivephase），and8．7pg．mL．1serum（week21）and4．9pg，kg－1wetweightliver；in  
adultquailmales，COnCentrationswere141pg．mL，1serumand88．5Llg．g WetWeightliver（3M， －1  

2003c）．  

3SYNTHESISOFTHEINFORMAT［ON  

Pertluorooctanesulfbnate（PFOS）isafu11ynuorinatedanion，Whichiscomm 

． 

historicallybeenusedinawidevarietyofapplications，typicallyincludingかenghtingfbamsand  

Surfaceresistance／repellencytooil，Water，greaSeOrSOil・PFOScanbefbrmedbydegradation丘om  

alargegroupofrelatedsubstances，refblTedtoasPFOS－relatedsubstances（seedefinitiononpage  

4）．  

Duetotheirintrinsicproperties，PFOSanditsrelatedsubstanceshavebeenusedinawidevariety  

Ofapplications・Whilehistorical1y，PFOSandPFOS－relatedsubstanceshavebeenusedineight  

difftrentsectorsasshowninSection2・1・2・above，thepresentuseinindustrializedcountriesseems  

tobelimitedtonvesectors，See2・1・2・Itisnotknownwhetherthisalsorenectstheglobaluse・  

PFOSandPFOS－relatedsubstancescanbereleasedtotheenvironmentattheirmanufacture，during  

theiruseinindustrialandconsumerapplicationsandfromdisposalofthechemicalsorofproducts  

Orarticlescontainlngthemaftertheiruse 

TherateandtheextentofthefbrmationofPFOSfromitsrelatedchemicalsarelargelyunknown，  

Lackofdatamakesitverydifnculttoestimatethenetcontributionofthetransfbrmationofeachof  

thePFOS－relatedsubstancestotheenvironmenta＝badingsofPFOS・However，basedonits  

extremestability，itisexpectedthatPFOSislikelytobethefinaldegradationproductofallPFOS－  

relatedsubstances．  

PFOSisextremelypersistent・IthasnotshownanydegradationintestsofhydrolysIS，photolysISOr  

biodegradationinanyenvironmentalconditiontested・TheonlyknownconditionwherebyPFOSis  
degradedisthroughhightemperatureincineration 

Withregardtobioaccumulationpotential，PFOSmeetstheAnnexDcriteriaglVenthehighly  

elevatedconcentrationsthathavebeenfbundintoppredatorssuchasthepolarbear，Seal，bald  

eagleandmink・Basedontheconcentrationsfbundintheirprey，highBMFshavebeenestimated  

forthesepredators・BCFvaluesinnsh，although（rather）highdonotinthemselvesmeetthe  

SPeCincnumericcriteria・However，duetothepropertiesofPFOS，Whichbindspreftrentiallyto  

PrOteinsinnon－1ipidtissues，aPPlicationofnumericcriteriafbrBCForBAF，Whicharederived  

basedonconsiderationoflipid－partitionlngSubstances，maybeinappropnatefbrPFOS・Most  

notableandalarmlngarethehighconcentrationsofPFOSthathavebeenfbundinArcticanimals，  

farfromanthropogenicsources・PFOShasbeendetectedinhighertrophiclevelbiotaandpredators  
SuChasnsh，Piscivorousbirds，mink，andArcticbiota・AIso，predatorspecies，SuChaseagles，have  

beenshowntoaccumulatehigherPFOSconcentrationsthanbirdsfromlowertrophiclevels・Even  
WithreductionsinmanufacturlngOfPFOSbysomemanufacturers，Wildlift，SuChasbirds，Can  

COntinuetobeexposedtopersistentandbioaccumulativesubstancessuchasPFOSsimplybyvirtue  

Ofitspersistenceandlong－termaCCumulation．  

Accordingtoavailabledata，PFOSmeetsthecriteriafbrthepotentialfbrlong－rangetranSPOrt・This  

isevidentthroughmonitorlngdatashowlnghighlyelevatedlevelsofPFOSinvariouspartsofthe  

northemhemisphere・ItisespeciallyevidentintheArcticbiota，farfromanthropogenicsources・  

PFOSalsofulfilsthespecinccriteriafbratmospherichalf－1ift・  
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PFOSfuⅢ1sthecriteriafbradverseeffbcts．Ithasdemonstratedtoxicitytowardsmammalsinsub－  
chronicrepeateddosestudiesatlowconcentrations，aSWellasratreproductivetoxicitywith  
mortalityofpupsoccurringshortlyaRerbirth・PFOSistoxictoaquaticorganismswithmysid  

shrimpandC72ironomusientansbeingthemostsensitiveorganisms・  

Table8．POPcharacteristicsofPFOS（studiesperfbrmedwiththepotassiumsaltof  

PFOS，unlessotherwisenoted）．  

remelypersistent．Nodegradation  

recordedinchemicalorbiologlCal  

Foundinhighlyelevated  
COnCentrationsintoppredators．  

Bioaccumulation   Yes  CalculatedhypotheticalBMFs＝22－  
160．  

BCFin坑sh＝2796－3100．   

PotentialfbrLong－  
Atmospherichalflife＞2days  

Range  
Yes  （estimatedvaluebasedonphotolytic  

Environmental  
halflifb＞3．7years）   

Transport  

Sub－C  

monke  
Repro  
ratpu  

Toxicity   Yes  Acute  
砂∫ブ  

mg几  

Acute  

mlnnO  

LC50＝   

1ThestudycompoundwasthelithiumsaltofPFOS  

AriskquotientanalysIS，Whereknownorpotentialexposuresareintegratedwithknownorpotential  
adverseenvironmentalefftcts，havebeenperfbrmedonPFOSfbrthewildlifもinCanada  

（EnvironmentCanada，2006）．Theresultsindicatethatthehighertrophiclevelmammalsmaybeat  

riskatcurrentenvironmentalconcentrationsofPFOS．  

IntheriskquotiFntanalysesfbrpolarbear｝theh軒estconcentrationwasfbundinSouthHudson －1  BaywithamaxlmumCOnCentratlOnOf3・77pg・g TWliver（range2・00－3・77pg・g，mean2・73  
＿1   t・   ∩ ・．－ ・－．．1へ（（ハ ー＿ ＿＿．＿＿．＿＿∴＿＿ ▲t＿∴．‥＿l‥＿ ＿∫・1rr ‥．、．、－1 Pg・gⅥWliver，Smithwickelal・2005）・Incomparlngthisvalueof3・77pg・g YWliverofPFOSin  
－1 polarbearwithacriticaltoxicityvalueof40・8pg・g WWliverfbrhistopathologlCalefftctsinliver  
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Ofrats（a2－yearStudy，CovanceLaboratories，lnc・2002）フthedifferenceSOnlyaboutafactorlO・  

UsinganapplicationfactoroflOO2，aSWaSuSedintheCanadianEcologlCalScreenlngAssessment  
Report，ahskquotientof9，2wascalculated，Wherevaluesaboveoneindicaterisk・Riskquotients  

WerealsocalculatedontoxicologlCalendpolntSfromotherstudiesinratsandmonkeysbutwiththe  
SamemaXimumexposureconcentrationfromthesouthHudsonBaypolarbear，Showlngrisk  

quotientsfrom2，1to19．  

ConcentrationsinCanadianArcticpolarbearareamongthehighestinpolarbearsworldwidebut  

theexposureconcentrationsarenotconsideredananomalyglVenSimilarconcentrationsinpolar  
bearsinotherNorthAmericaandEuropeanArcticlocationsandhighconcentrationsinother  

wi1dlifもglobal1yasshownabove・  

RiskquotientswerealsocalculatedfbranumberofbirdspeciesthatarenativetoCanada，  

includingmanypISCivorousbirdsandmigratoryspecies．Therangeofriskquotientsiseitherabove  
OrapPrOaChingonethatindicatespotentialfbrharmatconcentrationsobservedinnativespecies，  

includingmigratoryspecies（EnvironmentCanada，2006）・  

4CONCLUDINGSTATEMENT  

PFOSisasyntheticsubstanceofanthropogeniconglnWithnoknownnaturaloccurrence・Itcanbe  
COnCludedtherefbrethatthepresenceofPFOSanditsprecursorsintheenvironmentaretheresu】t  
OfanthropogenicactivitiesandthatPFOSfbundinremoteareasfarfrompossiblesourceshasbeen  
broughttherethroughlong－rangeenVironmentaltransport・WhilePFOSrelatedsubstancesmaybe  
degradedtoPFOS，PFOSitselfisextremelypersistentinallmediaandcanbioaccumulateand  
biomagnifyinmammalsandpiscivorousbirds．  

ThevoluntaryphaseoutofPFOSproductionbythem叫OrPrOducerintheUSAhasledtoa  
reductioninthecurrentuseofPFOS－relatedsubstances．However，itcanbeassumedthatitisstill  

PrOducedinsomecountriesanditcontinuestobeusedinmanycountries・Giventheinherent  
propertiesofPFOS，3togetherwithdemonstratedorpotentialenvironmentalconcentrationsthat  
mayexceedtheef托ctlevelsfbrcertainhighertrophiclevelbiotasuchaspISCivorousbirdsand  
mammals；andgiventhewidespreadoccurrenceofPFOSinbiota，1nCludinglnremOteareaS；and  

glVenthatPFOSprecursorsmaycontributetotheoverallpresenceofPFOSintheenvironment，it  
isconcludedthatPFOSislikely，aSareSultofitslong－rangeenVironmentaltransport，tOleadto  

Slgnificantadversehumanhealthandenvironmentaleffbcts，SuChthatglobalactioniswarranted・  

‾AnapplicationfactoroflOOappIledforextrapolationfromlaboratorytofieldconditionsandforlntraSpeCiesandinterspecleS  
vaLriationsinsen5itivity，andextrapolationfromtheobservedefrtctsleveltoano－effectIevel 
3 AdecisionontheinclusionofPFOSprecursorshasbeenpostponeduntiltheCommitteehas  
evaluatedtheinformationrequestedunderAnnexF．  
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