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別紙の化学物質に係る化学物質の審査及び製造等の規制に関する法律  

（昭和48年法律第117号）に基づく措置のあり方及び同法第27条  
に基づく技術上の指針の対象とすべき第二種特定化学物質含有製品の指  

定について、貴会の意見を求めます。   



別紙  

1 ペルフルオロ（オクタンー1－スルホン酸）（別名PFOS）又  
はその塩   

2 ペルフルオロ（オクタンー1－スルホニル）＝フルオリド（別名  
PFOSF）   

3 ペンタクロロベンゼン   

4 r－1，C－2，t－3，C－4，t－5，t－6－ヘキサクロ  

ロシクロヘキサン（別名α－ヘキサクロロシクロヘキサン）  

5  

ロシクロヘキサン（別名β－ヘキサクロロシクロヘキサン）  

6 r－1，C－2，t T3，C－4，C－5，t－6－ヘキサクロ  

ロシクロヘキサン（別名γ「ヘキサクロロシクロヘキサン又はリ  
ンデン）  

7 デカクロロペンタシクロ［5．3．0．02，6． 03，9 ．04・8］  
デカンー5－オン（別名クロルデコン）  

8 ヘキサブロモビフェニル  

9 テトラブロモ（フエノキシベンゼン）（別名テトラブロモジフェ  
ニルエーテル）   

10 ペンタブロモ（フエノキシベンゼン）（別名ペンタブロモジフェ  

ニルエーテル）   

11 ヘキサブロモ（フエノキシベンゼン）（別名ヘキサブロモジフェ  
ニルエーテル）   

12 ヘブタブロモ（フエノキシベンゼン）（別名ヘブタブロモジフェ  
ニルエーテル）  

T  



ペルフルオロオクタンスルホン酸の危険性の概要  

兆候はまったく示されなかった。   サル一斗、ルサンフィッシュ：BCFk＝2796  

※上記の値は、POPs条約付属書Dの  

3．7年以上と算出された。   適切な可能性がある。   

【BMF（経口的生物濃縮係数）】   

OPPTSフ0ロト］ル835．2210）   ・ホッキョクデマ：BMF＞160（ホッキ］クアサうシ   

・半減期は41年以上とされた。  中の濃度から推計）  

※人為的発生源から最も遠く離れた北  0．07mg／kg／day（  

極圏の動物において高濃度の  

※PFOSFは水中で速やかに加水分解           PFOSが検出されていることに留意。   

【発生毒性】  されPFOSを生成する知見が別途  魚類・魚食性鳥類など食物連鎖上の   

得られている。   低位種においてもPFOSが検出。ま  ラット（二世代経  

た、ワシなど捕食生物種は、低位にあ  NOAEL：0．1mg／k  

る鳥類よりも高濃度のPFOSを蓄積  0．4nlg／kg／dayて  

することが認められている。このこと  下、1，6mg／kg／t  

は、PFOSの残留性と長期蓄積性に  

よるものである。   

ラット（♀）：妊娠  

25mg／kgで全児   

【慢性毒性】  

ユスリカ C／1／ro／10mU5亡e／Iね∩5：  

10dNOEC＝0．0491mg／L（成長・生存）   

強苛   90日）  

て   

て  

18mg／kg／dayで全  

で半数死亡、  

で¢   

2（  

胸   HDL、コレ  

低下  

）：0．06（♂）、  

♀）で肝細胞の病理組  

口）：  

g／day  

Fl児体重増加量低  

でFl世代生存率  

重  

17－20日目の  

死亡  



・PFOSは疎水性・疎油性であるため  

POPsに特有な脂肪組織に蓄積する  
という典型的パターンに該当しない。  

また、PFOSは物理化学的特性が特  

異なため、生物蓄積のメカニスームは他の  

POPsと異なる。  

一dJI   
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PERFLUOROOCTANE SULFONATE  
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AdoptedbythePersistentOrganicPollutantsReviewCommittee  

atitssecondmeetlng  

November 2006 

‾1，  ‘顎  

■   
F  
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仁方ECU¶VESU〃M尺Y  

1 lNTRODUCTlON 

す．†CJIeJ〃fcaJJde〝ff少Of肋ep′OpO5eds〟b5ね〃Ce  

OnJuly14，2005，thegovernmentof・SwedenmadeaproposalfbrlistlngPernuOrOOCtaneSulfbnate  
（PFOS）and96PFOS－relatedsubstancesinAnnexAoftheStockholmConventiononPersistent  
OrganicPollutants（POPs）．  

Chemicalname：PernuorooctaneSulfonate（PFOS）  

Molecularfbrmula：C8F17SO3－  

PFOS，aSananion，doesnothaveaspecincCASnumber．Theparentsulfonicacidhasarecognised  

CASnumber（CASNo．1763－23－1）．Someexamplesofitscommerciallyimportantsaltsarelisted  

below：  

Potassiumsalt（CASNo．2795－39－3）  

Diethanolaminesalt（CASNo．70225－14－8）  

Ammoniumsalt（CASNo．29081－56－9）  

Lithiumsalt（CASNo．29457－72－5）  

Structura）fbrmula：  

Figurel．StruCturalformulaofPFOSshownasitspotassiumsalt  

PFOSisafu11ynuorinatedanion，Whichiscommonlyusedasasaltorincorporatedintolarger  

polymers．PFO′Sanditscloselyrelatedcompounds，WhichcontainPFOSimpuritiesorsubstances  

WhichcangiverisetoPFOS，aremembersofthelargefamilyofpernuoroalkylsulfonate  

Substances．InitsregulatorymeasuresonPFOS，theEUhasaddressedallmoleculeshavingthe  

fbllowlngmOlecularfbrmula：C8F17SO2Y，WhereY＝OH，metalorothersalt，halide，amideand  

Otherderivativesincludingpolymers（EuropeanUnion2006）・  

ThephysicalandchemicalpropertiesofthepotassiumsaltofPFOSarelistedinTable2・  

1■  ′一隻i   
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Table2．PhysicalandchemicalpropertiesofPFOSpotassiumsalt．  

（DatafromOECD，2002，unlessotherwisenoted），  

－  

や締弼∴ 漁ノふ†、■畑㌣  扉 

Appearanceatnormaltemperatureand   
Whitepowder   

preSSure   

Molecularweight   538g／mol   

VapourPressure   リ1xlO‾4pa   

519mg几（20士0，50C）  
Watersolubilityinpurewater  

680mg几（24－250C）   

Meltingpolnt   ＞4000C   

Boilingpolnt   Notmeasurable   

LogKow   Notmeasurable   

Air－WaterPartitioncoe用cient   ＜2xlO‾6（3M，2003a）   

HenげsLawConstant   3ラ09xlO－9atmm3／moIpurewater   

PFOScanbefbrmed（byenvironmentalmi9rObialdegradationorbymetabolisminlarger  
Organisms）fromPFOS－relatedsubstances，1・e■，mOleculescontainingthePFOS－mOietydepictedin  

Figurel・AlthoughtheultimatenetcontributionofindividualPFOS－relatedsubstancestothe  
environmentalloadingsofPFOScannotbepredictedreadily，thereisapotentialthatanymolecule  
COntainingthePFOSmoietycouldbeaprecursortoPFOS・  

ThemajorityofPFOS－relatedsubstancesarepolymersofhighmolecularweightsinwhichPFOSis  
Onlyafractionofthepolymerandnnalproduct（OECD，2002）・PFOS－relatedsubstanceshavebeen  

dennedsomewhatdifferentlyindifftrentcontextsandtherearecurrentlyanumberoflistsof  

PFOS－relatedsubstances（Table3）．ThelistscontainvaryingnumbersofPFOS－relatedsubstances  

thatarethoughttohavethepotentialtobreakdowntoPFOS．ThelistsoverlaptovarylngeXtentS  
dependingonthesubstancesunderconsiderationandtheoverlapbetweennationallistsofexistlng  

chemicals．   



UNEP／POPS／POPRC．2／17／Add．5  

Table3．NumberofPFOS－relatedsubstancesasproposedbyUK－DEFRA，US－EPA，OECD，  

OSPAR，andCanada  

RPAandBRE（2004）  96   

US－EpA（2002，  

2006）   
881＋1831   

OECD（2002）   1721（22classesof  
Perfluoroalkylsulfbnate  
Substances）   

OSPAR（2002）   48   

EnvironmentCanada   57  
（2006）  

1 

perfluorinatedsubstanceswithdifferentcarbonchainlengthsareincludedinthelist．  

AlargenumberofsubstancesmayglVerisetoPFOSandthuscontributetothecontamination  

PrOblem・DEFRAintheUnitedKingdom（RPAandBRE，2004）hasrecentlyproposedalistof96  

PFOS－relatedsubstances・However，thepropertiesofthe96substanceshavenotgenerallybeen  

determined・Accordingto3M（submissiontothesecretariatofStockholmConvention（SC），2006），  

theymayhaveverydiffbrentenvironmentalcharacteristicssuchassolubility，Stabilityandabilityto  

beabsorbedormetabolised・Nevertheless，thedocumentbytheUnitedKingdominfersthatallof  

thesesubstanceswouldgiverisetothennaldegradationproductofPFOS（RPAandBRE，2004）．  

EnvironmentCanada，secologlCalriskassessmentde坑nesPFOSprecursorsassubstances  

COntainingtheperfluorooctylsulfbnyl（C8F17SO2，C8F17SO3，，OrC8F17SO2N）moietythathavethe  

potentialtotransfbrmordegradetoPFOS（EnvironmentCanada，2006）．Theterm”precursor”  

appliesto，butisnotlimitedto，SOme51substancesidentinedintheecologlCalassessment・  

However，thislistisnotconsideredexhaustive，aSthereヮaybeotherpernuorinatedalkyl  

COmPOundsthatarealsoPFOSprecursors・ThisinfbrmatlOnWaSCOmpiledbasedonasurveytO  
industry，eXpertjudgementandCATABOLmodelling，inwhich256perfluorinatedalkyl  

COmPOundswereexaminedtodeterminewhethernon－fluorinatedcomponentsofeachsubstance  

WereeXPeCtedtodegradechemicallyand／orbiochemica11yandwhetherthennalpernuorinated  
degradationproductwaspredictedtobePFOS．Whiletheassessmentdidnotconsidertheadditive  

efftctsofPFOSanditsprecursors，itisrecognizedthattheprecursorstoPFOScontributetothe  
ultimateenvironmenta1loadingofPFOS・Precursorsmayalsoplayakeyroleinthelong－range  
transportandsubsequentdegradationtoPFOSinremoteareas，SuChastheCanadianArctic．   

1．2ConcIusionofthePOPReviewCommitteeonAnnexDinfbrmation  

ThePersistentOrganicPollutantsReviewCommittee（POPRC）evaluatedAnnexDinfbrmationat  
theFirstmeetlngOfthePOPRC，Geneva，7－11November2005，and concludedthatPFOS  

infbrmationmeetsthescreeningcriteriaspecinedinAnnexD（decisionPOPRC－1／7：  

Pernuorooctanesulfbnate）．  

■ ■  【 「－▼   

丁  
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丁．3βaねSO〟rCe5  

ThisdocumentonPFOSmainlybuildsoninfbrmationthathasbeengatheredinthehazard  

assessmentreportpreparedbytheUKandtheUSAfbrtheOECD，andintheUKriskreduction  

Strategy：  

／－「ハ′ご肌（’りγ肌′′川川〃／、・、●ハ′′中ソ…〃…ト／／′‘′ハ／・・hL・ヾ・仙●・イ仙／／′′…仙〟八一  

．＼●J／／／川JJ八・川′‘／J／ト＼1J／／・、－イ川ソハ州JJり／／〃′ハ・川〃仙・．んり〃J．1んl一／仙Ⅳ・イ／／八・（ソJしWJ＝J八（’り／〃／J〃〃ハ・‘J仙／／／Jl・  

廿川・AJ岬ハJりl・り〃川‖〃Jし・lJ／．、．／’ハJJし・Jl人・、川Jl／仙り八吊仙イりXl・．りJ・ゞ‘J肛、り〃り〃ノりI●J．、川ノいJ〃J＝’什  

′γ・lリ川Jり／川〃l／／帖lイサ川川／、／’川ハ．ご／・＼1什し・′′′毎J■ご川じ  

／（／ 

． 

／山′・‘J／．・り山／／●吊′川／／／Jl・／、川・′′川′〃れ〃〟．h・′′リソJ一′イ・町中′′‘／‘′′′‘／肌′／八  

Recentrelevantinfbmationfromtheopenscienti坑cliterature（uptoMay2006）isalsoincluded．  

DatasubmittedbyPartiesandobservers，Whichhavebeenconsidered，arealsoincludedinthis  

reportwhentheyaddnewinfbrmation・  

1．4Summaryofassessmentandmanagementunderotherprograms  

ThehazardassessmentofPFOS，preParedbytheOECDin2002，COnCludedthatthepresenceand  

thepersistenceofPFOSintheenvironment，aSWellasitstoxicityandbioaccumulationpotential，  

indicateacauseofconcernfbrtheenvironmentandhumanhealth．  

Anenvironmenta！riskassessment，PreParedbytheUK－EnvironmentAgency，anddiscussedbythe  
EUmemberstatesundertheumbre11aoftheexistingsubstancesregulation（ESRDIR793／93）  
showsthatPFOSisofconcern，  

ThennalEnvironmentCanada／HealthCanadaassessmentsofPFOS，itssaltsanditsprecursors  

werereleasedinJuly2006．TheecologlCalriskassessmenthasconcludedthatPFOSanditssalts  
arepersistentandbioaccumulative，andthatPFOS，itssaltsanditsprecursorshaveimmediateor  

long－termharmfu1efEbctsontheenvironment（EnvironmentCanada，2006）．  

TheEUhasrecentlydecidedonrestrictionsonthemarketinganduseofPFOS（EuropeanUnion，  

2006）．ThemeasurescoverPFOSacid，itssaltsandPFOSderivatives，includingPFOSpolymers．  

ThedecisionprohibitstheplaclngOnthemarketanduseofthesecompoundsasasubstanceor  
COnStituentofpreparationsinaconcentrationequaltoorhigherthanO，005％bymass．Furthermore，  

Semi－nnishedproductsand articles，COntainlngPFOSmorethanO，1％bymassareprohibited・  

Somederogationsare，however，grantedinthedecision．Theseincludecertainusesin  

Photolithographyprocesses，inphotographiccoatlngSandinmetalplatlng，hydraulicfluidsfbr  

aviationandfirefightingfbamsthathavealreadybeenplacedonthemarket・  

TheUKandSwedenhaveproposedthefbllowingclassincationfbrPFOSinEU（2005）‥  

T Toxic 

R40Carcinogencategory3；limitedevidenceofcarcinogenicefftct  

R48／25Toxic；dangerofseriousdamagetohealthbyprolongedexposureifswallowed  

R61Maycauseharmtotheunbornchild  

R51／53Toxictoaquaticorganisms，mayCauSelong－termadverseeffectsintheaquatic  

environmenthas，   
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NorwaylSnOWCOnSideringaproposaltoprohibittheuseofnrenghtingfbamscontalnlngPFOS  

andPFOS－relatedcompounds，Whichisthem叫OruSeOfthesecompoundstodayinNorway．  

TheEnvironmentalProtectionAgen9y（EPA）intheUSAnnalizedtwoSignincantNewUseRules  
（SNURs）in2002，requiringcompanleStOinformtheEPAbefbremanufacturingolimporting88  

1istedPFOS－re］atedsubstances．TheEPAproposedanadditionalSNURundersectlOn5（a）（2）ofthe  

ToxicSubstancesControIAct（TSCA）inMarch2006toincludewithinthescopeofthisregulation  
another183perfluoroalkylsulfbnateswithcarbonchainlengthsofnvecarbonsandhigher．The  
EPAfurtherproposedanamendmenttothePolymerExemptlOnru1einMarch2006whichwould  

removefromexemptionpolyTerSCOntainingcertainpernuoroalkylmoietiesconsistingofCF3－Or  
longerchains，andwouldrequlrethatnewchemicalnotincat10nSbesubmittedonsuchpolymers・   

す．5Sね山50f〟IeCJIemfcaJ〟〃der血fe〝7affo〃aJco〃ye〃ffo〃5  

0SPAR：PFOSwasaddedtothelistofChemicalsfbrPriorityActioninJune2003．  

PersistentOrganicPollutantsProtocoltotheLong－RangeTransboundaryAirPollutionConvention  
（“LRTAP”）：TheExecutiveBodyoftheUNECELRTAPConventionagreedthatPFOSbe  
COnSideredaPOPasdefinedundertheProtocolonPOPsandrequestedthattheUNECETask  
ForceonPOPscontinuewiththereviewofthesubstanceandexplorlngmanagementStrategleS．   

2SUMMARYINFORMAT10N RELEVANTFORTHERISKPROFILE   

2．†So〟rCe5   

2．1．1Production andtrade  

ThemainproductionprocessofPFOSandPFOS－relatedsubstancesiselectro－Chemical  
fluorination（ECF），utilizedby3M，them毎orglobalproducerofPFOSandPFOS－related  

Substancespr10rtO2000．  

川ハ叫／J仙〃・〃M／／りJ＝′んで〃－り－L九り山川／、J伽りJ●JJJ（J／…Jり・．tソ十  

C8H17SO2Cl＋18HF一ナC8F17SO2F＋HCl＋byproducts  

Thereactionproduct，PernuOrOOCtaneSulfonylnuoride（PFOSF）1istheprやaryintermediatefbr  
SynthesisofPFOSandPFOS－relatedsubstances．TheECFmethodresultslnamixtureofisomers  

andhomologueswithabout35－40％8－CarbonstraightchainPFOSF，However，thecommercial  

PFOSFproductswereamixtureofapproximately70％linearand30％branchedPFOSFderivate  
impurities．TheglobalproductionofPFOSFby3Muntiltheproductionceasedisestimatedtohave  
been13，670metrictonnes（1985to2002），Withthelargestyearlyproductionvolume，3700metric  

tonnesofPFOSandPFOSrelatedsubstances，in2000（3M，SubmissiontoSC，2006）．PFOSFmay  

befurtherreactedwithmethyl－OrethylaminetofbrmN－ethyl－andN－methylperfluorooctane  
SulfamideandsubsequentlywithethylenecatbonateresultinginN－ethyl－and－methyl－  

Perfluor？OCtaneSulfamidoethanol（ルEtFOSEandN－MeFOSE）・N－EtFOSEandN－MeFOSEwere  
thepnncIPalbuildingblocksof3M’sproductlines．PFOSisformeda魚erthechemicalor  

enzymatichydrolysisofPFOSF（3M，1999）．  

Otherproductionmethodsfbrpernuoroalkylatedsubstancesaretelomerisationandoligomerisation．  

However，tOWhichextentthesemethodsareappliedforproductionofPFOSandPFOS－related  

substancesisnotevident．  

】 
IntheOECDreport，2002，perfluorooctanesulfbnylfluorideisd）breviatedPOSF・   
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On16May2000，3Mannouncedthatthecompanywouldphase－OutthemanufactureofPFOSand  

PFOS－relatedsubstancesvoluntarilyfrom200lonwards．Bytheendof2000，about90％of3M’s  

productionofthesesubstanceshadstoppedandinthebeginnlngOf2003theproductionceased  

completely 

3M’svoluntaryphase－OutOfPFOSproductionhasledtoareductionintheuseofPFOS－related  
Substances．Thisisduenotonlytothelimitedavailabilityofthesesubstances（3Mhadatthetime  

thegreatestproductioncapacityofPFOS－relatedsubstancesintheworld），butalsotoactionwithin  

therelevantindustrysectorstodecreasecompanies′dependenceonthesesubstances 

TheUSEnvironmentalProtectionAgency（USEPA）compiledalistofnon－UScompanieswhich  
arebelievedtosupplyPFOS－relatedsubstancestotheglobalmarket・Ofthese（andexcludingthe  
plantof3MinBelgium），SixplantsarelocatedinEurope，SixarelocatedinAsia（ofwhichfburare  

inJapan）andoneinLatinAmerica（OECD，2002）・However，thislistmaynotbeexhaustiveor  

current 

AccordingtotherecentsubmissionfromJapantothesecretariatoftheStockholmConvention，  

2006，thereisonemanufacturerinJapanstillproducingPFOSandwithaproductionamountofl－  

10tonnes（2005）．ThesubmissionfromBrazilstatesthatlithiumsaltofPFOSisproducedbutthat  

noquantitativedataisavailable・   

2．1．2Uses  

Pernuorinatedsubstanceswithlongcarbonchains，lnCludingPFOS，arebothlipid－rePellentand  

water－repellent．Therefbre，thePFOS－relatedsubstancesareusedassurface－aCtiveagentsin  

differentapplications．Theextremepersistenceofthesesubstancesmakesthemsuitablefbrhigh  
temperatureapp！icationsandfbrapp！icationsincontactwithstrongacidsorbases・Itisthevery  

StrOngCarbon－fluohnebindingpropertythatcausesthepersistenceofpernuorinatedsubstances 

ThehistoricaluseofPFOS－relatedsubstancesinthefollowlngaPPlicationshasbeenconnrmedin  

theUSandtheEU 

・Firenghtingfbams  

● Carpets  

・Leather／apparel  

・Textiles／uphoIstery  

・Paperandpackaging  

Coatings and coating additiveses 

・IndustrialandhouseholdcleanlngPrOducts  

Pesticides and insecticideses 

IntheUKstudy（RPAandBRE，2004），detailedinforrnationhasbeenreceivedftomthefbllowing  

sectorsthatcurrentlyusePFOS－relatedsubstances 

・Useofexistlngnrenghtingfbamstock  

・Photographicindustry  

・Photolithographyandsemiconductor  

・Hydraulicfluids  

Metal platingng 

9   
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ThesectorspresentedaboveaccountfbrtheUKbutareconsideredtoberepresentativeforEu  
However，deviationinthecurrentusepatternbetweenEUcountriescannotbeexcluded，  

PFOSanditsprecursorsarenotmanufacturedinCanadabutratherareimportedaschemicalsor  
PrOductsforCanadianuses．Theymayalsobecomponentsinimportedmanufacturedarticles．Itis  

estimatedthatthem毎0rityofPFOShasbeenusedaswater，Oil，SOilandgreaserepellents（e．g．on  

fabric，leather，PaPer，PaCkaging，rugSandcarpets）andassurfactants（e，g・innre坑ghtingfbams  

？ndcoatingadditives）匹nvironmentCanada，2006）・  

PFOSanditsprecursorsarenotmanufacturedintheUS，butcanbeimportedeitheraschemicalsor  

inproductsfbrthespecinclimitedusesthatwereexcludedfromregulation・Thesecompnseuseas  
ananti－erOSionadditiveinaviationhydraulicfluids；uSeaSaCOmPOnentOfaphotoresistsubstance，  

includingaphotoacidgeneratororsurfactant，OraSaCOmPOnentOfananti－reneCtivecoatlng，uSed  

inaphotomicrolithographyprocesstoproducesemiconductorsorsimilarcomponentsofelectronic  
OrOtherminiaturizeddevices；uSeincoatlngSfbrsurfacetension，Staticdischarge，andadhesion  

COntrOlfbranaloganddigitalimaglngⅢms，PaPerS，andprintlngplates，OraSaSurfactantin  

mixturesusedtoprocessimaglngnlms；anduseasanintermediateonlytoproduceotherchemical  
Substancestobeusedsolelyfortheseuses．Historically，PFOSanditsprecursorswerealsousedas  

Surfactantsin坑renghtingfbamsandinindustrialandhouseholdcleanlngprOducts；1nCarPet，  

textile，1eather，andpapercoatlngS；andintermiteandantbaitinsecticideproducts．StocksofPFOS  

andPFOS－COntainlngprOductsthatwereinexistenceatthetimetheUSregulationswere  
promulgatedin2002couldcontinuetobeusedinanyapplicationuntiltheywereconsumed  
withoutviolatlngtheregulation，eXCePtthatthePFOS－relatedinsecticideproductsaresuりjecttoa  

phase－OutagreementPrOhibitingtheiruseafter2015・  

ThetablebelowoutlinestheestimatedcurrentdemandfbrPFOS－relatedsubstancesinthese  

applicationsintheEU（RPAandBRE，2004）．  

InthesurveyOnprOductionanduseofPFOSandrelatedsubstancesperfbrmedbyOECDin2004  
（published2005），dataconcerningPFOSweredifnculttoseparatefromdataonother  

PernuOrOalkylsulfbnates．   

FireFightingFoams  
Thenrenghtingfbamscanbegroupedintwomaincategories：   

・Fluorine－COntainingfoamtypes（someofthemconsistofPFOS－relatedsubstances）   

・Fluorine一丘eefbamtypes  

SincetheannouncementofthevoluntarycessationofproductionofPFOS－relatedsubstancesby  

3M，thepresenceofPFOSinnre貞ghtingfbamshasgraduallydecreased（RPAandBRE，2004）．  
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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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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）   
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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．  

29   



UNEP／POPS／POPRC．2／17／Add．S  

References：  

3M，1999．rmescienceoforganicnuorochemistry．  

3M，2000・SulfbnatedPerhorochemicalsintheEnvironment：Sources，Dispersion，FateandE舵cts  

（AR226－0545），3MCompany，StPaul，MN．  

3M，2001a，’Analytical1aboratoryreport，determinationofthepresenceandconcentrationofPFOS，PFOSA，  

PFOSAA，EtFOSE－OH，M556andPFOSEAinserumandliversrplesofCrl＝CD（SD）IGSBRrats  

exposedtoN－ethylper幻uorooctaJleSulfbnamidoethanol・3MEnvlrOnmentalLaboratoryReportNo．Tox－  

001，LaboratoryRequestNo．U2103，3MRefbrenceNo．T－6316．1  

3M，2001b・Analytical1aboratoryreport，determinationofthepresenceandconcentrationofPFOS，PFOSA，  
PFOSAA，EtFOSE－OH，M556andPFOSEAinserumandliversrplesofCrl‥CD（SD）IGSBRrats  

exposedtoN－ethylper幻uorooctanesulfonamidoethanol．3MEnvlrOnmentalLaboratoryReportNo．Tox－  

002，LaboratoryRequestNo．U2104，3MRe危renceNo．T－6316．1  

3M，2002．Finalreport，PernuOrOOCtameSulfonate，pOtaSSiumsalt（PFOS）：AflowJthroughbioconcentration  
testwithbluegi11（Lqpomismacrochirus）．PrqiectNumber454A－134．Studyconductedfor3M．Wildl脆  

InternationalLtd．，St．Paul，MN．  

3M，2003a・EnvironmentalandHealthAssessmentofPerfluorooctaneSulfonicAcidanditsSalts．Prepared  

by3MCompany，withJMoore（Holli，houseInc．），JRodericksandDTumbull（EnvironCorp．）andW  

Warren－HicksandColleagues（1もeCadmusGroup，Inc．）．August2003．  

3M，2003b・FinalReport PFOS：APilotReproductionStudywiththeMal1ard WildlifbInternational，Ltd．  

PrqiectNumber：454－108．USEPAOPPTAR226－1738  

3M，2003c．FinalReportPFOS：AReproductionStudywiththeNorthemBobwhiteWildliftIntemational，  

Ltd．PrqjectNumber：454－108．USEPAOPPTAR226－1831．  

3M，2004・FinalReport：PFOS－ADietaryLC50StudywithMallard．WildlifヒInternationalLtd．，Prqject  

No．454－102．USEPAOPPTAR226－1735．  

3M，2000・Finalreport，SulfonatedPerfluorochemicals：U．S．ReleaseEstimation－1997．Pa111：Lifb－CyCle  

WasteStreamEstimates．  

AnkleyG．T・，KuehlD．W：，KahlM．D．，JensenKM．，LinnumA．，LeinoR．L．，VilleneuvetD．A．，2005．  
ReproductiveanddevelopmentaltoxICltyandbioconcentrationofpernuorooctanesulfonateinapartial1ifb－  

CyCletestwiththefatheadminnow（Pimephalespromelas）．助viron7bxicoIChem．24作ノ：2316－24．  

BerglundM．，Personalcommunication．InstituteofEnvironmentalMedicine，KarolinskaInstitutet．  

BossiR・，鮎getF・F・，DietzR・，SonneC・，FauserP・，DamM・，Vo止ampK・，2005a・PrelimlnarySCreenlngOf  

perfluorooctanesulfonate（PFOS）andotherfluorochemicalsin丘sh，birdsandmarinernammals打om  
GreenlandandtheFaroeIslands．助vironPollut．136（2）：323－9．  

Bossi，R・；Riget，F・F，；Dietz，R・，2005b・Temporalandspatialtrendsofpernuorinatedcompoundsinnnged  

Seal（Phocahi5Pi（ね）fromGreenland．助viron．Sci．TbchnoL39：7416－7422  

Boudreau，T・M・，Sibley，P・K・，Mabury，S・A・，Muir，D．C・G・andSolomon，K．R．，2003a．Laboratory  

evaluationofthetoxicityofpernuorooctauleSulfonate（PFOS）onSelenastrumCapricomutum，Chlorella  

V〟なαr≠∫，⊥e刑〃αg伽呵仇画面用明叩卸d上）呼力血ク〟Jfcαr≠α．d〝力．励vfr〝．Co〃ね椚．7も刀COJ．，44，307－  

313．  

BoulangerB・，VargoJ・，Sclm00rJ・L・，andHornbuckleK．C．，2004．DetectionofperfluorooctaLneSurfactants  

inGreatLakeswater．DIVironSci花chnol．38〃5）：4064－4070．  

Butt，C・M・，Stock・，N・L．，Mabury，S．A・，Muir，D．C．G．andBreune，B．M．，2005．Spatialandtemporaltrends  

OfpernuorinatedalkylsubstanCeSi？ringedsealsandseabirds（Northemfulmarand¶lick－bi11edMurre）  

丘omtheCanadianArctic・Presentat10nattheIntemationalSymposiumonFluorinatedAlkylOrganicsinthe  
Environment．Toronto，Ontari0，Canada，August18－20．  

30  
1
 
．
 
り
 
一
－
．
■
 
 

「
．
 
 
 



UNEP／POPS／POPRC．2／17／Add．5  

Caliebe，C・，Gerwinski，W・，H也lmerfuss，H・andTheobald，N・，2004・OccurrenceofPerfluorinatedOrganic  
AcidsintheWateroftheNorthSea・．Organohalogenco′γpOunds66：4074－4078  

Christian，M・SL，HobenTlan，A・M・，andYork，R・G・1999・CombinedOral（Gavage）Fertility，Developmental  
amdPerinatal／postnatalReproductionToxicityStudyofPFOSinR如S．ArgusResearchLaboratories，Inc．  
ProtocoINumber：418－008，SponsorStudyNumber：6295．9，（8EHQ－0200－00374）．  

CovanceLaboratories，2002a・Finalreport：104－Weekdietarychronictoxicityandcarcinogenicitystudywith  
pernuorooctaJleSulfonicacidpotassiumsalt（PFOS；T－6295）inrats．StudyNo．6239－183，Madison，  
Wisconsin．  

CovanceLaboratories，2002b・26－WeekcapsuletoxicitystudywithperfluorooctaLneSulfonicacidpotassium  
Salt（PFOST－6295）incynomolgusmonkeys．＃6329－223．  

D’eonJ・D・，HurleyM・D・，Wal1ingtonT・J・andMaburyS・A・2006・AtmosphericChemistryofN－methyl  
PerfluorobutaneSulfbnamidoethan01，C4FSO2N（CH3）CH2CH20H：KineticsandMechanismofReaction  

WithOH，EnvironmentalScienceandTeclm0logy，Vol．40，No．6，pP1862－1868．  

Dimitrov，S．，KamenskaV．，WalkerJ．D．，WindleW．，PurdyR．，LewisM．andMekenyanO．，2004．  
PredictingthebiodegradationproductsofperfluorinatedchemicalsusingCATABOL，SARandQSAR．  
助vfro〃．月e∫．ノ5〝ノ，●∂クβ2．  

Dinglasan－PanlilioM．］，A．andMaburyS．A．，2006，Sign浦cantResidualFluorinatedAIchoIsPresentin  
VariousFluorinatedMaterials，助vtronmentalSclenCeandTbchnology，40P）：1447－1453．Environment  
Agency，2004・EnvironmentalRiskEvaluationReport‥（PFOS）・DBrooke，AFootitt，TANwaogu．  
ResearchContractor：BuildingResearchEstablishmentLtd．鮎skandPolicyAnalystsLtd  

EnvironmentCanada，2006，EnvironmentalScreenlngAssessmentReportonPernuorooctameSulfonate，Its  
SaltsandItsPrecursorsthatContaintheC8F17SO20rC8F17SO3Moiety．  

EurpeanUnion，2006．RestriCtionsonthemarketinganduseofperfluorooctanesulfbnate．European  
ParliamentleglSlativeresolutionontheproposalforadirectiveoftheEuropeanParliamentandofthe  
CouncilrelatingtorestrlCtionsonthemarketinganduseofpernuOrOOCtaneSulfbnates（amendmentof  
CouncilDirective76／769偲EC）（COM（2005）0618rC6－0418／2005－2005／0244（COD））．  

FireFightingFoamCoalitionフ2004．”EstimatedQuantitiesofAqueousFilmFormingFoam（AFFF）inthe  

UnitedStates”．PreparedbyRobertL．DarwinandavailableintheUSelectronicdocketsystem，  
W＼VW．reEulations．EOV，atdocumentnumberEPA－HQ－OPPT－2003－0012－0714  

Furdui，V・，Crozier，P・，MaⅣin，C・，Reiner，E，，Wania，F・，andMabury，S，，2005．TemporalStudyof  

PerfluorinatedAlkylSubstancesinNiagaraRiverSuspendedSediments．PresentationatSETAC2005っ  
Baltimore，Maryland，November2005．  

Giesyっ）．P．，Kannan，K．，2001．GlobalDistributionofPerfluorooctaneSulfonateinWildlifヒ．Env．Sci，Tbch，  

j5，ノjjクノjヰ2，  

Giesy，J．P．aJldKaman，K．，200la．Accumulationofpernuorooctanesulfbnateandrelatedfluorochemicalsin  

marinemammals．Preparedfor3M，StPaul，MN．InUSEPAAdministrativeRecordAR226－1030A（and  
CitedinOECD，2002）．  

Giesy，J，P．aJldKannan，K．フ2001b．PerfluorooctaJleSulfonateandrelatednuorochemicalsin頁sh－eatlng  
Waterbirds．Preparedfbr3M，StPaul，MN．InUSEPAAdministrativeRecordAR226－1030A（amdcitedin  

OECD！2002）．  

Giesy，J．P．andKannaれっK．，2001c．Accumulationofpernuorooctanesulfonateandrelatednuorochemicalsin  

fishtissues．Preparedfor3M，StPaul，MN．hUSEPAAdministrativeRecordAR226－1030A（andcitedin  
OECDプ2002）．  

Giesy，J．P．andKannam，K．，20Old，AccumulationofperfluorooctanesulfbnateaJldrelatednuorochemicalsin  
minkandriverotters．Preparedfor3M，StPaul，MN．InUSEPAAdministrativeRecordAR226－1030A（and  
CitedinOECD，2002）．  

31   



UNEP／POPS／POPRC．2／17／Add．5  

Giesy，JPandKrTlan，K（2001e）・PerfluorooctaneSulfonateandrelatedfluorochemicalsinoyster，  

CrassostreavlrglnlCa，fromtheGulfofMexicoandChesapeakeBay．Preparedfor3M，StPaul，MN．InUS  
EPAAdministrativeRecordAR226－1030A（andcitedinOECD，2002）．  

Giesy，，，P．andNewsted，］．L，2001．SelectedFluorochemicalsintheDecatur，AlabamaArea．Preparedfor  
3M，StPaul，MN．InUSEPAAdministrativeRecordAR226－1030A．  

Giesy，，．P．andK．Kannam，2002．Perfluorochemicalsurfactantsintheenvironment・助viron・Sti・Tbchnol・  
j∂．・ノ4祝－ノ52A．  

Goldenthal，E．I．，Jessup，D．C．，Geil，R．G．andMehring，］．S・，1978a・Ninety－daySubacuteRhesusMonkey  
ToxicityStudy．StudyNo．137－092，lmternationalResearchandDevelopmentCorporation，Mattawan，MI．  
FYト0500－137臥  

Goldenthal，E．Ⅰ．，Jessup，D．C．，Geil，R．G．，Je脆rson，N．D．andArceo，R．］．，1978b，Ninety－daySubacuteRat  
Study．StudyNo．137－085，InternationalResearchandDevelopmentCorporation，Mattawan，MI・FYI－0500－  
137g  

Grasty，R．C．，Grey，B．E．，Lau，C．S．，Rogers，］．M．，2003．PrenatalWindowofSusceptibilityto  
Pernuorooctanesulfonate－InducedNeonatalMortalityintheSprague－DawleyRAt．BirthDqfbctsResearch  
「アαrJβノ．■∂β，4∂5－47ノ．  

GrastyR．C．，BjorkJ．A．，WallaceK．B．，LauC．S．，RogersJ．M．，2005．Efftctsofprenatalper幻uorooctane  
Sulfonate（PFOS）exposureonlungmaturationintheperinatalratBirthDefE＝CtSResBDevReprodToxicol．  
74（5）405－16．Erratumin：BirthDqPctsResげartB）．DevRqprodTbxicol．2006Fbb；77伸：87．  

Gulkowska，A．，Falandysz，J．，Taniyasu，S．，Bochentin，I．，So，M．K．，Yamashita，N．，2005．Perfluorinated  
Chemicalsinbloodof丘shesandwaterfowlfromtheGulfofGda11sk，BalticSea．Presentationat  

InternationalSymposiumonFluorinatedOr苫anicsintheEnvironment，Toronto，Ontari0，Canada，August  

18－20，2005．  

Hekster，F．M．，P．deVoogt，A．M．，．PijinenbulBC．MandLaameR．W．P．M．，2002．Perfhoroalkylated  
Substances－aquaticenvironmentalassessment．ReportRIKZ／2002，043．PreparedattheUniversityof  
AmsterdamandRIKZ（TheStateInstituteforCoastandSea），Julyl，2002．99pp．  

Ho托P．T，Scheirs，，．，VandeVijver，K．，VanDongen，W．，Esmans，E，L，Blust，R．，DeCoen，W．，2004．  
BiochemicalE飴ctEvaluationofPer幻uoroctaneSulfonicAcid－ContaminatedWoodMice，励vironmental  

〃e〟助Per5peC加e∫，112（6）：681－686．  

Holmstr6mK．E．，JarnbergU．andBignertA．，2005．TemporalTrendsofPFOSandPFOAinGuillemot  
EggsfromtheBalticSea，1968－2003．助v・Sci・Tbch．，39〃）：80－84・   

Holmstr6mK．E．，Jarnberg，U．，Berggren，D．，Johansson，C．，Balk，L．，2003．Perfluorooctanesulfonate  
COnCentrationsinSwedishutbanandbackgroundfishsamples，（abstract）．  

Hohenblum，P．，SchartS．andSitka，A．，2003．PernuorinatedanionicsurfactantSinAustrianindustrial  

e丹Iuents．γb桝坪b∫∫er，J〃J了ノ55－ノ∂4．  

Houde，M．，Bltias，T，A．D．，Smal1，J．，Wells，R．，Fair，P．，Bossart，G．D．，Solomon，K．R．，andMuir，D．C．G．，  
2006．BiomagnificationofPerfluoroalkylCompoundsintheBottlenoseDoIphin（TursiopstrunCatuS）Food  
Web．Environ．Sti．乃chnol．，40（13），4138－4144，2006（Webreleasedate：May25，2006）  

JonesP．D．，HuW．，DeCoenW．，NewstedJ．L．andGiesyJ．．P．，2003．Bindingofpernuorinatedfattyacids  
toserumPrOteins．励vironTbxicoIChem・22〃〃：2639r49・  

Kannan，K．andGiesy，］．P．，2002a．Globaldistributionandbioaccumulationofpernuorinatedhydrocarbons．  
OJ官d”0力αわge〃Co〝甲0〟〃ゐ，59：267－270．  

Kannan，K．，Corsolini，S．，Falamdysz，］．，Oehme，G．，Focardi，S．andGiesy，，．P．，2002b．  
PernuorooctanesulfbnateandrelatedFluorinatedHydrocarbonsinMarineMammals，FishesandBirds丘om  
CoastsoftheBalticandtheMediterraneanSeasEhviron．Sci．Tbchnol．，36：3210－3216  

32   



UNEP／POPS／POPRC．2／17／Add．5  

KannanK・，TaoL・，SinclairE・，PastvaS・D・，JudeD・J・andGiesyJ・P・，2005・Pernuorinatedcompoundsin  
aquaticorganismsatvarioustrophiclevelsinaGreatLakesfoodchain．ArchDIVlrOnContamTbxicol．48  
「り，■jjクー∂∂．  

Kerstner－Wood，C・，Coward，L・andGorman，G・，2003・ProteinBindingofpernuorbutanesulfonate，  
PernuOrOhexanesulfonate，perfluoroooctanesulfbnateandper且uorooctanOatetOPlasma（human，rat，  

monkey），aJldvarioushuman－derlVedplasmaprotein丘■aCtions．SouthemResearchCorporation，Study  

9921・7・Unpublishedreport．Ava11ableonUSEPAAdministratlVeRecordAR－226，  

KarmanA・，VanBavel，B・，Hardell，L・，Jarnberg，U，・andLindstr6m，G．っ2004．Perfluoroalkylated  

COmPOundsinwholebloodandplasmafromtheSwedishpopulation．ReporttoSwedishEPA，HÅMI215  

0213，dnr721－4007－02Mm．  

Ka汀manA．，．MuellerJ．F．，VanBavelB．，HardenF，，TomsL－M．L．and Lindstr6mG．，2006．Levelsof12  

PertluorinatedChemicalsinPooledAustralianSerum，Collected2002－2003っinRelationtoAge，Genderっand  
Region．助v才ro〃．5tJ．花c／7〃0／．イ0，j7イブ－j7∠7β  

LoewenM・，HalldorsonT・，WangF・，TomyG・，2005・FluorotelomercarboxylicacidsandPFOSinrainwater  
fromanurbancenterinCanada▼Env．Sc［Ibch．39P）2944－51．  

LuebkerD・J・，CaseM・T・，YorkR・G・，MooreJ・A・，HansenK．］．amdButenhoffJ．L．，2005．Two－generation  
reproductionandcross－fbsterstudiesofpernuOrOOCtaneSulfonate（PFOS）inrats．Tbxicology．215〃－2）：126－  
ヰβ．  

LuebekerD．］．，HansenK．，，BassN．M，ButenhoffJ．L．andSecatA．M．，2002．Interactionsofnuorochemicals  

Withratliverfattyacid－bindingprotein，  
7bズic（フわ幻′っJ5「カ．－ノ75－β5．  

MacDonald，M・M・，Warne，ALL・，StockフN・LっMabury，S・A・，Soloman，K・R・andSibley，P・K・，2004・Toxiclty  

OfperfluorooctanesulfonicacidandpernuorooctanoicacidtoChironomustentans．助vironmenta1  
7も芳加わ幻′α〃dC／7e∽J∫Jγ．2j「り．■2Jノ6一ブノブj  

Martln，J・W・，Muir，D・C・G・，Moody，C・A，Ellis，D・A・，Kwan，W．C．，Solomon，K．R．，andMabury，S．A．，  
2002・Collectionofairbomefluorinatedorganicsandanalysisbygaschromatography／chemicalionization  

massspectrometry，Anal．Chem，，74，584r590  

Martin，］．W．，MaburyっS．A，，Solomon，KR．andMuirD．C．G．，2003．BioconcentrationandTissue  

DistributionofPeIiluorinatedAcidsinRainbowTrout（Oncorjv）nChus坤kTSS）．DIV．Tbx．Chem．，22〃），  

／りホープ（り  

Martin，J・W・，Smithwick，M・M・，Braune，B．M・，Hoekstra，P．F．，Muir，D．C．G．andMabury，S．A．，2004a．  

Ident浦cationoflongchainperfluorinatedacidsinbiotafromtheCanadianarctic．Environ．Sci．Tbchnol．，  

jβ，j7j－jβ0＿  

MartinJ・W・，WhittleD・M．，MuirD．C，G．．andMaburyS．A．，2004b．PerfluoroalkylContaminantsinaFood  
WebfromLakeOntari0，b7Viron．Sct．Ibchnol．：38，5379，5385．  

MPCA，2006・InvestlgationofpernuorochemicalcontaminationinMinnesota：PhaseoneReporttoSenate  

EnvironmentCommittee・MinnesotaPollutionControIAgency．  

MoodyC．A．，HebertG．N．，StraussS．H．andFieldJ．A．，2003．Occurrenceandpersistenceof  

Perfluorooct諷eSulfonateandotherpernuorinatedsurfactantsingroundwateratafire－trainlngareaat  

WurtsmithAirForceBase，Michigan，USA．JEnv7rOn．Mbnit．，5：341－345．  

MorikawaA，KameiN，HaradaK，InoueKっYoshinagaT，SaitoN，andKoizumiA．，20051he  

bioconcentrationfactorofperfluorooctuleSulfonateisslgni坑cantlylargerthanthatofpernuorooctanoatein  

wi1dturtles（TrachemysscriptaelegansandChinemヮsreevesii）‥AnAiriverecologicalstudyinJapan・  
Ecotoxicol・Environ・瑚Ju122；［Epubaheadofpnnt】  

NewstedJ・L．，JonesP．D．，CoadyK．andGiesy，）．P．，2005．AvianToxicityReftrenceValuesfbr  
PerfLuorooctaneSulfonate．EnvironSblIbchnol．139P3）：9357－62．  

33   



UNEP／POPS／POPRC．2／17／Add．5  

OECD，2002．Co－OPerationonExistlngChemicals－HazardAssessmentofPerfLuorooctaneSulfonateandits  
Salts，EnvironmehtDirectorateJointMeetingoftheChemicalsCommitteandtheWorkingPartyon  
Chemicals，PesticidesandBiothechnology，OrganisationforEconomicCo－OperationandDevelopment，  
Pads，November21，2002．  

OSPAR（2002）．GroupingofPernuorinatedSubstancesっPresentedbytheUnitedKingdomandSweden，at  
theMeetingoftheWorkingGrouponPri0ritySubstances（SPS），ConventionfortheProtectionofthe  

MarineEnvironmentoftheNorth－eaStAtlantic（OSPAR），Arona，October21－25．  

PosnerS．（IFP－reSearCh），JambergU．（InstituteofAppliedEnvironmentalResearCh）・Personal  
communicatlOn．  

RIKZ，2002．PernuoroalkylatedSubstances－AquaticEnvironmentalAssessment．RIKZandUniversltyOf  
Amsterdam．ReportRIKZ／2002．043．  

RPAandBRE，2004．Risk＆PolicyAnalystsLimitedin・aSSOCiationwithBREEnvironment，  
PerfluorooctaneSulfonate－Riskreductionstrategyandanalysisofadvantagesanddrawbacks，FinalReport  
PreParedforDepartmentforEnvironment，FoodandRuralAffairsandtheEnvironmentAgencyforEngland  

andWales．  

SIA，2006．NotetotheSecretariatoftheStockholmConventionbyChuckFraust，SemiconductorIndustry  
Association，USA．  

ShoeibM．，HarnerT．，IkonomonuM．andKannanK．，（2004）．IndoorandOutdoorConcentrationsandPhase  
PartitionlngOfPernuoroalkylSulfonamidesandPolybrominatedDiphenylEthers・助vironmentalSbience  
α〃d乃c加っ0わ幻′，I匂J．jβ作ノ了ノjノj－ノj20・  

SinclairE．，MayackD．T．，RobleeK・，YamaShitaN・andKannan，K，2006・OcculTenCeOfPerfluoroalkyl  
Sur払ctantsinWater，Fish，andBirdsfromNewYorkState．ArchivesQ［助vironmentalContaminationand  
／hJ川／り叉l・さJ＝州－ノ川  

SmithwickM．，MaburyS．A．，SolomonK．，SonneC．，MartinJ．W．，BomE．W．，DietzR，DerocherA・E・，  
LetcherRJ．，EvansT．J．，GabrielsenG．，NagyJ．，StirlingI．，TaylorM．andMuirD．C．G．，2005．Circumpolar  
Studyofperfluoroalkylcontaminantsinpolarbears（thsusmaritimus）・EnvironmentalScienceand  
乃c／7〃0わ幻ノj夕．■55ノ7－552j・  

StockN．L，LauF．K．，EllisD．A．，MartinJ．W．，MuirD．C．G．andMaburyS．A．，2004．PernuorinatedTelomer  
AIcohoIsandSulfonamidesintheNorthAmericanTroposphere．D7VironmentalScienceandTbchnology，  
Vbl．38作ノ：991－996．SwedishEPA，2004．SlutligtPMfbrscreeningavperfluoreradeえmnen．  

TaniyasuS．，KannanK．，HoriiY．andYamashitaN．，2002．TheかstenvironmentalsurveyOf  
pernuorooctanesulfonate（PFOS）andrelatedcompoundsinJapamO7ganOhalogenCo”POundy，59：311－  
jノ4．  

TomyG．T．，BudakowskiW．，Hal1dorsonT．，HelmP．A．，SternG．A．；FreisenK・；PepperK”，TittlemierS・A・  
andFiskA．T．，2004a．FluorinatedorganiccompoundsinaneasternArcticmarinefoodweb．助viron・Sbi  
7セc力乃OJ．，jβ，∂〃75－∂4βノ  

TomyG．T．，TittlemierS．A．，PalaceV．P．，BudakowskiW・R・，BraekeveltE・，Brinkworth”L・andFriesen  
K．，2004b．BiotransformationofN－ethylperfluorooctanesulfonamidebyrainbowtrout（Onchor7D）nChus  
Miss）livermicrosomes．励viron．Sti・TbchnoL，38，758－762  

US－EPA，2002．Perfluoroocty1Sulfonates－ProposedSignificantNewUseRule．40CFR721，USFbdbral  
月ggi∫Jer・●IわJ∂7（フⅥ）4り，肋rcカノノ，2002・  

US－EPA，2006．PFAS－ProposedSignincantNewUseRule，40CFR721．USlhden71Register：T匂1710Vb  
J【J‥l山几／J／〃、ご川佑  

ⅥVF，2005．GenerationX，reSultsofWWF’sEuropeanfamilybiomonitonngsurvey・  

YamashitaN．，KurunthachalamK．，TaniyasuS．，HoriiY．，PetrickG．，andGamo，T．，2005．Aglobalsurvey  
Ofpernuorinatedacidsinoceans．肋rinePollutionBulletin，51：658－668  

34   



ペンタクロロベンゼンの危険性の概要  

分解しない（OECDTG301C）  カダヤシGambus／∂∂桁∩／5 

NOEL二18．2mg／kg／day（♀）  42dEClO＝0．002mg／L（成長）  

【BCF（経鯉的生物濃縮係数）】   LOEL二8，3mg／kg／day（♂）   タイワンガザミPo／血nuspeJ∂g／cus 

37．5mg／kg／day以上（♀）で肝重量増加  

81．1mg／kg／day（♂）及び   

78，7mg／kg／day（♀）でヘモグロビン減  

少、白血球増加等   

［ラット 混餌：13週］（NTP）  

NOEL：2．4mg／kg／day（♂）、  

24mg／kg／day（♀）  

2．4mg／kg／day以上（♂）で絶対・相対肝  

重量増加、2．4mg／kg／day以上（♀）で  

休重減少、7．2mg／kg／day以上（♂）で  

組織学的所見を伴う腎重量増加、  

24mg／kg／day（♂）以上で精子異常、小  

葉中心性肝細胞肥大、72mg／kg／day  

（♀）で腎毒性   

【催奇形性】  

ラット：50mg／kg／dayの母体暴露で肋骨  

数過剰、胸骨異常の報告   

【半減期】  

・大気中：推定値は45－467日。OHラン  

加レとの反応による半減期の計算値は  

277 日。モデルデータに基づく半減期は  

65 日。分解フ0ロセスのみを考慮した場  

合の推定半減期は155日  

・水中：表層水中の推定半減期は194－  

1250 日。更に深いところでの嫌気性  

生分解による推定半減期は 776－  

1380日。  

・土壌中：スハ○ィクした下水汚泥改良土壌  

中で半量は揮発により素早く消失し、  

残り半量の半減期は187－1550日。好  

気性のローム砂質土壌中の半減期は  

194－345 日。湖水の砂状底質中で  

150 日後に75％が分解し、これに続く  

一次代謝物の半減期は50 日。温帯  

地域の有機土壌と底質中の堆定半減  

期は6年。  
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EXECUTIVESUMMARY   

TheEuropeanComTLunityanditsMemberStatesbeingPartiestotheStockholmCollVentionhaveproposed  

pentachlorobeIIZene（PeCB）tobclistedtotheConvention，ThePersistentOrganlcPollutantSReviewComitteeconcluded  
thatPeCBfu1filledthescreenlngCnteriasetanddecidedtoestablishanadhocworkinggrouptoreviewdleprOpOSal  

i山江hcr．   

Mostofthecountrieswhosubmittedinforrnatiol－tOtheUNEPsecretariatreportednoproductionoruseofPeCB  
（CzechRepublic，Gerlnany，Lidluania，Maurltius，Turkey，Canada），Whichisinagreementwiththeinformationindle  
dossiersl血mitted・Pa5tuSeSOfPeCBare・PeCBasacomponentinPCBproducts，indyestuffcamers，aSafungicideanda  
flameretardantandasachemicalintermediatee・g・fortheproductionofqulntOZene．M再OrU，S．andEuropean  

manufactt）rerSOfqulntOZenehavechangedtheirmanufactunngprocesstoeliminatethlSuSeOfPeCB・PeCBisalsopresent  
atlowlevelsasanimpurityinseveralherbicides，peSticidesandnlngicides■IntheUnitedStates，SOmepeSticide  
manufacturershavechangedtheirmanufactunngprocessestoreducetheconcelltrationofHCBimpuritiesintheirproducts，  
andthesechangesmayhavereducedconcentrationsofPeCBcontaminantsalso・PeCBisalsoalowleveldegradation  
productofsomepesticides・LiteraturesollrCeSShowthatPeCBisofnocommercialslgnincance・Notradeorstockpiles  
havebeenreported．   

NowadaysPeCBenterstheenviromnentthroughvanoussourcesofwhichPeCBasabyprod11CtOfincompletecombustlOn  
isthelargestcurrentsource・However，tllel℃isconsiderableuncertainty0IlthereleaseofPeCBbyvario11SSOurCeSand  
availabledataarelimitedtotheUnltedStatesこ111dCallada・Thelimiteddataavailablemakesitdifnculttoprovideaproper  
globalestimateonamountsandtrends・TotalestimatedarLnualglobalemissionsofPeCBsbasedontheUS－TRIdatabase  

Were85．000kg／yr．   

PeCBshouldbeconsideredaspersistenlglVel－1heestimatedandexperimentalhalf1ivesinatmosphere，SOils，Sediments、  
andwaler・Accordingtotheava11abledataPeCBl－aSahighbioaccumulalionpotemial・LogKowvaluesvarybetween4．88  

aJld6・12，Withrecommendedvaluesof5・17－5・18・BCFvaluesrangefromlO85－23000L／kgforfish，833－4300L此gfor  

mollusca，and577M2258L／kgfbrcruStaCea・DuetothefactthatbiotransformationofPeCBwi11beinsignificantandthe  
Substanceisveryhydrophobic，thecompoundmayalsohaveahlghbiomagnincationpotential．  
PeCBismoderatelytoxictohumansandisnoIcJassifiedasacarcinogen・WitllintlleEuropeanUnionPeCBisclassifiedas  

asubstancpwhichisverytoxictoaquatic？rganisms（LC50forfish，daph血oralgae≦1mg几）・Limiteddataareavailable  

OnterreStr）alecotoxicityanddatafortoxicltytobirdsarelacking．   

Physicala］ldchemicalcharacteristics，SuChas、、aterSOlubility，VapOurpreSSureandHenry’sLawCo11Stant，areWithlnthe  
rangeoftheotherPOPs・PeCBcanbephoto－OXidizedintheatmosphere，1argelythroughreactionswithhydroxyl（OH）  
radicals・However，eStin－atedhalf－1ivcsofPeCBinairof4510467dayswerereported・ConsideringltSphysicalaJld  
ChemicalchamcteristicsandpersistenceillairっPeCBhasapolentialfbrlongrangetransportthroughtheatmosphere・ThlS  

iSSuPpOrtedbythepresenceofPeCBinenviro11mentalcompartments，includingbiota，fromrernOtereglOnS・  
PeCBisspreadwidelyintheenvirorunentOnaglobalscalc，MeasuredlevelsofPeCBinabioticandbioticmediainremote  
regionssuchas山e（ant）arcticenvirorLmentareaVailable，aSWellasmorutOrlngdataonPeCBinabioticaJldbioticmediaof  

temperatezones・IngeneralrdatafromdevelopedcountrleSindicatesthatconcentrationsofPeCBinthetemperatezonesof  

theworldseemtodecrease，Forthe（ant）arclicarea，Onlyrecentdataareavallablewhichdonotallowtoderivealrend．   

Basedontheavailableevidence，PeCBislikelvlaSreSultofitslongrangeenvirorunentaltransport，tOleadtoslgnlnCant  

adversehumanhealthand／orenvironmentalefrtcts，SuChthatglobalaclioniswamJlted．  
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1   Introduction  

TheEuropeanConulumityanditsMemberStatesbeingPartiestotheStockholmConventionhaveproposedPeCBtobe  
listedinAmexA，Band／orCtotheCoITVenbonpurslmnttOparagraphlofAlticle80ftheConvention．Thecomplete  
OriginalproposaliscoI丑ainedindocumentUNEP／POPS／POPRC．2／INF／5．Asurrmaryoftheproposalpreparedbythe  

SecretariatwasprovidedindocumentUNEP／pOPS／POPRC．2／13．   

TheacceptanceoftheonglnalproposalforfurtherconsiderationbythePersistentOrgamicPollutantsReviewComittee  
impliesthatthepropertiesofthesld）StanCefu1nlledthescreenlngCriteriasetoutinAnnexDoftheConvention．Thenext  

SteplStOPrePareariskprofilefbrthesubstanceasdescribedinAmexE．Thisdraftriskprofilehasbeenprepared  
fo110WlngthedecisionoftheCommittee，atitssecondmeetinginNovember2006，tOeStめ1ishanadhocworkingglt）uPtO  

reviewtheproposalfurtherinaccordancewiththeprovisionsoftheConvention（DecisionPOPRC－2／7）．   

AlldataintldsdocumentarepresentedaccordingtotheInternationalSystemofUnits（SI）and，therefbre，manyhavebeen  

recalculated丘omothermitsinthedatasources．Furthennore，allconcentrationsarepreSentedbasedonkgorL  

（e．g．ドg此gormL几）．  

1．1 ChemicalIde雨i暮yortIleprOpOSed5ubstaIICe   

l．1．1 Namesandregistrynumbers   

PeCBbelongstothegroupofchlorobe11ZeneS，WhicharecharacterisedbyabenzenennglnWhichthehydrogenatomsare  
Substitutedbyoneormorechlorines．Thechlorobenzenesareneutral，thermallystablecompoundswithincreasingstability  

andhighermeltingandboilingpointswithincreasingchlorinesubstitution．PeCBhasaverylowsohbilityinwater  
（Rossbe巧etal．，2006），   

Iこ況4C肋me：benzene，PentaChloro－  

C45■αe刑ic（才／肋椚e．・  

Syno′卿S：1，2，3，4，5－PentaCh］orobenzene；Pentachlorobenzene；PCB；PeCB；QCB；quintochlorobenzene  
C45’和如砂皿血如：60S－93－5  

且仇官Cざ入厄椚占er：210－172－0  

コγ仇お〝α∽e∫．・一   

1．1．2 Structure   

l，2，3，4，5－Pentachlorobenzene  

汚c・  

1．1・3 Physico－ChemicalpropeIlies   

Mackayetal（2006）providedarecorrLmendedvalueofO．11Paat200c．watersolubilityat25OcvariedbetweenO．135and  
3．46mg几，WhereastherecommendedvalueinvarioussourceswasaroundO．55mg几．ThelogKowvaluesinMackayeta）  

（2006）variedbetween4．88and6．12．ThissourceandthePHYSPROPandCHEMFATEdatabasesrecommendvaluesof  

5．17－5．18asmostrelidble．Afu111istlngOfthephysicalandchemicalpropertiesofPeCBislistedinAnnexII，Tablel．1in  
UNEP／POPS／POPRC．3／INF／2l 

‾‾ 
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1・2 ConclusionofthePersistentOrganicPollutantsReviewCommitteeontheAnnexI）informationon  
Pentachlorobenzene  

Atitssecondmeetingon6－10Nove］nber20061thePOPReviewCommitteeapplieduleSCreenlngCriteriaspecifiedin  
Aru1eXDtotheStockholmConventioltandconcluded，inaccordancewithparagraph4（a）ofArticle80ftheConvention，  
thalitwassatlSfledthatthescreenlngCriterlaWerefu1filledforPeCB．ThcCommitteedecidedfurthermore．inaccordance  

、Vithparagraph60fArlicle80ftheCoITVentionaJldparagraph290fdecisionSC－1／70ftheConftrenceofthePartiesto山e  

StockholmConvention・tOeStablishanadhoc、VOrkinggrouptoreviewtlleprOpOSalfurtherandtoprepareadraflrisk  

pr（漬】einaccordancewithAruleXEtotheConvemion・Itinvited，inaccordancewithparagraph4（a）ofArticle80fthe  
Convention，PartiesandobscrverstosubmittotheSecretariatdleinformationspecifiedinAruleXEoftheColⅣention  

before2f■ebnm町20（）7．  

l．3  Datasources  

lnformationonthedatasources（referencesandotherliterature）hasbeenprovidedinuNEP／POPS／POPRC3／TNF／21AruleXI  
andIII・WherethereviewsmentlOnedabovehavebeencited，thetextquoted（OrquOtedwithmodlfications）includesthe  

referel－CeSCitedintheonginalreview・Thesereferencesarenotshownindividual1yintherefeIenCelistLThefbllowlng  
partiesaJldobservershaveal馴・eredtherequestfbrinformationspecifiedinAnnexEoftheConvention：Canada，  

C∠eChRepublic，Gern1any，Japan，Lithuania，Mauritius，Switzerland，Turkey，UnitedStatesofAnlerica，InternationalPOPs  

EliminationNetwork（IPEN），andtheInternatiorLalCouncilofChemicalAssociations／WorldChlorineCounCil  

（ICCA－WCC）．   

1．4  Statusofthechemica）underinternationalconventions  

PeCBisnotincludedinanylnternationalconvcntion・TheEuropeanCommissionhassubmittedaproposaltoincludePeCB  
tothePI℃tOCOltothe1979ConventiononLongRangeTransboundaryAirPollution（LRTAP）onPersistentOrganic  
PollulantstotheExccutiveSecretahatoftheUlhtedNationsEconomicCommissionforE11rOpein2006（EuropeaJI  
Comission，2007）・Theob）eCtiveoflhcLRTAPPOPsprotocolistocontrol，reduceoreliminatedischarges．emissionsand  

lossesofpersistentorganicpollutants・TheUNECETaskForceonPOPsidentifiedthefbllowlngOptlOnSforpossible  
inclusionofPeCBintotheProtocol：  

（a）ListingofPeCBinammeXItotheProtocoli110rdertopreventproductionanduse二  

伸）ListingofPeCBinannexIandalmeX7I＝otheProtocol．rECE侶B．AIR／WG，5／2007／141   

PeCBisidentificdasapri0ritysubstancewithl）1theEuropeanWaterFrameworkDil℃Ctive（2OOO／60佗C）．Withlntllelistof  

lhesepri0ritysubstancesso－CalledprlOrityhazardoussubstancesareidentifiedwhichareofpaltlCularconcemforthe  
freshwater，COaStalandmarineenvirorunent・Thesesubstanceswi11besub）eCttOCeSSationorphasingoutofdischarges，  
emissionsandlosseswithin20ycarsafteradoptlOnOftheDirective・TheEuropeanComnissionhasproposedtoinclude  

PeCBasapriorltyhazardoussubstance．【COM（2006）397血Iall．PeCBislistedontheOSPAR1998ListofCandldate  

Substances（OSPAR，1998）．  

2  Summaryinformationrelevantfortheriskprofile  

2．1  Sources  

ProducliorL，uSeandsourcesofreleasehavebeendescribedextensivelyinthetwodocurnentSSubmittedbyCanada  
（GoverrmlentOfCanada，1993，2003），theproposedriskma11agementStrategyforPeCBbyCaJlada（EnviroIlmentCanada，  
2005）andthedocumentsubmittedbythelCCA／WCC（2007）．Additionalinfor11utionwasretrievedfromthedocuments  

Submittedbyo山erPartiesandObserversand丘omdleOpenlitera山re・  

2．1．1．Produetion，trade，StOekpiIes   

ThesubmissiondocumentforPeCBreportedthatPeCBwasnotproducedanymorewith1nEurOpeandNorthAmerica  
（VandePlasscheetal・，2002）・PeCBhasnotbeenreportedbyEUIndustryasanHPVCorLPVC（http：／／ecbjrc．it／esis／）．  

MostofthecountrieswhosubmittedinformationtotheUNEPsecretariatreportednoproduction（CaJlada，CzechRepublic，  
Gemwly，Lithuania，Mauritius，Turkey，andUSA）・NointentionalproducdonγaSmemionedinuledocumentsubmittedby  

thelCCAハVCCandaccordingtoUllInarlJlつsEncyclopediaofIndustrialChemlStryPeCBisofnoeconomicslgnificance  
（Rossbergetal・，2006）・Notradeorstockpileshavebeenreported，  

6   
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2．1．2．Uses   

CanadaandtheUSAreportedthatthereisnocurrentdomesticcommercialdemandforPeCBandthatPeCBisnotusedas  
anendproduct・UllmaJln・sEncyclopediaofIndustrialChemistrydoesnotmentionanypresentuseofPeCB（Rossberget  
al．，2006）．However，VariouspastusesoruI血tentionalusesofPeCBarememionedintheliterature：  

1． PeCBwasacomponentofachlorobenzenesmixtureusedtoreducetheviscosityofPCBproductsemployedfbr  
heattransftr（EIⅣironmentCanada，2005），butnewreguladonsprohibitingnewusesofPCBヾOntaimingdielectricfluids  
resultedinadeclineoftheuseofPeCBaf［er1980．PCBsarestillinuseinsomeoldelectricalequlpmentinNorthAmerica  
andEuropesothatthereisasma11potentialfbrreleaseofPeCBffomthissource（EnvironmentCanada，2005）・Itcanbe  
presumedthatsomePCBsarealsostillinuseelsewhereintheworldandsomeffactionofthemcontainPeCB・PCBsare  
beingtakenoutofserviceinmanycountriesoftheworldsothatanyrelatedPeCBemissionsareexpectedtodecreasewith  
time．  

2． Formerly，PeCBandTeCBcouldbefbundindyestuffcarriers・Theapplicationsindyecamiershavebeen  
discontinued（EnvironmentCanada，2005）．ItisnotclearfromtheCanadiandocumentifPeCB，TeCBorbothhavebeen  
usedindyestuffcamiers．  

3． PeCBcanbefbundasanimpurityinseveralhebicides，PeSticidesandfungicidescurrentlyinuseinCanada  
（EIⅣironmentCanada，2005）・TheUSEPAcamiedoutastudytoassessthedietarycancerriskofhexachlorobenzeneand  
PeCBasimpuritiesinchlorothal0mil，PCNB，Picloram，andseveralotherpesticides・PeCBwasidentifiedin  
pentachloronitrobenzene（quintozene），endosulfan，Chlorpyrifos－methyl，atraZine，andclopyrilid，butnotinsimazine，  
chlorothalonil，Picloramanddacthal（USEPA，1998）・Techmicalgradehexachlorobenzene（HCB）containsabout98％  
HCB，1．8％pentachlorobenzeneandO．2％l，2，4，5－tetraChlorobenzene（wn0－IPCS，1997）・HCBisalreadylistedinarLneX  
AandCoftheStockholmconventionanditmaythusbeexpectedthatHCBisofminorimportanceasasourceforPeCB・  
Thepresentsituationfbrtheotherpesticidesisunknown・  

4． TheuseofPeCBaschemicalintermediateismentionedinWHO－IPCS（1991）．Sofhr，0nlytheuseasan  
intermediateinthemambctureofpentachloronltrdbenzene（quintozene）hasbeenfoundintheliterature・PeCBispresent  
asaniTpurityinthisfungicide・VandePlasscheetal・（2002）reportontheproductionanduseofquintozeneinvanous  
countnesandindicatedthattheuseoutsidetheUNECEregionisunknown．VandePlasscheetal・（2002）stated：  
’Nowadays，qulntOZeneismanufhctureduslnganOtherproductionprocesswithoutPeCB・Amvacdoesnotknowofany  
CurrentquintozeりePrOducerusingPeCBasfヒedstock・TheyconcludethatitisunlikelythattherearealTyStOCbilesof  
qulntOZeneCOntalnlngapPreCidblequantitiesofPeCB・，Feiler（2001）inICCA／WCC（2007）reportedthatquintozeneisnow  
beingmadebychlorinationofmitrobenzeneinsteadofusingPeCBasanintermediate・Theavai1abledatasuggestadecrease  
inPeCBusefbrthepreparationofqulntOZene・However，thisconclusionisbasedondatafbrEuropeandNorthAmerica  
Only．  

5． PeCBmayhBLVebeenusedinthepastasafungicideandasaflameretardant（VandePlasscheetal・，2002）・  
WHO－IPCS（1991）mentionsthatPeCBwasformerlyusedinapesticidetocombatoysterdri1ls・Nofurthersourcesofthese  
applica也onshavebeenfound・  

6． LessthanO・1kgperyearOfpurePeCBwasimportedintoCanadafromtheUmitedStatesfbruseasalaboratory  
reagent（GovernmentOfCanada，1993）．Tneuseaslaboratoryreagent，basedondataapplicableto1995，isalsomentioned  
inGovernmentofCanada（2003）．Thepresentsituationisunknown・   

Fromthedatasubmittedanddataintheliteratureitisobviousthatproduc也onanduseofPeCBinEuropeand  
NorthAmericaaI℃negligible・Thesituationinotherpartsoftheworldislessclear・   

2．1．3． Releasestotheenvironment   

TheproposedriskmanagementstrategyfbrPeCBpreparedbyEnvironmentCanadain2005mentionsvariousroutes  
throughwhichPeCBcanbereleasedintotheCanadianenVironment（EnvironmentCanada，2005）・Themainsourcesof  
releaseinCanadaarebarrelbumingofhouse－holdwaste，WOOdtreatmentplantsandinserviceutilityPOles，peSticideuse，  
dielectricfluidspillandcleamp，municipalsolidwasteincineration，hazardouswasteincineration，magneSiumproduction，  
soIventuseandlongrangetransport．Aspotentialsourcesofreleasearememioned‥magneSiumproduction（1essthan2％of  
totalannualreleases），ChlorinatedsoIvents（negligible），SeCOndarycopperandalumimiumprocessing（nodata），Chemical  
manufacturing（unlikely），ironandsteelmi11s（SCarCityofdata），petrOleumrefineries（unlikely），WaSteWatertreatmentPlants   
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（unlikely），teXtilemi1ls（unlikely）、longraJlgetra鮎pOrt（amountnotknoIVrLeXpeCtedtodecrease）（Table2．1，AnnexIl，  
UNEP／POPS／POPRC．3／INF／21）．   

ThesourcesofreleaseandpotentialsourcesaredescribedmoreextensivelyinEnvironmentCanada（2005）．Thetolal  
releaseprovidedbyEnvironmentCanadailltherlSkll睾uugementStrategyOfPeCB（EnvironmentCanada，2005），  
41．9kg／yr，isafactoroflOlowerthanthereleaseof＞580kg／yrprovidedinthePrioritysubstanceslistassessmentreport  
forPeCB（GovemmentofCanada．1993），SubmittedbyCanadaforthedraltlngOfthisRiskprofile，Themostsignincant  
SOllrCeSintheCanadianriskmanagemenlreport（EmrirorullenlCaJlada，2005）．barrelbumingofhouseholdwaste（2l，93  
kg／yr），municipalsolidwasteincineration（2．36kg／yr）†hazardouswasteincineration（l．84kg旬r）andmagnesium  
PrOductioIl（1．53kg／yr），WerenOtidentifiedassourcesin1993L   

DataonreleasesofPeCBintheUSAcanbefoundintheU．S．EPAToxICSReleaseInventory（TRI）（USEPA2007a，  
httt3二／／www．et）a．巳OV／tri／tridata／index．htm紬dr）．TheTRIcontainreleasedatafbr2000L2004・Totalreleasesvarybetween  
1512and763kgPeC叫randincludeairemissOnS，Surfacewaterdischarges、undergroundirjection，OnSitereleasesto  
landandtransftrsoff－Sitetodisposal・AirenllSS10n5between2000and2004were74，34，37，40andlOOkgケrrespeCtively．  
WateremissiorLSareinthesameorderofnugmtude（SeeTable2．2，AmexII，UNEP仲OPS仲OPRC3／INF／21）．TneUS  
alsoindicatedin血eircommentsthatthedataprovidedbyTRlon”on－and－0ff－Sitereleases”includeamountsthatwouldnot  
bereleasedtotheenvironmentbecausetheyweresub）eCttOtreatmentOrOthermanagementactivities．TheTRIdatadoes  
notcovera11theindustrysectors，WhlChimplleSthattotalreleasesintheUScanbemuchhigherthanthoseprovided．  
ReleasedatafromothercountriesarerLOtyetaVailable．   

TheICCAJWCCprovidedadocumentwithancstimatlOnOftheaJuualglobalemissionsofPeCBbasedontheU．S．ToxICS  
ReleaseInventory（TRI）（ICCA／WCC，2007），PeCBformationhasbeenobservedduringcombustionofmumicipalsolid  
WaSte．Thereportedemissionfhctorsvariedpnll闇rilydtletOdi汀erencesincoll血ustionconditionsratherthanfuel  

COmPOSitionorwastecontent・ThecombustionofPVCmaybeasourceofPeCBforlnation（Kimetal・，2004；Araciletal．，  
2005；Mulleretal．，1997），buttherelatlVeimportanceofthlSSOurCeisdebated，Therea托0山erprocesseswhichproducea  
Varietyofchlorinatedaromatics山atmaycontrlbutetoPeCBevenifPeCBhasnotbeenexplicitlydetectedandreported  
yel．TotalestimatedannualglobalemissionsofPeCBsbyICCAハVCC（2007）were85．000kgケr，about2000timesthe  
amoulteStimatedfbrCanadaand850timesthc10talreleaseofdleUnlledStates．Mostoftheemissionsourcesaresimi1ar  

TViththoseprovidedintheCarLadianriskmanagementdocument（EnviroImentCanada，2005），butsomearedifftrent．  
HazardouswasteincinerationandwoodtreatmentplarLtSarelackingintheICCA／WCCsttldy，Whereascombustionofcoal  
andcombustionofbiorrnss，WhlChamountshalfofthetotalglobalemissions，∬elacklngintheCanadianstudy．0ther  
PeCBsourcescouldincludequlntOZenedegradation，titaniumdioxideproductioItandoretreatmentfbrtheproductionof  
metalsinc］udingmagnesium，COpper，nlObium，andtaれtalum（ICCA／WCC2007citlngBeckandHansen，1974；Knutzen  
andOelme，1989：Doeringetal，，1992，andVogelgesang1986）．Noquantltaliveestimatesareprovided，becausethereisno  
quantitativeinfbrnutiononwhlChtobasethem Althoughchemicalmanufactunngwasthoughttobeunlikelyasasource，  
thehighestreportedchloroberLZeneCOnCentration5inCan8diansedimenthavebeenobservednearindustrialsites  
（GoveruentofCanada，2003）．   

Inconclusion，PeCBcanentertheenvirorLmCnlthroughvarioussourcesofwhichPeCBasabyproductofirLCOmplete  
COmbustionisthemostsignificantcurrentsource，Nearlyallfuelscontainsomechloride，eSpeCia封ybiomassandwaste．In  
industhalchlorirLationreactionsitispossiblethこItPeCBisproducedasabyproductanditprobablyaccountsfbrsomeofthe  
emissionsreported．ForanumberofpotemialsotlrCeS、SuChascopperandaluminumprocesslngplantsandsteelm山snoor  
limlteddataareavailable．FromthedataprovidedinthevanousdocumentsonemayexpeCtadecreaseofreleasesthrough  
PaStintentjonaluse，duetophasingoutofPeCB・IndleCaSeOfunintentionalreleasesasabyproductofcombustiona  
decreasecanbeexpeCtedinthosecaseswherenleaSureSWeretakentoreducethereleasesofotherbyproducts／emissions．  
TheglobalestimateshouldbeconsideredtakinglntOaCCOuntthesetmcertaintleSandthevariationinindustrialaJldwaste  
haldlingprocessesamongthevanouscountries，  

2．2  Environme爪talfate  

2．2．1Persistence   

Pentach］orobenzene（PeCB）canbephoto－OXidizedinthealmosphere，1argelythroughreactionヲWithhydroxyl（OH）  

radicals（CEPA，1993）．TTLerearenOeXPerimentaldataonatmosphericdegradation，buttheestlmatedhalf－1iftofPeCBis  
45to467days．ForPeCB，dleCalculatedhalf－1山七inairbasedonreactionwithOH－radicalsis277days（EPISUITE，  
USEPAフ2007b）．Vulykhetal，（2005）estlmateahalf－1ifeinairof65daysbasedonmodelllngdata．Thisestimateisthe  
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resultofdegradationaswellasdⅣandwetdeposi也onandgaseousexchangewithvarioussurfhces．Theatmospheric  
half－1iftofPeCBduetothedegradationprocessonlyisestimatedtobe155days．  

IntheOECDTG301CtestPeCBwasnon－biodegradable（NITE，2007）．PhotodegradationofPeCBisLhstinsurfhcewater  

undersunlightirradiation：41％lossafter24hours（HSDB，February2000）．ThehalflliftofPeCBinsurfhcewaterwas  
estimatedtorangeffom194to1250days，theestimatedhalf－1iftfbrtheanaerobicbiodegradationindeeperwaterranged  
from776to1380days（CEPA，1993）．   

Wangetal・（1994）studiedPeCBinspiked（4・5pg此g）andsewagesludge－amendedsoil（3Llg此g）at20－300C・Halfofthe  
dosageofPeCBislostrapidlybyvolatilization，fo110Wedbydegradationwithhalf－1ivesof187days（SPikedsoil；l．40．m．）  
to1550days（amendedsoil，4．5％0．m．）．Formationofboundresiduesisarelativelyminorrouteofdissipationonsoil．  
Scheunertetal．（1985）recoveredl％ofa2mg此gdosageasboundresidueafter126days．UnderaerobicconditionsPeCB  
ispersistentinsoil．   

BeckandHansen（1974）fbunddisappearancehalf－1ivesbasedonduplicatesamples，Of194－345daysinanaerobicloamy  
Sandsoil（1．9％0．m．）；18－200C）treatedat7mg此g．Standarddeviationswere20to25％．The95％confidencelimitsare  
thus112－726and289－3176days．Sincethevalueswerebasedonduplicates，thetotalrangeofl12－3176daysrepresentsthe  

expenmentalresults．Soilswerekeptln10Lbucketscoveredwithtwoplasticsheets・Duringtheexperimentthatlasted600  
dqys，Waterlosseswerecompensated；aPParentlythetotalwatercontentofthesoilevaporatedfk）mthesoilseverylOOdays  

（Bro－Rasmussenetal．，1970）．Thereporteddisappearancevaluesarebasedonlog（2）此；insteadofln（2）瓜Correcthalf1ives  
thusspantherangeof260－7300days．ThecontributionofvolatilizationofPeCBtothesehalflivesisurd（nOWn．   

SusarIaetal，（1997）irrvestigatedthedegradationofHCBinamethanogemicslurryofsandysediment（＜1％0．m・）withlake  
Water（1：3v／v），SPikedatl．14mg几．A魚er75％oftheHCBhaddegradedaf（er150days，thedegradationoftheprimary   
metabolitePeCBfbllowedfirstorderkineticswithahalf1ifeofapproximately50daysat250C．Masunagaetal．（1996）  

irrvestlgatedthedegradationofPeCBinsulfidogenlcestuarinesedimentsthathdbeenpre－eXpOSedtovariouschemicals  
fbmlocalindustries．Sedimentslllrriescontained272g此gsolids；Ofwhich12％canbelostbyignition，andwerekeptat  
25OC．PeCBhalf－1ifewas18days．Inautoclavedsamplesthehalf－1ifbwas990days．   

Insed山IentCOreSOfKetelmeerinTheNetherlands，thathadbeenselectivelyemichedwithHCBtogetadechlorinatlng  

anaerobiccommu血ty，PeCBisnotpersistent：theadaptedanaembicmicrofloragiveshalf－1ivesofabout6daysat25OC  
Whenspikedat50llg几（Beurskensetal．，1994），Amixtureofclayloamsoil（5．38％0．m．）andasteri1emedium（50gsoil  

and70mimedium）wasincubatedamerobicallyatroomtemperatureafterinoculationwithalO％slurryofanadapted  

microbialculture．Thesoilwasspikedwith14．2mg几HCB，25mg几PeCB，and254．1mgnJl，2，4－TCB．Concentrati0nsOf  
PeCBdecreasedwithahalf11ifヒofapproximately23days．Chlorobenzeneaccumulatedasthem御Ormetaboliteafter80and  

142daystolmm01几（Ramanandetal．，1993）．Sofar，0nlyonebacterialstrainwhichreductivelydechlorinates  

Ch10rObeI況eneShasbeenisolated（AdrianandG6risch，2002）．   

ComparisonofPeCBconcentrationsinKetelmeersediment（TheNetherlands）samPledandmeasuredin1972to  
COnCentrationsinsamplestakenin1988fromsedimentlayersdepositedaJt）und1970，Showedasmallbutstatistically  

Significantdeclineof35％．HCBhaddecreasedby80％・Lowerchlorinatedbenzeneslikedi－andtetrachlorinatedbenzenes  
hadincreasedupto80％（Beurskensetal．，1993）．LakeKetelmeersedimentcontains9－13％0．m．（Aamoutseetal．，1996；  

CornelissenandGustafsson，2004）．InaUKsoil（Woburn）thathadreceived25separatesewagesludgeapplicationsin  

20yearstime（until1961），apPrOXimately21％oftheaddedPeCBwasstillinthesoi130yearsafterapplicationhadstopped  
（Wangetal．，1995）．Thissoilreceivedabout25％ofitsdryweightinsludge．Assumingthatsludgecontained80％organic  

matteranda2％orgmicmatterbreakdownperyear，themeano，m．COntentWaS15％．InputofHCBduringtheseyearswas  
about4timeshigherthanthePeCBinput；andHCBresiduesalsodeclinedto22％inthese30years．   

ExperimentaldataondegradationofPeCBinwaterarelacking．PeCBisexpectedtodissIPatefromthewaterphasetothe  
Sedimentorintotheair．PeCBispersistentinsoilsandsedimentsunderaerobicconditions．InanaerobicsedimenトWater  
SlurriesPeCBisconsideredpersistent，eXCeptattemperatureSabovelOOCinco血binationwithloworganicmattercontents．  

Higherorgamicmattercontentsseemtodrastical1yincreasethepersistency．ActualfieldmeasurementsofPeCBmay  
OVereStimatepersistencyasaresultoffbrmationofPeCBfromHCB．ThetruefieldhalfliftofPeCBisestimatedaround  
6yearsinorganicsoilandsedimentinthetemperatezone・  
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PeCBshouldbeconsideredaspersistentglVenthemagnitudeofestimatedandexpenmentalhalf－1ivesinatmosphere，SOils，  
Sediments，aJldwater・PersistenceintheenvirolⅦlentdependsontherateofphoto－OXidatlOn，thepresenceofoxygenand  
OrgamCmatler．  

2．2．2 Bioaccumulation   

PeCBishighlyhydrophobic．Mackayetal．（20（）6）reportlogK。WValuesbetween4．88and6．12，Withrecommendedvalues  
Of5・17－5・18・Tllerefore・itcanbeassumedthatlhecompoundhasahighbioaccumulationpotential・Thisiscoldlrmedby  
thedatashowninTable2．3，ArnexIl，UNEP／POPS／POPRC．3nNF／21whichsurrunarizesvaluesconsideredreliable  

accordingtotheKlimischcriteria（Klimisch，1997）．   

BCFsrangefromlO85－23000L／kgforfish二833－4300L／kgformo11usca，aJld577¶2258L／kgforcruStaCea．Itshouldbe  
notedthatforthelowestBCFdatafbrfishitisnotexplicitlyclearifexposureconcentrationshavebeenmeasured  
（Schuleretal・，2007）■1ftheseBCFsarebasedonnominalinsteadofmeasuredexposureconcentrations，thentheyare  
probablylowerthanthe－real’BCFsbasedonmeasuredconcentrations．   

Inconclusion，thesevaluesshowthatPeCBcanbeconsideredtohaveahighbioaccumulationpotential．Duetodlehigh  
logK。Wandthefactthatbiotransformationmaybeinsignificant（Schuleretal．，2006，2007），thecompoundmayalsohavea  
biomagnificationpotential．However，dataonthebiomagnificationofPeCBarelacking．  

2．2．3 PotentiaIforLo－1grangeenVironmentaltransport   

OverallperSistenceandlong－rangetranSPOrtpOten11alwereestimatedforh′eneWPOPcandidates（includingPeCB）with  
theOECDPov＆LRTPScreeningToolusingtheinputpropertiesinthePOPRCproposaldocuments（Wegmaruletal，  
20O7）．Thetooldoesnotprovideabsolutelevelsintheenvironment，butfacilitatescompansol一widlearlieridentifledPOP  
Substances．Theauthorsconcludethal，althoughthereareconsiderableuncertaintiesinthechemicalcharacteristicsofthe  
fivechcmicalsinvestigated，thePOPcandidates（includingPeCB）havePovandLRTPpropertiessimi）artothoseofseveral  
earlieridentiLiedPOPs．   

ThereisalsoevidenceforlongrangetransportofPeCBbasedoncalculationsofdletranSpOrtdistaJICeOfPeCBthrotlgh山e  
atmosphere・MaJltSeVaetal・（2OO4）developedanMlti・｛OmpartmenttranSpOrtmOdelfortheevaluationoflong－range  
atmospherictransportanddepositionofPOPs，BasedonthismodelassessmentatraJISpOrtdistanceinEuropeofover  
8000kmiscalculatedforPeCB．ThemodelisdescribedindetailbyVulykhetal．（2005）whoassessedatransporldistance  
Of8256km，BasedonmeasuredconcentratlOnSinairsamplesofNo血IAmericaanemplricalestimationof13338kn1WaS  
madeforthelongraJlgtranspOrtOfPeCBtl甘Oughair（ShenetaL2005）．ThlSdistanceislargerthanthatoftheo山er  
OrganOChlorinepesticidesthatlVerepartOfthisstudyincludingthecurrentlylisledPOPsdieldrin，DDTandheptachlor．   

MonltonngdataalsoindicatethatPeCBissubJeCttOlongrangetransPOrt．PeCBwasdetectedinairandprecIPltationat  
Variouslocationsintheworld，manyOfthosefarftomitssources．Inal1airsamplesco11ectedin2000－2001atthe40  
SamplingstationsinNorulAmeri？a（including5arcticstations），PeCBwasdetected・TherneaSuredconcentrationswere  

relativelyconstantacrossthecontl－1ent，aVeragillgO．045ng／m3witharangeofO．O17toO．136ng／m3（Shenetal，，2005），  
Accordingtotheauthors．thesmallspatialvanabilityacrosstheNorthemHemisphereindicatesthatPeCBhasaverylong  
atrnOSphericresidencetime，WhichallowsittobecomewidelydistributedintheglobalatrnOSphere．ThepresenceofPeCB  
hasbeenreportedinseveralabiotic（air，minwater，Water，Sedimentandsoil）andbiotic（fishes，birds，mammals）matricesat  
remotereglOnSincludingthearcticreglOnandAntarctica．ThesearedescribedindetailinthesectionExposure．   

Inconclusion，mOdeling，mOnitonngdataofPeCBinair，aSWellasPeCB■schemicalpropertiesindicatedlatthlSSubstance  
hasaconsiderablepotentialforlongrangeerrvironmentaltransport．ThepresenceofPeCBinmatricesfromremotereglOnS，  
SOmethatcanonlyhavereceivedPeCBaftertransportviaair，SuPPOrtStheconclusionthatPeCBissu叫ecttolongrange  
lraIISPOrt・  

2．3  Exposure  

PeCBisspreadwidelyintheglobalenvirollInent．Thefirsttwosectionswi11fbcusonthelevelsofPeCBinabioticand  
bioticmedjainremoteregionssucha5the（ant）こIrCtlCerLVironment，Thethirdsectionwi11focusonmo11itoringdataonPeCB  
inabioticandbiotlCmediaoftemperatezones，aSWellasobservedtrends．Thelastsect10ndiscusseshumanexposure．  
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2．3．1Levelsinabioticenvironmenta）matricesofremotereglOnS   

AtmosphericconcentrationsOfPeCBhavebeenmeasuredatvariouslocationsaroundtheworld・Concentrationsinair  
collectedatAlert脚orthwestTemitories，Canada）rangedffomO．0031toO．135ng／m3（GovernmentofCanada，1993）．  
Measuredconce血atioI唱aCrOSSNordlAmericaaveragedO．045ng／m3witharangeofO．017toO．136ng／m3（Shenetal．，  
2005）．TneyalsoobservedthatatmosphericlevelsofoI苫anOChlorinecompoundsincludingPeCBincreasedwithincreasing  
elevationintheCa11adianRockyMountains．   

PeCBwasfbundinal1watersamplescollectedduringastudyofthedistributionofchlorinatedorgalhcsintheNorth  
PacincOcean，theBeringandChukchistreets（ICCA∧VCC2007citingStrachanetal・，2001）・ConcentrationsofPeCBin  
thedissoIvedphaseaveragedO・O16ng几，WhilesuspeIdedsolidsrepresentedonlyasmallfractionofthetotalamountof  
PeCB．BottomsedimentsamplestakenffomhalboursinnorthemNorwayandtheKolaPeninsulainthearcdccontained  
PeCBinconcentrati0nsrangingfrom2to5llg此gdryweight．PeCBconcentrationsinfburAlaskanarcticlakessampled  
from1991to1993averagedO．10士0，10llgn（gdryweight（ICCA∧VCC，2007citingAllen－Giletal・，1997）・Concentrati0ns  
insoilsamplesfromthecoastalareasofVictoriaLand（Antarcdca）variedbetweenO・4andl・3pgn（gdryweight（Borghimi  
etal・，2005）・InthesesoilsamplesPeCBwasthedominantoてgamiccompound・Muiretal・（1995ascitedbyICCjUWCC，  

2007）reportedPeCBinsedimentofaseriesofremotelakeslnnOrthernCanada・Sedimentsurfhcelayerconcentrations  
（representingaperiodoftimeestimatedbetween1979－1988）ofPeCBinthesenorthemlakerangedfromlessthanO・Olto  
O．73pg几gsediment．  

2．3．2．Levelsinbiotaofremotereg10nS   

ContaminationoftheenvironmentandbiotainremotereglOnSCanbeathreattovu1nerablespeciesandecosystems・PeCB  
isdetectedinmosses，fish，Penguineggs，Sealsandpredatorymammalsinthearcticandantarcticregions・   

PeCBconcentrationsinmossesfromcoastalareasofVictoriaLand（Antarctica）variedbetweenland2．4llg／kgdryweight  

（Borghimietal．，2005）．Themossesdonothavearootsystemandtheirsupplyislargelydependentonatmospheric  
deposltion・ThemeasuredPeCBconcentrationsinbothmosseswerehigherthanthoseofthecurrentlylistedPOPsHCB  
andDDTthatwerealsoincludedinthisstudy．PeCBconcentrationsinmossesgrowingintheAndeanMolmtainsat  
elevationsbetween700－4500mrangedfromO．2－2．4LLg此gdw（Grilnaltetal．，2004）・ThisstudyshowsthatPeCBislikely  
Subjecttocold－trapplng．AninverserelationshipwasestablishedwithhigherPeCBconcentrationsatlowertemperatures・A  
Simi1arrelationshipwasestablishedfbrmountainsoilsinTenerife（Ribesetal．，2002）・  

Con？entrations（Pg此gwetweight）ofPeCBinorgansfromfishftomAlaskaandNorthwesternRussiaandotherarctic  

locatlOnSVariedbetweenO．06土0．08and5．06pg几gwetweightPeCB（ICCA／WCC，2007citingAllen－Giletal・，1997，  
CitingMuiretal．，2003，CitingA柁ndetal．，200l，Vorkampetal・，2004；Corsolimietal・，2006）・   

InGreenlandPeCBwasobservedatlevelsof23llg此glipidweightinptarmiganliver（1．5Llg此gwetweight）and8pg此g  

lipidweightinkittiwakemuscle（1．1pg此gwetweight）（Vorkampetal・，2004）・Adeliepenguineggs（Antarctic）contained  
O．68pgn（gWWPeCB（Corsolimietal．，2006）．   

InuithuntercollectedtissuesamplesofringedsealsfiomtheeastandwestsidesoftheNorthwaterPolnyabetweenCanada  
andGreenlandduringthespringof1998（ICCA／WCC，2007citingFisketal．，2002）．Theconcentration（WetWeight）of  
PeCBinthesesampledrangedffom7．3土l．9llg此ginmaleringedsealsto8．4土1．1pg此ginfemalesfromthewestside・  
Sealshmtheeastside（Quebec）contained5．Oj＝0．5llg此g（males）and7．0土1．5llg此g（females）．SealsffomtheWhiteSea  
inNorthwestemRussiacollectedintheperiod1992－1998containedPeCBatcon？entrationsrangingfiomO・9（bearded  

Seal）to12．Opg此glipidweight（harpseal）intheirblubber（ICCA／WCC，2007citlngMuiretal・，2003）・Themean  

COnCentration（土StandarddeviationofthelOsamples）ofPeCBin1992was11土2．Ong／glipidweightwhereasthe  

COnCentrationofPeCBin1998was5．Oj＝1．8ng／glipidweight．PeCBconcentrationsinbowheadwhalescollectedbetween  
1994and1998averagedatO．3土0．1andO．8j＝0．1llg此gwetweightinliverandblubber，reSPeCtively（ICCA／WCC，2007  
CitingHoekstraetal．，2002）．St．LawrenceBay（Canada）BelugaWhaleblubberwasfoundtocontain24・5（1・56－1510）  

pgJkg（lipidweight）PeCBforfeInalesand144．5（1．5－1500）Llg几gfbrmales（ICCA／WCC，2007citingHobbsetal・，  
2003）．InGreenland，blubberofmuskox（CaPturedbetween1998and2001）wasreportedtocontainO・32llg此glipid  
WeightPeCB（equivalenttoO▲29LLg此gww）（Vo正ampetal・，2004）・   

PeCBhasalsobeendetectedinpolarbears・ThecolnpOundwaspresentinall15fhtandplasmasamplestakenfrompolar  
bearsffomthearcticSvalbardislands（Gdbrielsenetal，，2004）atanaverageconcentrationof7，9andanuximumof  
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13・9pg此g（WetWeight）・Simi1arcoりCentrationsareobservedinpolarbearsfromAlaskaっCanadaandEast－Greenland，  

accordingtotheautllOrS．ConcentratlOnSandbodyburdensofchlorobenzenes（includingPeCB）inpolarbearsofdifftrent  
agcshavebeenstudiedbeforeandaftertheirseasonalfasts（lCCA／WCC，2007citingPolischukelal．，2002）．Theauthors  
COnCludethatnoPeCBismetabolizedorexcreledduringthefast、1eadingtoincreaslngCOnCentrationsofthecompoundin  
fattlSSue・AmountsofPeCBincubsisreportedtobegreaterthaninadultsdueto山efactthatnurslngbearcubsreceivean  
increasedamountofPeCB．   

TheaccumulationofPeCBhasalsobeenmeasllredinthearcticfbxdunng1999－2001（ICCA／WCC2007、CitingHoekstra  
Clal・、2003）・ThearLimalswerecollectedsomedistancefromhuInanhabitationtominlmizeeffectsofgalbagescavenging．  
Abollt20；mimalswereco11ectedateachsite．PeCBconcentrations（Pgn（g）foundinarcticfoxeswereO．61土0．12inmuscle  
（Anvat），0．29土0．06inmuscle（Holman），0．57j＝0．11inliver（Holman），0．55j＝0．20inmuscle（Barrow）andO．73士0．17in  
liver（Barrow）．HoydalandDam（2003）meas11redconcentrationsof＜0．ト37ng／gwetlヽ’eightinbiotacapturedinthe  
environmentoftheFaroeIslands．   

Kingetal（2003）sttldiedthechlorobenzenesspilledafteranaccidentintheGulfofStLawrence．Therewasarapiddecline  
intrirtopeCBconcentrationsinsnow 

． 

locations2tollweremuchlowerthanatlocalionl，butshowednoconsistentdecreasewithtime．  

2．3．3．LevelsattemperatereglOnSincIudingtrends   

AlargequantltyOfmonitoringdataexistsonPeCBdetectediIlabioticmatricesaswellasinbiotaintemperatezones，  
mainlyonglnatlngfromdevelopedcotultries．Ingeneral，COnCentrationsofPeCBintlletemPCrateZOneSOftheworldseem  
todecrease．ThispatternisrepresentativeforthatofmostPOPs．Forthe（ant）arcticarea，0nlyrecentdataareavailable  
whichdonotallowtoderiveatrend．   

AstudyoftheinfluenceofemissionsourcesollatmOSpherlCPeCBconcelltrationsinGennanyshowedthatconcentratiollS  
werehigheratindustrialorufbanlocations（rangingfromO．057toO．286ng／m3）thanataruralreferencesite（0．03lng／m3）  
（ICCA／WCC2007citingWenzeletal・，2006）・Concentrationsattheruralsitearecomparabletotheavemg？atmOSpheric  

COnCentrationmeasuredbyt］leIntegratedAtmosphericDepositionNetwork（IADN）abovelheNorthAmencanGreat  

Lakesin2000，i．e．，aboutO．072ng／m3（ICCA∧VCC2007citingBuellleretal．，2004）   

AcleartrendofthepresenceofPeCBin血eelⅣirorunentcanbederivedfromitspresenceinsedimentcores．Sediment  
COreSfromtheindustriallyimpactedareafromLakeOntarionearthemouthoftheNiagaraRiver（Canada）showan  
increaseinPeCBconcentrationfromearly1900untiltheperiod1960－1970（peakconcentrationofoverlOOト1g／kg）after  
WhichconcentrationsdeclinedtoaboutlO％ofthepeakconcentrationby1980（ICCA／WCC，2007citingDurhamand  
Oliver，1983andNYDEC，1998）．AlsoPeCBconcentrationsintheNiagarariverwaterdroppedfromO，351toO．093ng几  

duringtheperiod1987－1997（ICCA／WCC2007，CitingWilliamsetal．，20OO）．However，datainthemusselwatch  
programmefortheNiagarariverdonotshowadecreaseinPcCBconcentrationsbetween1997and20000nSeVeral  
locations（MlnlstryoftheElⅣirorLmentOntari0，1999．2003），ConcenlrationsofPeCBinsedimentoftheKetelmeerinThe  
Nedlerlandsdroppedby37％intllePeriod1972－1988（Beurskensetal．．1993）．   

PeCBconcentrationsinHerringGulleggsfromMuggsIsland／Lesliespit（CaJlada）havedroppedfrom50pg此gin1970to  
non－detectedatlll釘kginthemid1990s（ICCA／WCC2007，CillngBishopetal．，1992二Petitetal．，1994：Pekariketal．，  
1998二Jemlyn－Geeetal．，2005；Havelka，2006），Calambokidisetal（1999）studiedpersistentpollutantsinHalborSeals  
（Phocavitulina）inPugetHarbor（US）duringtheperlOd1984－1997，TheyconcludedthattotalTEQshowedanear  
SigIlificantdeclinebyyear（p＝0．07）andthatotllerpeSticidesalsoshowedgeneraldecliningtrends．0nlyforHCB，tOtal  
Clllorobenzenes，andchlordaneswasthedeclinestahstical1ysignificant，0nlyrecentdata（1ast15years）aresummarizedin  
Table2．4forabioticandTable2．5forbiotamatricesin．AnnexII，UNEPnOPS／POPRC．3／lNF／21．   

DuringasurveywithintheDanubeRegionalPrq】eCtfortheEuropeanWaterFrameWOrkDirective，PeCBwasdetectedin  
almostal1sedimentsamplesatconcentrationlevelsofO．0001－3．5mg耽gandinmostofthesuspendedsolidsamplesat  
COnCentrationlevelsofO．001－0．028mg此g（SlobodnikandDogterom，2003）．TheATSDRdatabasefromtheUS  
Govemnentcontains41recordsofpollutedsiteswithPeCB．MaximumconcentrationsOfPeCBsatthesesitesvary  
between147and5100Ing此ginsedimentsandbetweenO．43and2040mg此ginsoil．Concentrationsinfishvarybetween  
O．00019and2．4ug／g（ATSDR，2007）．Neitherreferencesmentioniftheseconcentrationsarebasedonwetordryweight  
basis．  
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2．3．4．HⅥmaneXpOSure   

OccupatioIulexposuretoPeCBmaybethroughinhaladonanddernulcontactwiththiscompoundatworkplaceswhere  
PeCBisproducedorused・Examplesarewoodtreatmentplants，dielectricfluidspillandcleanup，municlpalsolidwaste  
incinerators，hazardouswasteincinerators，andmagnesiumproductionplants・Exposuremayalsoariseinoccupational  
SettlngSWherethepesticidequlntOZeneisproducedandused．ThegeneralpopulatlOnmaybeexposedtoPeCBvia  
inllalationofambientair，lngeStionoffbodanddri止ingwater．Casereportsofadverseefftctsinindividuals，Or  

epidemiologicalstudiesofpopulationsexposedtoPeCBhavenotbeenidentified（GovemmentofCanada，1993）・   

PeCBhasbeendetectedinbreastmilkandfbundtoaccumulateinhtmlanplacenta（Shenetal．，2007）．Themean  
concentrationofPeCBinthebreastmilkofCanadianWOmentaken3to4weeksafterparturitionwas＜1llg此g（trace）with  
anpximumvalueoflpgn’g・Inthissurvey，thecompoundwasdetectedin97％ofthe210samplesanalyzed（detection  

limltandsamPlingperiodunspecified）（GovemmentofCanada，1993citingMesetal・，1986）．Inthebreastmi1kofwomen  
ofCanadianindigenollSpOpulation，…trace”（＜1llg此g）amountsofPeCBwereobservedin17％ofthe18samples  
（detectionlimitnotspecified）（GovemmentofCaJlada，1993citingDaviesandMes，1987）・TwootherstudiesirLVeStigating  
PeCBinhumanmi1kreportedconcentrationsinther禦geOflto5pgn’g（WHO－IPCS，1991）・PeCBhasalsobeen  

measuredinabdominal，manTnary，amdperirenalfattlSSueffom27adultFimishmalesandfemales（SmedsandSaukko，  

2001）．WorkerswithoccupatlOnalexposllretOPeCBwerefoundtohavehigherlevelsofthesubstanceinbloodthan  
COntrOlgroups（LundeandPjorseth，1977）・  

2．3．5．Bioavailability   

TheErrvirorLmentalHealthCriteriaonchlorobenzenes（WHO／IPCS，1991）concludedthatlimitedevidencewasavai1able  

Showingthatsediment－boundresiduesofchlolt）beIIZeneSarebioavailabletoorganisms；i．e．，aquaticinvertebratescantake  
upresidues丘omsediment，andplants，fromsoil．Sincethen，mOreiI血rmationonthebioavailabilityOfhydrophobic  
substancesbecameavai1able．   

Bioavai1abilityOfchlorobeIIZeneSisinverselyproportionaltotheorganlccarboncontentofthesoilorsediment  
（GovernmentofCa11ada（2003）citin写e・g・VanGestelandMa，1988；Hulzebosetal・，1993）・ItwasfurthermOreStatedinthe  

CanadianFollow－uPRepor［thatpersIStentSubstancescanremainbioavailableforlongperiodsoftime，therebyincreaslng  
theprobabilityanddurationofpotentialexposurerelativetocompoundsthatdonotpersistintheenvironment．   

Itisgenerallyacceptedthatnotal1fractiol鳩Oforganicpollutantsboundonsedimentsorsoilsareequallytoxicduetotheir  
Variousresistamcestodesorpt10n．TneresistantandsequesteredftactionsofPeCBareenvironmentallylessharmfulthanthe  
morereadilydesoIbing，1abile，OraVailablefractions．Thelargefractionofwatersolubleorganicmatterinthesedimentsis  
potential1yhighlymobileandcouldbeeasilyresuspendedorleachedtotheoverlyingwatercoluIm．lfthesolubleorganic  
mattercamiesthemqoramountofPeCBsasexpected，COntinuouscontaminationofthewaterbody舟omthesedimentsis  
Verylikely．Qiao＆Farrell（1996）carriedoutexperimentswithPeCBinrainbowtroutandconcludedthatrrussbalance  
analysISSuggeStSthattheappearanceofHCBPandPeCBinthefishafter6dayscouldnotbeaccountedforsolelybythe  
amolmtOfchemicaldissoIvedindleWateratthetimewhenthefishwereintroduced．Thechemicaluptakeinfishwiththe  
pharynxplugged，tOeliminatethegutuptakeroute，WaSSimilartOthatincontrolfish．Becausedirectaccesstobottom  
Sedi印entSdidnotalterchemicaluptake，theyconcluded山athydrophobicchemicalssuchasPeCBandHCBPassociated  
WithsuspeIldedsedimentsfromtheFraserRivercanてeadilydesolbuldbetakenupacrossthegill・Åkelblom（2007）  
COnCludedthatpesticidesorptiontoorgamicparticleslnStandardizedtoxicitytestSisfastandefncientandthatsubstances  
boundtothesedimentmayactasareservOir，COntinuouslysupplyingtheporewaterwithlowpesticideconcentrations．   

Asorgamicpollutantsboundtosedimentororgamicmattermaysti11becomeavailable，aneValuationshouldfocuson  
SOrPtionanddesorptionkineticsofPeCBandmodifyingcircumstancesratherthanonstatementsonbioavai1ability・Such  
dataarehoweverscarce．  
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2．4  HazardassessmentforendpointsofcoIICern   

2．4．1．Toxicity   

Toxicoldnetics  

ToxicokineticstudleSIVithIatSShowthalafteranoraldose，thesubstanceisdistributedtothebloodandtlSSueS（Umegakiet  
al．，1993：ICCAハVCC，2007citlngThomasandcoauthors）．Linderetal．，（1980）observedthatratsfedwithPeCB  
accumulatedapproxirnatelyl．5－2，2timesdledietaryconcentrationintheiradiposetissues．Umegakietal．，（1993）studied  
thekineticsofPeCBinbloodandtissuesofratsglVenaSlngleoraldosebygavageofeither15mgor20mg．PeCBIVaS  
Observedindleblood．1iver，kidney，braln，aJldfhttissueaswellasinthefeces（4．8％ofthedose）．Intheblood，also山e  
m叫OrmelabolitepcntachlorophenoIwasobserved・   

DenBestenetal（1994）studieddleurinarymelaboliteprofileofPeCBintheratafterdietaryexposurefbr131Veeks，PeCB  
WaSmetabolizedtothem句Ormetabolitespentachlorophenol（PCP），2，3，4，5－tetmChlorophenol（TCP），  
mercaptotetrachloro－Phenol（MTCP）、thegluctlrOnidederivatlVeOfpentachlorothiophenol（PCTP），aJldtheminor  
metabolitestetracMorohydroquinone（TCHQ），methylthiotetrachlol℃phenol（MeTTCP），hydroxytetrachlorophenyl  
Sulphoxide（HTCPS），aJldbis（methylthio）－trlChlorophenol（もis－MeTTriCP）．ThestudyalsorevealedthatoxidationofPeCB  
to2，3，4，5－TCPwasnotmediatedbycytochromeP450IIIA．IntheurineofrabbitsexposedtoaslngleoraldoseofPeCB，  
alsopentachlorophenoland2，3，4、5－tetraChlorophenoIwasobserved（Slooffetal．、199l，CitlngKohlietal．，1976），   

AstudywithcoyotesshowedthatPeCBisexcretedinthefheces（Johnstonetal．，1997）．CoyotesweredosedwithPeCB  
（Singledoseof130，2600r520mg），Inbolhstlldiedmatrices，faecesandadiposetisstle，reSiduesofPeCBweredetermi陀d．  
PeCBwasdetectableinfaccesforsixmonthspost－dosing，Inthefaeces．alsothemetabolitespentachlorophenoland  
2，3，4，5－tetraChlorophenoIweredetected．   

DataonotherthaJltheoralexposureroutearellmitedavailable．WHO－ICPS（1991）indicatesthattheclllorobenzenesare  
lessreadilyabsorbedthroughtlleSkin，but山allevelsofthesameisomerofthechlorQbenzenesinvarioustissuesappearto  
besimi1ar，regardlessof山erouteofadministration，Theingestionofale山aldoseleadstoresplratOryparalysIS？Whllethe  
inhalationofhighdosescauseslocaIimtalionanddepressionofthecentralnervoussystemwn0－ICPS（1991）．   

Acute toxicity 
PeCBhasbeentestedonratsandmice＿Resultsofacutetoxicitytestsareavailablefororalanddermalexposure（SeeTable  
2．6，AnnexII，UNEP／POPS／pOPRC＿3〝NF／21）．LD50SforPeCB（bygavageillPeamltOil）are940tol125mgn（gbwin  
adultalldweanlingratsand1175and137Omg／kgbwinSwissWebstermice（Linderetal．，1980citedinGovernrnentOf  
CaJlada，1993）．DecreasedactivityaJldlremorswereobservedinbothspeciesatsubletllaldosesこthekidneys，1iverand  
adrenalglandsofratswerealsoenlarged■lnsolneratS，thegastncmucosawashyperaemc，andaslightreddish  
fluorescenceofthegaslrointestinaltractwasobservedinbothratsandmiceunderultravioletlight，SuggeStlngpOrphyna  
（GovemmeIltOfCanada⊃1993），InthestudyofAllenetal．，（1979、CitedinSlooft1991），aLD500f250mg此gbwwas  
Observedinrats・Ariyosh】etal・・（1975？CitedinSIooff，1991）observedanfncreチSeOfcytochrolneP450contentiIlratSaS  

wellasanincrcaseintheactivity0［twohepabcenzymesafteroraladmiruStratlOnOf25Omg／kgbwollCedallyduring3  
da）7S．   

TodetemineadermalLD500neCOnCentration（i．e．，2500mg耽gbw）wastestedonrats，butnotoxiceffectswereseenat  

thisdose（Linderetal．，1980citedinSlooff，19t）1）．Basedontllisstudy，aNOECof＞2500mg耽gbwcanbeestablished  
fbrdermalexposure．   

PeCBisclassifiedin也eEuropeanESISdatabaseasR22，harmfu1ifswallowed（EuropeanChemicalsBureau，2007）・  
WHO－IPCS（1991）reportedthatdataonskinandeyeimitationpotentialandonsensitizationpotentialweremainly  
restrictedtol，2，4－trichlorobenzene．NodatawereavailableforPeCB．  
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Subchronic toxicity 
PeCBhasbeentestedonratsandmice．Resultsof（Sub）chromictoxicitytestsareavai1ablefordietaryexposure，SeeTable  
2・6，AnnexIl，UNEP／POPSn’OPRC・3／INF／2l・InfemaleSherTanratSingestingdietscontaiming500mg几gandgreater（＞  

37．5mg耽gbw／day）PeCBfbrlOOdays，therewasanincreaselnliverweightandhypertrophyofhepaticce11s（Linderet  
al．，1980）．Therewasalsoanincreaseinkidneyweightsandrenalhyalinedropletformationinmalesatexposurelevels  
≧125mg此g（equivalentto≧8，3mg此gbw／day）．Inaddition，atlOOOmg几g（equivalentto81．1mg此gbw／dayformales  
and78・7mgkgbw／dayfbrftmales），theefftctsobservedwere：anipcreaseinadrenalweightandfbcalareasofrenal  

山bularatrophyandinterstitiallyInphocytici鵬1trationinmales；anlnCreaSeinkidneyweightinfernales；adecreasein  
haemoglobinandanincreaseinwhitebloodce11sinbothsexes；anddecreasesinredbloodcellsandhaematocritinImles・  
Theno－Observed－effect－level（NOEL）inftmalerats，derivedonthebasisoftheresultsofthisstudy，WaS250mg此g  

（equivalentto18・2mg几gbw／day）；thelowest－Observed－effect－1evel（LOEL）inmaleswas125mg几g（equivalentto83  
mg／kgbw／day）（CalculationsbyGovemnentofCanada，1993）．  

InastudyofNTP（1991）ratsandmicewereexposedtoPeCBthroughtheirdiet・ObservedeffectswereamOngOthers三  
decreasesinthemeanbodyweightsofmaleratsatexposurelevels≧1000mg此gdietandinfemalesata11concentratlOns  

（≧33mg耽g），increaseinabsoluteandreladveliverweights（33mg此ginmales），Centri10bularhepatocellularhypertrophy  
（aslowas330mg此gfbrmales），increasesinkidneyweightsa皿drenalhistopatho10gicaleLhctsatconcentratio讐aSlowas  

lOOmgn（g，nephrotoxiceffectsinftmales（≧1000mg此g），increaseoftheconcentrationofproteinintheurinelnmaleand  
femaleIatSat≧1000mg此g，decreaseoffreethyroxinandtotalthyroxinc？nCentrationsinmaleandfemieratsindicating  

modemtehypothyroxinemiaandabnorlnalideswerpobservedatcon？entratlOnSOf≧330mg此ginfヒmalesand≧1000  
mg此ginlnales．Theincidenceofabnormalsperm1nmaleswasalsolnCreaSedatbothdietaryconcentrationsatwhichit  
WaSeXamined（330and2000mg／kg）．Onthebasisofhistopathological1esions，theauthorsconsideredtheNOELstobe  
33mg／kginmaleratsand330mg／kginfemales（approximately2．4and24mg几gbw／day，reSpeCtively）（Calculationsby  

GovernmentofCanada，1993）．   

InPeCBexposedmiceinthesameStudyNTP（1991），Observede晩ctswereamongothers：Ventralswellingandruffledfur  

（2000mg耽g），increaseofkidneyweights（≧330mg／kginmales），functionale舵ctsonthethymidatallconcentradonsip  

bothsexes（≧33mgn’g），increaseinliverweights（at100mg此ginmales）・Theonlyexposure－relatedhistologica11esモOnln  

miceofeithersexwascentrilobularhepatocellularhypertrophyandminimalnecrosis，Observedatal1concentmtionsln  
malesandat≧330mg此g（equivalentto68mgn’gbw／day）infヒmales，Onthebasisofthehistopath0loglCa11esions，the  
authorsconsideredtheNOELinfemalemicetobelOOmg耽g（approximately22mg此gbw／day），NoNOELformales  

COuldbeestablished（LOEL＝33mgn（gOraPPrOXimately5．2mg／kgbw／day）（calculationsbyGovernmentofCanada，  
1993）．  

Incontrasttoingestion，WHO－ICPS（1991）doesnotprovidedataondermalexposureandinhalationofPeCB，Which  

indicatesthatsuchdataarelimited．ThelowestNOELsreportedfbrtheingestionofPeCBwerebetween2．4and24mg／kg  

perday，Ingestionofhighdosesbyratsandmiceresultedinhepaticandrenaltoxicity．  

Mu暮ageIlici暮yalldcarciIlOgeIlici暮y  

Epidemi0logicalstudiesofexposedpopulationsarenotavai1d）1eandinformationoncarcinogemicityinexperimental  
animalshasnotbeenidentified．PeCBshowednogenotoxicityinasmallnund）erOfinvitroandinvivostudiesofalimited  

rangeofiIⅣeStlgatedgeneticendpoints．   

PeCBhasbeentestednegativeintheAmestest（SeeTable2．6，AnnexII，UNEP／POPS／POPRC．3／INF／21），Basedonlimited  

avai1abledata，mutagenicityinSophimuriumwithandwithoutmetabolicactivation，effectsonchromosomesinChinese  

Hamsterovarycellsinvitro，andmicronucleiinperipheralbloodsmearsinanimalsbmtheNTPsub－Chmnicstudy，PeCB  
hasbeenassessedasnotgenotoxic（Haworthetal．，1983andNTP，1991citedinGovemmentofCanada，1993）．Several  

Studies（Thomasetal・，1998andGustafsonetal．，2000；Yingetal．，2001）investigatedthetumor－prOmOtingactivityin  
mediumtermcal℃inogeniciり′aSSaySOfvariouschlorobel㍑eneisomersinc】udingPeCB．meresultssuggestthatPeCB  

promotesglutathioneS－transferase（GSTPl－1）positivepreneoplasticfbcifbrmationinratliver，following  
diethylnitrosamine（DEN）initiation．   

BothHealthCanadaandU．S．EPAhavel℃ViewedthecancertoxicitydataofPeCB．Thecancerweight－Of－eVidence  
Classificationisbasedonallroutesofexposure．Neithergroupderivedariskvalue．Bothgroupsconcludedthatthe  
Substanceisunclassifiablewithrespecttoitscarcinogemicityinhumansduetothelackofdata・PeCBisnotclassifiedasa  
CarCinogenbyIARCorbytheEU（EuropeanESISdatabase），  
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Rcproductiveanddevelopmentaltoxicity  
AvailAblestudiesconcemingtheembryotoxici年．fbetotoxici年andteratogenlCityOfPeCBincludeonestudyinrats（and  
Oneinmice（Vi11eneuveandKhera，1975andCourtneyetal．，1977，CitedinGoverrLmentOfCanada，1993）（SeeTable2．6，  

AnnexII，UNEP／POPS／POPRC．3／INF／21）．ResultsofthesttldyofVi11eneuveandKhera（1975）indicatedthatPeCBis  
foetotoxic（anincreasedincidenceofextraribsandsternaldefectswasobservedintheoffspring）atmaternAlexposure  
dosesof50mg／kgbw／day．rIlleeXpOSureCOnCentrationwasbeloIVtheconcentration血atinducedtoxiceffectsinthe  

mothers．lnmice，nOembryotoxic，foetotoxicorteratogeniceffectswereobservedintheoffspnngatdoseswhichwere  

maternal1ytoxic（50mg／kgbw／dayamdabove）（Courtneyetal．，1977）．IntheonlyidentlfledsttldyonI℃PrOductivetoxicity  
OfPeCB，Linderetal．（1980）reportedthatsucklingpupsofPeCBtreatedmodlerSfed≧250mg／kgdevelopedtremors  

（LOAEL＝＝18．2mg／kg／day）．AtlOOOmg／kg，1110StSuCklingsdiedbeforeweanlng．  

ThestudiesabovearealsocitedinWHO－ICPS（1991）who？OnCludethatthereissomeevidencethatthehlgherchlorinated  
benzenes（TCBs，TeCBs，PeCB）areembryotoxicorfetotoxICatdoselevelsthatarenotmaterna11ytoxic，WHO－ICPS  
（1991）alsoremarkthatdleaVailabledataarenotconsistentandthatthetoxicitiesofthevariousisomersoftheTCBsand  

TeCBsforthemotherandfettlSVaryCOnsiderably．Mostreportedeffect（NOAELNOEL）andnoeffectlevels（LOAEL，  

LOEL）varybetween17and200mg／kgPeCBperday．   

PeCBshowed highoraltoxicitywithLD50dosesaslowas250mg／kgbwinrats．Fromthelimiteddataavai1able，dermal  
LD50sarehigher．Dataonskina11deyeirritationpotentialandonsensitizationpotentialarelimited．Incontrastto  

ingestion，WHO－ICPS（1991）doesnotprovidedataondermalexposureandinhalationofPeCB，Whichindicatesthatsuch  

dataarelimited．ThelowestNOELsreportedfortheingestionofPeCBwerebetween2・4and24mg此gbwperday．  

IngestlOnOfhighdosesbyratsandmiceresultedinhepaticandrenaltoxiciけ■   

PeCBshowednogenotoxicltylnaSmallnullberofLnVttrOEuld7nV”OSttldiesofalimitedrangeofirrvestlgatedgcnetic  
endpoints．Dataonmutagenityandcarcinogenltyarelimited・BothHealthCanadaandUS－EPAconcllldedthatthePeCBis  
unclassifiablewithrespecttoitscarcinogemicitvinhunlanSduetothelackofdata．PeCBisnotclassifiedasacarcinogenby  
IARC，nOrbytheEU（EuropeanESISdatabase）．ThereissomeevidencetlⅥtPeCBisembryotoxicorfetotoxicatdose  
levels山atarenotmaternallytoxic，  

2．4．2．Ecotoxicity   

Aquatic toxicity 
Acuteandchronictoxicitydataareavailableforbodlfreshwater（SeeTable2．7，AnnexII，UNEP／POPS／POPRC3／INF／21）  
andmarineorganlSmS（SeeTable2．8，AnnexIl．UNEP仲OPSrPOPRC．3／INF／21）．Thelowestacutetoxicityvaluesare  
lOOpg几forfreshwaterfishspecies（EC50）aJld87pg几foran！arinecnlStaCean（LC50）・Thelowestchrolhcvalues  
（NOECs）are2トLg几forafreshwaterfishand14Ll釘LforamannecruStaCean，Accordingtothesefindings，SpeCies  

sensitivetoPeCBcanbefoundinboththe丘esllWaterandthenlarineenvironment．   

WithintheEuropeanU11ionPeCBisclassifiedasasubstancewhichisverytoxictoaquaticorganismsandwhichmay  
CauSelong－termadverseeffectsintheaquaticerrvironment（RiskphrasesNこR50andR53）（EuropeaれChemicalsBureau，  
2OO7），ThlSClassificationisbasedonthefactthatthesubstanceisverytoxictofish，dapfmiaoralgae（LC50≦1mg几）and  
thesubsbIICeisnotreadilydegradableorbioaccumulative．   

SoilaIldsedimenttoxkity  
Limiteddataareavailableforsoilandsedimenl．TestswithvanouschloroberLZeneSWereCamedoutbyVaJIGesteletal  
（1991）．Twoearthwormspecieswereraisedonanattlralsarldysoil（KOBG）andanartificialOECDstandardsoil・Average  
LC50valuesvariedbetweenl15and238mg／kgdryweight，WhereasLC50valuesinporewatervariedbetween55・l－  
117．7pgn－］．VanGesteletal（1991）concludedthatbasedonporewaterconcentrationsearthwormsaremoresensitlVetO  
PeCBthanfish，butthat山ismaybeduetodifftrencesintestdesign．   

0nlyonestudyonthetoxicityOfPeCBinplantswasidendfied，DuplicatetestswerecamedoutinwhlChLactucasativa  
SeedlingsweregrownonOECDsoilcontaminatedwithPeCB．Theseedlingswereharvestedafter7and14days・EC50  
valuesvanedbetween56and862mg此gdw（Hulzebosetal．1993）．ExperirnentSinsolutionresultedinanEC50valueof  

士1．Omg几．DetailsofthetestsareprovidedinTable2．9，AnnexII，UNEP仲OPS／POPRC・3／INF／21・  
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Toxicitytobirds  
Notoxicitydataonbirdsareavai1ablefbrPeCB．   

MuItiplechemicalsandtoxicologicalinteractiollS  
AnnexErequestinfbrmationontoxicologicalinteractionsilⅣ01vingmultiplechemicals（AmmeXE，b）・Limitedinfbrmation  
isavai1al）1eonthissubject．Yooetal（2003）reportontheirstudiesonthekineticsofPeCB：”ThekineticsandtoxicityOf  
pentachlorobenzenewereassessedusingafreshwater（砂alellaazteca）andmineamphipod（LqutocheirusphLmulosus）・  
TheresultsofthesestudiesdemonstratedtheadditivetoxicityofPeCBwithotherorganicchemicals（pyrene）・’’   

ComparisonofexposureandefR：Ctdata  
Severalmethods，eXpOSurerOuteSandspecieswithverydiffbrentLte血IgStrategleSWereuSedbyICCA／WCCtodetemine  
thelethalandcriticalbodyburdenofPeCB．Basedonthegeneralknowledgeonsubstanceswithanarcoticmodeofacdon  
andtheavai1abledataonPeCB，SuChasthe坤ale［lagrowth／mortalityStudyandotherinfbrmationdiscussed，aneStimation  
Of25mgn（gPeCB／kg（0．1mmol）wastentativelyproposedbyICCAJWCC（2007）asaCriticalBodyBurdenforchromic  

effects．   

AveryrecentpublicadonofSchuleretal（2007b）hasreportedcriticalwholebodyresiduesofpentachlorobeI㍑eneOf  
58mgn（gand5mg此gforLb｝alellaaztecaandChironomustentansrespectively．Theseresiduelevelsarelowerthanthe  
highestconcentrationsrePOrtedfbrtemperatereglOnSinTable2．5intheAnnexPOPRC3nNF21and150－1500timeshigher  
thanthehighestvaluesof＜0．1－37pgn（gWetWeightinbiotareportedfortheFaroeIsJandsbyHoydalandDam（2003）．  
OtherconcentrationsreportedfromremoteareasareOfthesameorderofmaginltude，e・g・Adeliepenguineggs（Antartic）  
COntainedO．68pgA（gWW（Corsolinietal，，2006）andwholebodyconcentrationsfromnshintheWhiteSeawereupto5  
Pg此gww（ICCA／WCC，2007citingMuiretalリ2003）．   

TheWorldChlorineCouncil（ICCA／WCC，2007）hasprovidedinfbrmationrelatedtotwootherapproaches・Thefirst  
approachfocusedonPeCBorganiccaぬonconcentrationsinsedimentsfromCanadianlakesandshowedthatinbothrural  
andremotesites，PeCBorganiccaIbonconcentrationsWere410－75000timeslowerthanEIⅣironmentCanada’s“estimated  
noeffectvalue”fbrfreshwaterbenthicorgamisms．Inthesecondapproach，COmparisonsweremadebetweenexposure  
estimationsfbrapISCiverouspredatorandforpolarbearuslngaSSumptlOnSCOnsideredbytheWCCas“worstcase  
assumptlOnS”，andeffectlevelsderivedfromhumanReferenceDoseandToleral）1eDai1yIntakes丘伽mUSAandCanada・  
TheseestimationsOfexposurewere13and20timeslowerthanthederivedeffectlevels，reSpeCtively．   

TheavailableinfbrmationhasnotbeensufficientfbrcoI血rmlngifthevaluesglVenaboverepresentrealcriticalbody  

burdensorJuSteXPreSSionsofintemaldoseorwholebodyresidueslevels．BothconceptshavefuJldamentaldi舵rences  
relatedtotheunderstandingofthemechanismofactionofthechemical．Nevertheless，itshouldbenotedthatexpresslngthe  
toxicologlCalefEtctsasinternaldoseor，Wheneverpossible，Criticalbodyburdens，improvestheefftctassessmentbutonly  
reducespartial1yitsuncertainty．Inaddition，al1theuncertaintyrelatedtotheexposureassessmentremains，While  
momitorlnglevelsabovecriticalbodyburdensorinternaltoxicdosesclearlyindicatearisk，thefactthatcurrentmeasured  
COnCentrationsarebelowthesetnggersshouldinnocasebeinterpretedasaconfirmationoftheabsenceofrisk，particularly  
intheassessmentofPOPsandPOPscandidates．  

3 Synthesis of the information 

Pentachlorobe11Zeneisachlorinatedorganiccompound．Accordingtoavailabledata，pentaChlorobenzeneshouldbe  
COnSideredaspersistentglVentheconsiderablemlmberofestimatedandexperimentalhalf－1ivesinatmosphere，SOils，  
Sediments，andwater．PersistenceintheeIⅣironmentdependsontherateofphoto－OXidation，thepresenceofoxygenand  

Organicmatter．PentachlorobetLZenemeetSthecriteriononbioaccumulation．BCFvaluesforpentachlorobenzenerangeffom  
lO85－23000L／kgfbrfish，833－4300L此gfbrmollusca，and577－2258L／kgforcruStaCean．Biomagni負cationmaybe  
expeCtedduetothehighlogK。Wandthefhctthatbiotransfbrmationisinsigmificant・However，dataonthebiomagnification  
Ofpentachlorobenzenearelacking．   

Theavai1abledatasupportthepotentialfbrlongmngetransPOrtOfpentachlorobeIIZene，Thephysicalandchemical  
CharacteristicsarewithintherangeoftheotherPOPs．ModelestiInationsonthetransportdistanceresultedindistancesof  
8000km，Whileestimatesbasedonairmeasurementssuggested13338km．MonitoringdataalsoindicatethatPeCBis  
Subjecttolongrangetranq）Ort．PeCBwasdetectedinairandprecIPltationatvariouslocationsintheworld，manyOfthose  
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farfromitssources・Thesma11spatlalvariabilityacrossdleNor山ernHemisphereobservedinsomestudiesalsoindicate  
thatPeCBhasaverylongalmospherlCreSidencetime、WhlChallowsittobecomewidelydistributedintheglobal  
hemisphere．   

AlargequantltyofmonltOnngdataexistsonPeCBdetectedinabioticmatrlCeSaSWellasinbiotaintemperatezones，  
1nainlyonglrLatingfromdevelopedcounthes．lngeneral、COnCentrationsofPeCBinthetemperatezonesoftheworldseem  
tobedecreaslng・ThispatlernisrepresentativeformostPOPs・For山eArcticandAntarcticarea，0nlyrecentdataare  
availablewllichdonolenableatrendtobederived，   

Casereportsofadverseeffectsil－individuals．orepidemi0logicalstⅥdiesofpopulationsexposedtoPeCBhELVenOtbeen  
identified．TheonlyriskphraseforpentaChlorobenzeneintheEuropeanESISdatabaseisR22，hamlhlifswa1loll▼ed．  

LowestLD500bservedforチCuteeXPOSureWaS250mg／kgbw・Repeat－dosemarrLmaliantoxicitytestsresultinevidenceof  
hepatic，nePhric，hematologlCal，anddevelopmeIltaltoxicityfortllischemical．AccordingtotheAmericanHazardous  

SubstancesDalaBankpentachlorobenzeneisl－OtClassifiableastohumancarcinogerhcitybecausetherearenohumandata  
andnoanimidataavailable・PeCBismoderatelytoxictohumans．Pentachlorobenzeneisverytoxictoaqualicorganisrns  
andmaycauselong－termadverseeffectsintheaquaticenvironment．Dataonsoilandsedimentorganismsarelimi1edor  

lacklng．   

Bioavai1abilityofpentachlorobeIueneisinverselyproportionaltotheorganiccarboncontentofthesoilorsediment．  
However，eXperirnentssuggestthathydrophobicchemicalsboundtodleSedimentorsuspendedsedimentmayactasa  
reservoirandresultincontinuousuptake．Therearelimitedquantitativedataon山isprocessforpentachlorobenzene．   

ThedatafromEuropeandNorthAmericashollthalproductionanduseofpentaclllorobenzenehasceasedoverthelast  
decades，butitcamotbeexcltldedthatPeCBisproducedorusedelselVhere．UnintentionalreleaseofpentaChlorobenzqne  
asabyproductofincompletecombustionappearstobethelargestcurrentsource．However，thisconclusionisbasedondata  

forEuropeandNorthAmericaonly．   

AnimportantelementintheassessmcnlofthepotentialriskofPeCBistheassessmentoftheriskassociatedwithintended  
andnon－intendeduses．Thisdistinctionisl10tpOSSiblelViththecurrenti11formationbutitshouldbeveryusefulforthedeci－  

SionmakingprocessLSuchananalysISWOuldrcqueslpreciseinformationontheamountsreleasedbyintentiollalproduction  
anduscinthepastandtheunintentionalreleこISeSPlusacorrect10nfbrthedegradationrateofthesubstanceaf［errelease．  
DataonpastproductlOnandusearectlrrelltlylこICking，   

PeCBmeetsallscreemingcriteriaonlongraれgetranSPOrt，perSistence，bioaccumulationandtoxicity．General1y，  
errvirornlentalconcentrationsseemtobedecreこISlng．ProductionanduselⅥVeCeaSedinEuropeandNorthAmerica，but  
datafromotherpartsoftheworldarelimited▲UIllntentionalreleaseasabyproductofincompletecombustionappealちtObe  
themostimportantsourceofPeCBinlheenvirorullent．   

Theavailablei11formationdoesnotallowtheCommitteetodistlnguishbetweentheenvironmentalburdencausedbyinten－  
tionaluseand山eburdencausedbytheumntelltionalproductionandreleasesofPentaCB．ClarifyingthlSdistinctionll70uld  

helptheComitteetopreparethehskmanagemenlevaluationandtoformulateitsfinalconclusions．Hence，additionaldata  

OnthlSissueshouldbesought．  

4  Concludingstatement   

PeCBispersistentintheenvironmentandisbioaccumulative＿Thesmallspatialvariabilityintherangesofair  
COnCentrationsacrosstheNorthernHemisphereindicatesthatPeCBhasaverylongatmosphericresidencetime，WhlCh  
allowsittobecomewidelydistributedintheglobalhemisphere．Therearemonitonngdatafromremoteareas，backedupby  

modellingresultsthatsuggest山atpentachlorobenzenecanbetraJISPOrtedovergreatdistances．Pentachloroberueneis  
moderalelytoxictohumans，butisverytoxictoaq11aticorganisms，   

AsaresultofthelongrangetransportofPeCB．neitheraslnglecountrynoragroupofcountriesalonecanabatethe  
pollutioncausedbythissubstanCe．Ul－1ntentionalreleaseofPeCB，aSabyproductofincompletecombustion，aPpearStObe  
thelargestcurrentsource．Measurestoreducethesereleasescanonlybetakenataglobalscale．Althoughtheproduction  
anduseofpentachlorobenzeneseell鳩tOhaveceasedinmostcountries，itsreintroductionremai11SpOSSible．Thiscouldlead  
toincreasedreleasesandlevelsintheenvironment．Basedontheavai1ableevidence，PeCBislikely，aSareSultofitslong  
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rangeelⅣirorLmentaltransport，tOleadtosigmificantadversehumanhealthand／orelⅣironmentaleffects，SuChthatglobal  
actioniswarranted．  

AsthedistinctionbetweentheeIⅣironmentalburdencausedbyintendonaluseandtheburdencausedbyunintentionalpro－  
ductionandreleaseswouldsupportthepreparationoftheriskmanagementevaluadonandmakingthefinalrecommenda－  
tion，theCommitteeconsidersthatanaddibonaleffbrtshouldbemadetofillthisgap．  
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