
商業用ペンタブロモジフ工ニルエーテルの危険性の概要  

【オクタノール／水分配係数】  

logKOW＝6．5－7．4   

【BAF（経鯉及び経口による生物濃縮  

係数）】  

ヤプラがイ：BAF＝1．8   

【BMF（経口的生物濃縮係数）】  

・ウミハート／ニシン：BMF＝17  

リ＼イイロアサうシ／ニシン：BMF＝4．3  

・サケ／ニシン：BMF＝3．8  

・動物プランクトン／底生生物：BMF＝7．1  

・ホッキ］クゲラ／動物プランクトン：BMF＝0．04－   

3．4  

・ワモンアサうシ／ホッキョクダラ：BMF＝13．7  

・ホッキ］クゲマ／ワモンアサうシ：BMF＝0．3－11  

・多数の調査から、上位捕食者におい  

て懸念される濃度のPentaBDEが存  

在することが示されている。北極圏で   

は、ワシカモメ、ホッキ］クゲマ、ワモンアサうシ、シ  

ロイルカなどの上位捕食鳥類および哺  

乳類中から高レヘ○ルのPentaBDEが検   

出されている  

・土壌又は底質中のPentaBDEは、容  

易に食物連鎖に取り込まれ、人など  

食物連鎖上位者の脂肪組織中に生  

物濃縮する。  

【反復投与毒性】  

ラット（90日）：NOEL 2mg／kg／day未満  

主な毒性は、肝臓肥大等（DE71）   

【生殖毒性】  

ラット（妊娠♀単回）：0，06mg／kgで児に  

自発行動変化（多勤性）  

0．3mg／kgで児に精巣体積・精子数の低  

値（BDE99）   

【催奇形性】  

ラット（妊娠6日単回）：0．3mg／kgでばく  

露の母動物（Fl）2個体から得られた  

F2児で、外観・骨格異常  

（BDE99）   

【その他】  

実験動物で甲状腺ホルモン系への影  

響  

【慢性毒性】  

ミジンコ 伽p仙∂m∂卯∂：繁殖阻害が  

認められた。   

【生分解性】  

・（Tetra，Penta，HexaBDE）難分解性  

（BIOW【N）  

・（PentaBDE）分解せず（OECD TG  

301BでCO2発生なし）   

【半減期】  

・大気中：1卜19日（EP川ⅥN）  

・水中：150日（EP川ⅥN）  

・土壌中：半減期150日（EPI＼ⅥN）  

■好気性底質中：600日（EP川ⅥN）   

・1970年代初期にヨ一口ツハ0の海洋の底  

質に沈降したPentaBDE同属体が現  

在も相当量存在しており、底質中での  

残留性が高いことが示されている。  
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Executive Sumrnary 

AsubstantialrangeOfstudiesonpentabromodiphenyletherhasbeenidenti坑edandthenndings  
SummarisedinthisriskproⅢe．Thenew坑ndingsreportedheresupporttheconclusionreachedbythe  

PersistentOrganicPollutantsReviewCommitteein2005thatPentaBDFspropertiesfu1創1the  
SCreenlngCriteriainAmexDoftheStockholmConvention．   

Commercialpentabromodiphenylether（C－PentaBDE）reftrstomixturesofbromodiphenylether  
COngenerSinwhichthemaincomponentsare2，2I，4，4l－tetrabromodiphenylether（BDE－47CASNo．  

40088－47－9）and2，2’，4，4一，5－Pentabromodiphenylether（BDE－99CASNo．32534－81－9），Whichhave  

thehighestconcentrationbyweightwithrespecttotheothercomponentsofthemixture．  

ComercialpentabromodiphenylethermixtuTeS（C－PentaBDE）areusedforflameretardantpurposesas  
additivesinconsumerproducts．Thecommerclalmixturescontainbrominateddiphenylethercongeners  
withthreetosevenbrominesinthemolecule，butmoleculeswithfourandnvebrominespredominate．  
Theproportionofthediffbrentpolybromodiphenylether（PBDE）congenersinC－PentaBDEvariesin  
diffbrentreglOnSOftheworld．   

PentaBDEisreleasedintotheenvironmentduringthemanufactureofthecommercialproduct，inthe  
manufactureofproductscontainlngPentaBDE，duringtheiruseandaftertheyhavebeendiscardedas  
WaSte．EventhoughproductionofCqPentaBDEisphasedoutorbeingphasedoutworldwide，dif鞄rent  

PrOductscontainlngltwi11sti11beinuseinseveralyearstocome，reSultinglnCOntinulngreleasestothe  

environment．Theproductswillintheendoftheirlifttimebecomewasteswlththepotentialof  
additionalreleases．   

ThemainsourceinNorthAmericaandWestemEuropehasbeentheC－PentaBDEincorporatedin  

POlyurethanefoam，uSedindomesticandpublicfumiture．Thisuseisnowmainlyphasedout．The  

informationistoolimitedtodrawconclusionsontheimportanceofotheruses，1iketextiles，electrical  

andelectronicproducts，buildingmaterials，Vehicles，trainsandaeroplanes，paCkaglng，drillingoilnuid  

andrubberproducts・Whilesomerepresentativeexample苧areCOVered，detailedinformationonuseis  

lackingfbrmanyreglOnSOftheworld．   

M毎orreleasestoairareemissionsfromproductsduringuse，throughvolatilizationofPentaBDEand  

dust－bornePentaBDE．EmissionsofPentaBDEcanalsooccurfromrecyclinganddismantlingactivities  

S11Chasdismantlingofvehicles，buildingsandconstructions．Emissionscanoccur丘omelectronic  
WaStereCyClingplantSandshredderplantS．Potentiallytoxicproductssuchasbrominateddibenzorクー  
dioxinsandfuransmightbegeneratedduringincinerationofartlCJescontainingC－PentaBDE．   

ThereleasesofPentaBDEaretoair，Waterandsoil，butthem叫OrpartendsuplnSOil．Thedistribution  
betweentheenvironmentalcompartmentsis：SOil＞＞＞water＞air．Severalstudiesusingsedimentcores  

ShowthatPentaBDEisverypersistentinmarinesediments，Stilloccurrlngafter30years．Inthemain，  

PentaBDEintheenvironmentisboundtoparticles；Onlyasmal1amountistransportedinitsgaseous  
Pha5eOrdilutedinwaterbutsuchtransportoverlongperiodscanbeeffectiveindistributingthe  
PentaBDEwidelylntheenvironment，eSPeCiallylntOArcticreglOnS．OccurrenceintheArctic  
environmentisdemonstratedinseveralmonitoringstudiesinairandbiota．   

Duetoitshighpersistencyinair，themainroutefbrlong－raJlgetranSPOrtOfPentaBDE－aSWithso  
manysubstancesthataresufncientlyvolatile，perSistentandbioaccumulative－isthroughthe  

atmosphere．ModellingandenvironmentalstudiesindicatethatthetranSpOrtisthroughaseriesof  
depositioIlルolatilizationhopstowardsthepolesbutparticulatetransportisknowntobeimportant，tOO．  
Long－rangetraJISPOrtthroughwaterandemlgratlnganimalsisalsolikely．   

SeveralstudiesshowthatPentaBDEinsoilandsedimentsisbioavailable，enterSthefoodchainandthat  
itbioaccumulatesandbiomagn浦esinthefbodwebs，endingupinhighlevelsintoppredators．  
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PentaBDEiswidespreadintheglobalenvironment．LevelsofcomponentsofC－PentaBDEhavebeen  

foundinhumansinal1UNreglOnS．Mosttrendanalysesshowarapidincreaseinconcentrationsof  
PentaBDEintheenvironmentandinhumans丘omtheearly1970stothemiddleorendofthe1990s，  

reachingplateaulevelsinsomereglOnSinthelate1990s，butcontinulngtOincreaseinothers．The  

levelsinNorthAmericaandtheArcticaresti11rislng．Vulnerableecosystemsandspeciesareaffbcted，  
amongthemseveralendangeredspecie苧・Someindividualsofendangeredsp？Ciesshowlevelshigh  

enoughtobeofconcern・Toxicologicalstudieshavedemonstr禦edreproductlVヲtOXicity，  

neurodevelopmentaltoxicityandeffbctsonthyroidhormoneslnaquaticorganlSmSandinmammals．  
Thepotentialforthetoxicefftctsinwildlifb，includingmammals，isevident・   

PotentialexposuretohumanSisthroughfood，andthroughuseOfproductsandcontactwithindoorair  
anddust．PentaBDEtranSfbrs丘ommotherstoembryosandlactatlnginfhnts．ACanadianassessmentof  

riskquotientssuggeststhatthehighestrisksaccruetOSpeCieshighinthefoodchain．Informationis  
lackingontheeffbctsinhumanSOfshort－termandlong－termeXpOSure，althoughitistobeexpected  

vu1neral）1egroupscanbepregnantWOmen，embryosandinfants・Considerablyhigherlevelsarefound  

inhumans丘omNorthAmericaingeneral．About5％ofgeneralpopulationshavebeenfoundtobe  
su切ectedtoelevatedexposure．This，tOgetherwiththeestimatesofthelonghalf－1ifbofPentaBDE  

COngenerSinhumans，raisesconcemforlong－termeffbctsonhumanhealth・   

Basedontheinformationinthisriskpro茄1e，PentaBDE，duetothecharacteristicsofitscomponents，  

islikely，aSareSultoflong－rangeenVironmentaltransportanddemonstratedtoxicityinarangeof  

non－humanspecies，tOCauSeSlgnincantadverseefftctsonhumanhealthortheenvironment，SuCh  

thatglobalactioniswarranted．  
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1．Introducボon   

TheStockholmConventionisaglobaltreatytoprotecthumanhealthandtheenvironmentfrom  

persistentorganicpollutantS（POPs），OfwhichtwelvearecurrentlylistedundertheConvention．POPs  

arechemicalsthatremalnintactintheenvironmentforlongperiods，becomewidelydistributed  

geographical1y，aCCumulateinlivlngOrganismsandcanCauSeharmtohumansandtheenvironment．  
Norway，WhichisaPartytotheStockholmConvention，SubmittedaproposalinJanuary2005tolist  

pentabromodiphenyletherinAnnexAtotheStockholmConvention，andthePOPRCagreedthatthe  

COmmerCialproduct’pentabromodiphenyletherl（’PentaBDEr）－aCtual1yamixtureasdescribedbelow－  

metthescreenlngChteriaofAnnexDtotheConvention．   

1．1ChemicalidemtityoftheproposedsubstaJICe   

Commercialpentabromodiphenylether（C－PentaBDE）refbrstomixturesofbromodiphenylether  
COngenerSinwhichthemaincomponentsare2，2’，4，4l－tetrabromodiphenylether（BDE－47CASNo．  

40088－47－9）and2，2■，4，4’，5－Pentabromodiphenylether（BDE－99CASNo．32534－81－9），Whichhave  

thehighestconcentrationbyweightwithrespecttotheothercomponentsofthemixture．   

ThenumberingsystemfbrthePBDEsisthesameasthatusedfbrpolychlorobiphenyls（PCBs）  
（Ballschmiteretal．1993）．   

TheacronymPBDEisusedforthegenerictermpolybromodiphenylether，COVerlngal1congenersofthe  

familyofbrominateddiphenylethers．ItissometimesabbreviatedtoBDE．   

1．2ConcIusionoftheReviewCommitteeregardingAnnexDinfbrmation   

TheCommitteehasevaluatedAnnexDinfbrmationatitsnrstmeetlnginGenevainNovember2005  
（UNEP／POPS／POPRC，1／10）andhasconcludedthatthescreeningcriteriahavebeenfu1nlledfbr  

C－PentaBDE（DecisionPOPRC－1／3），   

1．3Datasources   

ThisriskpronleiselaborateduslngAnnexEinformationsubmittedbycountriesandnongovernmental  
Organizations，nationalreportsfromwebsitesforenvironmentprotectionagenciesindif粍rentcountries，  

COntaCtandsubmissionsfromNorweglanreSearChinstitutes，thebromineindustry，EMEPandAMAP．  

Elevencountrieshavesubmittedinfbrmation（Australia，Brazil，Canada，Jap禦，NorwayフMexi？0，  

Poland，RepublicofLebanon，Spain，SwltZerlandandUnitedStatesofAmenca）．SevencountrleS  

Submittedinformationonproductionanduse．0nlyonecountrySubmittedinfbrmatlOnOnreleases；  

anotherreportedthattheydidnothavereleasedataAllexceptonecountryPrOvidedmonitoringdata．  
Therewasnoinformationonstock－piles丘omsubmittlngCOuntriesandonlyafewhavesubmitted  
infbrmation 

． 

1．4Statt）SOfthechemicalunderotherinternationalconventions  

l．4．1TheOSPARConvention  

TheConγentionfortheProtectionoftheMarineEnvironmentoftheNorth－EastAtlantic（theOSPAR  
ConventlOn）isguidingintemationalcooperationontheprotectionofthemarineenvironmentofthe  
North－EastAtlantic．TheOSPARConventionwasslgnedinParisin1992andenteredintofbrceon25  

March1998．TheOSPARCommissionismadeupofrepresentativesoftheGovernmentSOf17  
ContractingPartiesandtheEuropeanComission，repreSentingtheEuropeanCommunity．In1998，the  

OSPARCommissionplacedPBDEsonits“ListofChemicalsfbrPriorityAction．”AnOSPAR  

6   
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ComissionbackgrounddocumentonPBDEswasreviewedbySwedenin2001・Thenextfu11review  
ofthisdocumentisnotplamedbefore2008．Atthe4thNonhSeaConference，itwasdecidedtophase  

Outtheuseofbrominatednameretardantsby2020．   

1．42TheUNECEConventiononLong－ran2eTranSboundarvAirPollution   

UnitedNationsEconomicCom血ssionforEurope（mCE）worksforsustainableeconomicgrow仇  
amongits55membercountries．TheUNECEConventiononLong－rangeTranSboundaryAirPollution  

wassignedby34GovemmentsandtheEuropeanCommunityin1979inGeneva．Underit，Partiesshall  

endeavourtolimitand，aSfaraspossible，gradual1yreduceandpreven！alrpOllutionincludinglong－  
rangetransboundalyairpollution．Itenteredintoforcein1983andhasbeenextendedbyeightspecinc  
protocoIs．Therearetoday50countriesthatarepartiestotheConvention・TheProtocolforpersistent  

Organicpollutants（POPs）wasadoptedon24June1998inAarhusPenmark）・ItfocuseS 
． 

laterstageorrestrictiveuse．C－PentaBDEwasnomlnatedasanewPOPtotheConventionin2004by  

Norw警・InDecember2005itwasconsideredbytheExecutiveBodyoftheConventiontomeetthe  
SCreenlngCriteriaforPOPs，SetOutinEBdecision1998／2．TheyrequestedthattheUNECETaskForce  

OnPOPscontinuewiththereviewandfuetherexploremanagementStrategleS‥   

1．4．3．TheRotterdamConvention  

TheRotterdamConventionisamultilateralenvironmentalagreementdesignedtopromoteshared  
responsibilityandcooperativeeffbrtsamongPartiesintheintemationaltradeofcertainhazardous  

chemicals．ItisaninstrumenttoprovideimportlngPartieswiththepowertomakeinformeddecisions  
OnWhichchemicalstheywanttoreceiveandtoexcludethosetheycannotmanagesafbly．．   

ThetextoftheRotterdamConventiononthePriorInformedConsentProcedureforCertainHazardous  

ChemicalsandPesticidesinInternationalTradewasadoptedattheDiplomaticConfbrenceheldin  
RotterdamonlOSeptember1998．TheConventionenteredintoforceon24February2004andbecame  
legal1ybindingforitsParties．TodaytherearelO2statesthatarepartiestotheConvention．TheEU  

notinedPentaBDEtotheRotterdamConventionin2003．Forittobecomeacandidate，bansofthe  
Substancemustbenoti坑edbytwopartiesundertheConvention．   

1．4．40therinternationalforumSOfrelevance  

TheArcticCounCilisahigh－1evelintergovernmentalforumthatprovidesadleChanismforaddresslng  
thecommonconcernSandchal1engesfacedbytheArcticgovernmentSandthepeopleoftheArctic．  
Memberstate警areCanada，Denmark（includingGreenlandandtheFaeroeIslands），Finland，Iceland，  

Norway，Russla，SwedenandUnitedStatesofAmericaSixintemationalorganizationsrepresentlng  

manyArcticindigenouscommunitieshavethestatusofPermanentParticipantSOftheArcticCounCil．   

SignincantmonitorlngandassessmentofpollutionintheArcticisperformedundertheausplCeSOfthe  

ArcticCounCil（TheArcticMonitoringandAssessmentProgramme，AM）．Thisworkisimportantin  
identifyingpollutionrisks，theirimpactonArcticecosystemsandinassessingtheeffbctivenessof  
intemationalagreementsonpollutioncontrol，SuChastheStockholmConventiononPersistentOrganic  
Pollutants（POPs）．AMAPhasshownthatPentaBDEisoneoftheimportantppllutantSOftheArctic．   

Intheautumnof2004，theArcticCounciladoptedanewArcticprq）eCtCOnCemlngthereductionof  
brominatednameretardantS．Theprq】eCtWillbemanagedbyNorway．   
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2．Summaryinfbrmationrelevanttotheriskprofile   

2．1Sources  

2，1．1．Productionanduse  

BasedonthelastinformationontotalmarketdemandofC－PentaBDEpresentedattheBromineScience  

aJldEnviTOnmentalForum（BSEF），theesdmatedcumulativeuseofC－PentaBDEsince1970waslOO  

OOOmetnctons（tones）．Thetotalmarketdemanddecreasedduringthelateryearsofthisperiod，fbr  

examplefrom8，500tonsin1999to7，500tonsin2001（BSEF，2001），   

／l′／｝／l・ユ／・（’－ハリ〟〟／〃叶・－いり／〃′裾ハ／…′‘裾・、・、ハ爪′／′′′・′′・ん／‘山′′l仙／中一′・tγり／J〃川J川・J‘・／り〃ヾ「／州ノ・、  

2β〃〃．  

Ameri（：a  Europe   Asia   RestortheworId   Total   

1！）99   8，290   210  8，500   

2001   7，100   150   150   100   7，500   

TheseconsumptlOnngureSneedtobeseeninthecontextoftheglobaldemandfbrpolybrominated  

flameretardantsofalltypes，WhichvastlyoutweighsthedemandfbrC－PentaBDE．Thus，WOrld  

totalsofPBDEwere204，325（1999），203，740（2001），237，727（2002）and223，482（2003）tonnes  

（BSEF2006）．   

C－PentaBDEhasbeenproducedinlsrael，Japan，U．S．andEU（Peltolaela／，2001andvanderGoonet  
al．2005）．Since2001actionstoregulateorvoluntarilyphase－OutC－PentaBDEhavebeenconductedin  

severalcountries．   

ProductioninEUceasedintheformerEU（15）in1997（EU2000）．UsageintheEU（15）hasbeen  

decliningduringthesecondhalfofthe1990sandisestimatedtobe300metrictonnesin2000（used  
SOlelyfbrpolyurethaneproduction）（EU2000）．TheuseofPentaBDEwasbannedintheEU（25）in  
2004．UseinelectricalandelectronicappliancesceasedonlJuly2006．   

IntheUnitedStatesofAmerica，inJune2006フtheU・S・Envir竺mentalProtectionAgency（EPA）issued  

aslgnificantnewuseru1eontetra－OCtaBDEandanycombinatlOnSOfthesechemicalsresultingfroma  
Chemicalreaction，WhichrequirespersonstonotifyEPAbeforecommencingmanufactureorimportfor  

anyuse．C－PentaBDEwi11bebannedinthestateofCalifomiafrom2008．ThesoleUSmanufacturer  

VOluntarilyceasedproduction，butusemaybecontinulngandwlllceaseonlywhenstocksarefu11y  
exhausted．AlthoughapatentonproductionofC－PentaBDEwastakenoutinChinaasrecentlyas  

1999foraPBDEmixturethatdiffbrsfromthetraditionalpenta－mix，thesubstanceisbeingphasedout  

inthatcountry．RemainlngprOductioninChinaisestimatedaslessthanlOOMT／yearandwillceasein  

2007whenthesubstanCeisbannedinthatcountry．  

Amqj 
． 

PentaBDE．ThisalignstheproducerwiththebanintheEU，WhichisanlmPOrtantmarketforthe  

COmpanylsnameretardants．   

ThereistodaynoproductioninJapan．TheuseofC－PentaBDEwasvoluntarilywithdrawnfromthe  

Japanese？arketin1990（Kqjiwaraetal・2004）・Somedevelopin写COu血iesaroundtheEastChinaSea  
arepot？nhal”hotspots”releasingPentaBDEintothemarineenⅥrOnment（Uenoela／・2004）・Many  

industnalmanufacturersofcomputers，televisionsetsandotherelectrichouseholdequlPmentare  

SituatedinthecoastalareasofAsiandevelopingcountries（UenoetaL2004）．Thereareindicationson  
aphase－OutOfC－PentaBDEinmanufactureofnewelectricalandelectronicproductsintheAsian  
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reglOn，althoughusestherewerealwayssubsidiarytothem叫OruSeSinpolyurethzmefoams・Theextent  

ofthisisuncertain．WasteelectricproductsusedindevelopedcountrieshavebeenexportedtoAsian  
developlngCOuntries，SuChasChina，IndiaandPakistan・Thiswastematerialhasbeenrecycledfor  

recoveryofvaluablemetals（Uenoelal．2004）肌dcontinuationofthistradecanremajnasourceto  

PentaBDEreleases．NorestrictionshavesofarbeenimplementedindeveloplngCOuntriesintheAsia  
Paci坑candthesouthernhemisphere．   

Thereleaseof－banked¶PentaBDEduringrecyclingoffoamproductshasitsparal1elinthereleaseof  
CFCsandotherozonedepletlngSubstanCeSWhichhavesimi1arlyremainedinthefoamduringltSuSefu1  
1ifetime．   

Results丘omasurveyofCanadianindustriesregardingcertainsubstancesonthecountrylsDomestic  
SubstancesListconductedfortheyear2000indicatedthatnoPBDEsweremanufacturedinCanada，  
butapproximately、1300tonnesofC－PentaBDE（forincorporationinto丘nishedarticles）wasimported  

intothecountry（EnvironmentCanada2003）．Basedonquantitiesreported，C－PentaBDEwasthe  

PBDEimportedingreatestvolume，fo1lowedbythecommercialdecabromodiphenyletherproduct．A  

verysmallamountOfoctabromodiphenyletherwasimportedin2000．Thevolumesreporteddonot  
includequantitiesimportedin丘nishedarticles．In2004，itwasproposedthatPentaBDEbeaddedtothe  
VirtualEliminationlistinCanada．  

IntheuS．thesoleproducervoluntarilyendedtheirproductionofC－PentaBDEin2004．In2001alone，  

almost70，000metrictonsofPBDEswereproducedglobal1y，almosthalfofwhichwasusedinproducts  

soldintheUSandCanada．Beforethephase－OutinU．S．them由0rityofC－PentaBDEformulation  

producedglobal1ywasusedinNorthAmerica（＞97％）・Attheendof2004intheUS，apprOやmately  

7．5％ofthemorethan2．1billionpoundsofnexiblepolyurethanefoamproducedeachyearlntheUS  

COntainedtheC－PentaBDEformulation（WashingtonState2005）．   

InAustraliain2004，theNationalIndustrialChemicalsNot浦cationandAssessmentScheme（NICNAS）  
advisedthatallimporterswerephasingoutimportsofPentaBDEbytheendof2005，andthiswas  
reconnrmedbythemqorimportersinmid－2005．   

C－PentaBDEiノsusedorhasbeenusedinthefo1lowingsectors（Alaeeetal．2003，DanishEPA1999，  
EU2000，Prevedourosetal．2004b，SwissAgencyfbrtheEnvironment2002，BimbaumandStaskel，  

2004）：   

●ElectricalandelectronicapplianCeS（EEapplianCeS）LC？nTuterS，homeelectrontcs，Ofnce  

equlpment，householdappliancesandotheritemscontalnlngPrlntedcircuitlamlnateS，plastic  

OuterCaSlngSandintemalplasdcpartssuchassmallrunCOmpOnentSWithrigidpolyurethane  
elastomerinstrumentCaSlngS．   

・Tra舘candtranSPOrt－CarS，trains，aircraftandshipscontainlngteXtileandplasticinteriorsand  

electricalcomponents．   
・Buildingmaterials－foam抗11ers，insulationboards，foaminsulation，Plples，Wallandfl00rPanels，  

plasticsheeting，reSinsetc．   

・Fumiture－uphoIsteredfumiture，fumiturecovers，mattreSSeS，flexiblefoamcomponents．   

・Textiles－Curtains，CarPetS，foamSheetlngundercarpets，tentS，tarpaulins，WOrkclothesand  
PrOteCtiveclothing．   

・PackaglngTpOlyurethanefoambasedpackagingmaterials．   

ThemostcommOnuSe，aCCOuntlngfor95－98％ofC－PentaBDEsince1999，hasbeeninpolyurethane  

foam（HaleetaL2002）・Thisfoammayc甲tainbetweenlOand18％oftheC－PentaBDEformuladon・  
Polyurethanefoamismainlyusedforfurn1tureanduphoIsteryindomesticfumishing，autOmOtiveand   
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aviationindustry・OtherusesaJ’einrigidpolyurethaneelastomersininstrumentCaSlngS，inepoxyresins  

andphenolicresinsinelectricalandelectronicappliances，andconstruCtionmaterials．Forsomeyears  

now，themorehighlybrominatedDeca－BDEhasbeenpreftrredintheseapplicadons．C－PentaBDE  

hasalsobeenincorporatedinminoramoumtSintextiles，paints，1acquers，inrubbergoods（conveyerbelt  

COatingandnoorpanels）andinoildrillingnuids．Levelsrangefrom5－30％byweight．Uptotheearly  
1990s，C－PentaBDEwasusedinprintedcircuitboards，uSual1yFR21aminates（phenolicresins）inAsia．  

SuchFR21aminatesareusedinhouseholdelectronics（television，radio，video），Vehicleelectronics，  
Whitegoods（washingmachines，kitchenappliances，fore竺ample）rlntheearly1990stheamOuntC－  

PentaBDEusedintextlletreatmentwas60％oftotaluselntheEU，butthisapplicationisnowbanned．   

C－PentaBDEhasbeenidentinedasanadditivenameretardantintextilesinnationalsubstancenow  

analysesintheECEregion（DanishEPA・1999）・ManufacturerヲOffumituretextileshavestatedthatthe  
textilecontainedO．45％PentaBDEinaNorweglanflowanalysISrepOrtedin2003．Stringentruleson  
nammabilityapplytotextilesusedinthepublicsector，thetranSpOrtSeCtOrandbusinesssector，but  
ru1esfbrdomesticusearelessconsistent．   

Accordingtoinformationobtained丘omthebromineindustrytheuseofC－PentaBDEashydraulicnuid  

（asacomponentofamixture）inpetroleumboringsandminingwasdiscontinuedlO－20yearsago．   

Australiahasreportedusesinmanufactureofpolyurethanefoamsforrefrigeratorsandpackaglng，and  
inepoxyresinformulationssuppliedintoaerospacemarketandforuseaspottlngagentS，1aminating  
SyStemSandadhesivesystems．TheUShasreporteduseofC－PentaBDEintheaircraftindustry．There  
isnouseofC－PentaBDEinneweraircraft，amdthusnoexposureofthepublic，butC－PentaBDEisstill  

usedinmilitaryaircrafl．   

2，1．2 Globaldemandsforbrominatedflameretardantsinthefuture  

Accordingtoamarketanalystconsultingcompany，theglobaldemandforflameretardantsisexpected  
togrowat4．4％peryear，reaChing2．1mi11ionmetnctonsin2009，Valuedat＄4．3billion，Growthwill  

largelybedrivenbygainsindevelopingcountriesinAsia（China，inparticular），LatinAmericaand  

EastemEurope．StronglnCreaSeSarefbrecastformostofthenameretardants．Globally，demamdwill  
begreatestfbrbrominecompounds，duemainlytostronggrowthinChina．Electricalandelectronic  
useswillgrowfastest．Highervalueproductswillcontinuetomakeinroadsassubstitutesforless  
environmentallyfriendlycompounds，eSPeCiallyinWestemEurope，andchlorinecompoundswillbegln  
tobereplacedinChinabybromine－andphosphate－basedandotherflameretardants（FredoniaGroup  
2005）．   

Afteraseverefalloffindemandin2001，electricalandelectronicapplicationswi11continuetorecover，  

Demandgrowthfornameretardantswlllbestrongestinsuchapplications．AselectronlCCircuits  
becomesmaller，andmoredenselypackedelectronicsaresubjectedtoeverhighertemperatures，the  
needfbrflameretardantSWillincrease．Constructionmarketswillbethesecondfastestgrowlng  
globally，butinChinasecondplacewillbeheldbymotorvehicles，fo1lowedbytextiles，bothofwhich  
industriesaregrowlngrapidlylnthatcountry．Plasticswillcontinuetoreplaceothermaterialssuchas  
ワetalsandglassinavviderangeofproducts，inordertolowerbothcostandweightandtoallow  

lmprOVeddesignandmorenexibleproduction．Plasticusageisalreadywidespreadandgrowlngln  

neldssuchastransportation，buildingproductsandelectronics，Plasticsmustbemadenameretardant  
formanyapplications，andasaresultsome75％ofallnameretardantSareuSedinplastics（Fredonia  

Group2005）．   

EnvironmentalrestrictionsvarybyreglOn，1nWesternEurope，JapanandtoalesserextentinNorth  
America，SuChrestrictions血Ilespecial1ylimitgrowthofchlorinatedcompounds．AbanOnSOme  
brominatednameretardantSinWestemEuropeisnotexpectedtospreadsubstantia11ytootherreglOnS，  
butitwilldrivethedevelopmentofalternativesinelectricalandelectronicequlpmentforsaleonthe  
WOrldmarket．DozensofAsian，EuropeanandUScompaniesannOunCedin2005thattheyhave  

10   
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developedoraredeveloplngelectricalandelectronicequlpmentthatdoesnotcontainC－PentaBDE・In  
Asia，51％ofelectronicmanufacturersalreadymakeproductscompliantWiththebanonPentaBDEin  
theEU，and42％expectedtohaveproductsthatareCOmpliantbylJuly2006・0餓cialsfrom  
electronicscompaniesandindustryconsultantSeXPeCtedthatthedifncultyofkeeplngPrOductstreams  
separateWOuldensurethatmostelectronicequlpmentSOldontheworldmarketwouldbecompliantby  
2005（IntemationalEnvironmentReporter2006）・   

：．1．3 Rc）easestotlleビnヽ′lt・川Inlenl（IuTlnlT）rOduetion   

PentaBDEisreleasedintotheenvironmentduringthemanufactunngprocess，inthemanufactureof  
products，duringtheiruseandaftertheyhavebeendiscardedaswaste・Inadditiontoworkingtowardsa  
manufacturlngprOCeSSthatdoesnotcauseemissions，itisalsoimportanttOCOnSiderthecontributions  
ofemissionsfromproductsduringuseaswe11asaftertheyhavebeendiscarded・MostofthePentaBDE  

isreleasedasdiffusepollutionduringandaRertheserviceliftofaniclesincorporahngC－PentaBDE  
andassmalトscalepolntSOurCePOllutionfromthewastemanagementChainoftheendproducts・   

PentaBDEissynthesised丘omdiphenyletherbybrominatlngltwithelementalbromineinthepresence  
ofapowderedironFriedel－Craftcatalyst・TheproducersofPentaBDEhavereportedthatthem句Or  
routesofPentaBDEfromthisprocesstotheenvironmentarenlterwasteandrqiectedmaterial，bothof  
whicharedisposedofinland創Is・WastewaterreleasesofPentaBDEmayalsooccurfromspent  
scrubbersolutions（Peltolaetal．2001）．   

AccordingtotheEUriskassessmentofPentaBDE，theemissionsinpolyurethaneproductionare  
assumedtoocpurprioTtOthefoamingprocess，Whenhandlingtheadditives（dischargestowater）and  
duringthecurlng（emlSSionstoair）．Releasestoairmayoccurduringthecuringphaseoffoam  
production，duringwhichthefoamstaysatelevatedtemperatureformanyhours，dependingonthe  
productionblocksize・EmissiontoairatthisstageisestimatedtobelkghonnePentaBDE，butitis  
assumedthatsomeofthevolatilizedPentaBDEcondensesintheproductionroomandendsupinthe  
wastewater．TheEUriskassessmentconcludesthatO．6kgofPentaBDEisreleasedinthisway，andO．5  
kgintoair，foreachtonneofC－PentaBDEusedinpolyurethanefoamproduction・   

TiJ仙ユご（品／－‘J／ノり川血州〃川一れ／仙・′イトハ・′加／∫川‥－′′り〃小′′●しノJ／刷∫ぐ恒′′〃〃J一り‘血しイ…川／J‘／ハ〃JJ浦山JJ  

（小J川灯ん〟山ハイ山∫…血ご√州ノ小′‘＝…〃血血〃J．ヾ川一日り・′ハリ血／椚J二、ノ・  

Polyurethane†bam  quantityor   Releaseor   Emissionso†   

producdon   PentaBDE   PentaBDE into PentaBDEtoair  
WaSteWater  durin巴prOduction   

150，000tonnes／year  15，000－27，000   9，000－16，200   7，500－13，500  

tonnesルear   k year   kg身ear   

Animportantsourceofreleasehasbeenassociatedwiththeuseofliquidnameretardantadditivessuch  
asc－PentaBDEinproductionofpolymerfoams．ApproximatelyO・01％（thatis，100g／tonne）ofthe  
rawmaterialhandledduringmixlnglSeStimatedtobereleasedtowastewater・Thereis，alsopotential  
forreleaseduetovolatilizationduringthecunngphaseasdescribedabove，Sincefoamreaches  
temperaturesof1600cforseveralhours．Wongeta［（2001）examinedtheatmosphericpartitioning  
characteristicsofBDEs47，99and153，aJldpredictedthattetra－andpentabromo－COngenerSwi11  
becomegaseousatwarmerairtemperatures・Therefore，althoughthelowmeasuredvapourpressure  
valuesforthePBDEsindicatethatvolatilizationisminimalatnormalairtemperatures，thereispotential  
forreleasetoairattheelevatedtemperaturesreachedduringcuring（EuropeanCommunities2001）・  
TheEuropeanCommunities（2001）studyestimatestheoveral1releaseofPentaBDEtobe  
approximatelyO・11％，with油outonehalfofthisgolngtOairandtheotherhalftowastewater・  
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