
商業用オクタブロモジフェニルエーテルの危険性の概要  

【生分解性】  

分解せず（OECDTG301D）   

【半減期】  

・大気中：（Hexa－Nona BDE）30．4－161．0   

日（OHラゾ加レとの反応）（AOPWIN）  

【BCF（経鯉的生物濃縮係数）】  

・］イ：（HexaBDPE）BCF＝2580－5640  

・コイ：（HeptaBDE）BCF＜1．1－3．8  

・コイ：（OctaBDE）BCF＜9．5  

・］イ：（c－OctaBDE）BCF）＜10－36   

【BMF（経口的生物濃縮係数）】  

一飼育中のタイセイヨウサケの餌に含まれる  

HeptaBDE183をモニターした結果、95％  

がサケに蓄積。   

【BSAF（生物相一底質濃縮係数）】  

・2種の淡水魚：（HexaBDE）BSAF＝1，  

（HeptaBDE）BSAF＝2  

・（BDE154）BSAF＝9．1±1．l  

【反復投与毒性】  

ラット（28日）：10mg／kg／dayで丁4濃度  

減少（octa－BDE：30．7％．hepta－  

BDE：45．1％，）   

【催奇形性・発生毒性】  

ウサギ（経口 妊娠7～19日）：  

5mg／kg／dayで胎児毒性、  

15mg／kg／dayで児の肝重量増加、体重  

増加量減少、骨形成遅延   

マウス（生後10日目単回）：0．45mg／kg  

で2、4及び6月齢での異常行動並び  

に成長後の空間認識能・記憶の影響  

（BDE153）  

アメリカチョウゲンボウF∂／cospaⅣe血s  

：18．7〟gPBDEs／egg及び15．6±0．3  

ngPBDEs／gbw／dayで29日間曝露した  

雛鳥において、PHA応答（丁細胞媒介性  

免疫）が増大し、抗体媒介性反応が減  

少した。牌臓（胚中心の減少）、滑液嚢  

（アポトーシスの減少）、胸腺（マクロ  

ファージの増大）に構造的変化あり。  

肺臓の体細胞指標とPBDEs聞及び滑  

液嚢の体細胞指標とBDト47間に負の  

相関性あり。   
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ExecutiYeSummaIγ  

TheEuropeanUnlOnandltSMemberStates，WhlCharePartiestotheStockholmConventlOn，Submitteda  
PrOpOSallnJuly2006forlistlngOCtabromodlPhenyle血erlnAmexAoftheStockholmConventionpursuanttO  
ParagraphlofArtlCle80f山eConventioItandthePOPRCagreedthatthecommercialproductCommercial  
OCtabromodiphenylether（c－OctaBDE）－aCtuallyamixtureasdescnbedbelow－metthescreeningcriteriaofAmexD  

totheConvention．ThlSnSkprofilerevleWStheavailablelnformatlOnOnthecommercialmiⅩtl∬eanditsmain  
COmPOnentS：Hexa，Hepta，OctaandNonaBDE  

ThepolybrominateddiphenylethersingeneralareusedasflameretardantSOftheaddltlVetype．Theyare  
PhysICallycomblnedwiththematenalbeingtreatedratherthanchemlCallycombined（aslnreaCtiveflameretardants） 
Thecommercialproductscoverseveralcongenersandbrominationlevels Theinformationprovidedbythebromine  
lndustryindicatesthat（C－OctaBDE）hasbeenproducedinTheNe也erlands，France，USA，Japan，UKandIsrael，but  
Since2004，itisnolongerproducedlntheEU，USAandthePaci貞cRlmandthereisnoinformationthatindicatesitis  
belngPrOducedindevelopingcountrleS▲AccordlngtOtheBromineScienceandEnvironmentalForum（BSEF），  
OctaBDEwascommercializedsometlmeinthemid70’sL Bytheearly2000’sglobalproductlOnWaS＜4000  
tonnes／yearandbythetimeproductionceased，demandwas＜500tonnesちaSSumlng30yearsofproductionat6000  
toruleSPeryeartOtalproductionvolumewouldbearoumd180，000tonnes 

AlthoughthecommercialOctaBDEseemstobenotlongerproducedっreleasesdwlngtheservicelifeofarticles  
COntainlngthecommercialmlXtureSandattheendofarticleservicelifedurlngdisposaloperationsarestlllrelevant  
SwitzerlandreportedforthiscountrydiffuseemlSSlOn丘omtheuseofproductscontairungOctaBDEofaboutO37t／a  
（basedonworst－CaSeeStlmations）foratotalstockof68Otons 

Thepersistenceofc－OctaBI）Ecomponentslntheenvironmentiswe11documented Theonlyrelevant  
degradationpathwaysidentifieduntllnowarephotolysISっanaerObicdegradatlOnandmetabolisminblOta⊃aCtlng  
throughdebrominationandproducingotherIうⅠ）EwhlChrnayhavehlghertoxicityandbioaccumulationpotentlal 

AssesslngthebioaccumulatlOnpOtentlこ1lofc－OctaBDEcomponentsconstitutesamalnChal1engelnthisrisk  
profile．AhighpotentialforblOaCCumulation（lnCludlngamOderatepotentialforbioconcentration）andfbod－Web  
biomagnlficationhasbeendemonstratedforHexaBDE，andltlSfu11ylnllneWiththereportedelimlnationratesLThe  
food－WebbiomagnlficationhasbeenreportedforHeptaBDE，althoughatalowerextendthanexpectedfromtheKow，  
thlSfactcanbeexplainedbymetabollSmreSultlngmarelativelyshorthalf－1ife（experimentallydemonstratedand  
explainedbytheauthorsbydebromlnat10n）ThcpresenceofOctaandNonaBDElnbiotalSWe11documentbutits  
potentialforbioaccumulationfromwaterandft）OdlSmuChlowerthanexpectedfromtheirKow Reducedavailability，  
metabolismsorbothcan）uSt巾thisfbct ThenumberofsclentlficpapersdemonstratlngdebrominationofOctato  
DecaBDEtootherPBDEsiscontlnuOuSlylnCreaSlng，thlSISCrltlCalfortheassessmentaswouldindicatethatthe  

SuPPOSedlowbioaccumulatlOnPOtentialcouldtlelnrealltytheconsequenceof－metabolismtobioaccumulativePBDEs  
AquantitativeestimatlOnCannOtbepresentedyt3t，butthedebromlnatlOnPrOCeSShasbeenalreadyreportedforaquatlC  

OrganlSmS，mammalsandbirds ThlSISanaCtlVCreSearChfield，andnewresultswillneedtobeassessedbythePOPRC  
astheyappearinrefereedliteratt汀e  

BlOtamOnitorlngdatalnremOtCareaSOfferthebestdemonstratlOnOnthepotentlalforlongrangetranSpOrtOf  
thec－OctaBDEcomponents，HexaandHeptaBI）E TheroleofatmospherictranSPOrtiscon且medbasedonits  
detectioninalplnelakes．ThepotentlalforlongrangetransporthasbeenobservedforDecaBDE ThelackofL  
COnfirmationforOctaandNonaBDEmayberelatedtothelowerrelatlVeCOntributionandJormetabollSmVia  

debromlnatlon 

Norelevanteffectshavebeenobservedlnaquatic，SedlmentandsolllaboratorystudleS，however，血e  
measuredendpointsandtheexposurecondltlOnゝemployedlntheseassaysareclearlylnSufficientforaproper  
assessmentofchemicalssuchasHexatoNonaBDE  

Theavailableinformationonmammalsandblfdsofferrelevantinformation▲ThelowestreportedNOAELfor  
traditionalendpointsis2－5mg／kgbw／d．TheeffcctsarerelevantforthehealthandtheecologlCalassessmentsand  
thereforeusefu1fbrassesslngrisksforhumansandwlldlife．Inaddition，immuno－tOXicologlCaleffectsandparticularly  
delayedneurotoxiceffectsobservedafteraslngledoserequlreSpeCiflCattentlOn・AcrlticalbodyburdenforHexaBDE  
1530f2000Llgn（glipldhasbeenestimatedbasedonaNOELofO45m釘kg；itshouldbenotedthatHexaBDE153  
concentrat10nSClosetothesevaluehavebeenfoundlnSeVeralspeciesandgeographicsitesandtotalPBDE  
COnCentrationsfrequentlyexceedthlSthresholdbyalargemargln  

TheevaluationofthehumanandenvirorunentalriskofcommercialOctaBDEassociatedtoitspotentialfor  
longrangetranSPOrtmuStCOnSiderthatthecommercialproductisamixtureofcomponentswithdifferentproperties  
andprofiles，WhlChmayalsobereleasedtotheenvironmentduetoitspresenceascomponentsofotherPBDE  

COmmerCialproductsandalsoproducedintheenvironmentbydebrom止1atlOnOfcommercialDecaBDE 
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Thegreatestdimcultyappearsfortheestlmationofthepotentialhazardofthecommerclalmixtureandits  

COmPOnentS．TherearetraditionalecotoxicologlCalandtoxicologlCalstudieswherenoeffectshavebeenobservedeven  

atunrealisticallyhlghconcentrations．However，anin－depthassessmentof血esestudiesconsideringlnParticularthe  
PrOPertiesandtox】COkineticofPBDEindicatesthatthetestdesign，eXPOSureCOnditionsandmeasuredendpointsarenot  
appropriatefbrasoundassessmentofthesetypesofchemicals・Thus，山elackofeffectsreportedinthosetestsshould  
beconsideredwithcare・SpecificstudieshavereportedpartlCularhazardssuchasdelayedneurotoxicityand  
immunOtOXicitywhlChmaybeparticularlyrelevantintheassessmentofbothhumanhealthandecosystemrisks；  
althoughaqu諷titativeevaluationoftheseeffectsintermsofhazardfbrhumanhealthandecosystemisnotpossible  
basedonthecurrentlevelofinfomation，itmaybecomefeasiblesoonifadditionalscientificallysoundinlbrmationis  

PrOducedatasimilarratethaninrecentyears．  

BasedontheexistlngeVidence，itisconcludedthattheHexaandHeptaBDEcomponentsofthe  
OCtabromodiphenyletherarelikely，aSareSultofLRET，tOleadtoslgnificantadversehumanhealthand／or  
environmentaleffects，SuChthatglobalactioniswarranted．  

TheincreaslngevidencerelatedtodebrominationofOctaandNonaBDEintoBDEswlthPOPspropertiesand  
COnSideringthatunderA血cle8，Paragraph7（a）oftheConventionstatesthatthelackoffullscientificcertaintyshall  
notpreventaproposalfromproceeding，ltisconcludedthattheOctaandNonaBDEcomponentsofthe  
OCtabromodiphenyletherarehkely，aSareSultofLRET，tOleadtoslgnificantadversehumanhealthand／or  

environmentaleffects，SuChthatglobalactioniswarranted．   
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1． 1ntroduc鵬on  

TheStockholmConventionisaglobaltreatytoprotecthumanhealthandtheenvironmentfrompersistent  
？rganicpollutants（POPs），OfwhichtwelvearecurrentlylistedundertheConventlOn POPsarechemicalsthatremaln  

lntaCtintheenviTOnmentforlongperiods，becomewidelydistributedgeographlCally，aCCumulatelnllVingorganisms  
andcancausehamtohumanSandtheenvlrOnment TheEuropeanUnlOnanditsMemberStates，WhlCharePartleStO  
theStockholmConventlOn，SubmittedaproposallnJuly2006fbrlistlngOCtabromodiphenyletherlnAmexAofthe  
StockholmConventlOnPurSuanttOParagraPhlofArticle80ftheConventlOn，and山ePOPRCagreedthatthe  
COmmerClalproductCommercialoctabromodlPhenylether－aCtuallyamixtureasdescribedbelow－metthescreerung  
crlterlaOfAnnexDtotheConvention 

1．1 ChemicalidentityoftheproposedsubstarLCe  

ThisproposalconcernsthecTOctaBDE・ThereareseveralcomponentsindleCOmmerClalproduct，With  
difLferentpropertleSandpotentialrisks・Thusthisnskprofilefocusesontheassessmentofindivldualcomponentsofthe  
commerclalproduct，andtheflnalcomp11ationfoTanOVerallassessmentofthecommercialproductltSelf  

ItlSbelieved山atlittlelfanyc－OctaBDEisproducedsincethemq］OrSuPplierlocatedlnNorthAmerlCa  
StOpPedproductionin2004．ThecommerciallysuppliedOctaBDEwascomplexmlXtureCOnSisting（asof2001wlthln  
theEUMemberStates）typicallyof≦05％PentabromodlPhenyletherisomersっ≦12％HexabromodlPhenylether  
isomers，545％Heptabromodiphenyle仇erlSOmerS，≦33％OctaBDEISOmerS，≦10％Nonabromodiphenyletherisomers  
and≦0．7％Decabromodlphenylether・ThecompositlOnOfolderproductsorproductsfromnon－EUcountrleSmaybe  
dlfferentfナomthlS 

Thec－OctaBDEISSOldasateclm1CalgradeundertheChemicalAbstractsServICe（CAS）ReglStrynumbertbr  
the OctaBDE: lsomer 

lUPACName Dlphenylether，OCtabromoderivatlVe（OCtabromodlPhenylether，  OctaBDE）   

Synonyms octabromobiphenyloxide；OCtabromodiphenyloxide，OCtabromophenoxYbenzeneandbenzene；  
l，l’oxyblS－フOCtabromoderivative  

CASNumber 32536－52－O  
Molecularformula  C12H2Br％O  

Molecular welght 801 38 

Brダ0登 
ry  

ChemicalstruCture（X十y＝8）  

ThreepolybrominateddiphenyletherflameretardantSWerehlStOrlCallyavallablecommercla11y Theyare  
referredtoaspenta，OCtaanddecabromodiphenylether，buteachproductlSamixtureofdlphenyletherswlthvarymg  
degreesofbromlnat10n．SeveralsynonymsandabbreviationsforpolybrominateddlPhenylethersexIStandtheseare  
shownbelow 

polybromlnatedbiphenylethers≡polybromobipherrylethers－PBBEs  
polybrominatedbiphenyloxides＝polybromobiphenyloxldes－PBBOs  
POlybrominateddiphenylethers≡polybromodiphenylethers－PBDPEs  
polybromlnateddiphenyloxides＝POlybromodiphenyloxides－PBDPOs  

TheabbreviationsPBDEandBDEprecededbythenumberofbromineatoms（e．g．HeptaBDE）wlllbeusedin  
thisdocument．ThecommercialmixtlⅣeSWi11beidentifiedbyac－（e．g c－OctaBDE） 

ThecompositlOnsOf－thecommercialpolybrominateddipherlylethersbasedoncomposlteSamPlesfromtheEU  
suppliersaresholⅦinTablel－1below・Thesearethesubstances血athavebeenusedintherecenttestsandusedasa  
basisfortheEUrlSkassessmentreports（RAR）forthethreecommercialsubstances－LaGuardiaetal（2006）have  
recentlyreportedadditionalinformatlOnOnthecompositionofcommercialmixtures 
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Thecommercialmixtwecoveredbyth1Sentryisthereforeacomplexcombinationofisomersandcongeners，  
asdefinedatPOPRC．ThlSrisk▲prOnlewi11focusontheseriesofHexa，Hepta，OctaandNonahomologues，aSthe  
PentaandDecahomologuesarecoveredbytheirrespectivecommerCialmixtures．TherelSatendencylnSCientific  
literaturetopresenttheidentitiesofpolybrominateddiphenylethercongenersuslngthenumberingsystembasedonthe  
POlychlorinatedbiphenylsystem：  

－ Hexabromodiphenylethers（benzene，1，1l－OXybis－，hexabromoderivative；HexaBDE）（CASNo・36483T60－0；  

IUPACNObetweenBDE－128andBDE－169）  
■ Heptabromodiphenylethers（benzene，1，1’－OXybis－，heptabromoderivative；HeptaBDE）（CASNoL68928－80－3；  
IUPACNObetweenBDE－170andBDE－193）   

・ OCtabromodiphenylethers（benzene，1，l一－OXybis－，OCtabromoderivatlVe；OctaBDE）（CASNo・32536－52－0；  
IUPACNObetweenBDE－194andBDE－205）  
－ Nonabromodiphenylethers（benzene，1，1一－OXybis－，nOnabromoderivative；NonaBDE）（CASNo・63936－56－1；  

IUPACNObetweenBDE－206andBDE－208）  

Tablel－1．Compositionofcommercialpolybrominateddiphenylethersasdescrlbedin血eEURAR  

叫e鵬   ％e01h叩i鮎ond¢01nm鵬alpmdu¢t  

Fenb・  0血・   De∝ト  

1997   2000   1！婚7   199丁   

Trゐro汀沿d桓hen〆dher  0＿23  

Tetrabr血ipheny＝或h訂   33了   36＿02  

Penb血dipbnyle廿l訂   54＿6   55＿10  

Hexabromd申h叫e廿把r   11．ア   8＿58   5－5  

Hepbbmmd甲henyldher  42．3  

Oda如mod如nyte廿帽r  36．1   0．掴   

トbnabmmdi圃脚叫e什肥r  13＿9   乙5   

m瓢abrom∝桓he吋e飢訂  2＿1   97．4  

ThecomplexityfbrsettingariskprofileforacomplexmixturehasbeenalreadydiscussedbythePOPRCwith  
referencetothecommercialmixtureofpentabromodiphenyledler．Afu11datasetfbrconductlngariskprofileisnot  
availableforthecommercialmixtureorfbrtheindividualcomponents，ThustheavailablepleCeSOfinfbrmationhave  
beencombinedinthlSriskprofile．TheinfbrmationwasparticularlyscarcefbrHepta－tONonaBDEsbutthereisan  
increaヲinginterestinthescientificcommun1tyfbrcovermgthesecongeners・Aquantitativeassessmentisstillnot  
POSSiblenowadays，butmaybecomefbasiblesoonifadditionalscientificallysoundlnformationisproducedatasimilar  
ratetha】1il】reCentyearS，   

1．2  ConclusionofthePOPReviewCommitteeofAntLeXDinformatEo〝  

ThePOPRChasevaluatedAmexDinfbrmationandhasconcludedthatproposalfhlfilstherequlrementSOf  
Article8andAmexDoftheConvention（POPRC－2／6）   

1．3DatasoⅦrCeS  

TheEUriskassessmentreport四C，2003），theCanadianaSSeSSmFnt（EnvironmentCanada，2004），and  

referencesfromtheWHO（1994）reportwerethemainsourceofinfbrmatlOnusedbythePOPRCinAmexD  
SCreerung．AdditionalinfbrmationhasbeenslibmittedbyCanada，theCzechRepublic，Ge皿any，Japan，Lithuania，  
Norway，Switzerland，Turkey，UK，USA，theNGOEnvironmentalHealthFundonbehalfoftheIntemationalPOPs  
ElimlnationNetwork（IPEN），andtheindustryorganizationBromineScienceandEnvironmentalForum（BSEF），aS  
Wellasduringtheconsultationperiod・Consideringthelargeamountofnewscientlficinfbrmationproducednowadays，  
areviewofrecentscientificliteraturehasalsobeenconductedandusedasaneSSentialdatasourceinthlSrepOrtL  
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1．4  Statusofthechemica）underinternationalcoDVentions  

● OSPARConvention：OctaBDEisincludedinthellStOfselectedsubstancesfortheOSPARlists（no236）  
UndertherevleWedlist，OctaBDEisputumdersect10nC－aboutthesubstancesputonholdbecausetheyare  
notproducedand／orusedlntheOSPARcatclmentorareusedinsufficlentlycontalnedsystemsmaklnga  
threattothemarlneenVl∫Onmentunlikely 

・ UNECE，ConventiononLong－rangeTransboundaryAlrPollutlOn（LRTAP）andltSProtocolonPersistent  
Organ1CPollutants（POPs）c－OctaBI）EisbeingconsideredunderProtocoIproceduresforinclusion 

2． Summaryinfbrmationrelevantfbrtheriskprofile   

2．1  Sources  

TheinformationprovidedbythebromidelndustryindicatesthatthecommerCialproducthasbeenproducedin  
TheNedlerlands，France，USA，Japan，UKandIsrael，butslnCe2004，1tlSnOlongerproducedintheEU，USAandthe  
PacificRimandthereisnoinformationthatindicatesitisbeingproducedlndeveloplngCOuntries  

ThepolybrominateddiphenyletherslngeneralareusedasflameretardantsoftheaddltlVetype・Theyare  
physica11ycombinedwiththematerlalbelngtreatedratherthanChemlCallycombined（aslnreaCtivenameretardants） 
Thismeansthatthereisthepossibllltythatthenameretardantmaydlffuseoutof－thetreatedmatenaltosomeextent 
IndustryindicatesthatoctabromodlPhenyletherisalwaysusedlnCOIT）unCtlOn、VlthantlmOnytnOXide・InEurope，itis  
pnmarilyusedinacrylonltrlle－butadiene－Styrene（ABS）polymersat12－18％weightloadingsinthefinalproduct 
Around95％ofthetotaloctabromodiphenylethersuppliedlntheEUISuSedinABS・OthermlnOruSeS，aCCOuntlngfbr  
theremaining5％use，lnCludehlghimpactpolystyrene（HIPS），POlybutylenetereph山alate（PBT）andpolyamide  
polymersっattypicalloadlngSOf12－15％welghtinthefinalproductlnsomeappllCations，theflameretardantis  
cornpOundedwiththepolymertoproducepellets（masterbatch）wlthsllghtlyhigherloadingsofflameretardant・These  
arethenusedinthepolymerprocesslngSteptOPrOduceproductswlthsimllarloadingsasglVenabove 

TheflameretardedpolymerproductsaretypicallyusedforthehouslngSOfofficeequipmentandbusiness  
machines．OtherusesthathavebeenreportedroroctabromodlphenyletherlnCludenylonandlowdensitypolyethylene  
（WHO，1994），pOlycarbonate，Phenol－forrnaldchydereslnSandunSaturatedpolyesters（OECD⊃1994）andlnadhesives  
andcoatings（WHO，1994）  

AssumlngthatthecommercialOctaBDEISnOtlongerproduced，thereleasestotheenvironmentmustbe  
associatedtohistoncalprocesses⊃aSWellastoreleasesdurlngdleSerVicellfeofarticlescontalnmgthecommercial  
mixturesandattheendofarticleservICellfedunngdisposaloperations▼ThelnformatlOnreViewbyLaGuardlaetal  
（2006）allowsestimationsoftherelatlVe？OntrlbutlOnOfeachcongenヲrindlfferentmarketsandtimeperiods・Asan  

example，Flgurel－1presentsthecalculatlOn5ibrEl∬OPeanCOmmerClalproductsln2001 

AlthoughtherearesomefiguresonarulualproductionofthsrnlXture，therearenoaccuratevaluesonthe  
amountofthecommercia10ctaand／orthelndlvidualhomologuesinarticlesinserviceanddisposedattheworld－Wide  
level，butconsiderlngtheestlmatedfigureof6000tonnes／year（WHO，1994）thetotalamountshouldbeexpectedin  
the105－106tonnesrangerAccordlngtOtheBSEF，OctaBDEwascommerclalizedsometimeinthemid70，s・Bythe  
early2000つsglobalproductionwas＜4000tonnes／yearandbythetlmePrOductionceased，demandwas＜500tonnes 
Whilethus⊃aSSummg30yearsofproductionat6000tonnesperyearglVeS180，000tormes，afigurewithlntheproposed  
range 

8   



UNEI〉／POPS／rOPRC．3／20／Add．丘  

Figt］rel－1．EstimatedrelatlVeCOntrlbutionforthedifferentBDEcongenersinproductsintheEuropeanmarketin  
2001＿CalculatedffomdatapublishedbyLaGuardiaetal・，2006・Notetheloganthmicscale・  

Rela仙l‡○【tributio【○†PBDEsinEuropeancommモー抽†omlubs仙m2801  

BDE17 8DE28J33 8DE BDE66142 BDE85 BDE99 BDElOO BDE138 BDE153 BDE154  BDE  BDE196 BD【197 EIDE206 BDE207 BDE209  
47〟74  175J183a  

Morfetal．，（2002）reportedforSwltZerlanddiffuseemissionfi’Omtheuseofproductscontain1ngOctaBDEof  
aboutO．37t／a（basedonworst－CaSeeStimations）foratotalstockof680tons・  
2．2   EnYironmentalfate   

2．2．1IIersisten亡e  

NoaerobicbiodegradationoftheHexa－tONonaBDEsisexpectedbasedonBIOⅥNestimatesasrecalcitrant  
withrespecttobiodegradation，andnodegradatlOn，basedonoxygenuptakeフOCCurredina28－dayclosedbottletest  
OECD301D（EC，2003）．  

Gereckeetal．（2005）reportedthedegradationofNonaBDE206and207andDecaBDEtoOctaBDEsunder  
anaerObicconditionsusingsewagesludgeirmoculum；andthlSdegradationhasbeenconfirmedinotherstudies（Gaulet  
al，2006；Heetal，2006）．  

AOPWINpredictshalf－1ivesforreactionwithatmospherichydroxylradicalsranglngfrom30L4to161・Odfbr  
Hexa－tONonaBDEs，reSPeCtively・However，intheatmosphere，HexatoNonaBDEsareexpectedtostronglyadsorbto  
SuSPendedparticlesintheairandberemovedviawetand／ordrydeposition，Notethatpredictedhalflliveshavenot  
beenemplricallysubstantiated，butareprovidedfbrreferencepurposes  

ThephotodecompositionofseveralBDEshasbeenstudiedindifftrentmatricessuchas sealedpolyethylene  
tubeexposedtonaturalsunlightforupto120min（Petermanetal・2003）；OrWater（Sanchez－Pradoetal・，2006）；in  
generaldegradationwasfasterforthehlgherbrominatedDEsthanfbrthelowerbrominatedcongeners，Rayneetal．  
（2006）suggestashortphotochemicalhalf－1ifefortheHexaBDE153inaquaticyStemS，withrapid  
photohydrodebrominationtosomeofthemostprevalentPenta－andTetra－bromlnateddiphenylethercongeners．  

2．2．2 おioaccumulation  

Thebioaccumulationpotentialdiffersstronglyamongthecomponentsofthecommercialmixture．For  
facilitatlng，theassessment，thedifferentbioaccumulationprocesseswi11bepresentedindependently．   

2．2．2．J．βわco〃Cg〃かαJわ〃タ0椚WαJer  

BioconcentrationfromwaterisconsideredrelevantonlyforHexaBDE．TheUKhasre－analyzedtheCITI  
（1982）bioconcentrationdataandsuggestsBCFsofupto～5，640レkgand～2，5801／kgfbrcomponentsDandE（both  
HexaBDE）．  

Bioconcentrationfhctorswerereported（EC，2003）fbrcarp．Assumingthattheactualconcentrationsofthe  
C－Octal3DEcomponentswereatoraroundthereportedwatersolubilityfbrthesubstanceofO．5トIg／L，thentheBCFfor  

OctaBDEwouldbe＜9．5；forHeptaBDEabout＜1．1－3．8andforc－OctaBDEabout＜10－36．TheseBCFvaluesarelower   
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thanwouldbeexpectedfiomthesubstance’soctanol－Waterpartitioncoefhcients，ThlSCanbeexplainedbyareduced  
blOaVallabllitY，metabollSmSOrbo山   

2．プ．プ．プβJα粕川Ⅷ加h厄椚α郁‖！0椚〟卯¢c（l存oH♪0汀ⅠノbdgズpO5ure5 

OralexposurelSeXpeCtedtobethemostrelevantexposurepathwayforthesechemicals，VanBeusekometal  
（2006）reportedbiota－SedlmentaCCumulationlbctorsbetweenland3forHexaandHeptaBDEontwofreshwaterfish  
Sr）eCleSlnSpalnandconcludedthatlOO％oftheexposurewasassociatedtofbodorfoodplussedimentforbleak  
（Albumusalbumus）andbarbel（Barbusgraellsii），reSpeCtively 

AcontrolledfeedingtrialassessedtransferandaccumulationofPBDEsfromfeedtofarmedAtlantlCSalmon  

（Salmosalar）・Onaverage，95％ofthetotalPBDEcontentintheftedaccumulatedinwholesalmonlnCluding  

HeptaBDE183（Isosaarl，etalL2005）  

ThepotentlalforblOmagruficatlOnhasbeendemonstratedfbrHexaandHeptaBDE（Burreauetal，2004，  
2006，Sormoetal，2006三Tomyetal，2004），andmorerecentlysuggestedfortheDecaBDE（Lawetal．，2006）  

Food－、Vebb10magnlflCatlOnWaSnOtbeenobservedforOctaandNonaBDEinanaquatlCeCOSyStem，butthe  
COngenerSWeredetectedlnbiotafiomzooplancktontofishspecies（Burreauetal・2006） 

プ．2．ユj． βJOαCCJ〝〃〟Jdr′0〃．〟0椚∫ed椚e〃JビュpO∫〟rg∫  

CiparlSandHale（2005）havereportedarapidbioaccumulationofHexaBDEintheaquaticoligochaete，  
LtJmbriculusvarlegateS，eXPOSedviasedimenしWithdifferencesbetweenisomersandinthecontaminationpathway A  
b10ta－SedimentaccumulatlOnf云ctoror91j＝11wasobservedforBDE154，thehlghestconcentrationwasfoundonday  

15andthedepuratlOnrateCOnStantWaSO・032＝tOO16days－1 

プ．2．2．イ． 7も∬ico畠〃eわC∫d〃drgJev（－〃Ceq／椚ビ／d占oJf∫m∫  

ThepotentlalfbrblOaCCumulationandb10magnincatlOnOfthesetypesofmoleculescanbecalculateduslng  
toxicokineticmodels，basedonmetabolismandellmlnation DifferencesamonglSOmerSandthereported  
debromlnatlOnPrOCeSSeSlntrOduceadditionaluncertaintywhenreviewlngfielddata 

Stapletonetal（2004）lnadletaryStudyoncarpsfounddepurationratesofO．051士0．036days■1and  
assimllationefriclenCleSOf－4％士3fortheHexaBDE153，StapletonandBaker（2003）andStapletonetal▲（2004b）in  

dletaryStudleSOnCOmmOnCarP（（二岬rtnuSCaT7，io）foundslgnlficantandrapiddebr？minationofHeptaBDE183to  

HexaBDE154andtoanotherun1dentlfiedHex；1BDEcongenerwithlntheintestinaltlSSueSOfthecarpafterconsumlng  

ltSfoodInvltrOStudieshavedemonstratedthemicrosomaldebrominationinflSh（Stapletonetal（2006） 

Tomyetal（2004）exposed）uVenllelaketrout（SbLvelinusnamり）CZLfh）tothreedletaryCOnCentratlOnSOf  

】3BDEcoIlgenerS（3－10Bratoms）inthelaboratoryfor56days，followedbyl12daysofcleanfood Half－llVeS（tl／2’s）  
forsomeBDEcongeners（eg，BDE－85and－1り0）weremuchlowerthanexpectedbasedontheirKotvっwhereastl／2’s  
OfotherBDEcongeners（e，gTBDE－66，－77，－153，and－154）weremuchlongerthananticlpatedbasedonKow▼This  

WaSeXplamedbydebrommatlOn ThedetectlOnOfthreeBDEcongeners（anunkn0wnPentaBDE，BDE－140⊃andan  

uhknownrIexaBDE）lnthefishthatwerenotpresentlnthefoodorinthecontrolfishprovidedfurtherevidenceforthe  
debromlnationofBDEs  

TheroleofexposurelevelslntheelimmationrateofseveralchemicalsincludingHexaBDE153hasbeen  
studiedbytheLPTC）．UmverslteBordeauxlaIldtheINIA’sLaboratoryfbrEcotoxicologywithinthecontextof  
LRI－CeficResearchPro」eCtECO－1AINA－1100．DepurationratesofO・03－0・05forSpanJSaura（aand丸かtTlusedu］ts，  
1VereObtalned（Alonsoetal，2006）  

Thedebromlrlat10nOfPBDEshasalsoindicatedinmammals，e．g．forac－PentaBDEformulationinmice  
（Qluetal，2007）andforDecaBDElnCOWS（Klerkegaardetal・，2007） 

Arecentstudy（Droul11ardetal⊃2007）hasreportedadepurationrateconstantfortherIexaBDEO・016daysJl  
inJuVeruleAmencankestrels（Fblcosparverius），Witharetentionofabout50％oftheadministereddoseina36days  
study 

VandenSteenetal，（2007）usedsilastlCimplantstoexposeEuropeanStarlings（StumusvulgarlS）to  
DecaBDE209andfoundOcta－（BDE196，BDE197）andNonaBDEs（BDE206，BDE207，BDE208）inmuscleandliver  
inaddltiontoDecaBDE209，reSultinginthefirstindicationsofdebrominationinblrds  

10   
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Ahighpotentialforbioaccumulation（includingamoderatepotentialforbioconcentration）andfbod－Web  
biomagnlficationhasbeendemonstratedforHexaBDE；anditisfu11yinlinewiththereportedeliminationrates・  

Thetbod－WebbiomagnificationhasbeenalsodemonstratedforHeptaBDE，althoughatalowerextendthan  
expectedfromtheKow；thlSfactcanbeexplainedbymetabolismresultinginarelativelyshorthalf－1ift（experimentally  
demonstratedandexplainedbytheauthorsbydebromination）・  

ThepresenceofOctaandNonaBDEinbiotaiswelldocumentbutitspotentialforbioaccumulationfromwater  
andfoodismuchlowerthanexpected魚・OmtheirKowReducedavailability，metabolismsorbothcanjustifythlSfactL  
ThenumberofscientificpapersdemonstratlngdebrominationofDeca－，Nona，andOcta－BDEtootherPBDEsis  
contirluOuSlylnCreaSlng；thisiscriticalfbrtheassessmentaswouldindicatethatthesupposedlowbioaccumulation  
POtentialcouldbeinrealitytheconsequenceofmetabolismtobioaccumulativePBDEs・Aquantitativeestimation  
cannOtbepresentedyet，butthedebrominationprocesshasbeenalreadyreportedfbraquaticorganlSmS，mammalsand  
birds．   

2．23 LongrangeenvironmetLtaltransport  
Thepresenceofcomponentsofcommercia10ctaBDEinremoteareas（e・g・Norwayinfb，NorwayInfo2；  

Canadainfo2；SwitzerlandinLb2，Japaninfo）isconsideredthebestdemonstrationforthepotentialfor］ongrange  
transportofthesechemicals・Asdebrominationinbiotahasbeendemonstrated，hypothetical1y，thepresenceofHexato  
NonaBDEscouldbeexplainedbyalongrangetranSpOrtOfDecaBDEanditssubsequentdebromination，however，  
sinceHexatoDecacongenershavesimilaratmospherictransportcharacteristicsintermsofgas－Partitionlngand  
reactivityitisevidenceoflongrangetransportforDecaBDEandisindirectevidenceoflongrangetransportforthe  
NonatoHexacongeners．  

Previousmodelpredictionssuggestedalowpotentialfbrlong－rangeatmOSPherictransportforh］gh1y  
bromlnatedBDEs（e・g・WaniaandDugaru，2003）・However，inarecentpap？rOnDecaBDE，Breiviketal・つ（2006）have  

reportedthatchemicalsthatarebothsorbedtoparticlesandpotentiallypersIStentintheatmosphere，SuChasBDE－209，  
mayhavealargerpotentialforLRTthananticIPatedonthebasisofearliermodelevaluations・ThisexplanatlOnCOuld  
bealsoappliedtoc－OctaBDEcomponents・  

RecentlyWegmarLn，etal，（2007）appliedtheOECDPovandLRTPScreenlngTooltothecurrentPOPs  
Candidates，includingc－OctaBDE．meauthorsnotedthattheybelievedthatthesubstancepropertyvaluesforc－  
OctaBDEinWanlaandDuganl（2003）weremoreaccuratethanthevaluesinthePOPRCdocumentandtherefore  
includedtheWaniaandDuganlValuesintheirMonteCarlounCertaintyanalysis・Althoughtherewereconsiderable  
uncertaintjes，theresultsindlCatedthatc－OctaBDEhasPovandLRTPpropertiessimilarto血oseofseveralknown  
POPs．  

2．3Exposure  

2・3．1Atmosphere  

Strandbergetal．（2001）analyzedairsamples丘omurban，ruralandremotesitesintheUnltedStatesnearthe  
GreatLakes．Theaveragetotalc－OctaBDE－relatedcongeners（i．e．，SumOfBDEs153，154and190）presentinthe  
SamPlesrangedfromapproximatelyO・2toO・9pg／m3・  

Berganderetal．（1995）analyzedairsamplesfromtwoareasofSwedenremotefromindustry，HexaBDEand  
HeptaBDEwerefbundintheparticulatephasesamPles・  

InamonitoringstudycarriedoutincoastalareasofKoreaoverone－yearPeriod，tWentyindividualPBDE  
COngenerSWerefoundinatmosphericsamplescollectedfromurban，Suburbanandruralsites▲DecaBDE（BDE209）  
WaSthe・Predominantcongener（＜93％）ThedepositionalnuxesrangedftomlO．1to89．OLlg／m2／year（Moonetal・，  
2007a），InnorthwestChlna，themeasurementsoftotalPBDEs（8－3j＝4・Opg／m3）inthesamPlescollectedatthe  

WaliguanBaselineObservatOry（Apri1toMay，2005）wereatcomparableconcentrationlevelswithotherremoteareas  
（Chengetal．，2007）・  

PBDEshavealsobeendetectedovertheIndianOcean（meanCOnCentrationof2，5pg／m3）andalongthe  

COaStallmeofJava，Indonesia（Valuesof15pg／m3）．AnbacktraJeCtOryanalysisissuggestedinrelationtothepotential  
OfPBDEsforlong－rangeatmOSPherictranSpOrt丘omremoteregionsofareasmoreindustnalized（Wurletal．2006）．  

Wangetal．（2005，）reportatmosphericconcentrationsforcTOctaBDEcomponentsfbralargenumberof  
remotelocations，andadditionalinformationaboutthepresenceofPentatoHeptaBDEcongenersinairatseveral  
locationsCanbefbundinthereviewpaperbydeWitetal．（2006）・  

‖  
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2．3．2 Water  

Luckeyetal・（2002）measuredtotalPBDE（mono－tOHeptaBDEcongeners）concentratlOnSOfapproximately  
6pgnJinLakeOntariosurfacewatersin1999、withHexaBDEcongenersBDE153andBDE154eachcontnbuting  
ar）PrOXimately5to8％ofthetotal  

C－OctaBDEwasnotdetectedin1987in75surfacewatersamplestakenlnJapanatadetectlOnlm11tOf  
OIpg几orin1988in147watersamplesatadetectionllmltOfO・07LlgA（EnvironmentAgencyJapan1991） 
AccordingtoEC（2003），theconcentrationsareconsideredtoberepresentativeoflndustrial，urbanandruralareasof  
J「叩an，butitlSnOtknolmWhetheranyof山esamplingsiteswereinthevIClrutyof－apolybrominateddiphenylether  
productionslteOrapOlymerprocesslngSite  

Thereisadditionalinfbrmationonconcentrationsofc－OctaBDEcomponents（HexaBDEs153and154）1n仇e  
dlSSOIvedphaseinwaterinastudybyLawetalL（2006） 

2．3．3 Sediments  

Concentrationsofc－OctaBDEinUKsedlmentSrangedfrom＜0．44to3030Llgn（gdw（Allchlnetal．1999；Law  
etal．1996；EnvironmentAgencyUK，1997）），ThehighestlevelswerelnSedimentsdownStreamfromawarehouse  
Wherec－DecaBDEwasstored・C－OctaBDEwasdetectedln30f51sedirnentSamPlesfromJapanin1987at  
COnCentratlOnSfrom8to21Llgn（g（detectionllmit7pg几g，WWOrdwnotspecified）フandin30f135samplescollected  
in1988atconcentrationsof15to22いg几g（detectionllmlt5pgn’g，WWOrdwnotspeclfied）（EnvlrOnmentAgency  
Japan1991） 

Kolicetal（2004）presentedlevelsofPBDEsinsedimentsfromtributarleSflowingtoLakeOntario，andarea  
biosolidslnSOuthemOntario・TotalHexa－andHeptaBDEs（i・e・，BDE138，153フ154and183）measuredlnSediment  
SamPlestakenfromfourteentributarysites（0nly6siteswerereported）rangedfromapproximatelyO．5to4．Opgn（gdw 

fIIStOricaltrendsofPBDEslnSedimentshavebeendeterminedintheLakeofElla可＠en，NorweglanArctlC，  
WherecontaminationisduetobothatmosphericandbiologlCaltranSPOrt，MaxlmumlevelofPBDEswasdetectedln  
2001（Or73ng／gdw）（Evensetetal，2007）・Marvinetal・2007，havereportedtemporaltrendsinPBDEsinNiagara  
riversuspendedsedimentsfrom1988to2004▲Priorto1988，PBDEs（SumOf16congenerslnCludingDecaBDE）were  
generallydetectedatlow－PPbconcentrations，butshowedatrendtowardincreaslngCOnCentrationsovertheperiod  
1980－1988・After1988，PBDEconcentratlOnSintheNiagaraRivershowedamorerapidlylnCTeaSingtrend（maxlmum  

Ofapproximately35ng／gin1995）・DecaBDEwasthepredominantcongenerdetected，andaslm11arsltuatlOnhasbeen  
ObservedinEwope（El】arratetal．⊃2005），andAsla（Mooneta12007b） 

ThestudybyLawetal・（2006）providesadditionalinformat10nOnCOnCentrat10nSOfcTOctaBDEcolnPOnentS  
（HexaBDEs153and154）forsedimentsatabackgroundlocation  

2．3．4 Soil  

Hassaninetal（2004）determinedPBDEslnundisturbedsurfacesolls（0－5cm）andsubsurfacesoilsfrom  
remote／ruralwoodlandandgrasslandsitesonalatitudinaltransectthTOughtheUnlledKlngdomandNorway．Intotal⊃  
「i6surfacesollswereanalyzedfor22tri－tOHeptaBDEs・ConcentrationsoftotalPBDEslnthesurfacesollsranged  
汀omO・065to120pg耽gdwrMedianPBDEconcentrationsinthesurfacesollsranged丘omO．61to2，5pg戊gdw，Wlth  
BDEs47，99，100⊃153and154dominatlngthetotalconcentratlOnS．ThemedlanCOnCentratlOnOfthesurnOfthesefive  
COngenerSrangedfromO・44tol・8トIgn’gdwrTheresearchersnotedthatthecongenerpatternsintheEuropean  
backgroundsoilscloselymatchedthatreportedforthec－PentaBDEmlXture Northwardalongthelatitudinaltransect，  
therewasanlnCreaSlngrelatlVeCOntributlOnOrBDE47andotherlightcrPBDEslnCOmParisontotheheavierPBDEs  
measuredinthesamples 

2．3．5 WasteEmuemtandBiosolids  

KollCetal．（2004）presentedlevelsofPBDEsinsedimentsfromtributanesflowlngtOLakeOntari0，andof  
biosolidsfromnearbywastewatertreatmentfacilitleSinsouthernOntarlO TotalHexa－andHeptaBDEs（i．e、，BDEs138，  
153っ154and183）measuredinbiosolidsrangedfiomapproximatelyl11to178pg几gdw 

LaGuardia（2001）analyzedllsewagesludgesamplesbeforelandapplicationfiomCanadaandtheUruted  

StatesandfoundthattotalHexa－tOOctaBDEcongenerconcentratlOnSrangedfiLOm40to2080Llg几gdw．Kolicetal．  
（2003）investlgatedPBDElevelsinsewagesludgefrom12sitesinsouthernOntarioandfoundHexa－tOOctaBDE  
COngenerCOnCentrationstotaled124to705トIgn（gdw．Hexa－tOOctal3DEcongenerswerenotdetectedinmanure  
Samples，andwereatverylowlevelsinpulpmillblOSOlids（uptoapproxirnately3トIgn（gdw）L  

Martinezetal・（2006）haverecentlyreportedconcentrahonsOfsTnOfHexatoNonaBDEintherangeof  
15・5to160pgn（gdwinsludgefrommun1Cipalwastewatertreatmentfac111tleSinSpain，andupto268pgn（gdwin  
industnalfacilities．  
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Gevaoetal＿（2006）measuredPBDEsincoastalsedimentsreceivingindustrialandmunlCipaleffluentsin  
Kuwait．Totalconcentrationsvariedfrom80to3800pg／gdwwithHeptaBDE183dominatingthecongenerdistribution  
whichresembledthecommercialformulation，Bromka179－8DE．Wastewaterdischargeftomindustrialactivities  
appearedtobethepnmarysourceofthecompounds・  

ヱ．3．6Biota  

ConcentrationsOfcomponentsfoundinc－OctaBDEsinbiotawererevi？WedinLawetal・（2003）・The  

concentrationofc－OctaBDE（reportedasthecommercialmixtureDE－79）invar10uSbiotafoumdinaquatic  
environmentsintheUKrangedupto325pgn（gⅥWintheliverofdab（Allchlnetal1999）・Concentrationsof  
OctaBDEinmuscletissuefiomUKfishrangedfiom＜1to12pgn（gWW（Allchlnetal・1999）・InJapan，OctaBDEwas  
notdetectedin75fishsamplestakenin1987（detectionlimit5pg此gⅥW），nOrWaSitdetectedin144nshsamples  
takenfrom48locationsin1988－89（detectionlimit4pg几g；WWOrdwnotspecihed）（EnvironmentAgencyJapan  
1991）．HeptaBDE，alongwith0therPBDEcongeners，WaSdetectedineggsofperegrmefalcons，Fblcoperegrinus，  
ftomSweden，atCOnCentrationsfrom56to1300pg此glipid（Lindbergetal．2004）．  

Alaeeetal．（1999）sampledlaketroutfiomLakesSuperior，HuronandOntarlOandfoundthatthetotalof  
HexaBDEandHeptaBDEcongenersrangedfromanestimatedllto53pg此glipidL  

Riceetal．（2002）comparedPBDElevelsandcongenerpatternSincarpandbasssamPled丘omtwo  
industrializedreglOnSintheeasternU．S．Thefishwerecollected丘omtheDetroitRIVer，Ml・andtheDesPlainesRiver，  
IL．inMayandJuneOf1999，andanalyzedfbrthepresenceofBDEs47，99，100，153，154，181，183and190・Both  
riversystemsareconsideredtoreceivehighcontributions丘ommunlCIPalandindustrialeffluents・BDE47dominatedin  
nshtakenfromtheDetroitRiver，COmprlSlnganaVerageOf53to56％ofthetotalPBDEsbywetweight・BDEs99，  
100，153and154eachcontnbutedbetween8and9％，andBDEs181and183eachcomprisedabout5％ofthetotal  
PBDEs．BDE190wasnotdetectedineithernshspecies．OnlycarpweresampledfromtheDesPlainesRiver，andthese  
exhibitedamarkedlydif托rentPBDEprofilefromthatseenintheDetroitRiverfish・HeptaBDEs181and183were  
predominant，COntributingabout21％and19％，reSPeCtlVely・BDE47wasthlrdinprevalence，COmPrlSlngabout17％of  
thetotalPBDEs．LevelsofthetwoHexaBDEcongeners，BDEs153and154were8to13％，COmParedwithabout5％  
fbreachofthePenta－COngenerS，BDEs99andlOO・BDE190，nOtdetectedintheDetroltRiverfish，WaSPreSentat  
about12％oftotalPBDE．  

Norstrometal．（2002）evaluatedthegeographlCaldistributionandtemporaltrends（duringthe1981to2000  
period）ofPBDEsinherringgull（山rusaYgenta（us）e甲SfromanetworkofcoloniesscatteredthroughouttheGreat  

Lakesandtheirconnecthgchannelsin2000（SeeSectlOn2・1・6・6andAppendixD）・Althoughsampleswereanalyzed  
forOcta－tODecaBDE，thesewerenotfoundattheirrespectivelimitsofdetection（0・01－0・05Llg此gww）・However，  
totalconcentrationsofHexa－andHeptaBDEcongeners（i，e．，BDEs153，154and183）increased6to30foldoverthe  
1981to2000periodattheLakeMichigan（from6．7to195，6巨gn（gWW），LakeHuron（ffom13L8to87・6pg此gww）  
andLakeOntari0（3．8tol12．1巨gn（gWW）sites．Thisincreasewasnotasdramaticasthatfoundforthetetra－and  
PentaBDEcongeners．  

Wakefbrdetal．（2002）conductedsamplingofwildbirdeggsinwesternandnorthemCanadabetween1983  
and2000．TheydeterminedthatthetotalofHexa－andHeptaBDEcongenersrangedfromO，148to52・9pg此gwwin  
GreatBlueHeron、ぴrdeaherodias）eggs（OnCanadaつswestcoast），0．03toO．68pg几gⅥWinNorthernFulmer  
（凡〟marusgh7Cialis）eggs（intheCanadianarCtic）andO・009toO・499ugn（gWWinThlCkBilledMurre（【崩alomvia）  
eggs（intheCanadianarCtic）．OctaBDE，NonaBDEandDecaBDEcongenersweresub］eCttOanalysisbythe  
researchers，butwerenotdetected（detectionlimitwasnotspecified）intheanyofthesamplesr  

Temporal，SPatlal，andinterspecifictrendsinPBDEsweredeterminedineggsofmarineandfieshwaterbird  
SPeCies丘omtheprovinceofBritishColumbia，Canada，TemporaltrendsintheFraserRiverestuary，1983－2002，Were  
examinedbyanalysisofeggsofgreatblueherons（Ardeaherodias）andfromtheStraitofGeorgiamarineecosystem，  
1979－2002，ineggsofdouble－CreStedcormorants（Phalacrocoraxauritus）・PBDEsincreasedexponentiallywitha  

doublingtlmeOf5．7yearSineggsofbothheronsandcormorantS・ThePBDEpatternwasrelatlVelyconsistentinmost  
yearsandsites，WithBDEs47＞100＞99＞153＞154＞28＞183．Thiswasinterpretedasevidenceoftechnical  
PentaBDEformulationsasprlmarySOt汀CeSOfthecontaminatlOn，WiththeOctaBDEformulationsassecondary・Higher  
resolutionanalysISOfasubsamPleoftheeggsrevealedthepresenceofuptonlneOthercongeners，includingBDE209  
（range：0．9－1．8microg／kg），indicatingexposureanduptakeofDecaBDEsourcedcongenersinNorthAmerican  
foodchains（E11iotetal．，2005）  

Arecentstudy（Bu汀eauetal．，2006）hasdemonstratedthepresenceofHexatoNonaBDEinbiota  
（ZOOPlankton，SPrat，herringandsalmon）fromtheBalticSeaandNorthernAtlantic．  
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