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2．3．7 HuⅡlanS  

EC（2003）presentssomeinformationonthelevelsofcomponentsofc－OctaBDEmeasuredmhumansamples  
includinghumanmlLk，blood，andadiposetissue・LargevarlationsamOnglndivldualsweregenerallyobserved，but  
SlgnificantdlfferencesbetweenthecontroIpopulatlOnandoccupatlOnallyexposedgroupswerealsoreported  

lnarecentstudy（Tomsetal，2007）theconcentratlOnSOfPBDEs（18congenersfromBDE17toBDE－183）  

foumdinAustralianhumanmllkwerelowerthanthosereportedfromNorthAmericabuthigherthanthosereported  
fromEuropeandAsia  

Thomsenetal▲，2007，lnVeStlgated血elevelsofPBDEsin21pooledserumSamPlesarchlVedfromthegeneral  
NorwegianpopulatlOn（from1977to2003）LInserumfrommen（age40－50years）thesumofsevenPBDEcongeners  
（28，47，99，100，153，154and183）increased行om1977（0・5ng／glipids）to1998（48ng／glipids）・From1999to2003  
theconcentrat10nOfPBDEsseemstohavestabilised 

Femandezetal，2007，havereportedastudyofthedetectionofPBDEsintheadiposetissueofwomenfrom  
Spain．Mean∑PBDE（BDE28，75，71，47，66，77，100，119，99⊃85，154，153，138，and183）levelswere385and  
Or36ng／goflipidrrespectivelyrAmongPBDEs，COngenerS153，47，183，99，andlOOwerethemostfrequentand  

aburdantandtogetherconstlttlted96％ofthetotalarnOuntOfPBDEsinadiposetlSSue・ConcentrationsofPBDEsln  

thlSPOPulationweresimilartothosereportedinotherpartsofSpainandinSwedishandBelgiumpopulationsbutlower  
thanthosefoundlnOtherWesternCOuntrleS  

PBDEsweremeasuredlnSamPlesofhumanbloodserumtakenfrom23donorsinWellmgton，NewZealand  
ConcentrationsexpressedasthesumofcongellerS47，99，100，153，154，and183（∑PBDE）were－atanaVerageOf  
7．17ng∑PBDEg（1ipld）l－WithintherangereportedfbrhumantissuesinEurope，butlowerthaninAustrallaand  
NorthAmerica（Harradetalっ2007）  

Basedon山emeasuredPBDElevelsdetectedlnVariousmeat，fishanddairyfoodproducts，anaVeragedally  
dietarylntakeestlmateOf－PBDEswascalculatedinastudycarriedoutinBelglum．PBDEintakecalculationswere  
estimatedbetween23and48ng／dayoftotalPIうDEs．FIShisthem叫OrCOntributortothetotaldailyPBDE－intake  

（around40％）duetothehighPBDElevelsinthlStypeoffood，althoughitisonlyaminorconstituentof－theBelgian  
dlet．Meatproductsaccountforaround30％ofthetotaldietaryintakeofPBDEsLDairyproductsandeggscontributeto  
alesserdegree（1essthan30％，Voorspoelsetal，2007）  

Schuhmacheretal，2007havecarrledoutanstudytocomparelevelsofPBDEsduetodietaryintakeand  
POpulatlOnlivingnearahazardouswastelnClneratOr（HWI），inSpain・ThlSStudysuggeststhatdietarylntakeismore  
relevantforhumanexposuretoPBDEsthanlivlngneartheHWIDietarylntakeofPBDEsforstandardadultwomen  

Were72and63ng／dayforPBDEs，lbrresldentslnurbanandindustrlalsareas，reSPeCtlVelyrMeanPBDE  
COnCentratlOnsWere22and25ng／gfatforwomenllVlnglnurbanandindustrialzones，reSPeCtively，Slmilarresults  
havealsobeenreportedlnaStudycamedoutlnKorea（LeeetalY，2007）  

Exposuretocomponentsofc－OctaBDEmremoteareasisconfirmedandbasedontheavailableinformatlOn  
ShouldbeattributedtoacombinatlOnOfreleasesandtransportofc－OctaBDE，C－PentaBDE（forHexal3DE）andc－  
DecaBDE（forNonaBDE），andtothedebromlnatlOnOfDecaBDEintheenvironmentincludingbiota，Thereisno  
sufficientinformationforassesslngtheseprocesseslnquantifiedtermS・TheexposurerouteismainlyviafoodIn  
additiontothefeedlngStrategy，SeVeraladdltlOnalconbundlngfactorsareassoclatedto山especiestospecific  
differencesobservedlntheisomerdlStrlbutlOnpatternOfPBDEinwlldlife．Thesefactorsinclude，amOngOthers，  
SPeCies－SPeClficdlfferencesinasslmilation，metabollSmanddepurationofdifferentisomers，eVenWlthuleSamelevel  
ofbromlnatlon 

MeasuredlevelsofHexaandHeptacomponentsofc－OctaBDEinbiotaffomremoteareasseemtobethebest  
availableinformationforestimatingexposureasresultofLRETforthesechemlCals・Knudsenetal（2005）have  
recentlyreviewtemporalb－endsofPBDEineggsfromthreebirdspecies，threelocationsandthreesamplingtlmeS  
（from1983to2003）fromNorthemNorway，SpatialdifTerenceswefeonlyobservedforHexaBDE153，andincreases  
lnthemeasuredconcentratlOnfrom1983to20O3wereobseIVedfbr也eHexaBDE153and154andtheHeptaBDE183  
MeanvalueswerearoundlドgJkgwforeachisomerandmaximumvaluesabovelOpg此gwwwereobservedfor  
BDE154and183，1nteトSpeCiesdifferencescouldbeassociatedtofeedingbehaviorandmigratlOn・Ingeneralthe  
COnCentratlOnSWerelowerthanthosereportedforsimilarspeciesinindustriallZedareasand山oseobservedin  
terrestnalpredatorybirds．ThepresenceofHexaandHeptaBDEinhshfiomremotealplnelakesinSwltZerland  
（Sclmidetal，2007）reportedtoberelatedtoatmosphencdeposltionconflrmSthepotentialforatmosphericlong－range  
transport，HexatoNorlaBDEhavebeenfbundinsalmonintheAtlanticOceanwestofIceland（Bu汀eauetal・2006） 
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Despiteitslargemolecularsizeっtheevldencedemonstratesthecapabilityofc－OctaBDEcomponentstocross  
thecellularmembranesandtoaccumulateinbiota，Althoughtheinformationisl血ited，theassimilationand  
metabolismsofeachisomermayvaryslgnificantlyamOngSPeCies，butalsoinrelationtotheadministereddose▲Asa  
COnSequenCe，1tisessentialtounderstandthetoxicoklneticsofthesechemicalsatenvironmenta11yrelevant  
concentratlOns．ThesedifferenceswouldJuStifシ血edisparitiesobservedintheassessmentofbiomagnlnCationpotential  
fbrdifferenttrophicchains・  

Likeforotherchemicalswithsimilarproperties，agingprocessesareexpectedtoreducethebioavallability，  
arldtheexperimentsconductedonsedimentdwelllngOrganlSmSCOmParlngthebioaccumulationlnSpikedsediments  
andfromcontaminatedbiosolidsofferandindirectsupportforthlShypothesis．  

2．4Haヱardassessn）entbrendpointsofconcern  

2．4．1．Experimentalstudies  

2．4，1．1． AquaticOrgamsms  

TheEURiskAssessmentreport（EC，2003），PreSentSaSetOfstudiesonthecommercialmixtureandconcludes  
thatforwateritseemssensibletoassumethatnoadverseef托ctsonaquaticofganismsarelikelytooccurat  
COnCentrationsuptothesubstance’swatersolubility，Howeveritmustbenoted，fifSt，thataquaticorganismsarealso  
exposedffomfoodand／orsediment；andsecond，thatsettlngthlSStrOngCOnClusiononchemicalssuchasPBDEs  
requlreSmultigeneratlOnaloratleasthl11ife－CyCleassaysonthethreetaxonomicgroupscovermgalargelistof  
Sublethaleffbcts，irbrmationwhlChisunavailableatthlStime．   

2．4．1，2． BenthlCOrgan1SmS  
Therearetwoavailable28dayspikedsedimentstudiesonLumbriculwvarlegatuSuSlngthec－OctaBDE  

product（GreatLakesChemicalCorporation2001a，b）・Thesestudiesfoundnostatisticallysignificanteffectsrelevant  
tosurvival，rePrOductionorgrowthatthehlghesttestedconcentration（1272mgn（gdwand1340mg／kgdwmeasured  
fbrsedimerltSWith2・4％and5．9％OC，reSPeCtively）・KineticdatafromCiparisandHale（2005）connrmstheexpected  
exposureandbioaccumulationundertheseconditions▲   

2．4．13． SoilOrganisms  

SurvivalandgrowthofearthwormsっEiseniajbtida・WerenOtafftctedbya56dayexposuretoac？mmerCia1  
0ctaBDEbrmulationinanartihcialsoilatconcentrationsupto1470mg此gdw（measuredconcentrationlnSediments  
Wlth4．7％OC）（GreatLakesChemicalCorporation2001c）．  

Thetoxicityofc－OctaBDEtocom（Zeamqys），OnionG411iumcepa），ryegraSS（エoliumperenT7e），CuCumber  
（Cucumissativa），SOybean（Gb／Cinemax），andtomato（旬cq，erSiconesculenhJm）waヲeValuatedina2トdayemergence  

andgrowthstudyusinganartificialsandyloamsoil（GreatLakesChemicalCorporatlOn2001d），Nostatistically  
SlgnlficanteffectswereobservedforanyplantSpeCiesbetweenthecontroIsandthetreatmentsfbremergence，SuⅣival  
OrgrOWthatanyofdleteStedconcentrations（uptol190mg此gdw，meaSuredconcentration）・   

2，4．1．4． MammalsandBirds  

ThelowestreportedNOAELfortraditlOnalendpointsisaNOAELof2mg耽g／dbasedonslightfetotoxICityat  
5mg此g／d（COnSideredrelevantintheEUreport）or5mg／kgbw／dbasedonincreasedliverweightsanddecreasedbody  
WeightgainamOngthematemaltreatmentgroupanddelayedfぬ1skeletalossificationat15mg／kgbw／d（forthose  
reviewersthatdonotconsiderrelevanttheslightfetotoxicityeffects）describedbyBreslinetal・（1989）ina  
developmentaltoxicitystudywithSaytexlllonNewZealandWhiterabbitsexposedorallyviagavageoverdays7to  
190rge5tation．  

J  

Effectsonotherendpointshavebeendescribedatlowerconcentrations，including：  

■ AsignlficantincreaseinEPNdetoxificationandp－nltrOanERODandisoledemethylationinmale  
Sprague－DawleyratsatanoraldoseofO▲60mg／kgbw／dayOBDEformulationfbr14－days，  
■ dose－dependentdepletionofserumtOtalthyroxineT4andinducedpentoxyresorufinO－deethylase（PROD） ノ  
activitiesinratsr？CeivinglOormoremg此gbw／dayofcommercialOctaBDE（Zhouetal・2001）  

■ DelayedneurotoxICeffects．NeonatalmiceexposedtoasmgledoseofO．45mgBDE153n（gbwonpostnatal  
daylOshowedwhentestedat2，4and6monthsofagealteredmotorbehavior．Spatiallearningabilityand  
memoryfunctionintheadultmicewerealsoafftcted（Vibergetal．，2001）  
■ Erikssonetal．（2002）conLirmedneurotoxiceffects（aberrantbehavioralresponseS）ondevelopingmalemice  

exposedtoO．45to9．Omg几gbwofBDE1530ndaylOofdevelopment．The’ef托ctswerecomparabletothose  

15   



UNEP／アOPS／POI｝RC．ユ／20／Add．6  

ObservedforPCB1531eadlngtheauthorstospeculatethatinteractlVeneurOtOXICaCtionmaybepossible  
betweenthetwocompounds 

暮 TheseneurotoxiceffectshavealsobeenobservedaReraslngleoraldoseofNonaBDE2060rOctaBDE203  
admirusteredonpostnatalday30rlOto，OrPBDE183，WlthdlSturbanceslnSpOntaneOuSbehavior，1eadlngtO  
dlSruptedhabituationandahyperactiveconditioninadultsattheageof2mon山s・（Vibergetal，，2006） 
■ImmTmOmOdulationeffbctsincaptivenesthngAmencankestrels（Fblco甲afVerluS）havebeenreportedby  
Ferrueetal．（2005）・EggswithlneaChclutch，dividedbylaylngSequenCe，WerelqeCtedwidlSamOWerOilor  
PentaBDEcongenersT47，T99，－100，and－153dissoIvedinsaffloweroil（187pgPBDEs／egg）For29days，  
nestllngSCOnSumedthesamePBDEmlXture（15・6＋／－Or3ng／gbodyweightperday），reaChlngPBDEbody  
burdenconcentrationsthatwere120xhlgherlnthetreatmentblrds（861＋／－29lng／gww）thar）COntrOIs  
（OL73＋／－05ng／gww）・PBDE－eXpOSedbirdshadagreaterPHAresponse（T－Cell－medlatedimmunity），Which  
WaSTlegatlVelyassociatedwlthincreaslngBDE－47concentratlOnS，butareducedantlbody－medlatedresponse  
thatwasposihvelyassoclatedwithlnCreaSlngBDE－183concentrationsrTherewerealsostruCtWalchangesln  
thespleen（fewergeIminalcenters），bursa（reducedapoptosis）andthymus（increasedmaprophages），and  

negativeassociationsbetweenthespleensomatlCindexandPBDEs，andthebursasomatlCindexandBDE－47  
lmmunOmOdulatlOnfromPBDEexposuremaybeexacerbatedinwlldbirdsexpenenClnggreater  
environmentalstresses 

■ Fern1eetal，，2006alsoreportedforthesamespeciesandtestcondlt10nSthatexposuredldnotaffecthatchlng  
Orfledgingsuccess・PBDE－eXpOSednestlin甲Werelarger（Welght，bones，feathers）astheygalnedwelghtmore  

quicklyandatemorebodっthelatterlnaSSOClationwlththeirPBDEbodyburdens BDE－100wasmost  
hlfluentialonnestlinggrowthフbeingpositivelyassociatedwidlSize，Weightgaln⊃andfbodconsumpt10n 
IncreaslngCOnCentratlOnSOfBDE－183and－153wererelatedtolongerbonesandBDE－99tolongerfeathers  
ThelargersIZeOfthePBDE－eXPOSedbirdsmaybedetnmenta】tothelrbonestruCtureandhaveexcessIVe  
energeticcosts 

■ InvitrostudiesindicatesthatBDE（1nCludingtheHexaBDE153）affectedproteinklnaSeC（PKC）and  
CalciumhomeostasISincerebellargranuleneuronalcultureslnaSimilarwaytothoseofastruCturally－related  
polychlorinatedblPhenyl（PCB）（Kodavantietal，2005）  

Althoughthesestudiesdonotallowaquantltativeassessment，theylndicatetheneedforaddresslnglongTteml  

anddelayedeffects，aSWe11asspeclficmecharuSmSOfactionっintheevaluatlOnOfpotentialheaithandecosystem  

adverseeffects  

2．4．2・Monitoringdataonef托cts  
ThereareseveralscientificpaperscomparlngPOPulatlOneff七ctsobservedlnthefieldwlthmeasured  

concentrationsofPOPlikechemicals，includingHexatoNonaBDElnindividualsh‾Omdlfft＝rentSPeCleS  

Unfortumately，Wlldpopulationsareco－eXPOSedtoamixtureofPBDEsaswe11astootherrelatedbromlnated  

andchlorlnatedperSIStentPOllutants，andwlththecurrentlevelofknow】edgeepldemlOloglCalinvestlgationscanJust  
TTreSentaSSOCiatlOnSbutnocause－effectrelationshipsbetweentheexposure／accumulationofthecomponentsofthe  
い）mmerCialOctaBDEmixturesandpotentialadverseeffectsobservedlnWildllfe  

Asimilarsituationisobservedregardinghumanhealthdata，andnostudiesofferingconclusiveevidenceon  
thehazardsofHexatoNonaBDEfbrhuman5atenVironmentallyrelevantexposurelevelshavebeenfound 

3． Synthesisoftheinfbrmation  
Aquantltativeevaluationofthespeclhcrisksofc－OctaBDEisnotposslbleduetothepresenceofits  

COmPOnentSincommercialPenta－andDecamlXtureS，andthelackofinformatlOn；thislnCludetheabsenceof  
informationforsupportlngquantltativeassessmentsoftheroleondebrominat10nandthelackofasolidbodyof  
toxicologlCalandecotoxICOloglCallnformationforthemixtureanditscomponents二COVerlngthelong－termlowlevel  
exposureconditionsandthesublethalendpointsconsideredrelevantforassesslngtheriskofaPOPcandi血te・Australla  
andCanadahavereportedquantitativerlSkassessmentsforhealthandlbrtheenvlrOnmentbasedorlnSkquotientsand  
marglnSOfsafetysuggestmgapotentialrlSkrTheevaluationsdonotcoverexpectedcondltionsinremoteareasbutare  
usefulintheoverallassessment（EnvlrOnmentCanada，2006；MCNASっ2007） 

InthlSriskprofile，HexatoNonaBDEhavebeenconsideredtherelevantcomponentslnC－OctaBDElItshould  
benotedthatotherBDEarealsofoundinconlmerCialmixtures，includingthosepresentinc－PentaBDEandc－  

DecaBDE．  
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ThepersistenceofthesePBDEintheenvironmentiswelldocumented・Theonlyrelevantdegradation  
PathwaysidentlfieduntilnowarePhotolysIS，anaerObicdegradatlOnandmetabolisminbiota，aCtmgthrough  

debrominatlOnandproducingotherBDEwhichmayhavehlghertoxicityandbioaccumulationpotential  

Thebioaccumulationpotentialdependsonthelevelofbromination・HexaBDEshowsaslgnlficantPOtential  
forbioconcentrationandbiomagniLication；HeptaBDEbiomagnifiesthroughthefoodwebbutatalowerextendthan  

thatexpectedffomtheKow．OctaandNonaBDEhavebeenfoundinbiotab11tnOfood－WebbiomagnlhcatlOnhasbeen  

Observed・Metabolismsand／orreducedbioavai1abilityexplainthedivergencesbetweenobservationsandKow  
Predictions－ThecontnbutionofmetabolismthroughdebrominationintootherBDEsissupportedbyandincreasingly  
amountofscientificevidence．  

BiotamonltOrlngdatainremoteareascoverHexaandHeptaBDEandoffbrthebestdemonstrationonthe  
potentialforlongrangetranSPOrtOfc－OctaBDEcomponents，Theoreticallythispresencecouldalsobeexplainedbythe  
transPOrtOfDecaBDEanditssubsequentdebromination．However，itisnotrealistlCtOaSSumethatDecaBDE  

debrominationmayexplaintheprocesswithoutadditionalb’anSPOrt丘omothercongeners．Theroleofatmospheric  

transportisconfimedfbrHexaandHeptaBDEbasedonitsdetectioninalpinelakes・  

Unfortunately，theavailableinformationonthetoxicityandecotoxICityofHexatoNonaBDEisverylimited  

anddoesnotofferenoughinformationforpresentlngSOundtoxICOloglCalandecotoxicologlCalprofilesforeachisomer，  

mixturesofisomersandcommercialmixtures．  

Norelevantef托ctshavebeenobservedinaquatic，Sedimentandsoillaboratorystudies；butthemeasured  

endpointsandtheexposureconditions，emPloyedintheseassaysareclearlylnSufflCientfbraproperassessmentof  

ChemicalssuchasHexatoNonaBDE，Ecotoxicitytestsonthesetypesofchemicalsshouldcoverifpossibleseveral  
generationsoratleastafu111ifecycle，andthemeasuredendpointsmustincludesublethaleffectsassociatedtothe  
accumulationandre－mObilizationof瓜ePBDEsduringcriticalperiodsofdevelopmentandreproduction，aSWellasthe  

ecoIoglCallyrelevantconsequenCeSOfmetabolicchanges，Inaddition，a11environme血allyrelevantexposurero血es  
mustbeaddressed．Theavailabletestsdonotfu1nlltheseconditions，．  

Theavai1ableinformationonmammalsandbirdsofftrrelevantinfbrmatlOn・ThelowestreportedNOÅELfor  
traditionalendpointsis2－5mg此gbw／dbasedonslightfetotoxicityorincreasedliverweightsanddecreasedbody  
WeightgalnamOngthematernaltreatmentgroupanddelayedfttalskeletalossification．Theseefftctsarerelevantfor  
thehealthandtheecologlCalassessmentandtherefbTeuSefu1forassesslngrisksfoThmansandwildlife．Nevertheless，  

theadditionalavailableinfbrmationalsocreatesconcemsonthecapabilityofthesetraditionalendpointsforassessing  
thetoxicologlCalprofileofHexatoNonaBDEinmammalsandothervertebrates  

Theimmuno－tOXicologlCalefftctsandparticularlythedelayedneurotoxiceffectsobservedafterasmgledose  
requlreSpeCificattention・Althoughaquantitativeevaluationoftheseeffectsintermsofitspotentialriskforhuman  
healthandecosystemisnotpossiblebasedonthecurrentlevelofinformation，thereportedobservationsmustbe  
analyzedwithcarerCertainly，thedosesatwhlChtheefftcthavebeenobseIVedarewellaboveexposurelevelsin  
remoteareasestimated丘omcurrentmonltOrlngdataforaslnglecongener．However，theeffectshavebeenobservedfor  
differentcongeners，andrealisticenvironmentalexposureoccursforamixtureofPBDEs・There！snotenough  

informationforconsideringiftheseefftctsmaybeadditiveorevenmorethanadditiveinsynerglSticexposures．The  
marginsbetweenefftctsobservedinthelabandestimatedoralexposurelevelsintheneld（basedonTl？nitoringdata）  
arenotsohlghwhenthedifferentisomers瓜）mOloguesaresummed・McDonald（2005）estimatedacrltlCalbodyburden  
forHexaBDE1530f2000pgn（glipidbasedontheNOELofO・45mg此greportedbyVibergeta12003andgivesa  
marginofsafetyof7betweenthislevelandthe95percentileoftotalPBDElevelsinUShumanPOpulations，Itshould  
benotedthatHexaBDE153concentrationsclosetothesevaluehavebeenfbundinseveralspeciesandgeographicsites  
（SeeCanadainfb2fbrareview）andtotalPBDEconcentrationsfrequentlyexceedlargelyth1Sthreshold．  

ThedegradationofPBDEsintheenvironmentandbiotaisakeylSSueaShlghercongenersareconvertedtd  
lower，andpossiblymoretoxic，COngenerS．ThispossibilityhasbeendemonstratedfordebrominationofDecaBDEand  
SeVヲralc－OctaBDEcomponents（Seerefbrepcesabove）buttheextenttowhichdifferentPBDEscanbedegradedunder  
VanOusCOnditions，theroleofmetabolismuladdressingthebioaccumulationpotential，andtheidentityofanylower  
COngenerSthatmaybeproduced，isanactiveresearch・field．NewresultswillneedtobeassessedbythePOPRCas  
theyappearinrefereedliterature．  

Thereisanincreaslngevidencesuggestingsimi1artoxICOloglCalpronlesandtherefore，equlValenthazardsand  
COnCemS，betweenPBDEsandPCBs，althoughthemodeofactionseemstobebettercategorizedbyAhR－indeperrdent  
mechanisms，aSPBDEsdobindbutnotactivatetheAhR－AhRnucleartranslocatorprotein－XREcomplex（Petersetal＿，  
2006）andappearcapableofup－regulatingCYP2BandCYP3Ainratsatdosessimilartothatfornon－dioxin－hke  
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PCB153（Sandersetal，2005）Asthepersistence，bioaccumulationpotentlalandlongrangetransportofthe  
C－OctaBDEcomponentsarewelldocumented，theconfirmatlOnOfanequlValentleve】ofhazardforthesetwogroups  
Shouldbesufficientforconfirmlngalong－rangetranSpOrtaSSOClatedrlSk   

4． Co爪Cludings暮atemellt  

TheevaluatlOnOfthehumanandenvlrOnmentalnskofcornmercialOctaBDEassociatedtoitspotentlalfor  
longrangetransportmustconsiderthatthecommercialproduct】SamXtureOfcomponentswlthdifferentproperties  
andpronles，WhlChrnayalsobereleasedtotheenvlrOnmentduetoltSpreSenCeaSCOmpOnentSOfotherPBDE  
COmmerCialproductsandalsoproducedintheenvironmentbydebromlnationofcommercialDecaBDE 

Althoughtheproductionofc－OctaBI）Ehasceasedlndevelopedcountriesandthereisnoinformation  
SuggeStlngthatthechemicallSPrOducedelse、Vhere，itmustbenotlCedthattheproductisstillpresentandreleasedfrom  

articlesinuseanddurlngthelrdisposal・Modelestlmat10nSandmeasuredlevelsinsewagesludgesuggestthatcurrent  
emissionsarestillslgnificant 

ThepersistenceoftheflexatoNonaBDEISWelldocumented．Themainrouteofdegradationisdebromination  
formlngOtherBDEs，alsoofconcemLThepotentlalforcertalnCOmpOnentSinc－OctaBDEtobioaccumulateandalsofor  
blOmagruficationinsometrophlCChainsISalsosufficlentlydocumentedandconfirmedbythegoodagreementbetween  
fieldobservationslnmOnitorlngPrOgrammeSandtoxICOklneticstudiesrMonitorlngdatainremoteareasconfirmthe  
POtentialforlong－rangetranSpOrtandatleastlbrsomecongenerstherelevanceofatmosphericdistnbutioninthis  
process 

ThehghestdlfficultyappearsfbrtheestlmatlOnOfthepotentiaJhazardofthecommercialmixtureandits  
COmPOnentS TherearetraditlOnalecotoxICOIoglCalandtoxICOloglCalstudieswherenoeffectshavebeenobservedeven  
atunrealistlCallyhighconcentratlOrLS▲However，anln－depthassessmentor血esestudiesconsideringlnParticularthe  
PrOPertiesandtoxICOklnetlCOfPBDElndicatesthatthetestdesign，eXpOSureCOnditionsandmeasuredendpointsarer10t  
approprlateforasoundassessmentorthesetypeSOfchemlCalsrThus，thelackofeffectsreportedinthosetestsshould  
beconsideredwithcare．InadditlOn，SpeCificstudieshavereportedparticularhazardssuchasdelayedneurotoxicltyand  
immunotoxicl【ywhichmaybepartlCulaTlyre）cvantlntheassessmentofbothhumanhealthandecosystemrisks 

BasedontheexistlngeVldence，itlSCOnCludedthattheIiexaandHeptaBDEcomponentsofthecommerclal  

OCtabromodlPheny】etherarelikely，aSareSultof－LRET，tOleadtoslgnificantadversehumanhealthand／or  
environmentaleffects，SuChthatglot）alactionlSWa汀anted  

ThelnCreaSlngevidencerelatedtodebromlnatlOnOfOctaandNonaBDElntOBDEswithPOPspropertleSand  

COnSideringthatunderArtlCle8，paragraPh7（こl）oftheConventlOnStateSthatthelackoffu11scientificcertaintyshall  
notpreventaproposalfromproceeding，1tlSCOnCludedthattheOctaandNonaBDEcomponentsofthecorrunercial  
OCtabromodiphenyletherarelikely，aSareSullofLRET，tOleadtoslgnihcantadversehumanhealthand／or  
environmentaleffects，SuChthatglobalactionlSWarranted  

18   



UNEII／POI｝S／POPRC．3／20／Add．‘  

Refbremces   

AlaeeM，LurossJ，SergeantDB，＿MulrDCG，．mttleDM，SolomonK，1999LDistnbutionofpolybrominateddiphenyl  
ethersintheCanadianenvirorunent．OrganOhalogenCompounds・40二347－350・  

AllchinCR，LawRJ，MorrisS，1999、PolybrominateddiphenyletherslnSedimentsandbiotadownstreamofpotential  
sourcesintheUKEnvironmentalPollutlOnlO5：195－207．  

AlonsoE，TapieN，BudzinskiH，Tarazona，JV2006・Calibrationofbiomagnificationmodel・KineticBehaviourOf  
SeveralCompoundsInMytilusedulisandSparuSaurataA爪erOralExposure LRIProgrammeEnvironment：  
PerSistence，bioaccumulatlOn＆toxicity．Prq】eCtNo：ECO－1AINIA－1100．MilestoneReport・  

BerganderL，KierkegaardA，Sellstr6mU，WidequistU，deWitC，1995．ArebrominatedflameretardantSpreSentin  
ambientair？Posterpresentation，6thNordicSymposiumOnOrganlCPollutantS，Smygehuk，September17－20・  

BreivikK，WaruaF，MuirDC，AlaeeM，BackusS，PacepaviciusG，2006．EmplnCalandmodelingevidenceofthe  
longdrangeatmOSpherictransportofdecabromodiphenylether・EnvironSciTechnol・40：4612－8・  

BreslinWJ，KirkHD，ZimmerMA，1989．TeratogenicevaluationofapolybromodiphenyloxidemixtureinNew  
ZealandWhlterabbitsfollomngoralexposwe．FundamentalandAppliedToxicology12：151－157・  

BurreauS，ZebuhrY，BromanD，IshaqR，2004BiomagnificatlOnOfpolychlorinatedbiphenyls（PCBs）and  
POlybrominateddiphenylethers（PBDEs）studiedinpike（且一OXlucius），perCh（Percajlwiatilts）androach（月〟tilus  
rutilus）丘om血eBalticSea．Chemosphere55二1043－52．  

BurreauS，ZebuhrY，BromanD，IshaqR，2006．BiomagnlnCationofPBDEsandPCBsinfoodwebs丘omtheBaltic  
SeaandthenorthemAtlanticOcean．SciTotalEnviron，366：659－72  

ChengH，ZhangG，JiangJX，LiX，LiuX，LiJ，ZhaoY，2007・Organochlorinepesticides，POlybrominatedbiphenyl  
ethersandleadisotopesduringthesprlngtlmeattheWaliguanBaselineObservatOry，nOrthwestChina二Implicationfor  
long－rangeatmOSPherictranspOrt．AtmosphericEnvironment41，4734－47・  

CiparisS，HaleRC，2005．BioavailabilityofpolybrominateddiphenyletherflameretardantSinbiosolidsandspiked  
SedimenttotheaquatlCOligochaete，LumbriculusvarlegatuS・EnvlrOnToxicoIChem．24二916－25．  

CITI，1982．ThebioaccumulationofcompoumdS512bycarp，ChemicalBiotestlngCenter，CITI，Tokyo．  

deWitCA，AlaeeM，MuirDCG，2006．LevelsandtrendsofbrominatedflameretardantSintheArctic．Chemosphere  
64：209－233   

Droui11ardKG，ChanS，0－rourkeS，DouglasHafherG，LetcherRJ，2007．ElhninationoflOpolybrominateddiphenyl  
ether（PBDE）congenersandselectedpolychlorinatedbiphenyls（PCBs）fi’Omthefreshwatermussel，Elliptio  
COmplanata▲Chemospherer［Epubaheadofprint】▲  

DrouillardKG，FemieKJ，LetcherRJ．，ShuttLJ，，WhiteheadM，GebinkWandBirdDM，2007．Bioaccumulationand  
biotranSfbrmationof61polychlorinatedbiphenylandfourpolybrominateddiphenylethereongenersinJuVenile  
americankestrels（凡Ico乎aTVerius）．Environ．Toxicol．Chem．26：313－324・  

EC．2003．El∬OpeanUnionriskassessmentreport．Diphenylether，OCtabromoderivative．CASNo・＝32536－52TO．  
EINECSNo．：251，087－9．Riskassessment．Finalreport，ECBTJRC，Ispra．  

EIJarratE，DeLaCalA，LarrazabalD，FabrellasB，Fernand6zTAlbaAR，Borru11F，MarceM，Barce16D，2005．  
OcurTenCeOfpolybrominateddiphenylethers，POlychlorinateddiberlZO－P－dioxins，dibenzofuransandbiphenylsin  
COaStalsedimentsfromSpain．Environ．Pollut．136：493－501．  

ElliotJE，WilsonLK，WakefordB，2005．Polybrominateddiphenylethertrendsineggsofmarineandfteshwaterbirds  
fromBritishColumbia，Canada1979－2002Environ．Sci．Teclm01．39：5584－91．  

Env止■OnmentAgencyJapan，1991・ChemicalsintheEnvironment・ReportonEnvironmentalSurveyandWildlife  

MonitorlngOfChemicalsinF．Y．1988＆1989．OfficeofHealthStudies，DepartmentofEnvironmentalHealth，  
EnvironmentAgencyJapan．March1991．  

EnvironmentAgencyUK，1997．ReportontheMonitorlngOfBrominatedFlameRetardantsintheEnv血■Onment．The  
EnvironmentAgency，Bath，UnitedKingdom，  

EnvironmentCanada，2004，EnvironmentScreeningAssessmentReportonPolybrominatedDiphenylEthers（PBDEs）．  
Draftforpubliccomments，February2004，  

EnvironmentCanada，2006．EcologicalScreeningAssessmentReportonPolybrominatedDiphenylEthers（pBDEs），  
EnvironmentCanada．June2006．  

19  ト
＿
■
ト
 
1
．
‖
．
一
一
一
」
一
r
．
■
し
l
▼
．
 
 
一
 
 
 



UNEP／アOPS／POI＞RC．3／20／Add．6  

ErlkssonP，VlbergH，FISCherC，WallmM，FredrlkssonA，2002LAcomparisonondevelopmentalneurotoxiceffectsof  
hexabromocyclododecane，2，2f，4，4’，5，5’－hexabromodiphenylether（PBDE153）and2，2’，4，4一，5，5■－  
hexachloroblPhenyl（PCB153）．OrganohalogenCompounds57389－390  

刷iSビtA，ChristensenGN，CarrollJ，ZaborskaA，BergerU，HerzkeD，GregorD，2007HIStOricaltrendsinpersistent  
OlgamCpOllutantsandmetalsrecordedinsedimentftomLakeE11a可Oen，BJ8mDya，NorweglanArctic，EnvlrOn．Pollut 
146，196－205 

FemandezMF，AraqueP，KivirantaH，MollnapMolinaJM，RantakokkoP，LaineO⊃VartiainenT，01eaN，2007  
PBDEs andPBBsintheadlpOSetissueofwomenfromSpain．Chemosphere66■377－383  

Fern1eKJ，LalrdShuttJ，RitchleIJ，LetcherRJ，DroulllardK，BirdDM，2006・ChangeSinthegrowth，butnotthe  
SurVIVal，OfAmerlCankestrels（下alcosparverius）exposedtoenvironmental1yrelevantpolybrominateddiphenylethers  
JToxicoIEnvlrOnHealthA，69：1541－54 

FemleKJ，MayneG，SlmttJL，PekarikC，GrasmanKA，LetcherRJ，DroulllardK，2005．Evldenceof  
lmmunOmOdulatlOninnestlingAmericankestrels（Falcosparverius）exposedtoenvironmenta11yrelevantPBDEs  
EnvlrOnPollut．138：485－93 

GaulS，VonderReckeR，TomyG，VetterW，2006・AnaerobictransformationofatechnlCalbrominateddiphenylether  
mlXturebysuper－reducedvitaminB12anddicyanocoblnamide．EnvironToxicoIChem251283－90 

GereckeフAC，HartmannPC，HeebNV，KohlerH－PEっGlgerW，SchmidP，ZerneggM，KohlerMフ2005．AnaeroblC  
degradatlOnOfdecabromodiphenyletherLEnviron，Sci，Technol．39：1078－1083 

GevaoBフBegMU，Al－GhadbanAN，Al－OmairA，HelalehM，ZafarJ，2006，SpatlaldlStrlbuhonofpolybromlnated  
dlPhenylethersincoastalmarlneSedimentsreceivmgindustnalandmuniclpalefnuentsinKuwalt▲Chemosphere 
621078－86 

GreatlJakesChemicalCorporation．2001a．Octabromodiphenylether：AprolongedsedlmenttOXicltytestwldl  
LumbrlCulusVanegatuSuSlngSPikedsedimentwith2％totalorganiccarbonLFinalReport WlldllfeInternatlOnalLtd 
Pro．7eCtNumber298A－112，February2001  

GreatLakesChemlCalCorporatlOn2001b．Octabromodlphenylether：AprolongedsedimentloxICltytestwlth  
IJumbrlCulusvarlegatuSuSlngSPikedsedimentwith5％totalorganiccarbon・FinalReport WlldllfeInternatlOnalLtd  
Pro）eCtNumber298A－113，February2001 

GreatlJakesChemlCalCorporation．2001c，EffcctofoctabromodiphenyloxideonthesurvIValandreproductionofthe  
earthworm，Eisenlafetida▲ABCLaboratories，TncLReport ABCStudyNoL46419，December2001  

GreatLakesChemlCalCorporat10n．2001d．Octabromodlphenyloxlde：Atoxicitytesttodetermlnetheeffectsofthetest  
Substanceonseedlingemergenceofsixspeciesofplants▲FinalReport．WildlifeInternational，Ltd n－q）eCtNumber  
298－103，August2001  

HarradS，PorterL，2007ConcentrationsofpolybrominateddiphenyletherslnbloodserumfromNewZealand  
Chemosphere662019－2023 

HassanlnA，BrelVlkK，MeわerSN，SteinnesE，ThomasGO，JonesKC，2004，PBDEslnEuropeanbackgroundsoils  
levelsandfactorscontrollingtheirdlStnbution EnvironmentalScienceandTeclm0logy38▲738－745  

HeJ，RobrockKR，Alvarez－CohenI」コ2006MICrOblalreductivedebrominationofpolybrominateddiphenylethers  
（PBDEs）EnvlrOnSciTeclm0140：4429－34  

IsosaarlPっLundebyeAKっRitchieG，LieOフKlvirantafIフVartlalnenT，2005．DietaryaccumulationefficlenCiesand  
biotranSformatlOnOfpolybrominateddiphenylethersinfamledAtlanticsalmon（Salmosalar）・FoodAdditContam  
22・829－37  

KlerkegaardA，AsplundL，deWitCA，McLachlanMS，ThomasGO，SweetmanAJっJonesKC，2007・Fateofhlgher  
brominatedPBDEslnlactatlngCOWS．EnvironScITeclm01．41：417－23 

KodavantiPR，WardTR⊃LudewigG，RobertsonLW，BimbaumLS，2005．Polybrominateddiphenyle山er（PBDE）  
effectsinratneuronalcultures：14C－PBDEaccumulatlOnっbiologicaleffects，andstruCtu－e－aCtlvityrelationships 
ToxicoISci．88二181－92  

KollCTM，MacPhersonKA，ReinerEJ，HoTっKleywegtS，PayneM，AlaeeM，2003．Investlgationofbrominated  
diphenylethersinvarlOuSlandappliedmaterials．Abstract．5thAmualWorkshoponBrominatedFlameRetardantSin  
theEnvironment，August22－23，2003，Boston，MA  

20   



UNEP／POIIS／POPRC．3／20／Add．‘  

KolicTM，MacPhersonKA，ReinerEJ，HoT，KleywegtS，DoveA，MarvlnC，2004・Brominateddiphenylether  

levels：aCOmparisonoftributarysedimentsversusbiosolidmaterialLOrganOhalogenCompounds66＝3830－3835・  

K皿udsenLB，GabrielsenGW，VereaultJ，BarretR，UtneSkareJ，PolderA，LieE，2005，Temporaltrendsof  
brominatedflameretardantS，CyClododeca－1，5，9－tneneandmercurymeggsoffourseabirdsspeciesfromNorthem  
NorwayandSvalbard．SPFO－Report942／2005・  

LaGuardiaMJ，HaleRC，HarveyE，MainorTM，GaylorMO，2001．Polybrominateddiphenylethersin1and－apPlied  
SeWa苧eSludge（biosolids）・PosterpresentedattheSocietyofEnvironmentalToxicologyandChemistry22ndAmual  

Meetlng．November2001，  

LaGuardiaMJ，HaleRC，HarVeyE，2006．Detailedpolybrominateddiphenylether（PBDE）congenercompositionof  
thewidelyusedpenta－，OCta－，anddeca・PBDEtechnicalflame－retardantmiⅩtureS，EnvironSciTeclm01．40：6247T54．  

LawRJ，AllchinCR，MorrisS，ReedJ，1996．Am1ysISOfbrominatedflameretardantSinenvironmentalsamples DFR  
NoC956HlO8．MmistryofAgriculture，FisheriesandFood，DirectorateofFisheriesResearch，BuITham－OnCrouch・  

LawRJ，AlaeeM，Al1chlnCR，BoonJP，LebeufM，LepomP，StemGA，2003．Levelsandtrendsofpolybrominated  
diphenylethers（PBDEs）andotherbrominatedflameretardantsinwi1dlife・EnvironmentInternationa129：757－770・  

LawK，HalldorsonT，DanellR，StemG，GewurtzS，AlaeeM，MarvinC，WhttleM，TomyG，2006LBioaccumulation  
andtrophlCtranSferofsomebrominatedflameretardantSinaLakeWirmipeg（Canada）foodweb・EnvironToxicoI  
Chem25：2177－2186（Erratumin：EnvironToxicoIChem．200726：190），  

LeeS－J，IkonomouMG，ParkH，BaekS－Y，ChangY－S，2007・PolybrominateddiphenylethersinbloodfromKorean  
incineratorworkersandgeneralpopulation Chemosphere67二489－497・  

LindbergP，SellstromU，HaggbergL，deWitCA，2004・HigherbrominatedPBDEsandhexabromocyclododecane  
foundineggsofperegrinefhlcon（穐Icoperegrinus）breedinginSweden・EnvironmentalScienceandTeclm0logy  
34：93－96．  

LuckeyFJ，FowlerB，LittenS，2002，EstablishingbaselinelevelsofpolybrominateddiphenylethersinLakeOntario  
Surfacewaters．UnpublishedmanusCriptdated2002／03／01，NewYorkStateDepartmentofEnvironmental  
Conservation，DivisionofWater，Albany，NY12233－3508・  

MartinezMA，DelaTorreA，SanzP，NavarrOl，ConcqeroMA，2006，OcuTenCeOfbrominatedflameretardantsin  
SeWageSludgesfromSpain＝Higherbrominateddiphenyletherscontribution・Organohalogenatedcompounds  
68：1804－1807．  

MarvinC，WilliamsD，KuntzK，KlammlP，BackusS，KolicT，LucaciuC，MacPhersonK，RelnerE，2007・Tempora1  
7trendsinpolychlorinateddibenzo－P，dioxmsanddibenzofuranS，dioxin－1ikePCBs，andpolybrominateddiphenylethers  
lnNiagararlVerSuSPendedsediments・Chemosphere67：1808－1815・  

McDonaldTA，2005．PolybrominatedDiphenyletherLevelsamongUnltedStatesResldents：DallyIntakeandRISkof  
HarmtOtheDeveloplngBrainandReproductiveOrgans．IntegratedEnvironmentalAssessmentandManagement  

l：343－354＿   

MoonHB，KannanK，LeeSJ，ChoiM，2007a・Atmosphericdepositionofpolybrominateddiphenylethers（PBDEs）in  
COaStalareasinKorea▲Chemosphere・66：585－93・  

MoonH－B，KannanK，LeeSJ，ChoiM，2007b．Polybrominateddiphenylethers（PBDEs）insedlmentandbivalves  

fromKoreanCOaStalwaters．Chemosphere66＝243－251，  

MorfL，SmutnyR，TavemaR，DaxbeckH．SelectedpolybrominatedflameretardantsPBDEandTBBPA：Substance  
flowanalysis・ENVIRONMENTALSERIESNo▲338，Errvironmenta11yhazardoussubstances2002，SwissAgencyfor  
theEnvironment，ForestsandLandscape（SAEFL；nOWFederalOfficefbrtheEnvironmentFOEN），Bern，Switzerland 

NorstromRJ，SimonM，MoiseyJ，WakefordB，WeselohDVC，2002・GeographlCaldistributlOn（2000）andtemporal  
trends（1981－2000）ofbrominateddiphenylethersinGreatLakeshernnggulleggs．EnvlrOnmentalScienceand  
Tech10logy36：4783－4789．  

NICNAS，2007．InterimhlblicHealthRigkAssessmentofCertainPBDEcongeners．NationalIndustrialChemicals  

NotificationandAssessmentScheme  

GPOBox58，SydneyNSW2001，Australia  
OECD，1994．Selectedbrominatedflameretardants．RiskReductionMonographNo．3，OECDEnvironment  
MonographSeriesNo．102，Paris・  

PetermanPH，OrazioCE，FeltzKP，2003．SunlightphotolysISOf39monoJlePtaPBDEcongenersinlipid．  
OrganOhalogenCompd．63二357－360．  

2l   



UNEII／POIIS／POPRC．3／20／Add．6  

PetersAK，Nijmei］erS，GradinK，BacklundM，BergmanA，PoelllngerL，DenlSOnMS，VandenBergM，2006 
Interactionsofpolybrominateddiphenyletherswlththearylhydrocarbonreceptorpathway▲ToxICOIScl．92’133－42  

RayneS，WanP，IkonomouM，2006PhotochemlStryOfamqlOrCOmmerClalpolybrominateddiphenyletherflame  
retardantCOngenerL2，2’，4，4一，5，5l－hexabromodlphenylether（BDE153）、EnvlrOnInt．32575－85 

RICeCP，ChemyakSM，BegnocheL，QulntalR，HickeyJ，2002．ComparisonsofPBDEcompositlOnandconcentratlOn  
lnfishcollectedfiomtheDetroitRiver，MandDesPlainesRiver，IL．Chemosphere49：73l－737 

Sanchez－PradoL，LoresM，LlompartM，Garcla－JaresC，BayonaJM，CelaR，2006Naturalsunlightandsunsirnulator  
photolysISStudiesoftetra－tOhexa－bromlnateddiphenyletherslnWaterus1ngSOlld－phasemicroextractionJ  
ChromatogrA・1124＝157－66  

SandersJM，BurkaLT，SmithCS，BlackW，JalneSR，CunrunghamML・DifferentialexpressionofCYPIA，2B，and3A  
genesintheF344ratfollowlngeXPOSuretOapOlybromlnateddlphenylethermlXtureOrlndividualcomponents 
ToxICOISci．2005Nov；88（1）．127－33 

SchmidP，KohlerM，GltierE，ZenneggM，IノanfranchlM，2007．Persistentorganicpo11utants，brominatedflame  
retardantSandsyntheticmusksinhshftomre）nOtealpmelakesinSwitzerland，Chemosphere，  
doi二10・101（叶chemosphere・20（光05080  

SchulmacherM，KivirantaH，VartialnenT，DomlngOJL，2007Concentrationsofpolychlonnatedbiphenyls（PCBs）  

andpolybrominateddiphenylethers（PBDEs）lnmllkofwomenftomCatalon］aっSpain・Chemosphere67＝S295－S300 

SormoEG，SalmerMP，JenssenBM，HopH⊃BaekK，KovacsKM，LydersenC，Falk－PetersenS，GabrielsenGW，Lie  
E，SkaareJU，2006・BiomagnlnCatlOnOfpolybrominateddiphenyleulerandhexabromocyclododecaneflameretardantS  
lnthepolarbearfoodchain1nSvalbard，Norway EnvironToxicoIChem252502－11  

StapletonIⅢ，BakerJE，2003・DebrominatlOnOfBDEcongenersbythecommoncarp（CypnnuscarplO）・5thAmual  
WorkshoponBromlnatedFlameRetardantslntheEnvironment，August22q23，BostonっMA 

StapletonIiM，LetcherRJ，LiJ，BakerJE，20O4a▼DletaryaCCumulatlOnOfpolybrominateddiphenylethersbyjuvenlle  
Carp（CyprinuscafPtO）EnvironToxicoIChem231939，1946  

StapletonIiM，LetcherRJ，BakerJEフ2004b・I）ebrominatlOnO［polybromlnateddiphenylethercongenersBDE99and  
BDE183intheintestinaltractofthecommonc乙1rP（C：岬rlnuSCaTPlO）▲EnvlrOnSciTechnol⊃381054－1061  

StapletonHM，BrazilB，HolbrookRD⊃MltChelmoreCl．，BenedlCtR，Konstantin0、′A，PotterD，2006．1nvtvoandtn  
VltrOdebrominationofdecabromodlphenylether（BDE209）byJuVeruleralnbowtroutandcommoncarp，EnvlrOnScI  
Technol．40：4653－8 

StrandbergB，DodderNGっBasuI，IIlteSRA，2OOIConcentratlOnSandspatialvarlationsofpolybrominateddlphenyl  
ethersandotherorganohalogencompoundslnGreatLakesair EnvlrOn ScITeclm01．35，1078－1083 

ThomsenC，LianeVH，BecherG，2007AutomatedsolldrphaseextractionforthedeterminatlOnOfpolybrominated  
dlPhenylethersandpolychlorinatedblPhenylslnSerum－aPPlicationonarchivedNorweglanSamplesfrom1977to  
2003．JChromatogr B，846＝252T263  

TomsLM，HardenFA，SymonsRK，BumistonD、FurstP，MullerJF，2007Polybrominateddiphenylethers（PBDEs）  

inhumanmilkfromAustralia．ChemosphereAprlL【Epubaheadofprint］ 

TomyGT，PalaceVP，Ha11dorsonT，BraekeveltEっDanellR，WautierK，EvansBっBrinkworthL，FiskAT，2004  
Bioaccumulation，biotransformatlOn，andbiochemicaleffectsorbrominateddiphenylethersln」uVenllelaketrout  
（SalvelinusnamayCuSh）．EnvironSciTeclm0138二1496－504  

VanBeusekomOC，EIJarratE，BarceloD，KoelmansAA，2006▲Dynamicmodelmgoffood－ChainaccumulatlOnOf  
brominatedflameretardantSinfishfromtheEbroRiverBasln，SpalnEnvlrOnToxicoIChem．25：2553－60 

VandenSteenE，CovaciA，JaspersVIJ，DauuTeT，VoorspoelsS，EensM，PinxtenR，2007Accumulation，tissue－  
SPeCificdistnbutionanddebrominationofdecabromodlPhenylether（BDE209）1nEuropeanstarlings（Sturnus  
Vubaris）rEnvironPollut，148：648－653  

WakefordBJ，SimonMJ，ElliottJE，BrauneBM，2002，Analysisofpolybrominateddlphenylethers（BDEs）inwildllfe  
tissues－CanadianWildlifeSeIVICeCOntrlbutions▲AbstTaCt▲4thAmualWorkshoponBromlnatedFlameRetardantsin  
theEnvironment，June17T18，2002，CanadaCL：ntreforInlandWaters，BurllngtOnっOntano  

WangXM，DingX，MaiBX，XieZQっXlangCHフSunLG，ShengGY，FuJM，ZengEY，2005LPolybrominated  
diphenylethersinairbomeparticulatesco11ectcddurlngareSearChexpeditionftomtheBohaiSeatotheArctic．Environ  
SciTechnol＿39：7803－9 

22   



UNEII／pOPS／pOIIRC．3／20／Add．‘  

WaniaF，DuganiCB，2003，Assesslngthelong－rangetranSPOrtPOtentialofpolybrominateddiphenylethers：a  
COmParisonof丘〉urmultimediamodels・EnvironToxicoIChem・22：1252－6l・  

Wur10，PotterJR，DurvilleC，ObbardJP，2006．Polybrominateddiphenylethers（PBDEs）overtheopenIndianOcean  
AtmosphericEnvirorment40：5558－65－  

VibergH，FredrikssonA，JakobssonE，0rnU，ErikssonP，200l・Neonatalexposuretohexabromo－diphenylether  
げBDE153）afftctsbehaviourandcholinergicruCOtin1CreCePtOrSinbrainofadultmouse・Abstracts・TheSecond  
IntemationalWorkshoponBrominatedFlameRetardantsLBFR2001Stockholm May14－16・StockholmUniversity，  
Sweden・p▲275－278L  

VibergH，FredrlkssonA，ErikssonP，2003．Neonatalexposuretopolybrominateddiphenylether（PBDE153）disr叩tS  
SPOntanPOuSbehaviotq，1mPalrSlearrungandmemory，anddecreaseshlPPOCampalcholinerglCreCePtOrSinadultmice－  
Toxicol，Appl．PharmaCOl・192二95－106・  

VibergH，JohanssonN，FredrikssonA，ErikssonJ，MarshG，ErikssonP，2006・Neonatalexposuretohigher  
brominateddiphenylethers，hepta－，OCta－，OrnOnabromodiphenylether，impalrSSPOntaneOuSbehaviorandleammgand  
memoryfunctionsofadultmice．ToxicoISci．92‥211－8．  

VoorspoelsS，CovaciA，NeelsH，SchepensP，2007．DietaryPBDEintake：Amarket－basketstudyinBelgium・  
Environ．Inter．33：93－97．  

Wegmam1F，MacLeodM，ScheringerM，2007・POPCandidates2007＝Modelresultsonoverallpersistenceand  
long－rangetranSpOrtpOtentialuslngtheOECDPov＆LRTPScreenlngTool・SwissFederalInstituteofTechnology，  
http：／／ⅥW．POPS．int／documentS／meetings／poprc／prepdocs／anneXEsubmissions／All％20chemicals％20SwitzerlandLpdf  
（OECDPov＆LRTPScreenlngToolavailableathttp：／／www・SuSt－Chem・ethz，Ch／downloads）・  

WHO1994．Brominateddiphenylethers．EnvironmentalHealthCriteria162，IntemationalProgrammeonChemical  
Safbty，wn0，Geneva．  

ZhouT，RossDG，DeVitoMJ，CroftonKM，2001．Effectsofshort－terminvivoexposuretopolybrominateddiphenyl  
ethersonthyroidhormones  

23   

訂  




