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Svalbad，  Polarbear   0．7－4．7ng／gLW   Gabrielsenetal．  
Ar（泊cNonv町  2004  
Canadian Arctic Polarbear   1，04－11．3n釘gLW  Mu正eJ〟／．2006  

均8m8ya，  Glacousgulls   0－7．9ng／gLW   Herzkee／αエ2003  

A∫C也cNom町  

Non柑y   Whlte－tailedseaeagle   6－184ng／gLW   HeIZkeeJα／．2005  Ineggs．  
Endangered  
SpeCies   

Sweden   Peregru鳩falcons   110－9200ng／gLW  Lindbergeta［．  Endangered  
2004  SpeCies   

Austrdia   Melon－headedwl血1e   4．8ng／gLW   LaweJdJ．2003  

Canada   BelugawIule   108ng／gLW   Law（ヲJα／．2003   Vulnerablespecies   
Netkrlands   Mussels   0．3－11ngノgLW   Law（・JαJ．2003   Madne＋丘eshwater   

Sweden   Frog  ・  5．6ng／gLW   DeWitetal．2004  
CaIuda   Zooplankton   0．46ng／gLW   Lawe／〟J．2003  

2．3．2Trends  

MosttrendanalysISShowanincreaseinconcentrationsofPBDEsintheenvironmentandinhumans  
fromthebeglnnlngOfthe1970s，Withapeakaroundthemid－1990sandastabilisationorsubsequent  

levellingoffinEurope（Covaci？la］・2002，Fangstr6melal・2005，Thomsenetal・2005andKnudsenet  

al．2005），butwithacontinuouslnCreaSeintheArctic（Vorkampetal．2005，AMAP2002andAM  
2005）．PentaBDEsarereportedinthestudiestofo1lowthesametrendas∑PBDEs．Thisincreasehas  

alsobeenseeninNorthAmerica，inair，SOilandsediment，andwildlife，butinsu舘cientdataexistto  

allowcommentontrendsinthehumanpopulation．   

IntheAsia－PacincreglOnaStudyonnorthernfursealsonthePacinccoastofJapanshowsanincrease  
OfPBDEstoabout150timesbetween1972and1994，andthenlevelsdecreasedtoabout50％in1998  
（K如waraelal・2004）．ThereductioninPBDEsvalueswasassumedtobeduetothevoluntaryphase  

OutOfC－PentaBDEinJapanin1990．BDE－991evelsshowedthesamepatternas∑PBDEs．   

Analysisofarchivedherringgulleggs（sampledin1981，1983，1987，1989，1990，1992，1993，1996，  

1998，1999and2000）enabledNorstrom（）ta］．（2002）toestablishtemporaltrendsinPBDE  
COnCentrationsovertheperiod198l－2000・AtLakeMichigan，LakeHuronandLakeOntariosampling  

Sites，COnCentrationsoftetra－andpentabromodiphenylethers（thatis，BDE－47，BDE－99andBDE－100）  

increasedby71－112－fbldoverthesetwodecades（from4．7to400．5pgn（gWWatLakeOntario；from  

8．3to927．3Llg几gwwatLakeMichigan；from7．6to541．5Llgn（gWWatLakeHuron）．Theseincreases  

werefoundtobeexponentialatallthreelocations（r2＝0．903pO．964，p＜0．00001），   

Wakefordetal．（2002）undertooksamplingofeggsofthegreatblueheronin1983，1987，1991，1996，  

1998and2000insouthernBritishColumbiaandfbundthattotalPBDEconcentrations（sumoftetra－，  

Penta－andhexabromo－COngenerS）increasedfroml．31to287Llg几gwwbetween1983and1996，but  

thendroppedslightlyto193匹g几gwwin2000．Theyalsoundertooksamplingoftheeggsofthick  
billedmurreintheCanadianNorthin1975，1987，1993and1998，andobservedatrendofgradual1y  

increasingPBDEcoヮcentrabons（sumoftetra－，pentチーandhexabromo－COngenerS）intheseeggsfrom  

O．43－0．89Llgn（gWWln1975，tOl．83－3．06pg几gwwln1998．   

PBDEshavebeendetectedinaYarietyofmarinema？mals・Alaeeetal・（1999）reportedaYeragePBDE  
（di－tOhexaBDE）conc？ntrationslntheblubberofmannemammalsfromtheCanadianArchcas25・8  
甚g几glipidinfemalenngedseals（Phocahi5Pi血），50．0甚g耽glipidinmaleringedseals，81．2トL釘kg  

lipidinfbmalebeluga（Deklhin甲Ierus／eucus）and160Llg几glipidinmalebeluga．BDE－47，a  
tetrabromodiphenylether，WaSthepredominantcongener，fo11owedbythepentabromoBDE－99．  
IkonomouelaL（2000，2000b）reportedPBDEconcentrationsinbiotasamPlesfromthewestcoastand  
NorthwestTerritoriesofCanada．ThehighestconcentrationofoftotalPBDEresidues，2269pg几glipid，  

WaSfbtmdintheblubberofaharbourporpoisefbrmtheVanCOuVerarea．Withaconcentrationofabout  
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1200Llg几g，OneCOngener，BDE－47，aCCOuntedforslightlymorethanhalfofthetotalPBDEinthe  

sample．Ikonomouelal．（2002a）analyzedtemporaltrendsinArcticmarinemammalsbymeasuring  

PBDElevelsintheblubberofArcticmalenngedsealsovertheperiod1981－2000．ThemeantOtal  

concentrationsincreasedexponentially，fromO．572トIgn（glipidin1981to4．622トLgn（gin2000，agreater  

thaneightfo1dincrease．TheydeteminedthatPenta－andHexaBDEsareincreaslngatapPrOXimately  

thesamerate・（doubhngtime4・7and4・3y？arS，reSpeCtively），mOreraPidlythanTetraBDEs，forwhich  

thedoublingtlmeWaS8．6yearS．Onceagaln，BDE－47waspredomlnant，fo1lowedbyBDE－99and  

BDE－100．   

AmarkedincreaseindssuePBDElevelswasalsoevidentinblubbersamplesco11ectedfromSan  
● 

1t8  
Shortperiod．SternandIkonomou（2000）examinedPBDElevelsintheblubberofmakeSEBafnnBay  

belugawhalesovertheperiod1982－1997，andfoundthatthelevelsoftotalPBDEs（tri－tOhexa－  

COngenerS）increasedsigninczmtly，MeantotalPBDEconcentrationswereabout2トLg丑glipidin1982，  
andreachedamaximu？Valueofabout15pgn（glipidin1997・BDE－47wasthedominantcongener，  

withameanCOnCentratlOnOfapproximatelylOpg几glipidin1997．TotalPBDEresidues  
（concentrationsforindividualcongenersnotprovided）intheblubberofStLawrenceestuarybelugas  
SamPledin1997－1999amountedto466（士230）pg丑gwwblubberinadultmales，and655（土457）LLgn’g  

wwblubberinadultfbmales．Thesevalueswereapproximatelytwentytimeshigherthanconcentrations  
inbelugasamplescollectedin1988－1990（LebeufetaL2001）．   

TheresultsfromamodellingexerciseutilizingtheEuropeanvariant（EVn）BETRmultimedia  
environmentalfatemodelwerepresentedfortheC－PentaBDEproductbyPrevedouroseial．（2004）．To  
predictfutureatmosphericconcentrationtrends，themodelwasusedinitsfulydynamicmodeoverthe  

Period1970－2010．Itpredictedthatatmosphericconcentrationswouldhavepeakedaround1997，and  

thendeclinedwithanOVerall“disappearance”half－1ifもof4．8years．Themodelsteadystatesimulations  

gavegeneral1ygoodagreementwithmeasureddataforBDE－47andBDE－99．TheemplnCaldatafor  
NorthAmericapresentedabove，however，Showcontinu）nglnCreaSeSinconcentrations，atleastupthe  
year2000，andsov血ilethemodelresultsmatchsomeEuropeandatawithfairagreement，theyarenot  

inaccordwithdata丘omNorthAmerica．   

ThreedatedsedimentcoresfromlocationsinWesternEuropewereanalyzedfor14BDE  
COngenerS（Zegersetal・，2003）．CoresfromtheDrammenfiord（Norw町），thewesternWaddenSea（The  

Netherlands）andLakeWoserin（Germany）showedatimedependentpatterninthedistributionof  
BDEssincethestartofproductionofPBDEformulations．Twoofthethreecommercialformulations  
COuldbedistinguished．Thepenta－mixfbrmulationisclear1ypresent丘omthebeglnnlngOfthe1970s．  
Thisisinagreementwithdatafortheindustrialproductionofthisformulation．Inthecores丘omthe  
NetherlandsandGermany，COnCentrationsofBDEcongenersassociatedwiththeC－PentaBDEwere  
levellingoffinthemostrecentlayers（1995＆1997），WhereasthoseintheDrammen匂ordwerestill  
increasipgin1999・Theal）SenCeOfallBDEcongenersintheolder（deeper）1ayersofal1threecores，aS  

WellaslnSeVeral100to150millionyearoldlayersofclay舟omKimmeridge，UK，indicatedthatthese  

BDEcongenersarenotproducednaturally．   

HumaneXpOSuretOPOlychlorobiphenylsandPBDEsinJapanin1980and1995showedthatlevelsof  
thelatterhadincreasedsubstantiallyoverthetwenty－yearperiod，althoughtherewasgreatvariation  

betweenreg10nS．ThemaincorlgenerSdetectedinserumwereBDE－47andBDE－99．MosttotalPBDE  

levelshadmorethandoubled，andinoneareaincreasedtwenty－fo1d，with1995valuesfallinginthe  

rangeO．6－41．4ng／glipidKoizumietal．2006）．  
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2．3．3．Bioavailabilitv   

Environmentalstudiesonbioava11abilityhavedetecteduptakeofPentaBDEinsoilorganisms  
（Matschekoela［2002），Sedimentdwellingorganisms（Magnussonetal，2003）andaquaticorganisms  

（LithneretaL2003，Voorspoelsetal．2003，Marscheta［．2004，KlerkegaardeEal．2004，andSinkkonen  

ela［・2004），makingPentaBDE’swayintothefoodwebsevident・Subsequ？ntbioaccumulationand  

biomagnincationofthecompoundhasbeendetectedanddescribedinSectlOn2．2．2，   

SoilexposedtoPBDEsinvariouswayswasanalyzedfbrBDE－47，BDE－66，BDE－99，BDE－100，BDE－  
］53，BDE－154andBDE－183（MatschekoetaL，2002）．Earthwormscollectedatal1soilsamplingsites  

Wereanalyzedaswell．TheBDEcongenerpro坑1einallsoilsampleswasdominatedbyBDE－47and  
BDE－99．AccumulationofthecompoundsinearthwormsfromthesitesyieldedadirectrelatlOnShip  

betweentheconcentrationsinthesoilandconcentrationsintheworms．Thebiota－SOilaccumulation  

fhctors（BSAFs）ofBDEcongenersBDE－47，BDE－99andBDE－100werearound5（organic  

matter／lipids）．Thus，earthwormslivingincontaminatedsoilswi11accumulatetissueBDE  
COnCentratlOnSand，aStheseanimalsrepresentthebaseoftheterrestrialfbodchalnformanyOrganisms，  
thisformapathwayfbrtheaccumulationofBDEsinorgamismsathighertrophiclevels．   

ThewesternScheldtestuaryissu句ecttoavarietyofsuspectedPBDEsources，SuChasabrominated  

flameretardantmanufactunngplant，Antwerpharbour，andthetextileindustrylocatedfurtherupstream．  

PBDEcoヮcentrationsinsamplesofbiota，includingcrab，Shrlmp，Starfish，benthicnsh（SuChasdab，  

goby，PlalCeandsole）andgadoid鎖sh（suchasbibandwhiting）fromtheestuarywerecomparedto  

thoseinsamplesfromtheBelgianNorthSeabeyondthemouthoftheestuary（Voorspoelsetal．，2003）．  
EightBDEcongeners（BDE－28，BDE－47，BDE－99，BDE－100，BDE－153，BDE－154，BDE－183and  

BDE－209）weredetermined・Conc？ntrationsobservedintheestttarinesampleswereupto30times  
higherthan 

， 

goby，丘omO．06toO．94トIg／kgwetweightin坑shmuscle，andfromO．84to128いgn’gWetWeightinnsh  

liver．ThecorrespondingrangesinsamPles丘omtheestuarywerefromO．2to30，0．08to6．9，andfrom  
15to984pgn’gWetWeightフreSpeCtively・TheratioBDE－99rBDE－100wasfbundtobehigh1ylocatlO？－  
andspecies－dependent，pOSSiblyrelatingtodifferencesinmetabolism．Inshrimp，thevalueofthisratlO  

（4：1）wasverysimi1artothatobservedintheBromkalformulationandinestuannesediment，aJldwas  

Simi1arinshrimpfromboththeNorthSeaandtheestuary，implylngboththatthesecongenersare  
readilybioavailableandthatshrimplacktheabilitytometabolizeeithercongener，Onalipidweight  
basis，COnCentrationsofBDE－47ranged丘om3tolO8ト1g几glipidweightinsamplesfromtheNorthSea，  

肌dfrom8tol，550トIg几glipidweightinestuarinesamples，BDE－47wasthemostabundantcongener  

inallsamPles，COmpnSlng43to75％of∑BDE．   

Thomasetal・（2004）conductedaninput－？utPutbalanCeStudyofBDEsonthreecaptive，juvenilegrey  

Seals・Theanimalswerefbdadietofhemngforsixmonths，andthestudywasperR）rmedduringthelast  
threemonthsofthisperiod．BDEanalysiswasundertakenusingGC－ECMMS・ConsIStentlyhigh  
absorption（89－99％）wasobservedforallPBDEcongenersstudied（BDE－28，BDE－47，BDE－49，BDE－  

99，BDE－100，BDE－153，BDE－154andBDE－209）．   

2．3．4HumanexDOSure   

Sttldies，aSSeSSmentSandreviewsrefbrredtointhissectionhaveshownthatthemainroutesforhuman  
exposurearefood，andexposuretodustinindoorairathomeandworkplacesduetolevelsinproducts  

likefumitureandelectronicdevices．Fishandagricultureproductsarethemainfoodsourcesof  
PentaBDEfbrhumanS，andmothertsmilkfbrthenursingchild．Fattynshfromcontaminatedareasarea  

m毎orsource（句6dinetaL2003）．PentaBDEhasbeendetectedinvariousfoods（VKM2005，Bumiston  

etal．2003andBocioetal．2003）aswellasinindoordust（ShoeibelaL2004andWilfordetaL2005），  
LevelsinfoodsintheUShavebeenreportedbySchecterelaL（2004），Schectereta12006，andHuwe  
elal，（2005）．ThereareseveralhazardassessmentsinEUandUS，lookingintotheexposureofhumanS  
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（VCCEP2003，COT2004，VKM2005）．Theyconcludethattheavai1ablehazardorexposure  

informationisinadequatetofu11ycharactehzetherisks．   

About5％ofth占individualsingeneralpopulationshavebeenfoundtobesubjectedtoelevated  
exposure（ThomsenetaL2005b）．This，tOgetherwithestimatesofthehalflifbofC－PentaBDE  

congenersinhumans，raisesconcemforlong－termeffbctsonhumanhealth・Thehalf－1ivesforthese  

congenersinhumanshavebeenestimatedtobel，040days（BDE－99）and573days（BDE－100）（Geyer  

eJαJ．2004）．   

Domestichousedustislikelytobeaslgni茄cantsourcewherefumiture，CarPetOrapPliancescontainC－  

PentaBDE．ThishasbeendiscussedinSection2．1．1．Itisnotclearwhichsourcesarethegreatest，and  
therecouldbewidevariationsdependingonlifesty1eanddiet．   

SeveraJstudieshavedetectedlevelsofPentaBDEinsewagesludge（Matschekoetal．2002，Fabrellasel  
al・2004，MotcheandTanner2004and＄j6dinetal・2003，Hale2002）・Sewa草eSludgeisconsideredto  

beoneofthemainsinksforPBDEs．Theapplicationofsewagesludgetoagncultural1andisoneofthe  
reasonsfordetectedlevelsofPentaBDEinfoodproducts．Thiscanexplainthedet9Ctedlevelsin  
vegetablesandrootcropsinexperimentalstudies．Levelsinfishandrootcropscanbethesourceof  
exposuretodomesticanimalslikechickensandpigs，andthesourceofPBDEsinmeatproductsfor  
humannOurishment．   

ACanadianglobalstudyshowedthatPentaBDEiswidespreadinhumanmilkinpopulationsallover  
theworld（Ryan2004）．Therearedataonlevelsinhumanbloodserumandmi1kfiomUSA，Canada，  

Mexico，Japan，theEUregion，theArcticregionandScandinavia・AmetチーanalysisbyILtes（2004），  

uslngdatapublisheduptomid－2003，Showedthatserumandmi1klevelslntheUSweremuchhigher  
thanthoseinEurope－～35ng／gvs 

． 

humanSfromNorthAmericaingeneral．About5％ofgeneralpopulationshavebeenfoundtobe  

Su旬ectedtoelevatedexposure．Thus，tOgetherwithestimatesofthehalf－1ifeofPentaBDEcongenersin  
humanS，raissconcernforlong－termeffbctsonhumanhealth（ThomsenetaL2005b），   

Levelsincreaslngfromthe1980stothe2000shavebeenobservedinmother’smi1kfromSwedenas  
WellasinbloodfromGermanyandNorway（＄j6dinetaL2003）．AmorerecentstudyinSweden  
（Fangstr6metal．2005）assessedthetemporaltrendsofpolybrominateddiphenylethers（PBDEs），in  

mothers’mi1kintheStockholmarea．Thepooledsampleswerecovenngthetimeperiod1980to2004，  
withemphasisonsamplesffomthelasttenyearS．ConcentrationsofBDE－47，BDE－99andBDE－100  

reachedapeakinthemid－1990sandarenOWClearlyshowingdecreaslnglevels．Theconcentrationsare  

howeverstillmuchhigherthanin1980．  

Theobjectiveofare？entNorwegianstudywastocompleteandextendapreviousstudyontimeサends  
OfPBDEsinNorweglanpOOledserumSamples（Thomsenelal・2005a）andputtogetheranOVerVleWOf  
thePBDEbodyburdeninthegeneralpopulation丘om1977to2004．Thetemporaltrendofthesumof  

SeVenPBDEs（BDE－28，BDE－47，BDE－99，BDE－100，BDE－153，BDE－154andBDE－183）inthepooled  
Serumfromthepresentstudyareincloseagreementwiththelevelsfoundinapreviousstudybythe  
Sameauthors．Ingeneral，forsimi1artimeperiodsthelevelsinbreastmi1kseemtobesomewhatlower  

thanintheserum，butthesameOVeral1trendisobserved．Thiscon坑rmsthatthePBDEbodyburdensin  
theseregionshaverisenrapidlyfrom1977toabout1997，butnowseemtohavestabilizedorevento  
havedecreased．ThisisinaccordancewiththetrendsobservedinSwedishbreastmi1k，aSanindicator  

OftheEuropeanSituation，butmaynotbetrueOflevelsinNorthAmerica．ThePBDElevelwas  

previouslyfoundtobeabouttwiceashighinaserumpoolfrominfantsuptofouryearsofage  
COmParedtoserumpOOIsfromelderlypersons．This丘ndingwascon坑rmedintheNorweglanStudy．  

However，in2002，Childrenbetweentheagesof5and14yearsshowedhigherlevelsofPBDEsthamthe  

averageadult．  
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ContemporaryPBDEconcentrationsinEuropeandAsiaareremarkablysimi1ar，withlowmedian  
Valuesonalipidbasisfbrallcountriesandrelativelysmal1variations．ThesituationinNorthAmericais  
COmpletelydiffbrentwithmedianvaluesforindividualstudiesintherangeOf20－50ng庵LW（Ryan  
2004）・However，ipparal1elwiththeregionaldifferencesthatwerereportedaboveforbiota，thelevels  

inbreastadiposetlSSuetakenfromwomenliⅥnginSanFranciscoBayareain2000werealmosttwo  
Ordersofmagnitudehigherthanwhathasbeenreportedinhumanmi1kfromSweden（句6dinetaL  
2003）・AmorerecentstudyoflevelsinhumanadiposetlSSueinNewYorkwaspublishedbyJolmson－  
Restrepo 

． 

Medianconcentrationswere二BDE－47，29・3ng／glipid；BDE－99，10・3ng／glipid；BDE－100，12・Ong／g  

lipid．   

InaprelimlnarySCreenlngOfPBDEsinplasmaandmi1ksamplesfromMexicanwomen，thelevelswere  

WellaboveEuropeanlevelsofPBDEsreportedsofar（L6pezetal．2004）．Themean1evelofPBDEs  

（withBDE－209excluded）inMexicanWOmenlivinginurbanareaswasapprox．20ng／gLWinplasma．  

ThelevelsinwomenlivlnglnruralareasinMexicowerehowevercomparablewithwomenlivlngln  

ruralareaSinSweden・（BDE－2091evelswereonlydetectedinwomenlivingintheMexicancity）．  

Ryan（2004）detectedabigindividualvariationinlevelsinthegeneralpopulationinaヲtudyfrom  
Canada・Thevaluesspanmorethanthreeordersofmagnitude，WithafbwvaluesshowlngamuCh  

greaterlevel．LevelsdetectedintheCanadianArcticinRyanlsstudy（2004）wereincreasing．Valuesin  

humanmilkfromtheFaroeIslandsshowedthesametrend（Fangstr6metal．2004）．   

TwostudiesinAustraliaindicatedthatlevelsofPBDEsinAustralianbreastmi1kandbloodserumare  
higherthanthoseinEuropebutlowerthanthosefbundinNorthAmerica（Hardenetal・2004and2005）．   

／‘′仙・ユ／，ハ‘′／‘′川川八・‘′′′／＝V八り／ハ・仙′／∫川・・「ノブ川ご－州ノ廿里．ビ／‖●ノ山／〃〃〃J〃．、・．れ刑小机・川り畑〃↑、り／  

J如worんま  

Data  Coumtry／regioll   LeYel5  Rereremces   Year   Comments   

blood  TheNetherlands   0．8   Weiss（，Jβ／．2004   uI血10Wn  

blood  Nonvay   1．0   Tho11鳩en（7rαJ．2004   1999  

blood  Mexico   2．0   L6pezetal．2004   2003   Urbanpopulation   

blood  Ausけalia   2．3   Hardene′αJ．2004   ユ003  

mi址  Gemuny   0．2   Harden（ヲJ〟／．2004   2000  

milk  Sweden   0．3   F如IgSl畑mefロJ．ZOO5   2003   Urbanpopulation   

milk  Mexico   0．6   L（）pezeJ〟／．2004   2003   Ruralpopulation   

milk  Sweden   0．5   Ldpeze∫ロJ．2004   ユ00二～   Ruralpopula也on   

Inilk  UmitedKingdom   0．9   Harden（ヲ／〟J．2004   median   

milk  FaroeIslands   1．0   F如IgStr（imerβJ．2004   1999   Ruralpopulation   

milk  Australia   1．9   Ha血enelal．2005   2002／2003  

milk  Canada   4   RYaneプロJ．2002   2002   Ruralpopulation   

mjlk  USA   28   P畠pkeeJα／．2001   2000   Urbanpopulation   

Althoughtheyarelessrelevantthatenvironmentaldata，reSultsfromoccupationalstudiesbearoutthe  
facilitywithwhichthePBDEsaretakenupbyhumanbodies．InSweden，OCCupationalexposureto  

PBDEhasbeenidentinedam？ngelectronlCSreCyClingpersonnel（Sjmdineta／・，1999）andintechnicians  

responsibleforrepairandmalntenanCeOfcomputers（Jacobssonetalリ2002）aswellasinnearbysoil  

andsediment（Wangeta［2005）．AlsoworkersinindustrymanufacturingCLPentaBDE，Or  

POlyurethanefoamandelectronicequlpmentCOntalnlngltCanbeexposedtoPentaBDE．Thereisan  
extensiveliteratureonsuchexposures．  
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23．5Debromination  

ThereisgrowlnglntereStinthefateofPBDEsintheenvironment・Inexperimentsreportedby  
StapletonetaL（2004），CarPTereftdfoodspikedwithindividualBDEcongenersfor62days，and  

tissueandexcretawereexamlned．Atleast9．5j＝0．8％ofBDE－99inthegutwasreductively  
debrominatedtoBDE－47（onelessbromine）andassimi1atedincarptissues．Simi1arly，17％ofthe  

heptabromocongenerBDE－183wasreductivelydebrominatedtohexabromocongeners・Theauthors  
notedthatbodyburdensofPBDEsmaythusrenectdirectuptake丘omexposureaswe11as  
debrom享na中nofmorehighlybrominatedcongeners・IBgh1yselectivereducdvemicrobial  

debromlnatlOnSWereObservedinexperimentsreportedbyHeetal．（2006）．Hepta－andOcta－BDEs  

wereproducedinculturesofSuyiJYt，5PirillummultivoYmStOWhichDecaBDEhadbeenadded，but  

OctaBDEwasnotattackedinasimilarSyStem．Culturesofanaltemativeorganism，Dehalococcoidbs  

甲・，failedtoattacktheDecaBDEbutanOctaDBEmiⅩtureWaSeXtenSivelychanged，yieldingamixture  

ofHepta－throughDi－BDEswhichincludedthePentaBDE，BDE－99．Theauthorsdrawattentiontothe  

potentialforconversionofhighercongenersintheenvironmenttomoretoxiccongenerswithfbwer  
brominesubstituents．FurtherstudiesparticularlyenvironmentalmonitorlngStudiesfocusslngOn  
COngenerSforwhichtheprimarysour？eislikelytobedebrominationreactions，arerequiredtoclarify  

ther61eofdebrominationindetefminlngthe丘nalmixofPBDEcongenersintheenvironment，  

恥droxylatedBDEs（OH－BDEs）havebeendetectedandidentinedasmetabolitesinseveralspepies  
afterexposuretospeci薫cBDEcongenersbuthavealsobeenfoundtooccurasnaturalproductsln  
marinespongesandascidians（Marschetal・2004）．MethoxylatedBDEs（MeO－BDEs）havealsobeen  

reportedasnaturalproductspresentinmarinespongesandgreenalgae．ItwouldseemthattheonglnOf  
thesesubstanCeSCanbenatural，anthropogenicorboth．NineOH－BDEsandsixMeO－BDEswere  
identinedinbloodofBalticSeasalmon（Sbbnosak7r）usingnewlysynthesizedstandards（Marschetal．，  
2004）、AlloftheidentinedOH－andMeO－BDEsweresubstitutedwithfouror坑vebromineatomsand  

鎖veofthemalsohadonechlorinesubstituent．Fourteenhavethemethoxyorhydroxygroupsubstittlted  
inthepositionortho－tOthediphenyletherbond．Thestructuresofseveralofthecompoundssupport  

naturalratherthananthropogenicorigins，However，atleastoneoftheOH－BDEs（4’－OH－BDE－49）may  
beahydroxylatedmetaboliteofBDE－47．EstrogenicactivityofsomehydroxylatedPBDEshasbeen  

reportedbyMeertseta［（2001）．   

0therstudiesofmetabolismofPBDEsaresummarizedinSection2．2．2．1．   

2．4Hazardassessmentfbrendpointsofconcern   

EvidencetodatesuggeststhatthemqorcongenersoftheC－PentaBDEformulation，BDE－47andBDE－  

99，arelikelytobemoretoxicandbioaccumulativethanOtherPBDEcongeners．Althoughthe  
toxicologyofPBDEsisnotcompletelyunderstood，SOmeStudiesonPentaBDEhavedemonstrated  
reproductivetoxicity，neurOdevelopmentaltoxicityzuldeffbctsonthyroidhormones・Theneurotoxic  

efftctsofPBDEsareSimilartOthoseobservedforPCBsandsochildrenexposedtoPBDEsarelikelyto  
bepronetosubtlebutmeasurabledevelopmentalproblems．ItispresumedthatPBDEsareendocrine  
disrupterS，butresearchresultsinthisareaarescant（SiddiqielaL2003）．   

Whilefurtherstudiesfo1lowintemationally－aCCeptedguidelinesmightbeneededtomakeafu11risk  
assessmentofthesituationsofchildren，therearesufficientdatafordevelopmentofthepresentrisk  
pro創e．   

Itisacknowledgedthattheseconclusionsresttosomeextentonexaminationofreviews，ratherthan  
reanalysisofpnmarydata，butingeneralthestudiesunderreviewhavefo1lowedintemationally  
acceptedexperimentalprotocoIs．Nonetheless，thereisnoslgnincantdisagreementbetweensome  

reportedresultsandlateranalyses，SuChasthatoftheUSVoluntalyChildrenlsChemicalEvaluation  
Program（VCCEP）（2005）・  
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2．4．1Ecotoxicitv   

RecentstudiesshowthatexposuretoBDE－47canCausegrOW山inhibitionincoloniesoftheplankton  
algae（Skeletonemacostatum）andadepressiononreproductiveoutputofthezooplanktonD呼）hnia  
椚αg〃α（K封1qvisteJαJ．2006）．   

Arecentp？perbyTimme－Laragyelal・（2006）showedadverseefftctson鮎hdevelopmentatlow  
COnCentratlOnS・However，theendpointsthatwerea仔ectedinthisreport（behavioural1eaming）arenot  

usuallyacceptedriskassessmentendpolntS．0therendpolntSthatwouldbeacceptable，SuChasgrowth  

OrSurVival，WerenOtaf粍cted．   

Canadawasabletoperformariskquotientanalysisforeachcongener，integratlngknownor potential  

exposureswithknownorpotentialadverseefftcts．Initssimplestform，theriskquotientmaybe  

describedbytheequation：  

Riskquotient＝eXPOSurerefbrencevalue  
toxicity reference value 

anditiscustomarytouseconservativevaluesinordertohighlighttheworstcase．  

Exposureswereeshmatedlocaltoemissionsourc？Sincludingareasreceivln芦urbandrainage（wildlifb  
COnSumerS）aJlddo珊StreamOfapolymerprp？eSSlngfacility（benthicorganモSmS）L AqJuStmentfactots  

OflOO－1000－fo1dwereappliedtocriticaltoxICltyvaluestorenectextrapolatlOnfromlaboratoryto  
坑elodconditions，intraspeciesandinterspeciesvariationsinsensitivity，andbecausecompoundsare  

bioaccumulativeandpersistent．   

Ariskquotientvalue＞1slgni坑esthelikelihoodorpotentialfbradverseef粘ctstooccur，Whilethose＜1  

implynodangertoorganisms．TheCanadianresultsshowlinTable3．1arebasedpartlyonCanadiaJl  
emplricaldataandpartlyonsurrogatedatafromSwedishandUSsources．   

／‘J仙．i／／い人‘J〃り裾＝＝／仙・、／り／・ハ・仙J／い／こ、IJ・／ハゾハ〃川I川J（－‘仙J‘山ご川朽．11JJ仙ノJ‘…り■J／‘／仙・丁‘J／－／ト＼－ノ  

Commercial   PelaglC   Benthic   Soilorganisms  Wildlift   
Product   Organisms   Or巴amlSmS  COnSumerS   

C－PentaBDE   4Ⅹ10‾〕   45．2   0．13－0．26   149   

ThesevaluesreflectthebioaccumulationofPentaBDEwhichcausesorganismshigherinthefood  
Chaintobeexposedtogreaterrisk．   

2．4．2Effbctsinmammals  

Inareviewarticleontoxiceffectsofbrominatednameretardants，Damerud（2003）drewoヮarangeof  

prlmaryliteraturetoconcludethatexposuretoPBDEsglVeSrisetoadverseeffectsinexperlmentalin  
Vivomodels，anddependingontypeofproductdiffbrenteffbctsareseen，OCCurringatvaryingdose  

levels．General1y，theC－PentaBDEproductscauseeffectsatthelowerdosages．Thecriticaleffbctsof  

PentaBDEarethoseonneurobehavioraldevelopmentand，althoughsomewhatlesssensitive，thyroid  
hormonesinoffgpring（ftomO．6toO．8and6tolOmg／kgbodywt．，reSPeCtively）（Damerud2003）．  

NotethatsomedatareportedinTable2．7showlevelsbelowthese．Morerecentinfbmation，eSpeCially  
fbrNorthAmerica，isavai1ableinBirnbaumandStaskal（2004）．  
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Blubberbiopsyandbloodsampleswerecollected丘omweanedgreyseal（HalichoenLSg7WuS）pups  
andjuvenilesduring1998and1999（HallelaL，2003）．Fihyfourpost－Weanedpups・and鎖魚y坑venrst  

yearjuveniles（ofwhichthirteenwererecapturedpost－Weanedpups）werestudied・Themedian  

COnCentrationsof∑BDE（14c？ngenerS）wereO・17andO・46pgn’glipidweightintheblubberofthe  

PuPSandthejuveniles，reSpeCtlVely．Thestudyindicatedthatthyroidhormonelevelsinthebloodof  

greysealsduringtheir丘rstyearoflifbwereslgnincantly，andpositively，relatedto∑BDE  

concentrationsinblubber，afteraccountlngfortheeffbctsofpossibleconfoundingvariables，Suchan  

associationisnot，initseltsufncientevidenceforacausalreladonship，butisinaccordancewiththe  

hypothesisthatthesecompoundscanactasendocrinedisrupterSingreysealpups・   

Darnerud（2003）concludedinhisreviewthatforPentaBDEs，thecriticaleffbctsamOngtheavai1able  

Studiesseemtobedevelopmentalneurotoxicityand，′althoughgenerallyatsomewhathigherdoses，  

alteredthyroidhormonehomeostasis．Regardingtheneurotoxicityinmice，nOClearmechanismcould  
bede丘nedbutef托ctsofthePentaBDEsbothviathyroidhormonedisruptlOnanddirectlyonslgnal  
transmissioninbrainhavebeendiscussed．Forexample，anumberofPBDEswerecapableofinducing  

Celldeathofcerebellargranulecellsinculture（ReistadetaL，2002，ReistadandMariussen2005）．The  
LOAELvaluefbrPentaBDEcouldbesettoO・6－0，8mgn’gbodywt・，basedonthemosts戸nSitiveefftct  

Observed，neurObehavioralefftctsduringearlydevelopment（Damerud2003，althoughitlSnOtthetask  
OfthePOPRCtosetaregulatorylevel，forconstruCtionofwhichresortwouldneedtobemadeawider  
rangeofdata．   

InahazardassessmentbytheCommitteeonFoodSafttyinNorway（VKM2005）thefo1lowingtoxic  
effbctsofexposuretoBDE－990rtheC－PentaBDEformulationwasreported：neurOtOXicity，effbctson  
neurobehavioraldevelopment，efftctsonthethyroidhormonesystemandhispatologlCalalterationsin  
thetyroidandliver．   

パイ仙ユ【りl－〝lソ川・√イ∧い〃机り・l・L・‘／J漱′‖ん・l・ビ／（八′川：、／．ノ‘J川／／．川1・川／り／，・ヾt・J・l・l・‘／／誹・‖／l，け／「Jイル了J．ノ  

‘押′・川・（J／（′‘血′川・川・‘′〟りJJ′†／－βJ丑－99ぐりノ世肌り・川・トハリ机′Jす川㌧－、舟′…′ん〟…′川・仙ん／l・‘′／裾・、・‘Jハリ／九・  

わwe∫J上0比or耽（おJgcねd＊  

PeIltaBDE  Duration  Dose   NOEL  Endpoint   Species  Re†erence   

m釘k釘  

day   
BDE－99   S．d   0．80r12．0  0．8   Neurotoxicity  mOuSe  Erksson（ヲr  

mg几g   Behaviour，mOtOr  αJ．2001   

activityleveland  
1eamng  

BDE－99   S．d   0．6，6，Or30  0．6   Developmental－  mOuSe  Branchietal．  

m釘kg   and neurotoxicjty 2002   
Behaviour－  
hypoactive  

BDE－99   S．d   0．4，0．8，4．0，  0．8   Developmental－  mOuSe  VibergeJロ／．  
8．0，Or16  and neurotoxicity 2004  

mg此g   Behaviour  Sand（ヲJ〃J．  

2004   

BDE－99   S．d．   0，06andO，3  n．d．   0，0（i   Developmental－   rat，Fl  Kuriyamad  

mg此gto  andneurotoxicity  αJ．2005   

preglⅥnt  BellaViour  
托male  （increasedactivity）   

BDE－99   S．d．   0，06andO，3  0，0（i   0，3   Reducedtes也ssize  rat，Fl  KuriyamagJ  

mg此gto  andnuIllberof  gen▲   αJ．2005   

pregnant  Spenl鳩  

托male  
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Pentamix  30d   0．01，0．05，  1   n．d．   Growth，food   ral   Gl℃細1akes   

DE－71  0．1，0．5，Or  intake，  ChemlCal  
1．0  hematolo釘＼  Corporation  

mg耽g／day  histopatology  1985   
Clinicalchemistry  

Pentamix  30d   0，3，30，Or  3   30   Liverweight，   Malerat  Stokere／α／．   

DE－71  60  Puberty，  2004   

mg凡打day  reproduction，liver  
eI町meS，T4－  

reducdon  
Pentamix  30d   0，3，30，Or  n．d．   3   T－reduction   Female  Stoker（ヲJαJ．   

DE－71  60  rat   2004   
mg凡打daY  

Pentamix  35d   0，1，100r  口   10   T－reduction  Pregnant  ZhoueJαJ．   

DE－7l  30  Liverenzymes   rat   2002，  
mg耽釘day  Zhou（ヲJα／．  

2001   
Penta  90d   0イ）．44  n．d．   0．44   Liverenzymes   rat   Carlson1980   
mix  mg耽釘day  
DE－71  
Pentamix  90d   0，2，10，Or  0－2   2－10   Hepatocyto－megali  rat   Greatlakes   
DE－71  100  Tyreoidea  Chemical  

m釘k釘day  hyperplasi  Co叩Ora也on  

1984   

n．d．＝nOtdenned，S．d．＝Slngledose  

＊  MostofthestudiesareinlinewiththeOECDtestguidelinesandforthosearenot，thequalityof  

thestudyisassessedtobeadequate．   

ThePBDEmixtureknownasDE－71（71％brominebymass，andcontainingBDE－47，BDE－99，BDE－  

100，BDE－153，BDE－154）delaysthepubertyandsuppressesthegrowthofandrogen－dependenttissues  

inmaleWistarratfo1lowlngaper卜pubertalexposure．TheseefftctssuggestthatDE－71maybeeither  

inducingsteroidhormonemetabolismoractingasanandrogenreceptor（AR）antagonist（Stokeretal．  
2005）．   

Talsnessetal，（2005）evaluatedtheef托ctsofenvironmentallyrelevantCOnCentrations（lowdoses）of  

BDE－990nthefemalereproductivesysteminrats．UltrastructuralchangeSCOmPatiblewithaltered  
mitochondrialmorphologywereobservedintheovariesoftheFloffgprlng．Nostatistica11yslgnincant  
Changesinovarianfo11iclecountswereobserved．Externalandskeletalanomaliesweredetectedin  
O恥pring（F2）fromtwodifftrentdams（Fl）wlthearlydevelopmentale竺pOSuretO300pgBDE－99rlkg  
BWExposuretoBDE－99resultedinftmalereproductivetractchangeslntheFlgenerationwhich  
Wereapparentatadulthood．   

1nuteTtleXPOSuretOaSlnglelowdoseofBDE－99disruptsneurobehavioraldevelopmentandcauses  
Perm禦enteffbctsontheratmalereproductivesystemapparentinadulthood（Kuriyamaetal・2005）・  
AIsolnthisstudy，theeffbctsofdevelopmentalexposuretoBDE－990njuvenilebasalmotoractivity  
levelsandadultmalereproductivehealthwereassessed．Theexposuretolow－doseBDE－99during  
developmentcausedhyperactivityintheoffkpringatbothtimepoints（postnataldays36and71）and  
permanentlyimpairedspermatogenesisbythemeansofreducedspermandspermatidcounts．Thedoses  
usedinthisstudyof60and300pgA’gBWarerelevanttohumanexposurelevels，beingappTOXimately  

6and29times，reSpeCtively，higherthanthehighestlevelreportedinhumanbreastadiposetlSSue．This  

isthelowestdoseofPBDEreportedtodatetohaveaninvivotoxicef鞄ctinrodentsandsupportsthe  
Premisethatlow－dosestudiesshouldbeencouragedforhazardidentincationofpersistent  

environmentalpollutants．ThestudybyVibergeta［．（2004）showsthatneonatalexposuretoBDE－99  
Caninducedevelopmentalneurotoxiceffbcts，SuChaschangesinspontaneousbehaviour（hyperacdvity），  

ef托ctsthataredose－reSPOnSerelatedandworsenwithage．ThechangesareseeninC57侶1mlCeOf  

bothsexes．SpontaneOuSbehaviour（locomotion，rearing，andtotalactivity）wasobservedintwo－，坑ve－  

andeight－mOnth－01dmice．  
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2．4．3ToxicitvtohumanS   

SeveralhazardassessmentshavebeenproducedinEUandinUS．Theconclusionsinthehazard  
assessmentselaboratedarequalinedbythelackofsufncientknowledgeofthetoxicologyofPentaBDE  
toenal）1eassessmentoftherisktohumans（COT2004，VKM2005andVCCEP2003）．The  

toxicologicalimportanceforhumanSOfdetectedef托ctsinlaboratoryanimalsisnotclear．ThereisstiIl  

notenoughknowledgeofthemechanisms，halト1ifbandmetabolismofPentaBDEinexperimental  
animalsandhumanS（VKM2005）．   

TheconclusioninthehazardassessmentbytheComitteeonFoodSafbtyinNorwaywasthatthe  
exposurethroughfoodandmother’smilkisconsiderablylowerthantheobservedNOELinlaboratory  
mammals（VKM2005）．Itisbelievedthatlong－timeexposuretolowerdosesofPentaBDEcanCauSe  

healthefftcts，SincePentaBDEaccumulatesinthehumanbody．Sincethehalf－hfbofPentaBDEin  
humanSisnotkn0wnitisnotpossibletodaytoconcludeonlong－timeexposureeffbcts．Thisistrue  
evenfortheUSsituati9n，WherelevelsmaybelO－20timesthoseobservedinEurope，but  

pharmacokinetics，tOXicology，eXPOSureandothercriticaldataare）acking－   

Vulnerablegroupscouldhoweverbepregnantwomen，embryosandinfants，becauseofeffbctsonthe  

thyroidhormonebalanCe，aJldtheembryo■sdevelopmentofthecentralnervOuSSyStem．During  
Pregnanq，maintenanCeOfthethyroidhormonebalanCeisaphysiologicalchal1enge．Embryosand  

infantsareparticularlyvulnerableforreductionsinthyroidhormonelevels（VKM2005）．hfantsare  

exposedtoPentaBDEthroughthedietsoftheirmothers’milk，SincePentaBDEislipophilicand  
accumulatesinthemi1k（VKM2005）．   

3．Synthesisorimhrmation   

3．1SummaIY   

PentaBDEmeetsalloftheAmexDscreeningcriteria，anddetai1sareincluded（forthesakeof  

COmPleteness）inTal）1e3．2，below．   

IntheabsenceofproductioncontroIs，thelevelsdetectedinhumans，0therspeciesandtheenvironment  
havebeenobservedtorisesteeplyandthisincreaseisobservedinremotelocationsaswellascloserto  
Sitesofproductionanduse．IntheUS，WhereC－PentaBDEwasinhighuseumilrecentlyand雨Iereit  
remainsinsuchmaterialsaspolyurethanefoamincorporatedintoconsumerprOducts，therehasbeena  
build－uPinhumandssue．   

PentaBDEinsoilorsedimentisreadilyincoIPOratedintothefoodchainandbioaccumulatesinthe  
tissuesoftoppredators，includinghumans．   

TherearetOXicologicalstudiesofconcernthatdemonstrateneurodevelopmentalimpactsinanimalsat  
lowtissuelevelsthatareofrelevanCetOlevelsobservedinpopulations．Suchbodyburdensremain  
underclosereview．   

AnassessmentoftheipIPaCtOfPBDEsontheenvironmentwasrecentlyconcludedbyEnviropn？ent  
Canada（2006），takingintoaccounfCrihcalstudiesandlinesofevidencethatsupporttheconclus10nthat  

thesecommercialsubstancesentenngtheenvironmenthaveormayhaveanimmediateorlong－term  
harmfu1effbctontheenvironmentoritsbiodiversity．  
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4．Concludingsta暮emerlt  

Pentabromodiphenylether（C－PentaBDE）isasyntheticmixtureofanthropogenicoriginwithno  
knownnaturaloccurrence．ItcanbeconcludedthereforethatthepresenceofcomponentsofPFOS  
intheenvironmentistheresultofanthropogenicactivities．Longrangetransportmustbe  

responsiblefbritspresenceinareassuchastheArcticreglOn，remOtefromsitesofproductionand  
release．PentaBDEdegradesslowlyintheenvironmerntandcanbioaccumulateandbiomagnifyin  

mammalsandpiscivorousbirds．   

ThephaseoutofC－PentaBDEproductionandusehasledtoareductionincurrentusebutmany  
materialsinuse，SuChaspolyurethanefbamsandplasticsinelectronicequlpment，COntain  

PentaBDEwhichisslowlyreleasedtotheenvironment．Thisreleasewi11beacceleratedatend－Of－  

1iftofsuchmaterials，eSPeCiallyduringrecoveryandrecyclingoperations．   

AlthoughlevelsofPentaBDEinhumanbloodandmilk，andinotherenvironmentalspecies，are  

fa11inginEurope，theycontinuetoincreaseinNorthAmericaandtheArcticreglOn・   

Basedontheinfbmlationinthisriskpronle，C－PentaBDE，duetothecharacteristicsofits  

COmPOnentS，islikely，aSareSultoflong－rangeenVironmentaltransportanddemonstratedtoxicity  

inarangeofnon－humanspecies，tOCauSeSlgnificantadverseeffectsonhumanhealthandthe  

environment，SuChthatglobalactioniswarranted．  
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