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2．1．4Releasestotheenvironmentdurin巳t）rOductuse   

C－PentaBDEisusedsolelyasanadditiveinphysicaladmixturewiththehostpolymer，andcanth  
migratewithinthesolidmatrixandvolatilizefromthesurfaceofarticlesduringtheirlifbcycle（EU  
2000），Approximately3．9％ofthePentaBDEpresentinarticleswasestlmatedtobereleasedeachyear  

throughvolatilizati？nduringtheirasヲuTledseⅣiceliftoflOyearsintheEUriskassessment，buteach  

COngenerWlllhaveltSOW－CharactenstlCmigrat10nandvolatllitycoefncients．BasedonthequantltleS  

OfshowninTable2．2，andthe3．9％lossrate，itcaneStimatedthat585－1053tonnesofPentaBDEenters  

theenvlrOnmentinthiswayeachyear．  

Wilfordeta［・（2003）conductedcontro11edchambere甲Frimentsinwhichtheypassedairthrough  

SamplesofC－PentaBDE－treatedfoamproductscontalnlng12％PBDEw／w．TheyfoundthatPBDEs  

volatilized丘ompolyurethanefoamatmeaSurablelevels・AveragetotalPBDElevelsof500ng／m3／g  
fbamTerereleased＆omthechamber・ForBDE－47，BDE－99andBDE－100（4，5and5bromines，  

respectlVely），thelossrateswere360，85and30ng／m3／gfoam，reSpeCtively．Theaveragetemperature  
rangeduringsamplingwas30－340c．   

GiventheuseofC－PentaBDEindomesticitemssuchasfumiture，CarPetlngandapplianCeS，eXpOSuretO  
indoorairhousedustcontainingPentaBDEhasbeenexaminedina numberofstudies（Shoeibetal．  

2004，Wilfbrdetal．2005）．US researchers（Stapletoneta］．2005）reportresultsforastudyconducted  
in2004intheWashington，DC，metrOpOlitanareaandonehomeinCharleston，SouthCarolina．The  

COnCentrationsofPBDEsinhousedust丘omsixteenhom？Srangedftom780ng／gdrymassto30，100  

ng／gdrymass．ThedominantCOngenerSWerethoseassoclatedwithC－PentaBDEandDecaBDE．It  

WaSeStimatedthatyoungchildren（1－4years）Ⅵのuldingest120－6000ng／dayofPBDEs．For坑veofthe  

homes，Clothesdryerlintwasalsoanalyzed，ShowingPBDEconcentrationsof480－3080ng／gdrymass，  
TheexposuresarehigherthanthoseobservedinEurope，afactthattheresearchersattributetothefact  
thatmostmarketsforC－PentaDBEhasbeenintheUnitedStates．   

Theinfbrmahonintheprecedingparagraphhigh1ightsthefactthatwhilePentaBDEcanVOlablizefrom  

theproductsinwhichitlSincorporated，aSγellasduringtheirwholelifb－CyCle，andduringrecyclingor  

afterdisposal，am句OrrOutefordisseminatlOnOfthischemicalintotheenvironmentwilJbeintheform  

Ofparticlesonwhichitisabsorbedoradsorbed．Whenemittedfナomproducts，thenameretardantSare  

likelytoadsorbtoparticles，andthesemayadheretosurfaceswithinappliancesoronothersurfacesin  
theindoorenvironment，OrtheymayspreadtotheoutdoorenvironmentdunngairlngOfrooms．  

Industrialenvironmentswhereequipmentisdismantledmaysuffermuchhigherexposures（Danish  
EPA1999），Therearealsoreleasesfromproductsduetoweathering，Wearing，1eachingand  

VOlatilizat10nattheendoftheirservICehfbduringdlSPOSa）orrecychngoperatlOnS（dismanthng，  

gnndingorotherhandlingofwaste，tranSpOrtandstorage，forexample）．TheannualreleasesintheEU  

regionfromtheproductlift－CyCleofpolyurethaneproductswereestimatedtobedistributedamongthe  
djffbrentcompartmentsasfollows二75％tosoil，0．1％toairand24．9％tosurfacewater（EU2000）．   

TheinclusionofC－PentaBDEinmaterialsusedforcarundercoatlng，rOO坑ngmaterial，COilcoahng，  

fabriccoatlng，Cables，Wiresandpro丘1es，andshoesolescanresultinslowreleasetotheenvironment．  
EmissionfactorsforsuchreleasesintheEUriskassessmentwerejudgedtobe2－10％duringthe  
lifetimeoftheproduct，V＾ththehigherfactorsapplyingtouseswithhighwearratessuchasc㌣  

undercoatlngandshoesoles，Afurther2％wasassumedtobeemittedduringdlSPOSaloperatlOnS．  
Takingtheseintoaccount，thelossesintheEUregionwere牢matedtobe15・86tonnes／yeartosoil，  

5．26tonnesケeartosurfacewater，andO．021tonnesケeartoalr．Noactualmeasurementswerefoundin  

theliteraturewithwhichonemightcornParetheseestimates．   

Haleeta／．（2002）demonstratedthatname－retardanttreatedpolyurethanefoamexposedtodirect  

SunlightandtypicalVirginiasummerconditionswithtemperruresupto30－350candhumidityof80％  
Orgreater，becamebrittleandshowedevidenceofdisintegrat10nwithinfburweeks．Theauthors  
postulatethattheresultingsmal1，lowdensityfoamparticleswouldbereadilytraruportableby  
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StOrmWaterrunOfforaircurrents．SuchdegradationprocessesmayprovideaneXpOSurerOutetO  
OrganismsviainhalationorlngeStionofthefoamparticlesandtheirassociatedPentaBDE．   

2．1．5EmissionsfromwastecontainingC－PentaBDE   

WastecanbegeneratedfromproductionofC－PentaBDE，丘omprocessesformanufactureofC－  
PentaBDE－COntainlngmaterials，and丘omend－Oflservice－1iftmanagementofproductscontainlng  

PentaBDE．   

Inproduction，theC－PentaBDEproducershavestatedthatthem勾OrSOurCeOfreleasewasfrom坑1ter  
WaSteandrqjectmaterial，butquantitiesaresmal1tonegligible．Ingeneral，thewastewasdisposedofto  
lan鱒11（EU2000），althoughitisnotedthatwastecontainingmorethanO・25％PentaBDEisclassined  

asbazardouswasteT．   

Aftercuringandcooling，blocksofpoレurethanefoamgenerallyhavetobecuttotherequiredsize，  

althoughforsomeapplicationsthefoamisproducedinamouldofthedesiredshapesocu仕ingisnot  
required．SomeflameretardantislostinthescrapfoamthatresultsfromthecuttlngPrOCeSS，Such  

foamSCrapisoftenrecycledintocarpetunderlay（rebond），particularlyintheUnitedStates．  

Interestingly，theEUexp？rtSabout40，000tonnesケearofscrapfoamtotheUSforsuchuse（EU2000）・  

Inotheruses，SCraPfoam1SgrOundandusedasⅢ1erinanumberofapplicationssuchascarseatsor  

usedforadditiontovlrglnPOlyolinslabfbamprOduction．Itisalsopossiblethatsomefbamscrapwill  

bedisposedoftolandfi11，OreVenincinerated．   

Duringtheproductionofpnntedcircuitboardsasubstantialpartofthelaminateiscutoffandbecomes  
SOlidwaste．Inmostcountries，however，C－PentaBDEisnolongerusedinthisapplication．Thereis  

limitedinformationaboutwastegeneratedinotherapplicationsofC－PentaBDE，SuChasitsusein  
electricalandelectronic叩plianCeS．Whilesomesuchappliancesarerecycledonaccountoftheirmetal  
COntent，manyarebumedinmunicipalwasteincineratorsandthisoftenthefateofnon－metal1icportions  

Ofthiswastestream．IntheEU，fromDecember2006，plasticscontainlngbrominatednameretardants  

mustbeseparated丘omsuchwastepnortorecoveryandrecycling．   

Usedvehicles，OftencontainingsolidorfoamcomponentswithC－PentaBDEarestoredoutdoorsand  

thendismantledinshredderplants．Insomecoumtries，reStrictionsrequlrethatcomponentscontaining  

SubstanceslikePentaBDEbetreatedashazardousWaSte．Wastesgeneratedfromproductionofbuilding  

materials，teXtilesandfumiturearedisposedofinlandfi11s，Or享nFinerated・Thisiseasyenoughfor  

Small，eaSilydismountedcomponents，butmostmaterialcontalnlngnameretardantsisharderto  

Segregateandsothesematerialsendupinthewastefromshredderplantsandareusuallylandnlled．   

MovementofpolymerfoamparticlescontainlngPentaBDEwithintheland鎖11couldprovidea  
mechanismfortranSPOrtOfthebrominatedmaterialtoleachateorgroundwater．Itisnotcurrently  
POSSibletoassessthesignincanceofsuchpr？CeSSeS・However，giventhephysico－Chemicalpropertiesof  

thesubstanCe，itisconsideredunlikelythatslgnincantamOuntSOfPentaBDEwillleach丘omlandfills，  
Sinceithaslowwatersolubility，highoctanOl－Waterpartitioncoefncient，andadsorbsstronglytosoils  

匹U2000）．NorwegianSCreeningstudieshavefoundlevelsofPentaBDEofconceminlandnll  

leachates（巧eldetal・2003，FjeldeiaL2004，FieldetaL2005）．¶lequantityofPentaBDEdisposedof  

annual1yintheEU，andgolngtOlandnllorincineration，isestimatedtobeapproximatelyl，036tonnes  

匹U2000）．   

InaDutchprqJeCt，theemissionsofPentaBDEintheEMEPreglOnWereeStimatedanddistribution  
betweensourcesⅥSaSfo1lows‥0・33tonnesケear＆omindustrialcombustionandp†OCeSSeS，9・45  

tonnesケear丘omsoIventandproductuseandO．05tonnesケear丘omwasteincineratlOn（vanderGonet  

αJ．2005）．  
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Attheoperatingtemperaturesofmunicipalwasteincineratorsalmostal1flameretardantswlllbe  

destroyed，butbasedonexperiencewithotherorganiccompounds，traCeamOuntSCOuldbepasslngthe  

COmbustionchamber（DanishEPA1999）・StudiesofrecipientstomunicipalsolidwasteiTCinerators  
havedetectedabove－backgroundlevelsofPentaBDEinbothgaseousandparticulatefractlOnSintheair  
inthevicinityofthefacility（AgrelletaL2004，Law2005，terSchureetal・2004b）・Potentiallyt？Xic  

PrOductslikebrominateddibenzorp－dioxinsanddibenzofuransmaybeproducedduringlnCineratlOnOf  

articlescontainingC－PentaBDE（DanishEPA1999，EbertandBahadir2003，WeberandKuch2003，  

BirnbaumandStaske12004）andpossiblyreleasedtotheenvironment．   

AnalysesofdismantledFR2circuitboardsinelectricalscrapshowthatabout35％ofthePBDEused  
WaSPentaBDE，andforestimationpurposesitwasassumedthat25％ofFR21aminatesinolder  
applianCeShadbeentreatedwiththeC－PentaBDE（SwISSagenCy2002）．Prevedourosetal．（2004）  

estimatedproduction，COnSumPt10n，andatrnOSphericemissionsofPentaBDEinEuropebetween1970  

and2000basedonliteraturedata．Accordingtothatstudy，thenowofPentaBDEindiscardedelectrical  

andelectronicappliancesinEuropeisintherange17－60metrictonsperyearfbrtheperiod2000－2005．  
However，aSwissexperimentalstudyofsuchflowinamodemrecyclingplantShowedvalueshigher  
thanexpectedonthebasisoftheliteraturestudy．Thiscouldmeanthattheliteraturehasunder－  

estimatedthePBDEcoヮtentofsuchappliaれCeS，andthestudyacknowledgesthatcompaniesseldom  

providealltheinfbrmatlOnneCeSSarytOmakeaccurateestimates（Swissagency2002）．Thissame  

StudyreportedaflowanalysisfbrthelifecyclesofPenta－，Octa－andDeca－BDEaswellas  
tetrabromobisphenoIA（TBBPA）・Wasteelectricalandelectronicequipmentwasthebiggestcontributor，  

aheadofautomotiveshredderresiduesandconstruCtionwaste．Theplasticsinvehiclesproducedin  

1980containedO．089g／kgofPentaBDE（excludingthatcontainedinelectricalandelectronic  

COmPOnentS），Whereasplasticinthosebuiltin1998hadO．044g／kg・Atthebeginningofthisperiod，  

almostallunSaturatedpolyurethaneresinsweretreatedwithbrominatednameretardants，prlmarily  
DecaBDEandTBBPA，butalsoPentaBDE．Evenlargerquantities，uptO50gPentaBDE／kgofresin，  
WereuSedinrai1vehiclesproducedin1980，   

TheaverageconcentrationofPentaBDEinappliancesisestimatedtobe34mg／kg，withthehighest  

COnCentratioヤー125mg／kg－intheplastic＆action（Morfetal・2005）・Inplantswithoff－gaSmtering・a  

largeproportlOnOfthePentaBDEwillbefbundinthecollectedfraction（Morfelal・2005）・Onthe  
Otherhand，inafacilitywithoutanefncientairpollutioncontroldevICeSuChasthatinthemodern  
facilitystudied，aSignificantflowofdust－bornePentaBDEmaybereleasedtotheenvironment．Acase  

inpointwaspresentedbyWangetaJ，（2005），WhodetectedlevelsofPentaBDEinsoilandsediment  

COllectedinthevicinityofanopenelectronicwastedisposalandrecyclingfacilitylocatedinGuiyu，  
Guandong，China．   

TheSwissstudyshowedthat5％ofpolyurethanefoamsproducedin1990wereusedinthebuilding  
industry，andcon！ainedupto220g几gofC－PentaBDE AboutlO－20％ofthethermoplasticsheeting  

usedinconstructlOnWaStreatedwithbrominatedflameretardantSatlevelsofl．3－5％byweight  
（DanishEPA）butnoinformationaboutC－PentaBDEcontentisavailable・Somepolyvinylchloride  

SheetingwouldalsohavebeentreatedwithC－PentaBDE，typical1yat49gn（g．PentaBDEcanbe  

assumedtobeemittedduringdismantlingactivitiesbutnoinformationisavailableabouttheextentof  
suchemissions．  

2．2Environmentalfate  

2．2．1Persistence  

Estimatedhalf－1iftvaluesofPDBEindifferentenvironmentalcompartmentsarescarceintheliterature．  
Intable2．3halfこ1iftestimatesfoundinliteraturearesummarized．  
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八丁仙コ．j〟‘J隼／／叱ヾ√イーハー〃山／∫川ご「、〟Jノ仁99ノ…‘一軒′●川／川l－〃■り〃／JJ川／‘′／…／叩，‘J／■／仙り山一．‘黒血〟／仙／  

11・〟／＝カビ〃．Y＝！／－．＼げ‘J‖≠ヾ（’川ノーりJ・‘J／Jり′′I．、JJゾ‖丁′V／け明′ⅧJ′・  

Environmentalcompartment   Half11ifeestimate（d）   Re鮎ren（：eS   

Soil   150   Palm2001，P山meJα／．2002   

Aerobicsediment   600   Palm200l，PalmetaL2002   

Water   150   Palm2001，Palmetal．2002   

Air   19   PalmeJαJ、2002  

VulykheJαJ．2004   

ItisnotedthatcautionshouldbeusedinrelylngOnhalf11iftestimatesderived丘omthisprogram，nOW  

CalledEPISuite（h叩‥Nw・epa・gOVhpptintr／exposure／docs／episuite・htm）・TheEPISuite’sintended 

useischemicalscreenlngOnlyandmaynotbeappropriateforconsiderationofsubstancesforglobal  
COntrOl．BecauseOfinterestinthismatter，itislikelythathalト1ifbdata丘omnewstudieswillbe  
publishedbutthepictureprovidedbyexistlngdataseemsun1ikelytochangeSubstantially．Thenature  
OfdegradabonproductsofthePBDEsisalsolikelytobeelucidatedinfuture，1eadingtoconsideration  

Of塾由toxicity．   

Withrespecttobiodegradation，Tetra－，Penta－andHexa－BDEar9predictedtobe‖recalcitrant‖bythe  

BIOWINprogram．UsingtheEPIWINprogram，eStimatedhalf－1ivesforPehtaBDEare600daysin  

aerobicsediment，150daysinsoil，and150daysinwater（Palm2001）・Thisdegrァeofpersistenceis  

SupPOrtedbythefactthatnodegradation（asCO2eVOlution）wasseenin29dayslnanOECD301B  
readybiodegradationtestusingPentaBDE（SchaeftrandHaberlein1997）．  

SchaefbrandFlaggs（2001）carriedouta32－Weekanaerobicdegradationstudyusingamixtureof14c－  
labelledandunlabelledBDE－47（aT？traBDE）incorporatedintosedimeりtS・Thestudyshowedthat  
＜1％ofthetotalradioactivitywasrecoveredas14co2and14cH4，indicatlngthatessential1yno  
mineralizationhadoccurred．Overall，thestudyfoundthatlevelsofdegradationwerenotstatistical1y  
Slgnincant；however，theHPLCanalyticalmethodwithradiometricdetectionindicatedthatsome  
productshadbeenformedinthe32－Weeksamples．Betweenoneandthreesuchpeakswereident沌ed  

in260f42samplesanalyzed．Workisunderwaytoidentifytheseproducts．ItislikelythatBDE－47  
hasthepotentialtodegradeveryslowlyunderanaerobicconditions．   

SeveralstudiesuslngSedimentcoresshowthatPentaBDEcongenersdepositedinEuropeanmarine  
Sedimentsatthebeglnningof1970saresti11presentinslgnincantamOuntS，indicatlnghighpersistency  
insediments（Covacietal・2002a，NylundetaL1992，Zegerヲetal・2000，ZegersetaL2003）・The  

industrialproductionanduseinEuropestartedinthebeginnlngOfthe1970s，Withareductioninmore  
recentyears．Thisisrenectedinthesedimentcorepro創es，Vdthnooccurrencebeforethisdate，andan  
increaseinlevelsafter，withalevellingoffinmorerecentyears．Inthemostrecentstudies（Zegersetal、  

20P3）sedimentcoresfromNorway，theNetherlandsandGermany  

WereStudied．ConcentrationsofPBDEs，nOrmalizedtototalorganiccarboncontent，Wereintherange  

lO－20llg／gtotalcarbon．   

2．2．2Bioaccumulation  

2．2．2．1StudiesonbioaccumulationandbiomaEni坑cationinlocalfbodwebs   

SeveralstudieshavefocusedonPentaBDE－spotentialforbioaccumulationandbiomagnincation．The  

StudiesshowanincreaseofconcentrationsinbiotawithincreaslngtrOphiclevelinpelaglCandArctic  
foodwebs．Thecalculatedbioconcentrationfactors（BCFs），bioaccumulationfactors（BAFs）and  

biomagni負cationfactors（BMFs）indicatePentaBDE’spotentialforbioaccumulationand  

biomagni貢cadon．InTable2．4thecalculatedvaluesintheliteraturearesummarized．TheoctanOl／water  
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partitioncoefncient（logK。W）forPentaBDEinthosestudiesis6．5－7．4，Themorerecentstudiesare  
describedinthefo1lowlngteXt．  
／i′仙ユイ（■‘′／川山九・‘／砧仙∵〟′…′山／′川り‘′‖り′●・、招・・廿・り‘仙／h刷岬叩／f…／′り〃仙・／仰、／／い／／・叶万一／・川八・  

八州“／小／・・－「／椚トリリ川′仙り仙n′J〟八・．〟川′圧ノ什′′‘り〃〝れ一仙J／．血〟ハJJり｝l・巾ビJ【・り川／．・！／・仙・ノJい‘／111イ・．、．  

仙・‘山J‘川′●し・…ん・∫′ム〟＝／〟、叫ビJ／′＝肌・〟〃／′／り‘／－け′．頭／川′机一′〟…／〃〃ハ、し“・り牛車J・／／虹、／〟小・ハリ・仙・仙・l／  

中、・＼ル′JJりl一／‘′／二川町′′川ノ肌ノ′血・…／〃ハ′′′／り仙・ん小一‘′′●l・州〟・、け‘′ん・′′山付‘／両州仙′り〃－tノい／‘一ん叫・  

CO〃Ce〃〟・〟Jわ′7∫．  

Variable  Or巳anism   Area   ValⅥe   Re†erence   

BAF   βrgf∫∫g〃αク0少椚Oノアカ〟   LakeM畠1aren，Sweden   l，8   Lithneretal．2003   
BMF   Guillemotegg／heming   Bd也csea   17   Sellstr（うm1996  

Greyseal／herring   Balticsea   4．3   Sellstr（im1996  
Salmon／sprat   Balticsea   10   Bu汀eaugJα／．1999  

Salmon／sprat   Balticsea   5．9   Bu汀eau（ヲJd／．2000  

AthlticSalmon／SmallHerrlng  TheNorthernAtlanticSea  3．8   Bu汀eaugJ〟／．2000  

NetplanktorJBenthicorganisms  LakeOntari0，Canada   7．1   Alaee（ヲJ〟ム2002  

BenthicorgaIlisms／Foragefish  LakeOn払出o，Canada   0．8   AlaeeeJdJ．2002  
TJibellu［a／Copepods   Svalbard，  0．65（1，3）  S伊nnO（〉／βJ．2006  

Arctic Nonvay 
G・Wilkitzkii／Copepods  SvalbaId，  47．6（19＿0）  S打n¶0（ヲ／α／．2006  

ArcdcNon柑y  

Polarcod／Copepods  Svalbard，  2．1（1．6）   S8rn10g／α／．2006  

Arctic Nonvay 
Polarcod／Tinermjs  SvalbaI吼  1．9（1．2）   S8mOe／〟／．200（う  

Arctic Norway 
Polarcod／Tlibe／lula  Svalbald，  3．4（1．3）   SDmO（ヲJd／．2006  

Arctic NoMiay 
PolarcodノG．wiJたik畠f  Svalbard，  0．04（0．1）  S打nnOefdJ，2006  

Arctic NoMray 
Ringedseal／r′〃er椚i∫  Svalbard，  26．8（54．5）  S8mO（，Jα／．2006  

Arctic Norway 
Ringedseal／Tlibe［／ula  Svalbard，  43．1（60．0）  S伊mOビJ〟／．2006  

Arctic Nonvay 
鮎ngedseal／G．w招h勇払  Svalbard，  0．6（3．り）   S8mOeJαJ．2006  

Arctic NoMiay 
RingedseauPolarcod  Svalbard，  13．7（56．6）  S8mOe′αJ．2006  

Arctic Norway 
Polarbea〟Ringedseal  Svalbard⊃  0．3（0．29）  S打n¶OeJ〟／．2006  

Arctic Nonvay 
Polarbear侃ingedseal  ArcticCanada  3．4   Muiretal．2006  

Polarbear瓜ingedseal   ArcticCanada   Muir（ヲJ〟／．2006  

PolarbearRingedseal   ArcticCanada   8．0   Muir（ヲ／α／．2006  

Polarbear／Ringedseal   Greenland   1．0   Muir（ヲJdJ．2006  

Polar bear/Ringed seal Svalbard，  5．9   Muir（ヲJα／．2006   

ArcticNorway  

PBDEanalysesofzebramussels（Dreissenapob）mOrPha）wereincludedinalargerstudy  
undertakeninandaroundthecityofStockholm，Sweden（Litlmereta］．，2003）．Musselswerecollected  
fromabackgroundsiteandtranSplantedinbasketstootherdownstreamsitesinLakeMalaren，Saltg6n  
andinseveralsmal11akes．Freshwaternows丘omLakeMalaren，throughthemiddleofStockholm，then  
OutintothebrackishBalticSeaviaSalt如n．FivePBDEcongeners（BDE－47，BDE－99，BDE－100，BDE－  

153andBDE－154）weredetermined・ThecongeヮerpatternWaSdominatedbyBDE－47andBDE－99  
（fourand坑vebromines，reSpeCtively）andwasslmilartotheC－PentaBDE，Bioaccumulationfactors  
（BAFs）fbrthevariouscompoundsstudiedwereestimatedusingdatafromsuspendedparticulatematter  
（SPM）collectedinsedim？nttraPSin1998－99atthesamesitesinRiddarqardenandSalt如n（Bromanet  

aL，2001）．TheconcentratlOnSOnSPMwereassumedtoreflectwaterconcentrations．BAFswere  
Calculatedusinglipidweightconcentrationsinmusselsandorganiccarbonbasedconcentrationsinthe  
SPM．  
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Whencomparedtoothercompounds（PCBs，DDTs，HCB），theBDEshadthehighestBAFs，ranging  

丘omlto2．TheBAF（＝1evelinmussel／1evelinSPM）forPentaBDEwasl．8．   

ConcentrationsofBDE－47andBDE－99inLakeOntariopelagicfoodwebshowincreaslng  
concentrationsw仙increasingtrophicposition（AlaeeetaL2002）．Inthisstudy，COnCentrationsof  

PBDEsinarchivedplankton，A少Sis，Diporeia，alewife，Smelt，SCulplnandlaketroutsamplescollected  

in1993w？redetemined・ThetrophodynamicsofPBDEsintheLakeOntariopelagicfoodwebwere  
alsoinvestlgated．LakeOntariopelagicfoodwebconsistsofthreetrophiclevels・Thelaketrout  

（Sblvehnusnamqycush）isatoppredator鎖shspeciesinLakeOntario，fbedingonforage鮎hincluding  

alewifbulosapseudbhanngus）rainbowsmelt（Osm竺川SmOnhx）andslimysculpin（Cottus  

cognatus）；inturnthese鮎hfeedon几b）SisandD如rela，Whichfbedonphytoplankton，and  

zooplanktonsampledasnetplankton．ConcentradonswereincreaslngateaChstepupthefoodchain・  

TheexceptlOntOthistrendwasthebiomagnincationofBDE－99丘ombenthicorganismstoforage蔦sh，  

whichhadabiomagnincationfactorofO．8．ThisisanindicationofthebreakdownOfBDE－99．Infact，  

thePBDEpro且1eintheplankton；几b）SisandDiponiaresembledtheC－PentaBDEformulation，Which  

indicatesthatBDE－99bioaccumulatesintheinvertebratesandstartstobemetal）01izedbyforagensh．   

FurtherstudiesofmetabolisminvolvingreductivedebrominationarediscussedinSection2．3．5．   

Whittleeta［（2004）conductedsurveySOfPBDElevelsinnshcommunitiesofLakeOntarioandLake  
Michiganin2001and2002andevaluatedbiomagnincationinthelocalpelagicfoodweb（net  
Planktonh4ysisLD＊oreia→foragensh（smelt／sculpin／alewifb）→1aketrout）．Theiranalysis，Which  

includedatotaloffortyonePBDEcongeners，ShowedthatBDE47，99andlOOwereprominentateach  

trophiclevel．Thebiomagn摘cationfactors（BMFs）representingtotalPBDEsfbrforage坑shtolake  

troutranged丘om3．71to21．01inLakeMichiganand丘om3．48to15．35inLakeOntario．TheBMF  

forplanktontoalewifbas22．34inLakeOntario．   

ArecentstudyofanArcticfoodchainshowsthesameresult（SormoelaL2006）asAlaee’ssttldy，  

ConcentrationsofPBDEswereinvestlgatedinanArcticmarinefoodchain，COnSistlngOffour  
invertebratespecies，pOlarJCOd（Boreogadhssaiゐ），ringedsealsPusahiv，idb）andpolarbears（t血us  

maritfmus）・ThemostabundantPBDEs，BDE－47andBDE－99，Werefoundindetectableconcentrations  

evenlnZOOplankton，thelowesttrophiclevelexaminedinthisstudy．MostoftheinvestigatedPBDEs  

biomagmi貢edasafunctionoftropIClevelinthefoodchain．AnoticeableexceptlOnOCCurredatthe  

highesttrophiclevel，thepolarbear，inwhichonlyBDE－153wasfoundtoincreasefromitsmainprey，  
thenngedseal，indicatlngthatpolarbearsappeartobeabletometabolizeandbiodegrademostPBDEs．  
TheauthorssuggestedthatthisdiscrepancylnthefateofPBDEsamongthedi脆rentspeciesmaybe  
relatedtogreaterinductionofoxidativedetoxificationactivitiesinthepolarbear．Absorpt10nand  
debrominationratesmaybemoreimportantforbioaccumulationratesofPBDEsinzooplankton，POlar  
COdandringedseals．BDE－99showednobiomagnincationfrompelagiczooplanktontopolarcod，  

probal）1yasaconsequenceofintestinalordssuemetabolismofBDE－99inthensh．Alsoamong  
PelaglCZOOplankton，therewasnoincreaseinconcentrationsfromcalanOidcopepodstoTlibellukz．  
Lipid－Weightbasedconcentrations（LWCs）andwhole－bodybasedconcentrations（WBCs）ofPBDEs  

WereuSedtoassessbiomagni坑cationfactors（BMFs）・Wholebodyconcentrationsgavethem？St  

realisticBMFs，aSBMFsderived丘omLWCsseemtobeconfoundedbythelargevariabilitylnlipid  
COntentOftissues丘■Omtheinvestigatedspecies．ThisstudydemonstratesthatPentaBDEshavereached  

measurableconcentrationseveninthelowertrophiclevels（invertebratesand坑sh）intheArcticand  
biomagninesinthepolarbearfoodchain．   

Polybrominateddiphenylethers（pBDEs）weredeterminedinadiposetissueofadultandsub－adult  

fbmalepolarbearssampledbetween1999and2002丘omsub－POPulationsinArcticCanada，eaStern  
Greenland，andSvalbard，andinmalesandfemalescollectedfrom1994to2002innorthwestemAlaska  
（Muiretal．2006）．0nlyfourcongeners（BDE－47，BDE－99，BDE－100，andBDE－153）wereconsistently  

identinedinal1samPles．BDE－47wasthem毎orPBDEcongenerrepresentlngfrom65％to82％ofthe  
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∑PBDEs・Agewasnotasigni坑cantCOVanateforindlvidualPBDEsor∑PBDE，Higherproportionsof  

BDE－99，BDE－100，andBDE－153weregeneral1yfoundinsamplesfromtheCanadianArcticthzulfrom  

SvalbardortheBering－ChukchiSeaareaofAlaska．Al1fburm叫OrPBDEcongenerswerefoundto  
bion†agnifyfromringedsealstopolarbears・Thepolarbear－SealBMFswererelahvelyconsistent  

despltethelargedistanCeSamOngSites，TheexceptlOnSWeretheBMFsforBDE－99，BDE－100，and  

BDE－153inEastGreenlandwhichhadlowerBMFsthanthoseatallothersites．Thismaylmply  

diffbrencesinthetraJISformationofPBDEsinthemannefoodwebleadingtopolarbearsortofood  
Webdiffbrences．Speciesdif托rencesinbioaccumulatlOnandbiotransfbrmatlOnOfPBDEshavebeen  

notedfornshandthiscouldleadtodlf托rencesincongenerpattemsin頁sh－eatlngmammalsandtheir  
predators．   

Studiesofthebiomagni坑cationofTri－tODecaBDEswerecarriedoutinthreedi脆rentfoodchains，tWO  
intheBalticSeaandoneintheAtlanticOcean（Law2005）．AllofTri－tOHeptaBDEcongeners  

biomagnined，butthemaximumbiomagnincationwasforthePentaBDEs．   

Matschekoelal．（2002）invesdgatedtheaccumulationofsevenPBDEs，eightPCBsandpolychlorinated  

dibenzoサdioxinsanddibenzofuranS（PCCD／Fs）byearthwormscollectedfromSwedishsoilsinspring  

andautulnn2000．Theselectedsamplingsiteswereagricultural1andsreceivlngaPplicationsofsewage  
Sludge，anda負eldnoodedbyariverkn0、ⅦtOCOntainthetargetsubstancesinitssediment，Reference  

SiteswereruralandurbansoilswithnoknownsourcesofthetargetsubstanCeSOtherthanbackground．  
EarthwormsbrimarilyLumbricusten・eSlrts，Lumbricus5W，Aporrectodbaca］iginosa，A．roseaand  

Alk）lobQPhon7ChlorYVtic）werecollected丘omal1坑eldsites，StarVedfbr24htocleargutcontents，and  

thenanalyzedforthepresenceofthetargetsubstances．Biota－SOilaccumulationfactors（BSAFs）were  
Calculatedastheratioofconcentrationoftargetsubstanceinwormlipidstothatinsoilorganicmatter，  
BSAFsforBDE－47，BDE－66，BDE－99andBDE－100rangedfナomltolO．Theywerecomparableto  

thosedeterminedforthePCBsbuthigherthanthoseforPCCD／Fs．BSAFsofgreaterthan10were  

deteminedatoneagriculturalsite，Wherefactorsofll，18and34werecalculatedforBDE99，47and  

lOOrespectively．DatacollectedforBDE－153，BDE－154andBDE－183werenotused，aSlevelsinthe  

earthwormblanksweredeemedtobeunaCCePtablehigh，   

2．2．2．2Monitorin2．reSultsindicatingbioaccumulation   

AlargerangeOfstudiesshowconcentrationsofconcemintoppredators・High1evelsintoppredators  
areusuallyanindicationonthepotentlalofacompoundtobioaccumulateinthetoppredatorfoodchain．   

Severalstudies（Jasperseta／．2004，Herzkeeta／・2005，Lindbergelal・2004，D、Silvaetal・2004，Law  

etal．2005，SinkkonenetaI．2004，Sellstr6meta／．2003）indicatethatPentaBDEiswidespreadintop  

PredatorybirdsinEurope，SuChasperegrlnefalcon（FbIcoperegrine），merlin（拘Icocolumbarius），  

goshawk（」cc画tergentiles），gOldeneagleuquik7ChYySaetOS），andbu2Zard（Buteobuleo）．High1evels  

aredetectedintoppredatoryeggsofwhite－tailedseaeagle，peregnnefalcon，OSprey，andgoldeneagle  

（Herzkeetal．2005，Lindbergeta］・2004）．Hlgh1evelshavealsobeendetectedinEuropeanharbour  

porpoises（Phocoenaphocoena）（Throneta［・2004andCovacietal・2002）・   

IntheArctic，C－PentaBDEisdetectedinhigh1evelsintoppredatorybirdsandmammals（Verraultetal．  
2005，Verraultelal．2004，Norstr6melaI，2002，Herzkeetal．2003，Vorkampetal．2004aandb，  

Wolkersetal．2004，Thronetal．2004，ThomaselaL2005，Ikonomouetal．2002），SuChasglaucous  
gulls（Larus7wrboreus），pOlarbears（Ursusmaritimus），ringedseals（Phocahi5Pidb）andbeluga  

Whales（DeわhinqplenJSleucas）．  
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2．2，3Lon巳－ranEeenvironmentaltransDOrt   

2．2．3．1EnvironmentalstudiesontranSpOrtanddistribution   

Thereareseveralfactorsindicatlnglong－rangetranSboundarytransportofPentaBDEinthe  
environment．Ithasahighpersistencyinair，Withahalf－1ifbofll－19days（PalmelaL2002，Vulykhet  

aL2004））．MonitoringstudieshavedetectedawidespreadoccurrenceintheEuropeanatmOSPhere（ter  

ShreetaL2qO4，LeeetaL2004，JawardetaL2004，HarradandHunter2004，Harradelal，2004）and  

Arctic（AMAP2002andAM2005，PeltolaetaL2001）．   

SamplingofairintheGreatLakesreglOnOfNorthAmericawasundertakenin1997－1999andreported  
byStrandbergetaL（2001）・PBDEs，ワainlyBDE－47andBDE－99，Weredetectedinal1samPlesfrom  

fourlocations，andtherewaslittlevanationoverthetimeperiod．PBDEconcentrationsranged丘om5  
pg／m3nearLakeSuperiortoabout52pg／m3inChicago・Atthetemperaturesofcollection，20j30C，  
approximately80％ofthetetrabromocongenerswereinthegasphase，but70％ofthehexabromo  
COngenerSWereaSSOCiatedwithparticles．   

Resultsforthefar－nOrthernPaci鎖ccoveredparticulatemattercollectedinJuly－September2003丘om  
theBohaiSeatothehighArctic，370－800N（Xin－MingWangetaL2005）．ThedominantCOngehers  

WereBDE－47，BDE－99，BDE－100（al1presentinthecommercialpentamix）andBDE－209，With  
COnC戸ntrationsfhlling丘ommid－tOhigh－1atitudes，prObablyresulting（accordingtotheauthors）from  

dilutlOn，deposltlOnanddecompositionofthePBDEsduringlong－rangetranSPOrt．TotalPBDE  
concentrationswereintherange2・25－198・9pg／m3withameanOf58・3pg／m3・Thesourceofthe  
PBDEsisbelievedtobetheNorthAmericancontinentfromwhichtheydistilltoanArctic－coldtrap●．   

TheemphasisonanyassessmentofthedispersalofPentaBDEintotheenvironmenthastobeonlong－  

rangetranSpOrt，SPeCial1ytoArcticregions，buttherealsoisagrowingbodyofdataondispersalofthe  

SubstanCeandrelatedcongenerswithinreglOnS．AirsamplinginSouthemOntariointheSpringof2000，  

beforebudburst，ShowedPBDEconcentrationsof88－1250pg／m3，withthelightercongeners（DBE－17，  
－28and－47）dominating（GouinetaL2002）．TheconcentrationsfblltolO－20pg／m3，往Changethatthe  
researchersattributedto，nrStly，enhanCedlevelscausedbyexplration丘・Omthewintersnowpack，  

fo1lowedbypossiblesorptionbyemergentfo1iage．0therstudiesinOntari0（Hameretal．2002）found  

airlevelsoftotalPBDEintherange3・4－46pg／m3・Inlaterwork，OrganicⅢmsonindoorandoutdoor  
windowsinSouthernOntarfowereexaminedfortheircontentofPBDEsbyButtetaL（2004）・Whle  
thePBDEcontentwasdomlnatedbyBDE－209fromthedecabromomixture，thereweresigni鎖cant  

quantitiesofcongenersderivmgfromtheC－PentaBDE，BackcalculationgavetotalPBDE  

concentrationsinoutdoorairof4・8pg／m3and42・1pg／m3fbrindoorair．   

Jawardetal・（2004a）studiedatotalof71passiveairsamplesusingsemipermeablemembranedevices  
（SPMDs）foreightBDEcongFnerS（BDE－28，BDE－47，BDE－49，BDE－75，BDE－99，BDE－100，BDE－  

153andBDE－154）duringasIXWeekperiodin2002atremote／rural／urbanlocationsacross22countries  
inEurope・BDEsweredetectedinapproximately50％ofthesamples，andtheequivalent∑BDEair  

concentrationsestimated丘omthepassivesamplerdatarangedfromO・5to250pgm3．ThefocusOfthe  

mostelevatedconcentrationswastheUK，WhichhasahistoryofPBDEproductionandhasalsobeena  

m毎oruserofPBDEformulationsduetostringentBreregulationswithinthecountry．TheUKisclearly  

aregionalsourceforBDEstotheEuropeanatmosphereand，incontrast，1evelsreachingEur？pe＆om  

thewest（overtheAtlanticOcean）arelow．0血erhighvaluesweredetectedinurbanCentreSln  
mainlandEurope－SamplesfromAthens，Bilthoven（Netherlands），Geneva，MilanandSevi11e，for  

example．Non－detectableルerylowvaluesoccurredinremote／backgroundsites，eSpeCial1yinIceland，  

Ireland，NorwayandSweden，andvaluesinEastemEuropeweregenerallylow．BDE－47andBDE－99  

COntributedca．75％to∑BDE，Simi1artotheirproport10nintheBromkal70－5DEC－PentaBDE．  
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IntheUS，high－VOlumesamplerswereusedtoexamineconcentrationsofgaseousandparticulate  

PBDEsat丘vesites（urban，Semi－urban，agriculturalandremote）fromtheMidwesttotheGulfof  

Mexico，eVerytWelvedaysduring2002，2003（HohandHites2005）・Themeanconcentra90nOftotal  

PBDEsattheChicagositewaslOOj＝35pg／m3，SOme3－6timeshigherthanthoseatotherslteSand  
Significantlyhigherthanmeasurementsmadein1997－1999（Strandbergetal．2001）．Themean  

concentrationofPentaBDEwas31pg／m3attheChicagosite，SOme2－4timesthevaluesforothersites．   

FugacitymodelresultsindicatethatPBDEswilllargelypartitiontoorganiccarboninsoilandsediment  
andthattheirpersistencewlllbestronglyinnuencedbydegradationratesinthesemedia（althoughthese  

arenotwellknown），OnlyasmallproportionofPBDEsexistinairandwater．Ifthisisthecase，it  
SuggeStSthatthesecompoundshavelimitedLRATpotential（Prevedourosetal．2004a，Gouinand  

Harner2003）・ThiscorrespondswithPentaBDE’sa飴nityforcarbon，lowsolubilityinwater（1．0いg几）  

uldlowvapourpressure（7．6xlO－6pa）．However，GouinandHamer（2003）suggestthatbecauseof  
theirphysicalLChemicalproperties，PBDEsmayexperienceactivesurface－airexchangeasaresultof  

SeaSOnallyanddiumal1ynuctuatlngtemPeratureS．Subsequently，thismayresultinthepotentialfor  

LRATofthePBDEsthroughaseriesofdeposition／voladlizationhops，OthervviseknoⅥmaSthe  

“grasshopper”efftct・ThisassumptionissupportedbyenviてOnmentaldata・Leeetal・（2004）detected  

atmosphericconcentrationsofBDEsattworural／semiruralslteSinEngland，andoneremotesiteonthe  
WeStCOaStOfIrelandin2001andin2000，reSPeCtively．∑BDEconcentrationsatMaceHead，Ireland，  

wereo・22to5・Opg／m3withameanOf2・6pg／m3andwerecontrolledprimarilybyadvection．＝BDE  
concentrationsatHazelrigg（NWEngland）were2．8to37pg／m3withameanOf12pg／m3，andat  
Chilton（SWEngland）were3．4to33pg／m3withameanofllpg／m3．Thecongenerpronlewas，On  
average，Simi1artothatoftheC－PentaBDE．AtthetwoEnglishsitesinthesummer，PBDE  

COnCentrationswerestronglyinnuencedbytemperature，indicatlngthatland／airexchangeprocesses  

playanimportantroleindeterminlngatmOSPhericconcentrations．   

TheconcentrationsofPBDEsweredeterminedinsoilsamplescollectedalongalatitudinaltransect  
throughtheUKandNorway，atremOte／ruralwoodland（bothconiftrousanddeciduous）aJldgrassland  

Sites（Hassanineta］・2004），Concentrationsfbr∑BDErangedfrom65to12，000ng／kgdryweight．BDE  

COngenerSBDE－47，BDE－99，BDE－100，BDE－153andBDE－154，COVenngthem叫OrCOnStituentsofthe  

C－PentaBDE，dominatedtheaveragecongenerpatteminthesoils．Thiswasinterpretedasevidencethat  

transferofthecongenersfrommaterialstreatedwiththecommercialproductfromsourcetoairtosoil  
OCCurSWithbroadlysimilarefnciency，andthatthereislittledegradationofthecongenersbyprocesses  
actlngeitherduringatmospherictransportorwithinthesoilsthemselves．Therewasevidenceof  
latitudinalftactionatlOnOftheBDEcongeners，WiththerelativeamountSOfBDE－47andthelighter  

COngenerSincreasingfOthenorth（wlthincreasingdistanCefromsourceareas）whiletheproportionof  
BDE－99andtheheaⅥerCOngenerSdecreased．PlotsofBDEcongenerconcentrationsagalnStperCentage  

SOilorganicmatteryieldeddifftrentslopesfordiffbrentcongeners．Steeperslopesweregeneral1y  

ObservedforlightercongenerssuchasBDE－47，indicatlngthattheyhaveundergonesomeair－Surface  

excha爪革e（”hopping”）フWhilstthoseofheavi 

． 

detectedseasonalvariationsinthepartitionlngOfPBDEsbetweenthegasandparticulatephase．The  
fractionofparticulatePBDEswashigherinsamplescollectedinwinterthanthoseinthesummer  
（Hayakawaetal・2004）．PentaBDEisexpectedtobetranSpOrtedintheenvironmentmostlybybeing  

absorbedontoparticlesduetoitslowvolatility，lowsolubilityandhigha舘nityforcarboncompounds．  

ThereareresultsfromenvironmentalstudieswhichindicatethatPBDEsaretranSpOrtedonairbome  
Particles，andthattheyaresusceptibletowetdeposition（terSchureeta［2004a，terSchureandLarsson  

2002），FurthertranSpOrtdependsonthefateoftheparticles．Fateafterdepositionsonlanddependson  

thelevelofwlnderosion，thatcanvarywiththeseason．Fateafterdepositionintotheseadependson  

OCeanOgraPhicprocesses，SuChaswaterlayenngandtransportbycurrentsinthesurfacelayers．   

TerSchureeta［・（2004a）collectedairandatmosphericbulkdepositionsamplesontheislandofGotska  
Sand6nintheBalticProperduringalOweekperiodinauturm2001．Thesamplingsitewaschosen  
becauseofitscentralpositionintheBalticSea，andbecauseoftheabsenceoflocalpolntSOurCeSOf  
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po11ution．TenPBDEcongenersweredetemined（BDE－17，BDE－28，BDE－47，BDE－85，BDE－99，BDE－  

100，BDE－153，BDE－154，BDE－183andBDE－209）．Themedian∑BDEconcentration（∑BDEisthe  
sumOftheconcentrationsofthecongenersdeterTlinedineachstudy）was8・6pg／m3，andtheBDEs  
weremainlyassociatedwithparticles．AcomparlSOntOlevelsofPCBintheatmosphereindicatedthat，  

asPCBconcentrationsinBalticairhavebeendeclining，theinputofBDEsbyatmosphericdeposition  
totheBalticPropernowexceedsthatofthePCBsbyafactorofalmost40timei．   

BDEsweredeteminedinpreclpltationfal1inglnSOuthemSwedenduringatwoweekperiodin2000  
（terSchureandLarSSOn，2002）．Theparticle－aSSOCiatedand“dissoIved”phaseswereseparatedduring  

samPlingand65士18％of∑BDEwasfoundtobeparticle－aSSOCiated．Thevolumeweightedmean  

COnCentrationof∑BDE（ninecongeners）inrainwas209pg／1，andthetotaldepositipnratewas2士1ng  

＝BDE／m2／day・Thecongenerpro坑1einbothphasesofthetotaldepositionwasdomlnatedbyBDE－209，  
andthereafterBDE－47，BDE－99andBDE－183，repreSentlnglnPutSfromallthreecommercialPBDE  
formulations．TheauthorsfoundthatparticleassociatedBDEsareefftctivelyremovedduringsmall  
preclpltationeplSOdes，andthatparticlescavenglngWaSanimportantmeChanismforthewetdeposition  
ofBDEs．   

Amodelassessmentofpotentialforlong－rangetranSboundaryatmospherictransportand  
persist？nCeOfPentaBDEhavebeen 

． 

COnSideredtobestronglyinfluencedbyenvironmentalprocesses，SuChasdegradation，deposltlOn，  
gas／palticlepartitionlng，andgaseousexchangeWithunderlyingsurface．Themainprocessofremoval  

fromtheatmosphereforthetwocongenersBDE－47andBDE－99wasfoundtobedepositiontolandand  
SeaWater，78％tolandand15％toseaforBDE－47and77％tolandand21％toseaforBDE－99．Only  

7％ofBDE－47and2％ofBDE－99wasdegraded．Thecalculatedhalf－1ifbinairwas7daysforBDE－47  

andllforBDE－99．The丘ndingsshowedaspatialdistributionofBDE－47thatcoverstheArctic，  

Europe，theMediterraneanSeaandnorthernA丘ica．BDE－99spreadsoverlongerdistancesandspreads  
totheArctic，AtlanticOcean，AsiaandAfrica．Transportdistances（TD）werecalculatedforthetwo  
COngenerS．TheTDwas2300kmforBDE－47and2800kmforBDE－99（EMEP2004）．   

WaniaandDugani（2003）examinedthelong－rangetranSpOrtpOtentialofPBDEsヮsinganumberof  
models，TaPL3－2．10，ELPOS－1．1．1，Chemrange－2，andGlobo－POP－1．1－andvarlOuSPhysicaland  
Chemicalproperties－forexample，SOlubilityinwater，VapOurpreSSure，logK。W，logK。a，logKaw，and  

estimatedhalf－1ivesinvariousmedia．Theyfoundthatallmodelsyieldedcomparableresults，with  
tetral）rOmOdiphenylethershoⅥ乃ngthegreatestatmospherictranSPOrtPOtentialand  

decabromodiphenyletherthelowest．TheresearchersestimatedacharacteristictranSPOrtdistanCe  
（CTD）ranging丘omll13to2483kmforthetetral）rOmO，608to1349forthepentabromo，525to854  
forthehexabromo，and480to735forthedecabromocongener．TheCTDwasde坑nedasthedistancea  

ParCelofairhastravelleduntill／e（approximately63％）ofthechemicalhasbeenremovedby  

degradationordepositionprocesses（GouinandMackay2002）．   

TheEUriskassessment（EU2000）concludedthatthem毎orpartofreleasesendupinsoil．Fromsoil，  
PentaBDEcanbeexpectedtobemovedmainlythroughleachingwithwaterinthesuspendedsolids  
鮎ctionorthroughwinderosiondlereitoccurs・Asmal1partinthesoilcanbevolatilized，eSPeCially  

inthewarmseason，肌dsomaybeconsideredaplausiblealternativemechanismfortranSpOrtln  

additiontovolatilizationandadvectivetranSPOrtOfvaporidentinedintheliterature．Although  
PentaBDEhaslowwatersolubility，ithasbeendetectedinlakesandseas，andcanbetranSpOrtedwith  

Waterinthesolubleandparticlephases（PeltolaeLa［2001）・Occurren？einmigratorybirdsand鮎h  
indicatethepossibilityoftransportbylTllgrationofanimals，butthemalnrOuteSeemStObethroughthe  
atmosphere．  
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2．23，2．Levelsinremoteareas  

ThedetectedlevelsintheArcdcatmosphere，biotaandenvironmentarestrongindicatorsofthe  
PentaBDEspotentialforlong－rangetranSpOrt（Verreaulteta）．2005，Verreaultetal．2004，Norstromet  

al．2002，Herzkeetal．2003，Vorkampeta／．2004aandb，Wolkersetal．2004，Thronelal．2004，  

Thomasetal．2004，Ikomomouela［2002，Christenseneta／．2002，deWitetal．2004，AM2002  
肌dAM2005）．   

ThereareseveralstudiesshowingtheoccurrenceofPentaBDEinremoteareasinEuropeaswell（Vives  
eta［2004，Hassaninetal・2004andZeneggeta［2003）．Leve）sinremoteregionsareconsideredtobe  

anindicationonlong－rangetranSpOrt．   

PentaBDE（astotalBDE）hasbeendetectedinCanadianandRusSianArcticairatconcentrationsupto  
28pg／m3（AlaeeetaL2002）．StrandbergetaL（2001）reportedconcentrationsoftotalPBDE（BDE－47，  
BDE－99，BDE－100，BDE－153，BDE－154，BDE－190andBDE－209）inairfromtheGreatLakesarea  
duringtheperiod1997－1999．Averageconcentrationsbasedonfbursamplesfromeachoffour  

locahonsrangedfrom4・4pg／m3nearLakeSuperiorin1997to77pg／m3inChicagoin1998・The  
averagealrCOnCentrationoftotalPBDEs（1997，1998and1999）forthesamplingsitesrangedfrom5，5  
to52pg／m3・Tetra－andpentabromocongenersaccountedfbrapproximately90％ofthetotalmassof  
PBDEinthisstudy．At20±30c，about80％ofthetetrabromocongenersand55－65％ofthepentabromo  

COngenerSWereinthevapourphasewhileabout70％ofthehexabromocongenerswereassociatedwlth  
theparticulatephase．   

AlargerstudywasperformeddetectingBDEsintrout（threespecies）fromelevenhighmountainlakes  
inEurope（566to2，485maltitude）（Vivesetal．，2004）．Theselakeswereselectedasbeingfarfrom  
localpollutionemissionsources，anditwasconsideredthattheonlysourceofBDEstotheselakeswas  
asaresultofatrnOSpherictransportanddeposition．Them句OrCOngenerSidentined（of39determined）  

wereBDE－47andBDE－99，fo1lowedbyBDE－100，BDE－153，BDE－154andBDE－28，andthese  

COngenerSWerefoundinallsamplesanalysed．Thehighestconcentrationsof∑BDEinnshmuscleand  

liverwerefoundinLochna甲ー，Scotland，1・2andllpg／kgwetweight，reSpeCtively（177and366pg／kg  

Onalipidbasis）・NocorrelatlOnWaSObservedbetweentheo 
． 

asyet，reaChedasteady－State．   

2．3Exposure   

2．3．1Levels  

PentaBDEhasspreadwidelyintheglobalenvironment．Alargequantityofmonitoringdataexistwith  
detectedlevelsinmarineandterrestrialbirds，Seaandterrestrialmammals，Sediments，SOil，Seafbodand  

坑sh．AglobalstudybyUenoelaL（2004）ofPentaBDEinskinjacktuna（Kats〟WOnuSPeh7mis）showsa  

wldespreadoccurrenceintheo脆horewatersofvariousreg10nSintheworld．Table2．5givesan  

OVerviewoverthelevelsfoundindiffbrentpartsoftheworld．   

ContaminationoftheenvironmentandbiotainremotereglOnSCanbeathreattovu1nerablespeciesand  
ecosystems．IntheArctic，tOgetherwithotherpollutantSOfconcern，PentaBDEisdetectedinhighlevels  
intoppredatorybirdsandmammals（VerreaultetaL2005，VerreaultelaI・2004，Norstr抑一etal・2002，  

Herzkeeta］．2003，Vorkampetal．2004aandb，WolkerseLal．2004，Thronetal．2004，Thomaseta］・  
2004，IkomomouetaL2002）showingthattheArcticfoodwebsareseriouslyaffbcted．Wolkersetal・  
（2004）detectedlevelsofPentaBDEinbelugawhales（Debhinq，tenJSleucas）intheArctic，aSpeCies  

PrOteCtedbytheConventiononmigratoryspecies（theBonncoりVention）・∑BDEconcentradons  

（geometricmean；22congeners）were234，161aJld29トIg／kginJuVenile，adultmaleandadultfbmale  

beluga，  
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Infact，therearedetectedhighlevelsofPentaBDEinseveralspecies，Withpopulationsofconcem  
protectedbytheBonnconventiop・Severalstudies（Jaspersetal・2004，Herzkeetal・2005，Lindberget  
aL2004，D、Silvaetal．2004，LawelaL2005，Sinkkonenetal．2004，Sellstr6metal・2003，Kannanet  

aL2005，Ramuetal．2005・andWolkersetal．2004）indicatethatPentaBDEiswidespreadinperegrine  
falcon（穐Icoperegrine），merlin（助Icocolumbarius），gOShawk（dcc画tergentiles），gOldeneagle  
uquih7Ch7ySaetOS），buzzard（βuteobuteq），belugawhales（Dek，hinqplerusleucas），irrawaddydophins  
（Orcaelh7breγiTVStris），andIndo－PacinchumpbackdoIphin（Sbusachinensis），al1protectedbythe  
BonnconventlOn．IBgh1evelsofPBDEsarealsodetectedinperegrinefalconeggsinSweden（Lindberg  
etal．2004），forwhichindividual∑BDEconcentrationswereashighas39，000pgkg‾11ipidweight，  
someofthehighestconcentrationsseeninwildlifbsofar・  

ThepopulationsofharbouTPOrPOises（肋coenaphocoena）intheNorthandBalbcseasareprotected  
throughtheBonnConventlOn．Studieshavedetectedhighlevelsinthosepopulations（Thronetal・2004  
andCovacietaL2002）．InastudybyThronetaL（2004）animalswithpoorbodycondition（lower  
meanblubberthickness）hadmuchhigher？OnCentrrioヮsthanOtherindividuals，Onlyfemalesshowed  

decreaslngCOnCentrationswithage，indicatlngelimlnatlOnviatransfも一丘ommothertoo蝕pnng・   

TheharbourporpoISeis，tOgetherwithperegrlnefalconandmerlin，alsoonthelistforstrictlyprotected  

（endangered）speciesintheconventiononthecopservadonofEuropeanwildlifeandnaturalhabitats  

（theBernConvention）．Thewhite－taleseaeaglelSOnthelistforendangeredspeciesintheBem  
Convention．Levelsofconcemaredetectedinbothindividualsandeggs（HerzkeelaL2005）．Beluga  
whalesandirrawaddydoIphinsareonlistfbrprotected（vulnerable）species・Highlevelsarefoundin  
White－beakeddolphin（エagenor7D）nCuチalbirostris），anOtherendangeredsp？Cies・Thepartiesofthis  
conventionundertaketotakeappropnatemeasurestoensuretheconservatlOnOfendangeredand  
vu1nerablespeciesandtheirhal）itats．   

古l仙ユjJ．州心イハリJ／‘J／∫川：－「〟J）仁仲川＝中世丹〃り，川ソ・、・イ／／汀－＝刊・ん／「川■／・〝机／－t・tセ柾  

／川′／叶It・lセ／仙  

Country／Region   Orgamism／compartment  Levelso†  Re一色rences   Comments   
PeIltaBDE  

Europe   AtmosphereGasphase  10－120pg／m3   Jawardetal．2004  22coun血es   

Japan   AtmospherePar［iculate  0・05－0・9pg／mJ   Hayakawaetal，   Measuredin  
Gasphase  0．05－19’pg／m3   2004   thesulnmer   

Sweden   Sediments   ＜0．7－51．4ng／gDW  PalmgJα／．2002   Riversatpolnt  
SOurCe   

UnitedKingdom   Soil   7S－3200pg／gDW  Hassa山n（ヲJ〟J．  
2004  

WesternEurope   SedimeⅢs   ＜0．2－6．9ng／gDW  PalmeJdJ．2002   Estuades   

Japan，Osaka   Sediments   9－28ng座DW   Palm（三才αJ．2002  

North Pacific Ocean Skipjack tuna 0．18－2．1ng／gLW  UenoeJ〃J．2005  

Japan   Skipiacktuna   1．1－1．7ng／gLW   UenogJαJ．2005   0ffshorewaters   
East China Sea Skipiackttma   2．4－4．7ng／gLW   UeI旭eJαJ．2005  

Philippines   Skipjacktuna   2．1ng／gLW   UenoeJαJ．2005   0ffshorewaters   
Brazil   Skipjacktuna   1．9n〟gLW   UenoeJα／．2005   0蝕brewaters   

Canada   Atlantictomcod   77ng／gLW   Lawe′αJ．2003  

ChilikaLake，India  IrrawaddydoIphin   0．12－0．78ng／gLW  Kanmn（ヲJ〟J．2005  Endangered  

SpeCies   
HongKong，China  Indo－Pacifichumpback  

dolpl血   12％of∑PBDEs   

UnitedKingdom   White beaked dolphin 1480ng／gLW   LaweJαJ．2003   Endangered  
SpeCies   

HongKong，Chna  Fi山esspo叩01SeS   27ふ117．占ng／g  RamueJαJ．2005  Coastalwaters  
LW  12％of∑PBDEs   

Japan   No止hem負1rSed   2．64－4．56ng／gLW  K勾iwaraeJdJ・  Pacific coast 
2004  12％of∑PBDEs   
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