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The EHC152（IPCS，1994）reftrs tolaboratory experimentsin methanol，Showing rapid  

Photodegradation of2，2一，4，4’，5，5l－hexabromobiphenyl（90％degradation after9Tinutes）and  

resultinginmainlylowerbrominatedPBBs．However，intheUSATSDR（2004），itlSqueStioned  

WhetherthisphotolysISCOuldtakeplaceinwaterduetothelackofactivegroups．Therefbreitis  
questionablewhetherhexabromobiphenylcanbedegradedrapidlyinair．  

Biodegradationinwaterunderaerobicconditionsislow，althoughthelowersubstitutedbiphenyls  

mightbiodegradeinaerobicwaterandsediment（Kon牢andSayler，1983；Sugiura，1992；Yagi，and  

Sudo，1980），thehighersubstitutedbiphenylsareresIStanttOaerObicbiodegradation（Kawasaki，  

1980；Sasaki，1978；Shelton andTiedje，1981）（quotedfrom USATSDR，2004）．Thisisfurther  

SuPpOrtedbythemeasurement（byGC）ofnegligiblebiodegradationofhexabromobiphenylina  
fbur week ready biodegradabilitytest（OECD TG301C），reSultingin4％reductionin total  

COnCentrationasmeasuredbyGC（GovernmentalJapanesedatabaseNITE，2006）resultinginan  

extrapolatedhalfこ1ifeinwater＞2months，  

Underanaerobic conditions，ithasbeen shownthatmicroorganismsinriver sediments obtained  
from populated areas can biodegrade higher substituted PBBs，including FireMaster mixtures  
（Morriselal．1992）tofbrmlowerbrominatedproducts（quotedfromUSATSDRっ2004）．However，  

thepotentialofsedimentmicroflorafromremoteareashasnotbeeninvestlgated，SOitcannotbe  

evaluated whetheranaerobic debromination may be a considerable causefbrdegradation under  
anaerobicconditions．  

PBBshavebeenreportedtobepersistentunderneldconditions．Theinfbrmationonthefateof  
PBBsinsoilislimited．SoilsamplesfromaformerPBBmanufacturlngSite，analysedseveralyears  
afteraccidentalrelease，Sti11containedPBBs，However，thecongenercompositiondif托redfromthe  

OrlglnalPBB mixture，indicatlng Partialdegradation ofthe PBB residuein the soilsamples．  

According to the1994EHC Review，fbllow－uP SurveyS OVer athree－year period fbllowlng the  

terminationofPBBproductionshowednoslgnincantdeclineinPBBlevelsinsedimentsfroma  
river．InlaboratorylnVeStlgations，mixtures ofPBBs appear to be fairly resistant to microbial  

degradation．（QuotedfromEHC152（lPCS，1994））Thisimpliesthatthedegradationhalf－1iftin  

soilandsedimentis＞6months．  

The US ATSDR（2004），reftrs to studiesin soils with highlevels ofFireMaster，in which  
degradationofhexabromobiphenylwas」‘signincant”duringaperiodofseveralyearsbutitwasnot  
COmPlete．Howeverinothersoils，inwhichtheconcentrationswerelower，OrtOWhichmanurewas  

added，degradationwasevenslower・Thedegradationwasattributedtophotodegradationevenif  

thisprocesswillonlytakeplaceatthesoilsurface（USATSDR，2004）．  

Conclu5ion  

In splteOfphotodegradationin methanol，itis questionablewhetherhexabromobiphenylcan be  
degradedrapidlyinair．Thereisevidenceofloworr10degradationinwater（DT50＞2months），SOil  

and sediment（DT50＞6 months）in thelaboratory as wellasin the neld．Therefore，  

hexabromobiphenylisconsideredtobehighlypersistent・   

2．2．2  Bioaccumulation  

TheEHCreviewstatesthatPBBsarelipophilicandabletobioaccumulate．Thisisalsosupported  

bymonitoripgresultsffomwildliftstudies・Forexample，fatheadminnows（PimqphalespromeklS）  

CagedinanverwherewaterlevelsofPBBremainedconsistentlyatlessthanO．1Llg／1concentrated  

these contaminantsin theirbodies morethanlO，000fbldin twoweeks ofexposure（EHC152  

（ⅣCS，1994））．  

Asexpectedfromtheirlipophilicity，PBBsshowamarkedtendencytoaccumulateinanimals．US  

ATSDR，（2004），StateSthatPBBsmayalsobetransportedffomwatertoaquaticorganisSin  

Whichbioconcentrationmaytakeplace．DatafromdifftrentlaboratoriesonthebioconcentratlOnOf  
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PBBsin坑shshowwidevariation．Theexperimentallydeterminedbioconcentrationfactor（BCF）  

fbrhexabromobiphenyl（mixturesofunspecinedcongeners）inthewholebodyoffatheadminnows  
げimqphalbspr？mekLS）was18，100ina32－dayexposure（Veithetal・，1979）・Inmletoffathead  

minnow，theestlmatedBCFwas＞10，000（HesseandPowers，1978）．Weight－basedBCFvaluesin  
therange4，700－16，000wererecordedina60daytestwiththecarp（〕prinuscaTP10Placedin  

concentrationsofhexabromobiphenylofO，1－1pgArespectively（GovernmentalJapanesedatabase  

MTE，2006）．  

Furthermore，aPOtentialfbrbiomagnificationhasbeendemonstratedbyJanssonet・al・，（1993），Who  

reportedabiomagnificationfactor（BMF）fbr2，2’，4，4一，5，5l－hexabromobiphenyl（PBBcongener153）  

ofabout175comparinglipid－basedconcentrationsinprey（herring）andpredator（Balticseal）・This  
BMFwasatthesamelevelasthatofthePCBcongener153．These蔦ndingsweresupportedby  
Vorkampet・al・，（2004）6，Whofbundlipid－basedconcentrationsofhexabromobiphenyl（PBB153）  
inpolarbeartobeafactorofaboutlOOhigherthaninnngedsealfromEastGreenland・They  
concludefurther，thatthePBBs（andPBDEs）seemtobiomagnifyalongthemarinefbodchainina  

mannersimilartoPCBsandthatPBBsshowindicationsofahigherbiomagnincationpotentialthan  
PBDEs（Vorkampet．al．，2004）．  

CoIIClu5ioll  

Withmeasuredweight－basedBCFvaluesintherange4，700－18，100（mostofwhichexceed5，000）  

anddemonstratedbiomagnincationintheaquaticfbodchain，hexabromobiphenylisconsideredto  
behigh1ybioaccumulativeandtohaveahighpotentialfbrbiomagnincation・Thesepropertiesare  
demonstratedbyseveralauthorstobecomparabletothoseofhexachlorobiphenyl，fbrwhichthe  
bioaccumulativepropertiesarewelldocumented・Evidenceappearstobesatisfactorytoconclude  
high bioaccumulation and biomagnification. 

2．2．3 PotentialforLongRangeEnvironmentaITransport  

ThepartitionlngOfhexabromobiphenylintheenvironmentwillbegovernedbyitshighlogK。W  

（6．39）andlowwatersolubility（3帽几）resultinginsorptiontoparticulatematter（dust，SOiland  

Sediment）andorganicmaterial（includinglivingorganisms）．Furthermore，thecombinationofthese  

propertiesandtherelativelylowvapo？rPreSSure（6・9xlOT6to7・5xlO‾4pa）ofhexabromobiphenyl，  
resultsinalowpotentialforvolatilisatlOn．Thelatterisspeci重edinUSATSDR（2004）asfbllows：  

BasedonanestimatedHenry．slawconstantof3．95xlO，1pam3／mol（whereHenry，slawconstant＝  
VapOr pr？SSure／water soIubility）and an estimation method（Thomas，1990），the estimated  

VOlatilizatlOn halflliftofhexabromobiphenylis23days．Therefbre，thetransportofPBBsfrom  

WatertOtheatmospherebyvolatilizationisnotexpectedtobeimportant・  

Theass？SSmentOfthepotentialfbrlong－rangetranSPOrtOfhexabromobiphenylcouldbedoneby  
COmparlngthepropertiesofhexabromobiphenyltothoseofthecurrentlylistedPOPs．Asastartlng  
POintfortheassessmentofhexabromobiphenyl，thehighestandlowestofthevaluesinTablel．1  

wereused（fbrvapourpressure，Onlythevalueat250C）and，forcomparison，theinfbrmatinon  

theUNEP－POPshomepage．AmongthecurrentlylistedPOPs，mOStOftherelevantpropertieswere  

availablefbraldrin，Chlordane，dieldrin，DDT，hexachlorobenzene，mirex，tOXaPhene，endrinand  

heptachlor．Missinginfbrmation（watersolubilityofmirex）wassoughtinUSATSDR（1995），SOaS  

nottointroducewhatseemstobeanoutlierinthecomparisonbyusingthevalueof6・5xlO－5mgn－  
fromAMAP（2004）．  

6 
TheseinvestigationsarepartoftheArcticMonitoringandAssessmentProgramme（AMAP）．  
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ThewatersolubilityandvapourpressureaswellasHenry’sLawConstantscalculatedfromthese  
ValuesofthecurrentlylistedPOPsaresummarisedinTable2．1togetherwithinfbrmationonhexa－  

bromobiphenylfromTable2．1．  

Table2・1   WatersoIubiJjty（WS），VaPOurPreSSure（VP）and（Calculated）Henry，s LawConstant  
（HLC）（at250C）forhexabromobiphenylandcurrentJyIistedPOPs．  

Substance   WSmg／L   VPPa   HLCPam3／mol   

Hexabromobiphenyl－min   0．011   6．9xlO▲6   0．39   

Hexabromobiphenyl－maX   0．003   6．9xlO‾6   1．44   

POP－min   0．0012（DDT）   2．5xlO‾5（DDT）   0．04（end‖∩）   

POP－maX   3．0（toxaphene）   27（toxaphene）   3726（toxaphene）   

POP－2ndmax   0．5（dieldrin）   0．04（heptach10r）   267（heptach10r）   

Table2・1showsthatthewatersolubilityofhexabromobiphenylisattheleveloftheleastwater  
SOlubleamongthecurrentlylistedPOPs（DDT），WhilethevapourpressureofIiBBisoneorderof  

magnitudelower than that of DDT．The two Henrys Law Constants calculated fbr ）  

hexabromobiphenylarewellinsidetherangemarkedbythecurrentlylistedPOPs，beingatleast  

OneOrderofmagnitudehigherthanthelowest（endrin）・Itshouldbenotedthatinpresentingthe  
dataintable2・litisnotinf汝redthatachemical（inthiscasehexabromobiphenyl）isconsideredto  
meetthelong－rangeenvironmentaltransportcriterionJuStbecauseitntswithintherangeofvalues  

OfcurrentlylistedPOPs 

Based on the vapour pressure alone，the potentialfbrlong－range ai・rborne transport of  

hexabromobiphenylislowcomparedtomostofthecurrentlylistedPOPs，Whileacomparisonof  

theHenry’sLawConstantsplaceshexabromopbiphenylinapositionclosetoendrin．  

TheEHC152（1994），argueSthattheYapOurpreSSur？Ofhexabromobiphenylis6－9xlO，6paand7  

therebythepotentialfbrvolatilisationlSlow．TherelSnOinfbrmationavailableaboutmeasured  

halfllifb of hexabromobiphenylin the atmosphere・Ih thelaboratory photodegradation of  
2，2l，4，4’，5，5l－hexabromobiphenylwasrapid（90％degradationafter9minutes）mainlyresultingin  

lower brominated PBBs（もHC152（IPCS，1994））．On the other hand，the rates and extent of  

PhotolytlCreaCtionsofPBBsintheenvironmenthavenotbeendeterminedindetail．Theftwneld  

ObservationsavailableindicateahighpersistenceoftheonglnalPBBsorapartialdegradationto  

lessbrominated，andoftenmoretoxic，Photoproducts．  

Insupportoftheassessmentofthepotentialfbrlong－rangeenVironmentaltransport，mOnitorlng  

datademonstratethatthissubstancehasmanagedtoreachremoteareasliketheBarentsSeaand  

Greenland・IntheArctic，hexabromobiphenylhasbeenmeasuredinsamplesofanimalsinseveral  

investlgations．TheresultsaresummarisedinAnnexA，TableA．1．  

InwhitenshfromLapland（North Scandinavia）andringedsealffom Svalbard，COnCentrationsof  

O・29andO・42いg／kglipid，reSPeCtively，W？rerePOrtedbyJanssonel・al・，（1993）・Inanotherpaper，  

Janssonet・al・，（1987）reportedconcentratlOnSOfhexabromobiphenyl（FiremasterBP－6）inrlnged  

ヲealfromSvalbardtobe4pg／kglipidandconcentrations 
． 

measuredO．8いg／kgofPBB153inunspecinedsealsamplesfrom、thesamearea（QuotedfromUS  

ATSDR，2004）．  
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Insamplesoflargecharcollectedin1999－2001ftomoneoftwolakesinBearIslandintheBarents  
Sea，Evenset et．al．，（2005）measured concentrations of 4．11－51・5 pg／kglipid  

hexabromobiphenyl（PBB153）．Thesenguresshouldbeusedwithsomecautionsincelevels  

∫
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▲
 
 

0
 
0
 
 

otherPOPsarealwaysveryhighincharfromthislake，maybeduetoalocalbiotransfbrprocess  
throughneighbounngbirdspecies・TheselevelsarethesameasorhigherthanlevelsofPBB153  
（0．2－9．4ug／kglipid）inlaketroutsampledin1997fromLakesOntario，Erie，HuronandSuperior，  

whichweremeasuredbyLurossetal．，（2002）（Table2．2）．  

Vorkampet・al・（2004），meaSuredconcentrationsofPBDEsinヲamPlesfromGreenlandandthe  

FaroeIslandsofsedimentandsevenspeciesofanimalsrepresentlngdifftrenttrophiclevelsofthe  
fbodchain・Asapilotinvestlgation，analysesfbr重vePBBsincludingPBB153weremadein  

selectedsamplesofblubberorfatfromrlngedseal，minkwhaleandpolarbearfromGreenlandas  
wellaspilotwhaleandfu1marfromtheFaroeIslands・PBBsweredetectedina11samples，eXCePt  

sedimentsamples，Shorthorn－TSCulpinsamplesandsamplesofringedsealn・OmWestGreenland・In  

allothersamples，PBB153wasgenerallythedominantcongener・Theconcentrationsmea苧uredin  

samples丘om（East）GreenlandwereintherangeO・34－14・26pg／kglipidwiththelowestvalues  
fbundinthesealandthehighestinpolarbear・IntheFaroesesamples，therangeofconcentrations  

ofPBB153was8．71－25．54pg／kglipidweightwiththehighestvaluesfoundinfu1mar，anSh  
predator（Vorkampet・al．，2004）・  

Forcomparison，COnCentrationsofPBB153ingreysealandospreyfromtheBalticSeawere26  
and22pg／kglipidweight；reSPeCtively（Janssonet・al．，1993）・Thus，COnCentrationsofPBB153as  

Pg／kglipidweightinsealsfromtheArctic（0・34－0・74）ar占c？nSiderablylowerthaninsealsfromthe  

Baltic Sea（26pg／kglipidweight），WhileconcentrationslnPredatorybirdsfrom thetwoareas  

（fulmaてandosprey）areofthesameorderofmagnitude，being25and22pg／kglipidweight；  
respectlVely・  

Vorkampet．a［，（2004），COnCludethatPBBsandPBDEsseemtobiomagnifyalongthemarinefbod  

chaininasimilarmannertoPCBs．PBBsshowindicationsofahigherbiomagnincationpotential  
than PBDEs・Even though their absolute concentrations arelower than those ofPBDEs，the  

PBDE／PBB ratioincreasesintheorderrlnged seal＜pilotwhale＜minkwhale＜fu1mar＜polarbear，  

1eading to almost equalconcentrations ofPBDEs and PBBsin polar bear・Apparently，the  
compoundsfbllowthesamespatialtrendaspreviouslyobservedfbrorganochlorinecompounds，  
withhigherconcentrationsinEastGreenlandthaninWestGreenland（Vorkampet・al・，2004）・This  

indicatesthatthelong－rangetranSPOrtOfhexabromobiphenylmaybeslow・  

MonitorlnginfbrmationonPBBsfromareasoutsidetheArctic，NorthernEuropeandAmericais  
scarce，aSOnlyonerefもrencehasbeenfbund．Hexabromobiphenyl（PBB153）wasnotdetected  
（LODbetweenO．02andO．1pg／kgwetweights）insamplesofmuscleandliverfromseveralspecies  

ofnshfromtheeasternMediterraneanregionofTurkey（Erdogru1et・al・，2005）・  

Insummary，the1994EHC，reViewconcludesthatlong－rangetranSPOrtOfPBBsintheatmosphere  

hasnotbeenproven，butthatthepresenceofthesecompoundsinArcticsealsamplesindicatesa  
Wide geographicaldistribution（EHC152（IPCS，1994））・SevFralauthors reportlevels of  

hexabromobiphenyl（andotherbrominatedbiphenyls）inarcticanlmals，eSpeCiallyinnsheating  

predatorsandpredatorsathighertrophiclevels．  

Inarecentmodellingstudy，Scheringeret．aL，（2006），ihvestigatedthepersistenceandlongrange  

transportpotentialoffburpotentialPOPs，includingchlordeconeandhexabromobiphenyl・They  

concludedthatthesePOPcandidateshavepersistenceandlongrangetransportpotentialproperties  
similartothoseofseveralknownPOPs．Furthermore，theyincludedtheuncertaintyregardingthe  
dataqualityinaMonteCarloanalysis，Whichindicatedthattheresultisvalidalthoughthereare  
considerableuncertaintiesinthechemicalpropertiesofthefourPOPcandidates・  
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ConclⅥSion  

Although hexabromobiphenylisless voJatile than any ofthe currentlylistedPOPs，itisfbund  

throughouttheArcticwi1dlift，demonstratlngthatit does have a high potentialfbrlong range  
environmentaltransport．The potentialfbrlong range environmentaltransport of  

hexabromobiphenylisfurthersupportedbythemodellingstudyofScheringerel．al．，2006．   

2．3  Exposure  

Because production of hexabromobiphenylis assumed to have ceased（section 2．1．2）the  

assessmentoftheexposurewi11focusongeneralexposureinsteadofculTentprOductionsites．   

2．3．1 Concentrationsinabioticenvironmentatmedia  

Recentmonitorlngdatainsoil，Waterand sedimentsfbrPBBsarelimited．Historicalmonitorlng  

datafrom theUnited StatesindicatethatenvironmentalPBB concentrations areconnnedto areas  
nearfbrmermanufacturlngfacilitiesandreglOnSOfMichiganaf托ctedbythefarmaccidentofthe  
early1970－s（seeSection2．2．3）（USATSDR，2004）．  

TheonlyavailabledatafbrenvironmentalconcentrationsofPBBsinareasoutsidethevicinityof  
formerproductionsitesarethosefromsedimentsamplesfromGreenland（Vorkampel．al．，2004），  

Where PBBs（including PBB153）were not detectedin any sample（thelimits of  
detection／quantincationare，however，nOtWelldefinedinthepaper）．   

2．3．2  Concentrationsin bjota  

InthevicinityorMichigan  

ConcentrationsinbiotainthevicinityoftheMichiganproductionandcontaminationaccidentsites  
WeremeaSuredinamultitudeofsamplesduringthedecadefbllowlngthecessationofproduction．  

The US ATSDR（2004）includes the fbllowing：In thelate19801s，PBBs were detectedin the  

COnCentrationrangeof15－15，000巨g／kg（1ipidbasis）infishfrom embaymentsandtributariesof  

Lake Huron，but not from Lake Superior．Recently，Luross el・al．（2002）determined the  
COnCentrations ofseveralPBB congenersinlake trout fiom Lakes Huron，Superior，Erie，and  

Ontario．2，2’，4，4r，5，5l－Hexabromobiphenyl（pBB－153）and2，21，4，5，5l－pentabromobiphenyl（PBB－  

101）werefbundatthehighestlevelsatconcentrationsてangingfromO・189to2・083pg／kgwet  
WeightandfromO・042toO■633pg／kgwetweight，reSpeCtlVely・Severalothercongenprswerealso  

detectedintheselaketroutsamples（QuotedfromUSATSDR，2004）．TheconcentratlOnSOfPBBs  

in eggsofnsh－eatingbirds（commontern，1ittlegull，herringgull，andred－breastedmergansers）  

COllectedduring1975－1980fromnestlnglSlandsinnorthwesternLakeMichiganandGreenBay  
COntainedPBBsintheconcentrationrangeofO．02－0，25mg／kg（ug／g）wet weight（Heinzelal．  

1983，1985）（quotedfromtheUSATSDR，2004）．  

Other areas 

MonitoringdatafromareasoutsidetheArctic（seechapter2．2・3）andthemostexposedregionof  

theUSaresummarisedinTableA．2．inAnnexA．  

EHC152（1994）includesthefo1lowinginvestigationsonresiduesof（hexa）bromobiphenylinbiota：  

・lnEurope，2，2’，4，41，5，5一－hexabromobiphenyl（PBB153）wasfbundinfishffom German and   

SwedishriversatconcentrationsrangingfromO3toO．6ドgn（glipid（Krtiger，1988；Janssonet・   

al．，1992）．AtroutsamplefromabreedingfarmcontainedmuchlowerlevelsofPBBsthanthe   

nshsamplesfromtherivers（Krtiger，1988）．  
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・Swedishreindeers（POOledsamples）showedPBB1531evelsaslowasO・04pg／kglipid（Jansson   
eJ．αJ．，1992）．  

・PBBs（asagroup）werenotfbundinotters佐uiracana鹿nsi9fromaregionrelativelyremote   
fromindustrialsitesinnortheasternAlberta（Canada）（Somerset・al．，1987）．  

・Fishsamples（freshwaterandmarinespecies）collectedin1983fromanindustrialareaofJapan   
（Osaka）didnotcontain”PBBs’．（notspecほed）（Watanabe＆Tatsukawa，1990）・  

・InEurope，PBBshavebeendetectedinseals「Phocavitulina；Pusahi甲i勾ノ，guillemots（th・ia   

aaなe；U kmvi），and white－tailed sea eagles（刀bliaeetus albicilht）・The concentrations   

（estimatedbycomparisonwiththetechnicalproductFiremasterBP－6）rangedfrom3to280   
Pg／kglipid（Janssonet・al・，1987）・TheconceヮtratipnsofPBBsincomparablesamplesfromthe   

BalticOceanwereallhigherthanconcentratlOnSlnSamplesfromtheArcticOcean．Thesame   
WaStruefbr、pOlybrominatedbiphenylethersandPCBs（Janssonet・al・，1987）・  

・Concentrations ofPBB153determinedin marine nsh ranged丘om O2to2．4pg／kglipid   

（Krtiger，1988；Janssonet．al．，1992）．PBB153levelsofO・4－26pg／kglipidwerefbundinseals   

（Krdger，1988；Janssonet・al・，1992）．  

・Detailedisomer－SPeC沌c PBB analyses were carried outby Krdger（1988），in nsh（several   

SpeCies）fromtheBalticandNorthSeasandfromsectionsoftheLippeandRurrivTSinN9rth   
Rhine－Westphalia，Germany．Sealsamplesfrom Spitsbergen（Norway）werealsolnCludedin   

thisinvestlgation．AllsamplescontainedPBBs．ThesmallestnumberofPBBcongenerswas   

fbundin seals（n＝5）丘om an arearemotefromindustrialsites・Themain components were   

dif托rent hexabrominatedisomers with 2，2’，4，41，5，5l－hexabromobiphenylreaching a mean   

COnCentrationofO．8pg／kgfat．ThemeancorlCentrationsofseveralPBBcongenersandisomers   

（Penta－tOnOnabrominatedbiphenyls）measuredinnsh（n＝35）ranged，mOStly，betweenO・01   

and2pg／kgfat．ThepatternofPBBcongenersfbundinnshdiffbredinacharacteristicmanner，   

depending on the dif托rent capture sites．While relatively high amounts of nona－and   

OCtabromobiphenyls（besides polybrominated biphenylethers）were presentin nsh ftom   
Germanrivers（n＝17；SeVeralspecies），hexabrominatedbiphenylswere predominantin nsh   

fromtheNorthSeaandtheBalticSea（n＝17；SeVeralspecies）．InallsamplesfromtheBaltic   

Sea（n＝6），3，31，4，4’，5，5’－hexabromobiphenylwas fbundin relatively high concentrations  

（maximum 
． 

in負sh丘omtheBalticSeathanin坑shfromtheNorthSea．  

（QuotedfromEHC152（IPCS，1994））  

USATSDR（2004）supplementswith：  

・ThreebottlenosedoIphins（Tursiptruncalus）collectedduring1987－1988丘omtheU．S．mid－   

AtlanticcontainedPBBsatconcentrationsof14－20ト1g／kglipidbasis（Kuehlel・al・，1991）．The   

SOurCeOfthePBBsinthedolphinswasnotglVen．  

・Themedianconcentrations ofPBBsincarcassandbrainoflOspecimensofbaldeagle占   
（Haliaeeiusleucocq，hahLS）collectedfrom29statesin1977wereO．07andO．05mg／kg（Llg／g），   

respectively（Kaiser et．al．，1980）．Twenty－tWO Other specimens did not contain detectable   

levels（＜0．03mg／kg［pg／g］）ofPBBs．  

・Inwhitebeakeddolphins丘omtheNorthSea，theconcentrationofhexa－，Penta－，anddeca－BBs   

Were13，8・3，and＜0・9匹g／kg（ug／kg）wetweight，reSpeCtively・Tetra－，Penta－， 

． 

WhalesfromtheAtlanticOcean（deBoeret．al．，1999）．  
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TheGermanBalticnshsamples（astheonlysamplesinthatinvestigation）alsocontainedPBB169  
ataconcentrationof15．16いg／kglipid（EHC152（IPCS，1994））．  

In the Belgian samplesfrom corpses of birds of prey，the variationin concentrations of  

hexabromobiphenylwas high．Thus，themaximum concentrationsmeasuredin muscle andliver  
Were150and180pg／kglipid；reSPeCtively（Jasperset．al．，2006）．  

Janssonelal．（1993），meaSuredhもxabromobiphenyl（PBB153）insamplesofreindeer（aherbivore）  
fromnorthernSwedenatalevelofO，037Llg此glipid．Intwootherherbivores（rabbitandmoose）  

fromSouthernSweden，PBBswerenotdetectable（1evelofdetectionnotwelldenned）．   

2．3．3  Concentrationsin humantissues and breastmi［k  

Michigan  

ThehumanexposuretohexabromobiphenylsubsequenttotheMichiganaccidentisdiscussedin  

EHC152（1994）aswellasinUSATSDR（2004）．Thegeneraltrendsofthenndingsaredescribed  

asfbllowsinEHC152（1994）：  

・NearlylOO％oftheadiposesamplesrandomlyselectedthroughoutthestatehaddetectablePBB   

COnCentrations．Thus，StateWideexposureofMichiganresidentstoPBBscanbedemonstrated．  

・LevelsofPBBsin serum（Landrigan，1980；Wolffel・al．，1982），breast－milk（Bri11iantel．al．，   
1978；Millerel．al．，1984），andadiposetissue（Wolffet．al．，1982）werehighestintheareaof   

theaccident（lowerpeninsula），andlowestintheupperpeninsula，farthest丘omthesource．  

・Comparedwithresidentsofquarantinedfarms，directconsumersofproducts丘■Omquarantined   
farms，and PBB production workers，the tissue burdens among the generalpopulation of   

Michiganwerel－30rdersofmagnitudelower．Moreover，fbrexample，Only36％ofthegeneral   

POPulation had serum PBB concentrations greaterthanlLlg几，COmPared with78％among   

farmers（Andersonel．al．，1979；Wolffel．al．，1982）．  

・PBBlevelsappeartobehigherinmalesthanfもmales（Meester＆McCoy，1976；Landrigane・l   

al．，1979；Landrigan，1980；Wolffel．al．，1978；1980；Kreisset．al．，1982；Eysteret．al．，1983）   

andhigherinchildren（belowtheageoflOyears）thaninadults（Humphrey＆Hayner，1975；   

Landriganel．al．，1979；Landrigan，1980；Barr，1980；Wolffel．al．，1982）（QuotedfromEHS   

152（IPCS，1994））．  

ThesubsequentdevelopmentisdescribedinEHC152（1994）：  

・In most cases，PBB concentrations did not appearto be decreaslng Slgnincantly overtime．   

Wolffet．al．（1979b），didnotnndany signincantvariationintheserumPBBlevelsofnine   

dairyfarmresidentsduring18monthofobservation・  

・PairedserumSamples，OneCOllectedin1974andtheotherin1977，Werealsoavailablefbr148   

membersoftheMichiganPBBcohort．Thedataindicatethatlevelsweregenerallystableover   
the3－yearPeriodwithameanchangeof16pg／1itre（Landriganet・al・，1979）・Inanotherstudy   

OftheMichiganPBB－COhort，thedecrementsinmedianserumlevelsofPBBsbetweenmatched   

pairsoverone（1977－78）andtwo（1977－79）yearintervalswerebothonlyl巨g／1itre（Kreissel・   

al・，1982）・NosignincantchangヲinbloodplasmaPBBlevelswasobservedovera5－rnOnth   

Periodin41residentsofquarantlnedfarms（Humphrey＆Hayner，1975）．Incontrast，Meester   

＆McCoy（1976）reportedamarkeddeclineover3years（1974－76）inserumlevelsofPBBs・   
These authors also fbund that the average decreasein PBB concentrationsin thefat of16   
individualswasabout40％inaperiodof6months．NochangesinPBBlevelswereseenover   

anll－yearPeriod（1976－87）infatsamplesfromapatientwithlong－termeXpOSuretOPBBs   
fromtheearly1970sasaresultoftheMichiganPBBsaccident．TheaveragefatlevelofPBBs   

WaSO．8mg／kg（Sherman，1991）．  
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・In1981，PBBswerefbundin13－21％ofserum SamPlesfrom4－year－01dMichiganchildren 

TheirmothersbelongedtoagroupthatwassurveyedeitherwithregardtotheconsumptlOnOf   
LakeMichigansportnsh（meanPBBleveldetectedinchildren：2・4ng／ml）orwithregardto   
fbrmerexposuretoquarantinedfarmproducts（meanPBBleveldetectedinchildren‥3・Ong／ml）   

（Jacobsonet．al．，1989）（QuotedfromEHC152（IPCS，1994）） 

Other areas 

TheEHC152（1994），StreSSeSthelackofavailablemonitoringstudiesfromareasoutsideMichigan，  

asfbwhumanmonitorlngdataareavailablefbrtheUSpopulationoutsideofMichigan・Onestudy  
dealswiththepopulationinthevicinityofindustrialareasinvoIvedinPBB productionoruse  

（Stratton＆Whitlock，1979），theotherwithfarmersofthestateofWisconsinwhowereexamined  
ascontrolgroupinconnectionwiththeMichiganPBBstudies（Wolffet・al・，1978） 

PBBswerefbundinallstudies，but，becauseofthelimiteddata，theslgni坑canceisunclear．The  

highestPBBlevelswerefoundinthehairofhumanslivingnearPBBindustry・Oftheninesamples  
analysed，丘ve had detectablePBBlevels・Bothmaleand fbmalehairsamples containedPBBs  

（Stratton＆Whitlock，1979） 

ThereisverylittlehumanmonitorlngdataonPBBsinthepopulationsofcountriesotherthanthe  

UnitedStates．Krtigeret．al．，（1988）reportedPBBcontaminationofbreast－milk丘omwomenin  

EuropeinasurveyfromNorthRhine－Westphalia，Germany．Themilksamples（n＝25）containeda  

typical pattern of certain PBB congeners．Itincluded penta－ tO OCtabromobiphenylsin  

COnCentrationsrangingf†omO．002to28pg／kg，basedonmilkfat．Themostabundantcomponent  

WaS 2，2－4，4一，5，5l－hexabromobiphenyl（PBB153）fbllowed by a peak consisting of two  

heptabromobiphenylisomers（2，21，3，4一，5，5■，6－and2，2一，3，4，4■，5，6’－heptabromobiphenyl，PBB187and  

182respectively）．Dif托rencesin the pattern were only fbundinthe milk given by a Chinese  

WOmanandinthatglVenbyawomanhavingbeenexposedtoseveralnresinindustry 

ConcentrationsofPBB153inhumanandcow．smilk，bothcollectedfromthesameregion（North  

Rhine－Westphalia），Werelpg／kgandO．03pg／kg，reSpeCtively，meaSuredonalipidbasis（Krtiger，  

1988）・（QuotedfromEHC152（IPF：S，1994））  

2．3．4 Humanexposure  

TheUSATSDR（2004），COnSidersthecurrenthumanexposuretoPBBstobeverylow，because  

PBBsarenolongerproducedorused，Thus，thegeneralpopulationexposuretoPBBswillonlybe  

fromhistoricalreleases．ForpeopleresidinginthelowerpeninsulaofMichigan，eSPeCiallyinthe  

immediatevicinityofthePBB contaminatedareasofthisreglOn，eXPOSuretOPBBsmay stillbe  

OCCurrlng tOday．However，environmentallevels have decreased since the1970s and current  

exposure，ifany，Willbeatlowlevels．ForotherieglOnSOftheUnitedStates，thelevelsしOfexposure  

Willeitherbeverylowornone（Quotedn’OmUSATSDR，2004） 

InArcticandNorthAtlanticregions，Wherethetraditionaldietincludestoppredators（e・g Sealin  

GreenlandandpilotwhaleintheFaroeIslands），eXpOSurehasnotceased．Especiallythelevelof  

PBBsinpilotwhaleblubberofupto17pg／kglipidindicatethepresenceofhexabromobiphenylin  

fbod．PilotwhaleblubberisconsumedasadelicacyintheFaroeIslands 

2．4  Hazardassessmentforendpointsofconcern   

2．4．1 Toxicity  

As describedin Sectionl．1．1，the descrlPtOr“hexabromobiphenyl”covers 42 dif托rent  

hexabrominated biphenyls or congeners，aSindividu可1ylistedin Annex B．TheEHC review  

（IPCS，1994）indicatesthatthehexabrominatedbiphenylsarethemosttoxicofthechemicalclass  

▲
サ
ト
．
卜
∵
∴
H
 
l
一
一
1
 
，
．
「
．
・
・
l
 
 
 
一
 
 
 
r
 
 

「
い
r
－
 
 
 

18  



UNEP／POPS／POPRC．2／17／Add．3  

Ofpolybrominated biphenyls（PBBs）and that the higherhomologues（hepta－，OCta－，nOna－and  

decabrominated biphenyls）are of progressivelylower toxicity・Toxicologicalstudies on  
hexabromobiphenylhave been carried out mainly on the congener 2，2’，4，4’，5，5l－  

hexabromobiphenyl（PBB153），WhichisthemqiorcomponentofthePBBmixtureFireMaster⑧，  
andonFireMaster⑧itself．ThetoxicityofFireMaster⑧appearstobeprimarilyassociatedwiththe  
minorcomponents2，3，31，4，4’，5－hexabromobiphenyl，2，3’，4，41，5，5l－hexabromobiphenyl，3，3’，4，41，5，5l－  

hexabromobiphenyl（PBB169）and2，3’，4，4r，5－pentabromobiphenyl（IPCS，1994）TThepredominant  

congeners in FireMaster⑧ （2，2．，4，4．，5，5一一hexabromobiphenyl and 2，2，，3，4，4一，5，5．－  
heptabromobiphenyl），arelesstoxic（IPCS，1994）・Othertoxic contaminantsintechnicalPBB  

rnixturesinclude the polybrominated naphthalenes（HBNs）・Hexabromonapthalene has been  
identifiedasatoxiccontaminantofFiremasterBP－60rFF－1atlevelsofapproximately150ppm  
（Birnbaumet．aL，1983，aSrepOrtedinUSATSDR，2004）・Thetoxicologicalef托ctsofthePBBsin  

humans andin animalstudies，aS describedin the scientincliterature，are COnSidered to be  
attributablemainlytoexposuretohexabromobiphenylcongeners（EHC152（IPCS，1994）andUS  

ATSDR，2004）），althoughapossiblecontributionoftheIiBNstotoxicitycannotbeignored・  

Mechanismoractiom  

Hexabromobiphenyl，incommonwithallPBBs，isapotentinducerofhepaticcytochromeP－450  
metabolizlng enZymeSin theliver・The mechanism of action underlylng a number of the  
toxicologlCaleffectsofsomeofthesecompounds，includinginductionofmetabolislngenZymeS，  

immunotoxicity，hepatotoxicityandreproductivetoxicity，isconsideredtobe duetointeraction  
withthecellularAhreceptor（alsothetargetofthepolychlorinateddioxinsフfuransanddioxin－1ike  

PCBs），CauSing altered gene expression（Poland＆Glover，1977，1980；Poland et・a［，1979；  

Goldstein，1980；Mooreetal．，1980；McKinney＆Singh，1981；Parkinson＆Safe，1981；Bandiera  
et．al．，1982，1983；McKinney＆McConnell，1982；Nebertel・al・，1982；Poland＆Knutson，1982；  

Robertsonet．al．，1982b，1984c，d；Safbet．al．，1982，1985；Austet．al．，1983；Dannanel・al．，1983；  

Lai，1984；Saft，1984，aSquOtedinIPCS，1994）L  

Toxicokinetics  

Hexabromobiphenylisreadilyabsorbedintothebody，thepnmaryrouteofhumanexposurebeing  
Viafbod，duetoaCumulationandbiomagnincationinthefbodchain（IPCSフ1994；USATSDR，  

2004）・TheTlqiorltyofanimaltoxicologystudieshav？uSedtheoralroute▼Ofexposureandliule  
infbrmationlS aVailable on exposure vla theinhalatlOn and dermalroutes，although worker  
exposuTeislikelytooccurmaiplyviatheseroutes（Wolffet・al・，1979a，aSquOtedinIPCS，1994）・  
FollowlngabsorptlOn，hexabromobiphenyliswidelydistributedinthebodyandaccumulates，With  
thehighestconcentrationsfbundinadiposetissueandtoalesserextenttheliver（IPCS，1994）・  

ExposureinulerooccursviatransftrofPBBstoof駄pnngbyplacentaltransftrandinfantsarealso  
exposedviamilk・Humanmilkhasbeenfbundtocontainlevelsof2，2．，4，4，，5フ5T－hexabromobiphenyl  
lOOtimeshigherthanthosefbundinmaternalblood（Brilliantet・a［，1978；Landriganet・a［1979；  

Eyster，1983，aSrepOrtedinIPCS，1994）・  

Metabolismandexcretionofthehexabromobiphenylsislow（IPCS，1994；USATSDR，2004），and  

thecompoundstherefbreshowmarkedbioaccumulationandpersistencein allspecies・Average  
half－1ivesfbr2，21，4，41，5，5l－hexabromobiphenylinhumanshavebeenestimatedtobebetween8and  
12years（IPCS，1994），Whileshorterhalf－1iveshavebeenreportedinrats，mOnkeys，チndother  

SPeCleS（seeTable68inIPCS，1994）・IthasbeepsuggestedthathumansmayretalnCertain  

congenerstoagreaterdegreethanexperimentalanlmals（e・g・Fries（1985b，aSquOtedinIPCS，  

1994），aPhenomenonthatisalsofbundwiththepolychlorinateddioxinsandfurans・  
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Darnerud（2003），argueSthatthepatternOftoxicityofPBBsshouldbesimi1artothatofPCBsapart  

fromthechangeinefftctsbroughtaboutbythechlorine－brominesubstitution．Consequently，the  

PlanarPBBsareexpectedtobemosttoxic（astheybindtotheAhreceptor）andtoxicitytodecrease  
throughmono－Orthocongenerstodi－Orthocongeners．Thisshouldbesupportedbyexperimental  

evidence，aS3，3一，4，4’，5，5－hexabromobiphenylwas伽undtobethemosttoxicPBB congenerin  

SeVeralsystems（Damerud，2003）．  

Toxicityofhexabromobiphenylinanimalstudies  

Inexperimentalanimalstudies，hexabromobiphenylshowsrelativelylowCutetOXicity（LD50＞1  

g／kgbodyweight）（seeTable70，IPCS，1994）．Toxicityishigherfo1lowlngrePeatedexposure  

（IPCS，1994），duetoprogressiveaccumulムtionofthecompoundsandacharacteristicdelayin  

lethalityafterexposurelSSeen（DiCarloet．al．，1978；Gupta＆Moore，1979，（asquotedinIPCS，  

1994）・Atlethaldoses，deathisreportedtobeduetoa’’wastingsyndrome一一withmarkedlossin  

bodyweightratherthantospecincorganpathology（Hutzingeret．al．，1985a；McConnell，1985，aS  

quotedinIPCS，1994）・However，PrOlongedexposureoflaboratoryanimalstodosesintherange  

Of＜1mg／kgbw／daytolOOmg／kgbw／dayresultsinliver，kidneyandthyroidchanges，aCCOmPanied  

byef托ctsinthenervOuSandimmunesystems，POrphyriaandskindisorders（IPCS，1994）．  

A summary ofoutcomes ofanumberofthe key toxicologlCalstudies on hexabromobiphenyl，  

includingtheNOAEL几OAELderivedineachstudyisprovidedinAnnexA，TableA．3tothis  

document・ThestudiesincludedinAnnex A，TableA3havebeenselectedfromtheverylarge  

databaseontoxicologlCalstudiesonhexabromobiphenyl，Onthebasisoftheimportanceofthe  
endpointinvestigated（e・g・rePrOductivetoxicity，CarCinogenicity，Otherkeytargetorgantoxicity），  

robustness ofthe reported studies and the doselevel（NOAEL几OAEL）atwhich efrbcts were  
reported．Table2．2belowprovidesinfbrmationonpivotaltoxicologicalstudies（alsoincludedin  

AnnexATableA・3）thatprovideinfbrmationonthetoxicityofhexabromobiphenylatlowlevelsof  
exposure，COnSideredtobeparticularlyrelevantfbrcharacterisationofthetoxicologlCalrisksof  

thesecompounds．SomeofthesestudieshavebeenusedbyUSATSDRtodenneMinimalRisk  

Levels（MRLs）fbrhexabromobiphenyl（USATSDR，2004） 

EfftctsintoxicologlCalstudiesincludeddecreasedcirculatlngthyroidhormonesinalO－daygavage  
StudyinratswithaNOAELoflmg／kgbw／day（Allen－Rowlandsel・al．，1981，aSquOtedinUS  

ATSDR，2004），decreasedlymphoprolifbrativeresponsesinrats atadoselevelof3mg／kg／day  

（LOAEL）G・uSteret・al・，1980，aSquOtedinUSATSDR，2004），andgeneralisedtoxicityinmale  

RhesusmonkeysatO・73mg／kgbw／day（LOAEL）（Allenァl・a［，1978；Lambrechtet・al・1978（as  

quotedinUSATSDR，2004））．PBBsproducedporphyrialnratSandmalemiceatdosesaslowas  

O・3mg／kgbw／day．Theno－efftctlevelwasO．1m釘kgbw／day 

Theseresultsshowthathexabromobiphenylproducedlong－termtOXicityinexperimentalanimalsat  
Verylowdoses，aCriticaleffbctfbrthepurposesofriskcharacterizationbeingtheef托ctsseeninthe  

thyroidinratsatdosesaslowasO．05mg／kgbw／day，COmPnSlnglnCreaSednumberanddecreased  

Sizeoffo11icles，aCCOmPaniedbychangesinlevelsofcirculatingT3andT4hormone（Akosoetal．，  

1982，aSquOtedinUSATSDR，2004）．  

Hepatocarcinogenicityof hexachlorobiphenylhas been demonstratedin a number of studies  
including repeated dose studiesin Fischer－344伽rats and B6C3Flmice（males and ftmales）  

administeredFireMaster（R）FF－1atdosagesofO，0．1，0．3，1，3，OrlOmg／kgbw／day（NTP1983，  
NTP，1992，aS quOtedin US ATSDR，2004）．Tumorsincluded hepatocellular adenoma and  

CarCinomaand，infbmalerats，Cholangiocarc享noma・ThelowestdoseofFireMaste／R）thatproduced  
tum？rS（PrimarilyadenomasratherthancarclnOmaS）inratswas3・Omg／kgbw／dayfbr2years：and  

inmlCethedosewaslOmg／kgbw／day（NTP1983，aヲquOtedinUSATSDR，2004）・MicerecelVing  

O・15mg／kgbw／dayinastudyinvoIvingpre－andpennatalexposureinadditiontolifttimeexposure  
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didnotsufftranyadverseefftcts（NTP，1992，aSquOtedinUSATSDR，2004）．TheInternational  

AgencyfbrResearchonCancer（IARC）in1987concludedthattherewassufficientevidencethat  
hexabromobiphenyliscarcinogenicinn7icFandratsandpossiblycarcinogenictohumans（Group  

2B）・HexabromobiphenylisnotgenotoxIClninvitromicrobialandmammaliance11genemutation  
assays（seeTable88inIPCS，1994），althoughithasbeenreportedtointerfbrewithcell－tO－Cell  

COmmunication（Sleight，1985asquotedinIPCS，1994）．Theseresults，COuPledwiththeresultsof  

tumorpromotionstudies（e・g－Schwartzel・al・，1980；Jensenei．al．，1982，1983，1984；Jensen＆  

Sleight，1986；Rezabeket・al・，1987；Dixonel・al．，1988，aSquOtedinIPCS，1994）indicatethat  

these chemicals cause cancer by epigenetic mechanisms，invoIving both hepatic toxicityand  

hypertrophy，includingcytochromeP－450induction（IPCS，1994）．   

Oraladministrationofhexabromobiphenylwasassociatedwithadverseeffectsonreproductive  

ParameterSinarangeofexperimentalanimals（seeTable86and87inIPCS，1994）．Themost  

COmmOnadverseeffbctsonreproductionwerefailureinimplantationanddecreasesinpupviability  

Ofof粘pring・Theseefftctswereseenatadoselevelof28・6mg／kgbw／dayina15－dayreproductive  
toxicitystudyinrats，Withdosingbetwe？ngeStationaldayO－14（Beaudoin，1979，aSquOtedinUS  

ATSDR，200？）andinminkatconcentratlOnSOflmg／kgdiet（AulerichandRinger，1979asquoted  

inIPCS，1994）LIncreased menstrualcycle duration and prolongedimplantation bleeding were  

Observedin ftmale monkeys ftd approximate daily doselevels ofO・012mg／kg bw／day fbr7  
monthsbefbrebreedingandduringpregnancyLFetaldeathswerealsoobservedafterapproximately  

lyearofexposure・EfftctswereattributedtodecreasesinserumPrOgeSterOne（Lambrechtet，a］．，  

1978；Allenel，a［，1978；1979，（asquotedinUSATSDR，2004）．  

Table2・2  PivotaJtoxico10g■Calstudiesonthetoxicityofhexabromobiphenyl．  

Species   Studytype   E什ect   LOAEU  

NOAEL   

Rat   Sho正一term／acute  decreasedthyroidserumT4hormones   3mg／kgbw／day  
toxicjty  （LOAEL）  

10dayrepeatdose  1mg／kgbw／day  
gavagestudy  （NOAEL）   

Rat，   30－daydjetaryfeeding  increasednumberanddecreasedsizeof  0．05mg／kgbw／day   
Sprague  Study   thyroidfoIIicles   （LOAEL）   

Dawley  

Mice   lnuteroandpost   hepatoce”ularadenomaandcarcinomain  1．5mg／kgbw／day   
B6C3Fl   PartumeXPOSurefrom  （しOAEL）  

GdO－PPd56   0．15mg／kgbw／day  
（NOAEL）   

Rhesus   25－50  wk  dietary  34％weight10SSinadu［tmale，0％weight  0．73mg／kgbw／day   
Monkey   feedingstudy   gainin）uVenile，PrO（iferationofmucosal  

Ce‖s．chronicinflammation，SeVere  
uIcerativeco［itis，a［opecia，keratinization  
OfhairfoHiclesandsebaceousg［ands，  
CJinicalchemjcalandhepaticchanges   

Rat，   7monthdietaryfeeding  decreased thyroid serum T3 and T4  0．45 mg／kg bw／day   
Sprague  Study   hormones   （LOAEし）   

Dawley  
Monkey．  increasedmenstrualcycledurationin   0．012mg／kgbw／day   
Rhesus  4／7；implantationbleedingin2r7）．1I7  （LOAEL）   

fetuseswereaboned，1／7fetusesstiIJborn，  
12％decreasedbirthweightand22％  
decreasedpostnatalweightgalnin4／7  
Sun／lVO「S  
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Toxicityofhexabromobiphenylinhumans  

Infbrmationontoxicologicalef托ctsofPBBs（andbyinfbrence，hexabromobiphenyl）inhumans  
hasmainlybeenderivedfromtheMichiganaccidentdescribedinSection2・1・40fthisdraftRisk  
Pro創e（Carter（1976），Ge仕yel．al．，（1977），Kay（1977），DiCarloet・al・，（1978），Damstraet・al・，  

（1982），Zabik（1982），andFries（1985b），aSquOtedinEHC152（IPCS，1994））・Thisaccident  
resultedin widespread exposure of consumers fbr periods approachinglyear，befbre the  
contaminationoffbodbyPBBswasidentinedandaffbctedfbodstuffbwereremovedfromthefbod   
chain．  

Adversehealthefrbctsreportedincludedchangesinliverenzymes，nauSea，abdominalpaln，lossof  
appetite，jointpainandfatigue（Andersonei・aL，1978b，1979，aSrePOrtedinIPCS，1994），tOgether  

with reports of skin disorders，including acne and hairloss，in the period fb1lowlng the  
contamination．（IPCS，1994）．Similar skin disorders have alsobeen reportedin workers with  
occupationalexposuretoPBBs（Andersonet・aL，1978a，aSrePOrtedinIPCS，1994），andalso  
fbllowlngeXpOSuretOthepolychlorinateddioxinsandfurans・  

DetailedepidemiologlCalstudieshavebeencarriedoutonthehealthstatusofexposedindividuals  
includinglmmunOloglCalstatus，CanCerincidence，reprOductiveeffbctsandeffbctsondevelopment  

ofyoungchildren・Thesestudieshaveinthemainfailedtoestablishadennitelinkbetweenanyof  
these efftcts and exposure to PCBs，although some studies have reported decreasedimmune  
functioninMichiganfar？reSidents（Bekesiet・al・，1979，1987）andeffbctshavealsobeenreported  
onpubertaldevelopmentlnyOungfもmales（seeendocrine－disruPtingeffbctsbelow）・  

Therearenoreportsofacutehexabromobiphenylintoxicationinhumans，andthereisalsono  
consistentepidemiologicalevidencefbrhepatocarcinogenicityinexposedhumans・Arelationship  
betweenincreasing serumlevels（＞2ppb）ofPBBs andincreasingrisk ofbreast cancerwas  
indicatedincase－COntrOIstudiesofwomenexposedduringtheMichigancontaminationepisode  
（Hendersonel．al．，1995；Hoqueet・al・，1998），butaccordingtoUSATSDR，2004（andquotedfrom  

this source）theresultsare only suggestive duetofactors suchasthesmallnumberofcases，  
insufncientinfbrmationonknownbreastcancerriskfactors，andconfbundingexposurestoother   
OrganOChlorinechemicals・  

E汀ectsonendocrinesystems  

ThePBBs（andbyinftrence，hexabromobiphenyl）areconsideredtohaveefftctsonendocrine  
systems・TheyhavebeenevaluatedundertheEU－StrategyfbrEndocrineDisrupterS7andhave  
beenplacedincategoryl（evidenceofendocrine－disruPtingactivityinatleastonespeciesusing  

intact animals）in the priority1ist of chemicals established under the EU－Strategy・This  

categorisationisbasedonevidenceofdelayedvaglnalopenlnglnneW－bornrats，epidemiologlCal  

evidenceofhypothyroidisminworkersexposedtopolybrominatedbiphenylsandofincreased  
incidenceofbreastcanceramongwomenexposedtopolybrominatedbiphenyls（as 

． 

youngwomenexposedinuteroandviabreastmilktohighlevelsofPBBs（＞7pbb），itwasfbund  

thatthispopulationhadanearlieragetomenarchethanasimilarbreastftdpopulationexposedto  
lowerlevelsofPBBs，Orthanahighly－eXpOSedpopulationwhowerenotbreastfed・Earlierpubic  

hairdevelopmentwasalsoseeninthemorehighlyexposedpopulation，SuggeStlnganeffectof  
PBBsonpubertalevents（Blancket・al・，2000）・  

7hup‥′′europa・eu・int／conun／environment／endocrine／strategy／substances＿en・htm  
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