
クロルデコンの危険性の概要  

【生分解性一加水分解性】  

水生環境中であるいは土壌中で、生分  

解又は加水分解するとは予測されな  

い。   

【光分解性】  

大気中で直接的光分解を受けることは  

考えられないと結論している。   

・利用可能な全てのデータに基づき、クロ  

ルデコンは環境中で高い残留性を示す   

と考えられる。  

【オクタノール／水分配係数】  

logKow＝4．50－5．41   

【BCF（経鯉的生物濃縮係数）】  

・藻類：BCF＝6000  

・無脊椎生物：BCF＝21600  

・魚類：BCF＝60200   

【BMF（経口的生物濃縮係数）】  

・ほとんど又は全く代謝浄化せず、水生  

の食物連鎖において生物濃縮の可能  

性がある。  

・食物連鎖の研究において、藻からカキ  

ヘの移動は非常に低かったが、エビか  

らアミ、アミからスポットへの明白な栄養段  

階を通じた移動があることが示され  

た。  

【反復投与毒性】  

ラット（2年）：NOAEL O．05mg／kg／day  

O．25mg／kg／dayで腎臓影響（蛋白尿、  

重篤な糸球体硬化）   

ラット（経口 21ケ月）：LOAEL  

O．07mg／kg／d∂y  

肝細胞の病理組織学的変化、甲状腺  

ろ胞サイズ、コロイド含量低下、甲状腺  

ろ胞上皮細胞の高さの増加   

ラット（経口 3ケ月）：LOAEL  

l．17mg／kg／day  

肝の巣状（限局性）壊死、副腎肥大、振  

戦、多動性、過剰驚愕反応等   

【生殖毒性】  

ラット（3ケ月）：NOAEL O．25mg／kg／day  

精巣萎縮  

ラット（90日）：LOAELO．83mg／kg／dayで  

精子の運動性・生存率低下、精子数減  

少、1．67mg／kg／dayで性嚢、前立腺重  

量低下  

マウス（160日）：LOAEL2mg／kg／day  

で排卵停止、膣発情持続、ラット妊娠  

14－20E］に母体経由で15mg／kg／day  

投与した雌児動物においても同様の報  

告  

【慢性毒性】  

ミジンコ β即ん海m軍刀∂：  

21dNOEC＝0．0283mg／L（繁殖），  

21dNOEC＝0．025mg／L（成長）  

ミシッドシュリンプ月me血∂仰岬仕  

bahJb：28dMATC＝0．000026－0．00034  

mg／」（成長）  

ユスリカ C／？／ね〃0仰〟∫ね〃ね〃∫：  

14dNOEC＝17．9mg／kgsediment（発達）   



【催奇形性】  

ラット（経口）：LOAEL 2mg／kg／dayで  

胎児体重低下、骨化度低下、  

10mg／kg／dayで脳水腫、停留精巣、腎  

孟肥大、脳室肥大   

【発がん性】  

ラット（80週）：LOAELl．2mg／kg／day  

肝細胞がん  

IARCグループ2B（possibly  

carcinogenictohuman）   

【その他】  

職業ばく露で振戦、情緒不安定、視力  

障害、筋力低下、歩行運動失調等、  

実験動物で、牌臓、胸腺重量、好中球  

数、NK活性低下、  

EU－StrategyforEndocrineDisruptors  

優先化学物質（無処置動物の少なくと  

も一種類において内分泌かく乱活性を  

示す科学的根拠がある）に分頬   

潔l  
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Executive summary 
TheEuropeanComnityanditsmemberstatesbeingpartiestotheStockholmConventionhaveproposedchlordeconeto  
belistedintheConveIuion．ThePersistentOrgmicPollutantsReviewCommitteeconcludedinitsmeetlnginNovember  
2005thatthesubstancecoTnPlieswiththescreenlngCriteriasetoutinAmexDoftheConventionandthatadraftrisk  
PrOfileshouldbepreparedtoreviewtheproposalfurther・  

Chlordeconeisa synthetic chlorinatedorganiccompound，Whichhas mainlybeen11Sedas anagriculturalinseCticide，  
miticideandfungicide．Itwasfirstproducedin1951andintmducedconulerCiallyintheU血tedStatesin1958（trade  
namesKep6ne㊨andGC－1189）．Itwasavaild）1eintheUnltedStatesuntil1976・InFrance，Chlordeconewasma止etedwith  

atradenameC11rlonefiom1981to1993．Historically，ChlordeconehasbeeIlllSedinvadouspartsoftheworldLbrdle  
controlofawiderangeofpests．IthasbeenusedextensivelyinbananacultivationagalnstbananarOOtborer，aSafly  
laⅣicide，aSafungicideagainstapplescabandpowderymildewandtocontroltheColoradopotatobeetle，ruStmiteon  
non－beanngcitruS，andpotatoandtobaccowirewormOngladioliandotherplants・Giventhespecificpesdcidalusesof  
chlordecone，itcanbeexpectedthatal1amountsmanufactureda陀ultimatelyreleasedtotheenvironmenL  

ChlordeconeisnotexpeCtedtohydrolyseorbiodegradeinaquaticenvirorLmentS，nOrinsoil．Directphotodegradationisnot  
significant・Therefore，ChlordeconeisconsideredtobehighlypersistentintheeIⅣiromnent・WithBCFJValuesinalgaeupto  
6，000，ininvertebratesllPtO21，600andinfishupto60，200anddocumentedexamPlesofbiomagnification，Chlordeconeis  
COnsideredtohaveahighpotentialfbrbioaccumulationandbiomagmification．  

Theavai1abledataarenotconclusivewhenitcomestolong－rangeatmOSpherictransportofchlordeconeingaseousfbrm．  

However，atmOSPherictransportofparticle－boundsubstancesandtranspOrtOfsedimentparticlesinoceancurrentsaswell  
asbiotictransPOrtCOuldalsocontributetolong－rangeenvironmentaltransportofchlordecone・Duetolackofmonitonng  
dataonchlordecone，theassessmentofdlePOtentialforlong－rangetranSpOrtOfchlordeconewasbasedonphysico－Chemical  
propertiesandapplicationof10ngrangetransPOrtmOdels・  

Chlozdeconeisreadilyabsod）edintothebodyandaccumulatesfollowingprolongedexposure．Thepesticideisbothacutely  

andchromicallytoxic，prOducingneurotoxicity，immunotoxicity，rePrOduc也ve，muSCuloskeletalandlivertoxicityatdoses  
betweenl－10mg耽gbw／dayinexperimentalanimalstudies、Livercancerwasinducedinratsatadoseoflmgn’gbody  
weightper¢ay，andreproductiveeffectsareseenatsimi1ardoselevels・TheInternationalAgencyfbrResearchonCancer  

has classifiedchlordeconeasapossible hllmanCarCinogen（IARCgroup2B）．Moreover，Chlordeconeisvery toxic to  
aquaticorganlsms，withthemostsensitivegroupbeingtheinvertebrates・  

Basedonthe availableevidence，Chlordeconeislikely as aresultofitslong－range enVironmentaltransporttolead to  

Significantadversehumanhealthandenviromnentalef托ctss11ChthatglobalactioniswaJTanted・   
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1  Introduction  

TheEuropeanCommuIhtyanditsmemberstatesbeingpartiestotheStockholmConventionhaveproposedchlordeconeto  
belistedinAmexAtotheConvention仰肥P／POPS／POPRC．1／6）．  

Thisriskprofilehasbeenpreparedfo1lowlngthedecisionofthePersistentOrganicPollutantsReviewCommitteeatitsnrst  
meeting in November 2005 to establish an ad hoc working group to review the proposal further 
（UNEP／POPS／POPRC．1／10）．  

Inthisdocumental1dataarepresentedaccordingtotheInternationalSystemofUnits（SI）and，therefore，nunyhavebeen  
recalculatedfromotherunitsinthedatasources．Furthermore，al1concentrationsarepresentedbasedonkgorL（e・g・Pgn（g  
OrmL／L）．  

1．1   ChemicalIdentityoftheproposedsubstance  

Clllordeconeis a syndletic chlorinatedorganic compound，WhichIⅥS mainly beenused as aれagnCulturalinsecticideっ  
miticideandftulgicide．   

1．1．1  Namesandregistrynumbers  

（二」∫（ゾれソナJ汀（J／〃〃／肌，、・  

1，1a，3，3a，4，5，5，5a，5b，6－decachloro－OCtahydro－1，3，4－metheno－2H－CyClobuta－［cd］－pentalen－2－One   

・＼：川川t川ハ・－  

Decachloropentacyclo－［5，2，1，0ニ6，O39，05，8］－decan－4－One，  

Decachlorooctal1ydro－l，3，4－metheno－2H，5H－CyClobuta－［cd］－Pentalen－2－One  

Decachloroketone  

7ナα（お〃α椚e∫．・  

GCl189、Kepone，Merex，ENT16391，Curlone   

トI．＼－ハ・．リハ咋川…J／－l′′●・●  

143→50－0  

1．1．2   Structure  

Source：h什p：／／webh）Ok・nis（・gOV7aSquOtedinhttp＝／／ecb・jrcLit  

Chlordeconeischemical1ycloselyrelatedtomirex，aPeSticidewhichisalreadylistedundertheStockholmConvention・  
ThechemicalstruCtureOfchlordeconediffersfrommirexinthattheoxygenoftheketogrouplnChlordeconeisreplacedby  
twochlorineatomsinmirex．   
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l．1．3  PhysicaIaJldchemicalproperties  

ThephysicalandchemicalpropertiesofchlordeconearelistedinTablel・1・ItdemonstrateSthtthevariabonishigh  
betweendatasourcesfbrphysicalpropertieslikevapourpressureandwatersolubility・Thisisconfirmedbythefactthatthe  
Henry，sLawConstantVariesbyoneorderofmagmitude，dependingonthetyPeOfdatausedforthecalculation・Thesource  
ofuseddataaregeneral1yconsideredtobereliable；thedataqualityhavebeenassessedinthe（inter）11ationalconsensuS  
documents（IARC，IPCSHSG，IPCSEHCandUSATSDR）andthequalityOfthedatapublishedbyHanschet・a／・and  
Howardhasbeenevaluated（Pedersenet．al．，1995）．  

Tablel．1  Physicalal）dchemicalpropertiesofChlordecone・  

Property   Vnit   Value   Reference   

Molecularfbrmula  ClOCl100  
Molecularweight   〟mole   490．6  

Appearanceatnormal  Tan－Whitecrystal1inesolid  IARC，19791   
temperatureandpressure  

3．0Ⅹ10‾〕（250C）   Kilzer，1et・al・，19792  

VapourPressure   Pa  ＜4．0ⅩⅣ5（250C）   IARC，1979l  
4．OxlO‾5（250C）   HSG41，IPCS，1990   

0．35－1．0Ⅹ   HSG4l，IPCS，1990  
1－2   EHC43，IPCS，1990  

Watersolubility   mg几  2．7（250C）   Kilzer，1eJ．αJ－，1979＝  

3．0   Kenaga，1980   
Meltingpolnt   OC   350；（decomposes）   IARC，19791   
Boilingpolnt   OC   Nodata  

4．50   Howard，19911  
LogKow  5．41   Hansche上αJ．，19952   

LogK。W  －6．69   Scheringeret．al．，2006   

LogK。。  3．38－3．415   Howard，19911   
5．45xlO‾j，（250C）   Calculatedコ  

2．53xlO‾3（200C）   Howard，1991l  
Henry’sLawConstant   Pam3／mol  

4．9xlO‾3   Calculated3  
2．OxlO‾2   Calculated4   

AtmosphericOHRate  
cm3／molecule＿SeC   ニ0（250Cy   Meylan＆Howard，19932   

Constant  

＊ItislikelythattheO35numberisanoutlier．Thesource（HSG41byIPCS）didnotprovidethereferencesoitis   
impossibletotrackwherethisnumbercamefiom・ThemorerobustEHC43byIPCSdidprovidearefelenCeandusedl－2  
mg／1・Thisisinthesamerangewiththeothervaluesinpeerreviewedarticles・ATSDRquotesavalueof3mgnfrom  
Kenaga．  
1：QuotedfromUSATSDR，1995  

2‥Quotedfromhttp‥〟esc・SyrreS・COm／interkow／webprop・eXe  

3：Calculated舟ommaximumwatersolubilityandminlmumVaPOurPreSSureOfthistdble  
4：Calculated丘omminimumreliablewatersolubility（1mg几）andlnaXimumvapourpressllreOfthistd）1e   

l．2  Conclusion ofthe Persistent Organic Pollutants Review Committee on the Annex D  
infbrmationonChlordecone  

ThePOPReviewComitteeappliedinitsfirstmeetlngOn7－11November20051thescreenlngCriteriaspecifiedinAnnex  
DtotheStockholmCoITVention，anddecided，inaccordancewithparagraph4（a）ofArticle8oftheConvention，thatitwas  
satisfiedthatthe screeningcriteriahavebeenfulfilledfbrChlordecone・ItdecidedfuIlhermore，inaccordancewith  
paragraph60fArticle80ftheConventionandparagraph290fdecisionSC－1／70ftheConferenceofthePartiestothe  
StockholmCorrvention，tOeStablishanadhocworkinggrouptoreviewtheproposalfurtherandtoprepareadraftrisk  
profileinaccordancewithAmexEtotheConvention・ItiIⅣited，inaccordancewithparagraph4（a）ofArticle80fthe  
Convention，PartiesandObserverstosubmittotheSecretariattheiI血rmationspecifiedinAnnexEoftheCoITVention  
before27Jムnuary2006．  

i 

seethemeetlngrepOrtatニWWW・pOPS・int／documents′meetlngS／poprc／  

6   
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l．3  Data sources 

ThisRiskProfileisIminlybasedoninfbrmationfromthefollowlngreViewreports：  

EnvironmentalHealthCriteria（EHC）43：Chlordecone．IPCSInternationalProgrammeOnChemicalSafety．  
UnltedNa也onsEnvironmentProgramme．InternadonalLabourOrganlSation＿WorldHealthOrganization．Geneva  
1990（avai1d）leat：http：／／www．inchem．org／documents／ehc／ehc／ehc43．htm）  

・ Health and Safety Guide No．41，1990．IPCSInternationalProgramme on ChemicalSafety・U山ted Nations   

EnvironmentProgramme．IntermtionalLabourOrganlSation．WorldHealthOrganization・Geneva1990（available   
at：http二〟www．inchem．org／documentsnlSg／hsg／hsgO41・htm）  

Toxicologicalprofilefbr・MirexandChlordecone・U．S，DepartmentofHealthandHumanServices，Agencyfor  

ToxicSubstancesandDiseaseRegistry（ATSDR）August1995（availd）1eatこ  

http：〟www．atsdr．cdc・gOV／toxproⅢes／tp66－P・Pdf）・  

TheaboveextensivereviewreportswereusedasthemainsourceofinformationonthiscandidatePOPchemcal．Priorto  
thedraftingofthisriskpro丘1e，adetailedliterature searchwasundertakenonChlordeconewhichdidnotuncoverany  
furtherassessmentreportsonthischemical，eitherinternationaloratthelevelofindividualcountries・Wherethereviews  
abovehBLVebeencited，thetextquoted（OrquOtedwithmodificatlOnS）includesthereferencescitedintheorigirLalreview．  
Theserefbrencesarenotshownindividuallyinthereftrencelist．  

FollowlngtherequestofthePOPReviewCommitteeforadditionalinfbrmatlOn，aSSpeCinedinAnnexEoftheConvention，  
OnChlordecone，infbmu也onwasprovided，Whichwasmainlybasedon血eopenliterature・However，Franceprovideda  
reportpreparedfbrtheAssemb16eNationaledescribingthehlStOryOfproductionanduseofChlordeconeinMartimqueand  
Guadeloupe（Beaugendre，2005）．  

AsearchformorerecentinfbrmationincludedalitemturesearchvLatheDa111ShTecl血calUniversityLibraryandthedata  

baseFINDit（SearChterms：Chlordecone，kepone，mereX）aswe11asadatabasesearchinpublicdatabases・Thedatabases  
include”Ecotox”（US－EPA，http：／／www．epa．gov／ecotoxJ），しこNITE”（Japan．NatlOnalInstituteofTechnologyandEvaluation  
http：／／www．safe．Jlite．gojp／english／db．htmi）BUA Reports（http：／／www・gdch．de／taeligkeitenn）ua佃erichte・htm）and  
EnvironmentalFate Data Base（h仕p：〟www．syrres．com／esc／efdb．htm）．This search was based on the search terms：  
Chlordecone，KeponeandtheCASnumber143－50－0・Inadditioll，theArctlCMonitoringandAssessmentProgramme2and  
theUNEPRegionallybasedassessmentofPersistentToxicSubstancesGlobalReport3wereconsulted．Mostofthesegave  
nofurtherinformationregardingChlordecone．  

1．4  StatusofthechemicalunderinternationaIconventions  

Chlordeconeislistedin Annex A ofthe Protocolto the Convention on Long－Range Transboundary Air Pollution  
（CLRTAP）onPersistentOrganicPollutants・Thcproyis享OnSOftheProtocolobligeParhes（Currently25）tophaseoutal1  
producdon and uses ofChlordeconeT ChlordeconelSlnCludedin the OSPAR convention as a substance ofpossible  
4 COnCern．  

TheproposaltoincludeChlordeconeintheUNEP／FAORotterdamCorrventionwasreviewedbytheChemicalReview  
CoImnittee（CRC）atitsfirstmeetinginFebruary2005・TheCRCagreedthat，Onthebasisoftheir血rmation 

． 

criterion（b）（iii）5．Accoldingly，dleCRCconcluded山atCh］ordeconecouldnotberecommendedfbrinclusioninAnnexIII  
oftheRotterdamConventionatthecurrenttime．  

http：〟www・amap．nO／   

3http：／血ww．chem．unep．cIVpts／gr／GlobaしReport．pdf  
4Thechemical1yrelatedcompoundmirexisalreadyincludedintheStockholmcolⅣention・Bothmirexand   

ChlordeconeareincludedintheUNECE1998AarhusProtocolonPersistentOrga11icPollutants－（POPs）．   

BothareincludedinOSPARassubstancesofpossibleconcem  
5Thisrequiresthatthedocumentationsupplieddemo11StrateSthatthefiⅢ1regulatoryactionisbasedonarisk   

evaluationinvoIvingprevai1ingcondition5withinthePanytakingtheaction・  

7   
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2  SummaryinformationrelevantfortheriskprofiIe   

2．1  Sources  

2．1．1  Production  

Chlordeconehasbeenproducedbyreactinghexachlorocyclopentadieneandsulfurtrioxideunderheatandpressureinthe  
presenceofantimonypentachlorideasacatalyst．Thereactionproductishydrolyzedwithaqueousalkaliandneutralized  
Withacid；Chlordeconeisrecoveredviacentrifugationorfiltrationandhotairdrying（Epstein1978）（QuotedfromUS  
ATSDR，1995）．  

Chlordeconewasfirstproducedin1951っpatentedin1952，andintroducedcommerCiallylntheUmitedStatesbyAllied  
Chemicalin1958underthetradenamesKepone⑧andGC－1189（Epstein1978；HuffandGerstner1978）．Thetechmical  
gradeofchlordecone，Whichtypica11ycontained94．5％chlordecone，WaSaVai1ableintheUmitedStatesuntil1976（IARC  
1979）．Chlordeconewasalsofbundt6bepresentintechnicalgrademirexatconcentrationsupto2．58mg瓜gandinmirex  

baitfbrmulationsatconcentrationsuptoO．25mg此g（EPA1978b；IARC1979a）（QuotedffomUSATSDR，1995）．   

2．1．2  Tradeandstockpiles  

Between1951and1975，apPrOXimately3．6mi11ionpourds（l．6mi11ionkg）ofchlordeconewereproducedintheUnited  
States（Epstein1978）．（Quoted舟omUSATSDR，1995）ChlordeconeprodllCtionwasdiscontinuedintheUSAin1976．  
However，ayearlateritwasreportedthataFrenchcompanywasconsideringtheestablishmentofproduction血cilitiesin  
France（Anonymo11S，1978b），butnofurtherinfbrmationonthisproposalisavai1able．（ModifiedffomEHC43，（IPCS，  
1984））．  

NocurrentdataareavaihbleregardinglmPOrtVOlumesofchlordecone・By1976，teChmicalchlordeconewasnotexported  
丘omtheUmitedStatesandthecompoundwasnolongerproducedthere．Dilutedtechnicalgradechlordecone（80％active  
ingredient）was？XPOrtedtoEurope，particularlyGermany，ingreatquantitiesfrom1951to1975bytheAlliedChemical  

Company（Epsteln1978）wherethedilutedtechmicalproductwascoIⅣertedtoanadduct，Kelevan，Kelevanisaderivative  
Ofchlordeconeandusedforthesamepurposes・IntheeIⅣironment，itoxidizestoChlordeconeandcouldtherefbrealsobe  
COnSideredwithChlordeconefbrlistinginthe Stockholm CoIⅣention．Approximately90－99％ofthetotalvolllme Of  
ChlordeconeproducedduringthistimewasexportedtoEurop？，Asia，LatinAmerica，andAfrica・（DHHS1985；EPA  

1978b）（Modinedfh）mUSATSDR，1995）ThereisnoirdbrmatlOn，indicatingthatKelevanisbeingproducedorusedat  
present・  

Chlordeconewasma止etedinFranCeaSaformulation，Curlone，byDeLaguanquefrom1981to1993．Thefbrmulationwas  

usedinMartimiqueandGuadeloupefbllowlnghumicaneAllenin1979andDavidin1980whichledtoconsiderablepest  
inftstations．Chlordeconefbrthisfbrmula也onwassynthesisedinBrazil．nleauthorisationfbrCudonewaswithdrawnby  
theFrenchMimistryofAgriculturein1990．UsewascontinueduntilSeptember，1993．（Beaugendre，2005）InCanada，nO  
PrOductcontainingCh］ordeconehasbeenreglSteredasapestcontroIproductsince2000．   

2．1．3   Uses  

Chlordeconehasbeenusedextensivelyinthetropicsforthecontrolofbananarootborer（AnoJVmOuS，1978a；Langfbrd，  
1978）．Thiswasitsonlyregisteredfboduse．Itisregardedasaneffectiveinsecticideagainstleaf－Cuttinginsects，butless  
effectiveagainstSuCkinginsects（I11fbrmationCaJLada，1973）．Historically，Chlordeconehasbeenusedinvariouspartsof  
theworldfbrthecontrolofawiderangeOfpests．ItcanbeusedasaflylaⅣicide，aSafungicideagalnStaPPlescaband  
powderymi1dew（InfbrmationCanada，1973），andtocontroltheColoradopotatobeede（Motl，1977），ruStmiteonnon－  
bearingcitruS，andpotatoandtobaccowirewormongladioliandotherplants（Suta，1978）．Chlordeconehasalsobeenused  
inhouseholdproductssuchasantandroachtrapsatconcentratiortsofapproximatelyO・125％（IARC1979a）・The  
COnCentrationusedinantandroachbaitwasapproximately25％，（Epsteln1978）（ModiLied舟omEHC43（IPCS，1984）and  
USATSDR，1995）．   

2．1．4   Releasestotheenvironment  

GiventhtspecificpesdcidalusesofChlordecone，itcanbeexpectedthatal1amountsmanufacttlredareultimatelyreleased  
totheeIⅣironment・The11SeOfChlordeconeasapesticideinMardnlqueandGuadeloupeuntil1993resultedinsevere  
COntaminationofsoilandsurfacewater，Whicharebeingmomitoredatpresent．岬OCquene＆Franco，2005，Beaugendre，  
2005）．   
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Mq】OrreleasesofChlordeconeoccurredtothealr，Surfacewaters，andsoilsurroundingam叫OrAmericanmanuねctunng  
SiteinHopewell，VirglnlaReleasesfromthisplantultimatelycontaminatedthewaler，Sediment，andbiotaoftheJames  
River，atributarytotheChesapeakeBay（QuotedffomUSATSDR，1995）．  

2．2  Environmental fate 

TheparbdoningofChlordeconeintheenvironmentwillbegovernedbyitshighlogK。W（5．4lor4．50）andrelativelylow  
WaterSOlubility（1－3・Omg几）resultinginsorptiontoparticulateI一迫tter（dust，SOilandsediment）andorganicmaterial（1iving  

Orga血sm5）・  

Tnecombi11ationofthesepropertiesandthevapourpressure（3．0－l．OxlO‾5pa）ofChlordecone，reSultsinarelativelylow  
potentialfbrvolatllisationastheHenry，sLawConstantisbetween2・OxlO－コand5・45xlOJ3pam3／mole（250C），depending  
Onthetypeofdatausedforthecalculation（Tablel．1．）．  

IntheEHC43（IPCS，1984），thevolatilisationofChlordeconeisevaluatedbasedonlaboratoryandfieldobservationsthat  
indicatethatChlordeconedoesnotvolatilisetoany significantextent（Dawson，1978），However，thereleaseofcopious  

quantities ofChJordecone dustfromproductionfhcilities hasrepresenteda n両orsource ofe11Vironmentaland human  
COntamination．AirborneChlordeconehasbeenkI10WntOSpread60mi1esfromapointsource（Feldmarul，1976），andthe  
potentialexistsforfurtherdispersionoffineparticles（tewis＆Lee，1976（AbbreviatedfromEHC43（IPCS，1984）．）  

rnleUSATSDR（1995，），COnCludedthalChlordeconereleasedtotheenvironmentpartitionstOSOilandsediment．Smal1  
amountsmay remaindissoIvedinwaterandClllordeconereleasedtothe atmosphereiseventual1y depositedonsoilor  
S11rraCeWalers．  

2．2．1  Ⅰ〉er5iste11（：e  

In血eEHC43（1PCS，1984），earlyreportsthatdidnotincludeanyevidenceofClllordeconedegradationinthenahlral  

eIⅣironment（Dawson，1978二Geer，1978）werequotedaswellasamorerecentsttldy，inwhichmicrobialactionhadbeen  
ShowntotransformChlordeconeintomonohydro－andpossiblydihydrocrdordecone（0rndorff＆CoIwe11，1980a）．  

EHC43（IPCS，1984），COnCludedthatChlordeconeisanextremelystablecompoumdandisnotexpectedtodegradeinthe  

envirorunenttoanyslgruficantextent．However，therehBNebeenreportsoftraceamountsofmonohydrochlordeconebeing  
found（Carveret．al．，1978，Omdorff＆CoIwell，1980b），but山emechamismofitsfbrmationisnotclear，Solari汀adiationof  
Chlordeconein血epresenceofethylenediamne resultsin78％degradationafterlOdays（Dawson，1978）quotedfrom  
EHC43（IPCS，1984）．However，ethylenediamincisnotusual1ypresentintheatmosphere，SOatthetlme，therewasno  
infbrlnationavailableregardingthephotolytlCStabilitvofChlordeconeunderenvironmentalconditions・  

Themore recent review（USATSDRっ1995）フCOCludesthtChlordeconeisnotexpectedtobes叫ecttodirect  
PhotodegradatlOnintheatmosphere■Furthern一Ore，1tis concludedthatChlordeconeis resistanttoaerobic degradation，  
althoughsome anaerobic biodegradation does occur and that Chlordeconeis very persistenlin the elTVirorLment・  
Chlordecone wi11strongly bind to organlC matterin water，Sediment，and soilL When bound to organlC－rich soil、  
Chlordeconeis highlyirnmObile二however，Whelladsorbed to particulate matterin surface water，Chlordecone canbe  

tmnsportedgreatdistancesbeforepartltlOnlngOuttOSediment・ThepnmaryprocessfbrthedegradatlOnOfChlordecollein  
SOilorsedimentsisanaerobicbiodegradatlOn（AbbreviatedfromUSATSDR，1995）・  

InfomutionregardingthepersistenceofChlordeconedatingafter1995isscarce，buttheuseofChlordeconeuntil1993in  
the Caribbeanisland ofMartiれ1que has resultedin severe contamiI血on and monitonng sttLdies have beenirutiated・  
Bocquene＆Franco（2005）reportedconcentrationsinsamples丘om2002inwater（particulatenⅥtter）andsedimentin  
riversofupto57pgn’gand44巨g＾g，reSpeCtively・TheyquotedotherinvestigationsforreportlngCOnCentrationsinriver  
Water，Sampledin2000－2001intherangel・20－2・13Llg几・  

EventhoughChlordeconewasprohibitedfrommainlandFrance，aneXemPt10nWaSgrantedthatallowedtheuseofitinthe  
French WestIndies untilSeptember，1993．A recent study showed thatitis stilldetectedin different ecosysteInS Of  
Maltinlque（Coal，S．et．a［．，2006）．StocksofChlordeconemayhavebeenusedinMarhniquea封er1993，butitisexpected  
thattheuseceasedseveralyearsago．However，reSiduesarestillmeasurableinbothriverwaterandsediment，Wherethe  
prevailinganaerobicconditiorLSinthelatterallowfbrdleOnlyknownbioticdegradabonofChlordecone・Thisisal1the  
morereInarkableas山eclimateinthisareaisoptlmalnotonlyforcropsandpestsbutalsoforbiodegradation・  
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ConclⅥSiom  

ChlordeconeisnotexpectedtohydrolyseorbiodegradeinaerobicaquaticenvirorLmentSOrinsoil；however，thereissome  
evidenceofdegradationunderanaerobiccoldition・Directphotodegradationisnotsigl慮cant，Basedonal1availabledata  
ChlordeconeisconsideredtobehighbTPerSistentintheenvironment・   

2．2．28ioaccumuladon  

Because ofthelipophilic nature ofthis coInP？und（highoctan01－WaterPartitioncoemcient（logKow4・50－5・41），  
ChlordeconehasapotentialforbothbioaccumulatlOnand，withlittleornometabolicdepuration，alsobiomagnificationin  
aquaticfbodchain  

Table2．1summisesbiocorK：entrationfhctors（BCF）selectedfromtheUSEPAdatd）aSeEcotox（USEPA，2006）・The  
resultsincludedarebasedonmeasuredconcentrationsaJld，fororganismsdi舵Ientfbmalgae，derivedfromtestsbasedon  
flowthroughexposure．Thereby，theresultsshouldreflectthebioconcentrationobtainedunderwelldefined，COnstant  
exposureconcentrati0ns・Fornsh，theresultsofaseriesoftestsoffourdaysdurationwerenotincluded，becauseitisnot  
？0nsideredtobelikelythatequilibriumhadbeenreached6・TwoadditionalstudiesfromEHC43（IPCS，1984）arealso  
lnCluded，   

Table2．1  BCFvaluesforCh）ordecorLe．  

Test  
ExposⅥre  

Species  ConcetLtratioTl  8CF   Referencel   
Duration  

朋几  

Greenalgae（Ch］orococcum甲・，  
24h   100   230－800   WalsheムαJ．，1977   

β〟〃〟毎Jね′er〟0／gcね）  

Greenalga（Chlorococcum5p．）   48h   40   6，000   Bahneret．al．，1977   

Diatoms（I77alassiosiraguillardii，  
24h   100   410－520   WdsheJ．〟J．，1977   

〃鹿∬血仇叩．）  

Cmstacean（Callinectessapjdhs）   96h   110－210   6．2－10．4   Schimmel，1977   

CruStaCean（Palaemonetespugio）   96h   12－121   425－933   Scl止mllel，1977   

CnlStaCeaれ（Pα／αg椚0〃gお∫ク〟gね  
2ト28d   0．023tO．4   5，127－13，473  BahlereJ．α′，1977   

dmerfc（Jmγ∫f∫ムα加〟）  

CruStaCean（Palaemonetespugio）   16d   0．041   12，094   Fisher＆Clark，1990   

OYSter（（｝α∫∫0∫加〟Vfrg血C（丁）   19－21d   0．03－0．39   9，278－9，354   BahlereJ．〟J．，1977   

Midge（Chironomustentans）   14d   11．8－169．2   21，600   Adamset．al．，1985   

1－18d   0．14－1．55   2，300－9，750   
Robens＆Fisher，  

Fish（βr飢′00r〃d少rα〃〃〟∫）  
1985   

1－ヱ8d   0．08－0．8   21，700－60，200   
Roberts＆Fisher，  

Fi血ひ加血九川脚血厄）  
1985   

28d   
B如mereJ．αJ．，1977；  

Fish（qprf〝0‘わ〃V‘Ⅳメ曙〟血ゞ）  ＜0．02－1．9   3，100－7，115   HanseIlどよ〟エ，1977   
Fish（エeわ∫わ椚〟∫ズα〃才力〟r〟∫）   30d   0．029－0．4   2，340－3，217   BaImereJ．αJ．，1977   

Fish（アブ桝eタカαね∫クrO椚ピタ〟∫）   56d   0．004   16，600   Huckinset．al．，19822   

0．041   1，800－3，900   
Goodll髄Ⅲ＝汀．〟エ，  

Fish（qprf〃0（わ〃Vαr廃〟J〟∫）   L庇cycle  
19822   

1：AllquotedfromtheEcotoxdatabaseⅣSEPA，2006），eXCePtfortwo2quotedfromEHC43（IPCS，1984）   

Theinfomutiononbioaccl皿ulationfi・Omfoodislimited，buttheEHC43（IPCS，1984）reportincludestwo relevant  
studies；OneOnfoodexposureandtheotheronanestuarinefbodchain．WhenchlordeconewasfedtojlⅣenilespotfor28  
days，thebodyburdenofchlordeconeincreasedadditivelyandequilibmimwasnotattained（Stehlik＆Meminer，1983）・  
The estuarinefbod chainstudy（Bahneretal．，1977）wascomposedofgreenalgae，OySterS，mySids，graSS Shrimps，  
sheepsheadminnowsandspot・Thetransftrfromalgaetooysterswasverylow；butacleartransftr舟omshrirnPtOmySids  

6 InOECDTestGuideline305，theprescribeddurationoftheexposurephaseis28days・  
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andfrommysidstospot，indicatedthatmuchofthechlordeconewasbeingtransferredthroughthetrophiclevels・Cle∬anCe  
WaSSlowinshrimpandfish，withtissuelevelsofchJordeconedecreasingby30－50％in24－28days・  

USATSDR（1995），describedthebioaccumulationofchlordeconetogetherwiththatofmirex，Statingthattheyareboth  
highlylipophilicandtherefbre，hBrVeahighbioconcentrationpotential・Theybioaccumulateinaquaticfoodchains  
VirtuallynodegradationofthecompoundsbyexposedorgarhsnlS（delaCruZandNaqui．1973二Epstein，1978；HuckirLSet  

a］・，1982二HuggettandBender，1980二Kenaga，1980こLunsfbrdetal”1987二NaqvlanddelaCruZ，1973；NichoIs，1990；  

01iverandNiimi，1985and1988；RobertsandFisher，1985）7．  

0nlylimitedinfbrmationisavailableonuptakeandbioaccumulationofchlordeconeinterrestnalfoodchainsPaqviandde  
laCruj：，1973），andlittleuptakeofchlordeconebyplantswasobserved（Toppet．al．，1986），  

ComcIu5ioll  

WithBCF－Valuesofupto6，000inalgae，Ofupto2l，600ininvertebratesandofupto60，200infish，andwithdocumented  

examples of bion岨gmification，Chlordeconeis considered to have a high potentialfor bioaccumulation and  

biomagnification．   

2．2．3  PotentiaIforLong－RangeEnvironmentalTransport  

Thepotentlalforlong－rangeenVironmentaltranspOrtCanbedocumentedthroughmonitoringdatafromremoteregions（e．g．  

1heArctic）and／orthroughphysicaトchemicalcharacteristicsofthemolecule，WhlCharepromotingsuchtransport．Themost  

WCllknownmechanismoflong－raJlge tranSPOrtisatmospherictransportofsubstancesin山evapourphase・However，  

atmospherictransPOrtOfpardcle－boundsubstancesandtransportofsedimenlparticlesinoceancurrentsaswellasbiotic  
transportcouldalsocontribute（e．g．AMAP2004）．  

OneprerequlSiteforlong－raJlgeatmOSPherictransportispersistencetodegradalion，andChlordeconeisconsideI℃dtobe  

highlypersistentintheepvironment（SeeSection2・2・l）・Chlordeconedoesnotvolatilisetoanysignificantextent（See  
SeCtion2・2）・ThepartitiorungOfChlordeconeinlheerrvirorLmentWillbegovernedbyitshlghlogK。W（5．4lor4．50）and  

relativelylowwatersolubility（1－3・Omg／L）resullinginsorpdontoparticulatematter（dust，SOilandsediment）andorganic  

materialsandlivlngOrganlSrnS・Therefore，thelongrangetraJISPOrtisexpeCtedtotakeplacethroughthesepathways．  

TlleUSATSDR（1995），StateSthatatmospherictransportofdustcontainlngChlordeconeparticleswasreportedduring  

productionyearsbasedonresultsfromhighvolumeairsamplefiltersfromHopewell‥Atapproximately200yardsftomthe  

Chlordeconproductionplant，thecontentsrangedfrom3・0－55micrograJnS／m3，dependingonweatherconditionsanddateof  
collection・AtmoredistantsitesinMay1975，1evelsrangedfroml・4－21ng／m3LSpecifical1y，inSouthRichmond，15．6mi1es  
northwestfromHopewell，thelevelwasl・41ng／m3・AtByrdairport，14・12mi1esnorthofHopewell，thelevelwasl．93  
ng／m3・InPetersburg，8・19mi1essouthwestfrolnHopewell，dlelevelwas20・7ng／m3・（Epstein，1978）・Theyconclude  
nlrther，thatairbomeChlordeconehasbeenkno、l’ntOSPread60milesfromapointsource（Feldmann，1976），andthatthe  

POtentialexistsforfurtherdispersionoffineparticles（Lewis＆Lee．1976）（USATSDR，1995）．  

TransportinaquaticenvirorLmentSisillustratedbyresultsofmeasurementsinclamsandoystersfromtheJameSRiverat  
Samplinglocations丘om8－64milesfromHopewell，VirginiathatcontainedO・2－0・8mg几gofChlordecone（Epstein，1978）．  

However，nO reCOrds are available regarding concentrations of Ch］ordeconein areas atlong distances ffom sites of  

productionoruse・Therefbre，山eassessmentofthepotentialforlong－mngetranspOrtOfChlordecone mustbebasedon  
physicalproperties．Forthis－aPartfrompersistence－thevapourpressureanddleHenry’sLawConstantareco11Sideredto  

bethe mostrelevaJltPrOperties・Foracomprehensiveevaluationofthepotentialforlong－rangeatmOSpheric transpOrt，  

knowledgeofthevapourpressureathighaswe11asatlowtemperatures（e・g・250CandOOC）isrequired．Thisi11fbrmation  

is，however，aVai1ableforonlyafewsubstances（AMAP，2004），SOthevapourpressureat250Cisusedasameasureofthe  

VOlatilityofthesubstance．  

Asan11eofthumb，Substanceswithvapourpressures＞1・33xlO－コpawillbeentirelyinthevapourphaseandsubstances  
wi血vapourpressures＜l．Ox10－4pawillbeparticulate（USATSDR，2004）．  

Awayofevaluatingthecharacteristicsandef托ctsofasubstanceforwhichnotenoughinformationexistsistocompareit  

Withbetterknownsubstancesofsimi1archamcteristics・Thisapproach（knownas”thebenchIllarkapproach■■）wasproposed  

byScheringer（1997）andBeyeret・a］・，（2000），hasbeenrecentlyusedinsomerecelⅡstudiesconcemingpersistenceand  

environmentaltransportofrx）11utants（See，i・e・Vulykhe［al・，2006，aJldKlasmeieret・al・・2006）・Asameasureofvaluesof  

PrOpertleS that would qualifyforlong－range atmOSPheric transport，the currentlylisted POPs are used．However，  

7ThesereferencesdescribebothMirexandChlordecone  
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infbrmationregardingphysical－Chemicalpropertiesfbrchemicalsoftenvarieswidelybetweensourcesandthequalityof  
datacamotbecomparedwithoutspecificreviewoftheindividualstudies・Thisisdemonstratedbytheavailabledataonthe  
physical－ChemicalpropertiesofChlordeconepresentedinTablel・1・Thetwovaluesfbrthevapourpressurearerather  
unifbrm（0．3andO．4xlO5pa）butthewatersolubilityfoundinlitemturevariesbyanorderofmagmitude（0・35－3・Oandthe  
lowestvalueisconsideredtobeunreliable，8  

ThecomparisonofChlordeconewithalreadylistedPOPsispresentedinTable2・2・Asastar（lngPOintforthiscomparison，  
thehighestandlowestvaluesfbrChlordecone（Tablel・l）wereused・ForalreadylistedPOPs，infbrmationwas＄Oughton  
theUNEP－POPshomepage・AmongthecurrelTtlylistedPOPs，mOStOftherelevantprOPertieswereavailal）1efbraldrin，  
chlordane，dieldrin，DDT，hexachloIT）benzene，mirex，tOXaPhene，endrin and heptachlor・Missinginfbrmation（Water  
solubilityofmirex）wassoughtinUSATSDR（1995）andAM（2004）pTheUSATSDR（1995），quOteSValuesofO・2and  
O・6mg几，WhdetheAMAP（2004），quOteSMackayfbr 

． 

（1995）wasllSed．  

ThewatersolubilityandvapourpressureaswellasHenry’sLawConstantscalculatedfromthesevaluesofthecurrently  
listedPOPsaresumisedinTable2．2togetherwithinformationonChlordeconefromTablel・1・  

Table2．2  Water solubility（WS），VapOur PreSSure（W）and（Calculated）Eenry’s Law Constant（ⅡLC）  
（at250C）hrChlordeconeandcurrentlylistedPOPs・  

S11bstaれCe   WSmがL   VPPa   ⅡLCPam3／mol   

Chlordecone－min   1．0   0．00003   0．0049l   

Chlordecone－maX   3．0   0．00004   0．022   

POP－min   0．0012（DDT）   0．000025（DDT）   0．04（enddn）   

POP一帖   3．0（toxaphene）   27（toxaphene）   3726（toxaphene）   

POP＿2ndInaX   0．5（dield血）   0．04（heptachlo王）   267（heptachlor）   

1：Calculated舟ommaximumwatersoll血ilityandmimimumvapourpressure  

2：Calculated丘ommildmumrelial）1ewatersolld）ilityandmaximumvapourpressure  

Td）1e2．2showsthatthewatersolubilityOfChlordeconeisatthelevelofthemostwatersolubleamongthecurrendylisted  
POPs（toxapheneanddieldrin），Whilethevapourpr？SSureiscompard）1etothatofDDT・ThehighestofthetwoHenry’s  

LawConstantsthatwerecalculatedfbrChlordeconelSOfthesameorderofmagmitudeasthatofendrin・Itshouldbenoted  
thatinpresentingthedataintable2．2itisnotinferredthatachemical（inthiscaseChlordecone）isconsideredtomeetthe  
10ngrangeeIⅣirorLmentaltransPOrtCriterionjustbecallSeitfitswithintherangeofvaluesofcurrentlylistedPOPs・  

Furthertothis，itshouldbememionedthatthelatestAMAPreportonPOPs（AMAP，2004）describesthepossibilitiesof  
particlebometransportfbrs豆bstances，WhichhaveHenry’sLawConstants（HLC）closetothatofChlordecone（HLC＝  
0．00490rO．056）．BasedonHLC－ValuesfromAMAP（2004），itisconcludedthatsemi－VOlati1ecompoundssuchaslindane  
（†－HCH）（HLC＝0．000149）andchlordane（HLC＝0・342）aredistributedbetweenairborneparticlesandthegaseousphase，  
dependingonthetemperature・Thesecanbewashedoutviapreclpltationandtemporari1ydepositedinseawaterorsoiland  
canabsorbtowater，Plantandsoilsu血cesfromthegaseousphase・DuringfavourablewarmWeatherconditions，these  
compoundsevaporateagalnintotheatmosphereandundergofurtheratmospherictranSPOrt・Thisremobilizationisalso  
calledthe’grasshoppereffect，・Theroleofstor叩Weathersituati0nsinremobilizationofsemivolatilecompoundsintothe  
atmosphereisobviousbutstillscarcelyinves也gated（AMAP，2004）・   

Besides，Certainphysical－ChemicalpropertiesofChlordecone，SuChasthepartitioncoe餌cientslogK。W（OCtanOl－Water  
partitioncoe疏cient）andlogKaw（air－WaterPartitioncoefncient），areSimi1artothoseofsometoxaphenecomponents  
which，addedtoitspersistenceinairandwater，WOuldmeanthatcoupledlongrangetransportinatmosphereandoceans  
maytakeplace（i．e．thesubstanceisexchangingbetweenatmosphericgasphaseandoceanicdissoIvedphaseandcanbe  

8 Availd）ilityofhighqualitydataregardingphysical｛hemicalpropertiescouldsupportmorefirmconclu－  
SlOIIS．  
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transportedineitherphase）・（Wania，F・2006，PerSOnalcommunicatlOn）．ChlordeconehasaverylowHerLry’slawconstant  
al適ahighmassfrachonisfoundinwater，andthereforeitcanbeinferredthattransportwithoceancurrentscontributesto  
thelong－rangetransPOrtOfCh】ordecone．   

Inarecentmodelingstudy，Scheringere（・al．，（2006），investigatedthepersistenceandlongrangetransPOrtpOtentialofthese  
POtentialPOPs，includingchlordeconeandhexabromobiphenyl，uSlnganOECDscreenmgtooIwhichbasedtheevaluation  
OfoverallenvironmentalpersistenceandtransrK）rtPOtemialontheresultsofseveralofthecurrentlyavailablemultimedia  
eIⅣironmentalfatemodels（SeealsoKlasmeieret・a［，2006，andFenneret．a／．，2005fbramoredetailedexplanation）．They  
COnCludedthatthefburPOPcandidateshavepersistenceandlongrangetransportpote血ialpropertiessimilartothoseof  
SeVeralklWWn POPsin this evaluation・Furthennore、theyincludedthe uncertaintyregardingthe data qualityin an  
uncertaintyanalysis，Whichindicatedthattheresultisvalidalthoughthereareconsiderableuncertaintiesinthechemical  
properhesofthefourPOPcandidates．ItshouldbenotedthatenvirorLmentalfhtemodelingresultsstronglydependonthe  
assumptlOnsmade，SpeCificallywhenessentlaldatasuchasenvirorLmentalhalf－1ivesarenotknown．Inaddition，reSultsfbr  
SubstanceslikeChlordecone，WhlCharestronglyboundtoparticlesandareofverylowvolatility，arehighlydependenton  
themediumtowhlChtheyareemitted，i・e．，tOair，tOWater，OrtOSOil．Theemissiontoairscenarioalwaysyieldsdlehighest  
tmnsferefnciency，andthatvalueisdisplayedintlleScheringeret・al・，（2006）plots．Transferemciencywilllikelydifferby  
SeVeralordersofmagnltudewhenevaluatedundersoilandwateremissionscenarios．  

Comclusion  

Insurrunary，theabovediscussionshowsthAltheava11abledataonChlordeconearenotconclusivewhenitcomestolong－  
rangeatmospherictransportingaseousfonn・However，atmOSpherictransportofparticle－boundsld）StanCeSandtransportof  
Sedimentparticlesinoceancurrents，aSWellasbiotictransport，COuldalsocontributetolong－rangeenvironmentaltransport  
OfChlordecone Coupledatmosphere－OCeantrarLSpOrtalsoseemsqultePOSSible．  

DuetoalackofmonitonngdataonChlordeconetheassessmentofthepotentialfbrlong－rangetranSpOrtOfChlordecone  
mustbebasedonphysico－Chemicalpropertiesandmodellingdata．Themode11ingstudyofScheringeret．al．，2006，Shows  
Clearlythatlongrangeenvironmenlaltransportispossible（andpossiblymorethanactuallyestim2Lted），eVenCOnSideringthe  
uncertaintiessurroumdingthephysico－Chemicalproperties．  

Inaccordancewithparagraph7（a）ofArticle80fthe CorNention，andtakinginto accountthatalackoffullscientific  
Certaintyshouldnotpreventaproposalfromproceeding，Chlordeconeislikely，aSareSultofitslong－rangee爪VirorLmental  
transPOrt，tOleadtoslgnlficantadversehurrunhealthaJldenvironmentalefftctssuchthatglobalactioniswarranted．  

2．3  Exposure   

2．3．1  Environmentalconcentrations  

TheavailableinformationregardingerrvirorLmentalconcentrationsofChlordeconeisverylimitedandincludesonlyareasin  
thevicinityOfproduclion（US）oruse（Martinique）▲  

TheUSATSDR（1995），i1111StrateSthepresenceofChlordeconei111heenvironmentfollowingproductionofthesubstance・  
In1977，12yearsafterproductionofChlordeconebeganand2yearsaf［ertheproductionceased，aVerageCOnCentrationsof  
Chlordeconeinestuarinewater（dissoIved）were＜10ngn・（ppt）（NichoIs1990）．InOctober1981，6yearsafterproductlOn  
CeaSedっChlordec？ne 

． 

groundwaterisnotexpectedtooccurextensively（AbbreviatedfromUSATSDR，1995）．  

RecentmonitoringdatafromtheUrutedStatesdemorLStratethepersistenceofChlordecone，knownasKeponeintheUnited  
States．TnesubstanceisincludedintheU．S．EPANationalLakeFishTissueStudytoestimatethenationaldistributionof  
Selectedresiduesinfishtissuefromlakesandreservoirsin・thelower48states．Therewereatotalof881samplescollected  
andanalyzedbetween2000and2005．ForChlordecone，therewere152hits（17．25％），rangingfrom12・3and2008ppb・  
（Jensen，2006）．  

InMarhnlque，thewidespreaduseofChlordeconeuntil1993hasresultedincontaminationofsoilsandsurfhcewaterin  
mostoftheisland（Bocquene＆Franco，2005）．TheseauthorsreportedaniIⅣeStigation舟0rn20020fthepresenceofa  
Seriesofpesticidesinthewateratthemouthofsel’enrivers．TheymeasuredChlordeconeinparticulatematterorsediment  
Ofsixofthesevenriversatconcentrationsupto57llg丑ginparticulatematter，andupto44LlgA（ginsediment．  
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Bocquene＆Franco（2005），quOtedo血erinvestigationsinwhichconceIltrationsofCh）oJdeconeinthera喝el・20to2・13  
pg几weremeasuredinriversofMartimiquein2002－2001・TheyalsostatedthatChlordeconewas“ubiquitous”inriver  
WateruSedfbrdrinkingwater．  

Furthertothis，thereportpreparedfbrL’AsseniblieNationale（Beaugendre，June2005），describedthehistoJyOftheuseof  
ChlordeconeinGuadeloupeandMartimique，andmentionedseveralmonitonngprogrammeSWhichareexpectedtoI℃Sultin  
reportsattheendof2005・However，thesereportshavenotbeenavailablewhendraftingthisdocument・   

2．3．2  Eumanexposure  

IntheUSATSDR（1995），theexperience丘omproductionofChlordeconeissurrunarisedasfb1lows：Chlordeconehasnot  
beendetectedinhmlanadiposetissueorinbloodsamplesfh）mthegeneralpopulation，althoughhistorica11yltWaSdetected  
in humanmilk samples collectedinthe south－eaSternUmited States（EPA1978c）．Infbrmationis avai1able regarding  

Chlordeconelevelsinbloodofoccupationally exposedwofkersandtheirfami1iesduring1974－1975employed atthe  
Hopewell，Virginlasite．（Cannonet・aL，1978；Epstein1978；K血shkowy＆Baker1986；7byloretaL，1978）・（QuoIedhm  
USATSDR，1995）Furtherdataonhumanexposureisquotedinsection2．4．1．  

InfbrmationregardinghumaJle竺pOSuTereSl此ngbmdirectuse（application）ofCh）ordeconeintheCaribbeanIslandsis  
notavai1able，However，mOnitonngdatainagnculturalsoils，CrOPS，舟eshwaterfish，littoralfishandshellfishindicatesthat  
humanexposuremorethanlOyearsaftertheuseofchlordeconehasceasedinMartimiqueandGuadeloupe，isstillpossible  
In soils having received Chlordecone，reSiduesin crop are proportionalto soilcontamiⅠⅥtion and may exceed the  
recommendednationalresidueslimits（50llg此gto200llg耽g）．ThisconcerrLSmainlyrootvegetablessuchasradish（max．  
measured concentration：0．055pg耽g），SWeet POtatOeS（max．measured concentration：0．300llgn（g），tarO rOOt（max．  
measuredconcentration：0．230pg耽g），butalsoaerialpartofplants，SuChassugarcane（max・meaS11redconcentration：  
0．690トIg此g），Orpineapple（max．measured concentration：0．160トIg此g）．Inaddition，WOfkers are direcdy exposed to  

COntaminatedsoils．Concentrationsinfisheriesproducts（freshwaterandestuarinewater）havealsobeenfblmdtoexceedin  

SOmeOCCaSionsnationalresidueslimitsupbyafactoroflOO（max．measuredconcentration：20mg耽g）．Nationalprovisions  
havebeentakeninordertoprohibitfisheriesactivitiesincontaminatedarea（Cabidocheet・al．，2006）．   

2．4  Hazardassessmentforendpointsofconcern   

2．4．1  Toxicity  

ToxicokhetjcshexperimeIltalaniInalsandiIlman  

TheUSATSDR（1995）andEHS43（IPCS，1984）bothrecordthatChlordeconeiswellabsorbedfo1lowingoral，dermaland  

inl1ala也onexposure．Toxicokineticdataaremainly avai1ablefromstudiesinexperimentalanimals（e・g．Blankeet・al．，  

1978；Boylanet．al，，1979；Cohnel．a［．，1978；Egleet．a［．，1978；Fltiimoriet．al．1982a；Guzeliane（．al，，1981；Hallet．aJ．  

1988；Hewittet・al・，1986b；Kavlocket・al．，1980；Plaaet．al・，1987；Richteret．al・，1979；Shahet・a］．，1987；Skalskyetal．，  

1980；aSrePOrtedinIPCS，1984）．FollowingabsorptioJl，itiswidelydistributedillthebody，withaccumula也onintheliver  

andto alesserextentinfat，brainandkidneys，bothinexperimentalamimalstudiesand血humans（asreportedinUS  

ATSDR（1995）andEHS43（IPCS，1984）．Fo1lowingadmimistrationofasingleoraldosetoratsat40mg／kgbodyweight，  
thehighestconcentrationswerefbundintheadrenalglandsandliver，fbllowedbythefatandlung（Egleet・al．，1978，  
quotedfiomIPCS，1984）．Chlordecone hasbeenreportedtobe slowly metabolisedvia reductivebiotransformationto  

Chlordeconealcoholintherat（Blankeet・al・，1978，aSrePOrtedinEHS43）．Eliminationfromthebodyisslow，Withahal  

1ifeoftheorderofseveralmonthsandChlordeconedisappearsmoreslowlyflt）mtheliverthanfromothertissues（Egleet．  
al・，1978，quOtedffomIPCS，1984）．Eliminationisminlyviathefaeces，atOtalof66％ofthedoseintheEglestudybeing  
removedinthefhecesand2％inthemineinthe84daysfb1lowingadmimistra也on（Egleet al．，1978，quOtedfromIPCS，  

1984）・  

EHC43reportsthatChlordeconewasdetectedinhighconcentrationsintheliver（range13．3－173mg此g），Wholeblood  

（rangeO・6－32mg／litre），andsubcutaneousfat（range2．2－62mg此g）of32malewofkers（Colmet・aL，1976，adaptedfrom  
IPCS（1984）．Inoccupationa11y－eXPOSedworkers，SerumChlordeconeconcentrationsrangedfrom120to2109llgnitre，and  
droppedto37－486llg／1itre6－7monthsaf［erexposurehadceased（Adireta［・，1978，rePOrtedinIPCS（1984）．Thehalf－1ift  
OfChlordeconeintheseworkerswasestimatedtobe63－148days．ReductivebiotransformationtoChlordeconealcoholhas  
alsobeenreportedinhumans（B】ankeetaL，1978，aSrePOrtedinEHS43）．Chlordeconewaseliminated，Primilyinthe  
faeces，atameandai1yrateofO．075％ofthees也matedtotalstoreinthebody（Cohnet・aL，1976，quOtedfromIPCS，1984）．  
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To裏cityofChlordecoI）eillanimalsttldies  

Chlordeconeisofhighacutetoxicityinexperimentalaninulstudies，WithaJILD500fapproximatelylOOmg几gindlerat  
andranglngfrom65mgn’gintherabbitto250m釘kginthedog（takenfromIPCS，1984，Table2）．Acutetoxicityeffects  
includetremorsindicativeofaneurotoxiceffeclondlenerVOuSand／ormusculoskeletalsystems，investlgatedbymany  
al）thorsasreportedinUSATSDR（1995）・TheneurotoxiceffectsofChlordeconehavebeenreportedinchickensPaber＆  
Ware，1965），quail（McFarland＆Lacy，1969），fish（Couchet・a／・，1977），hamsters（Martineze［．al．，1976），mice（Endel．  

a［．フ1979），ratS（Epstein，1978），and man（Martinez et．a／．，1978），Acute oraladministralion of Chlordeconeis also  

associatedwith reproductive e舵cts（Khera e（・aL，1976；UzodiI廿ma et・a／・，1984a二Yarbrough et．al．，1981）and  

hepalotoxicityinsomestudies（Fltiimoriet・a［・，1983；Mehendale1977b，1981b；Teo＆Vore1991）（quotedfromUS  
ATSDR（1995）．  

RepeatedexposuretoChlordeconealsocausesreproductive，neurOlogical，muSCuloskeletalandlivertoxicityatdosesas  
lowaslOmg几gbw／day，al也oughefftctsinotherorgansincludingkidney，thyroid，adrenals，andtesteshavealsobeen  
rerx）rted（USATSDR，1995，IPCS，1984）・ALowest－Observed－Adverse－Effect－Level（LOAEL）ofl．17mg几gbw／daywas  
recordedina3monthfeedingstudyinratsandsignsoftoxicityincllldedfocalnecrosisinllVer，enlargementoftheadrenal  
glaJld，tremOr，hyperactivityandexaggeratedstartleresponse（CannonandKimbrough，1979，aSquOtedinUSATSDR，  
1995），Histopathologicalc血IgeSintheliver，reductionin thyroid fbllicular size and colloid content andincreasein  

epithelialcellheightwerereportedina21－mOnthgavageshldyintherat，withaLOAELofO・07mgJkgbw／dayinmales  
（Chuetal，1981，aSquOtedinUSATSDR，1995）・Renaleffects（proteinurlaandincreasedseverityofglomerulosclerosis）  
WereSeenina2－yearfeedingstudyinrats，withaNOAELofO・05mg此g／day（LarsoneJ，a［．，1979b，aSquOtedinUS  

ATSDR，1995）・OralChlordeconetreatmentcauseddecreasedspleenandthymusweights，1eukocytecounts，naturalkiller  

Cellactivity，andmitogenicreヲPOnSiveness（EPA1986c；Smialowiczet・a［†1985二Swansonand Wooley，1982）；  

decreasednat11mlkillercellactlVlty（Smial0wiczet・al・，1985）二andsigniflCanlincreaseinplaque－fomingcells（Chettyet．  

a［・，1993c）（asreportedinATSDR，1995）・TheNOAELwas5mg几gbw／dayandtheLOAELwaslOmg／kgbw／day．  

Hepatocarcinogenicity（hepatocellularcarcinoma）ofChlordecone has been demonstratedin rats andmice（males and  

females）（NCI1976，Reuber，1978，1979，aSquOtedinIPCS，1984andUSATSDR，1995）．Tumourshavebeenobservedat  

dosesaslowaslmg此gbw／dayintheratandinmiceatadoseof2．6mg几gbw／day（NCl，1976，aSquOtedinUSATSDR  

（1995）▲TheInterTutionalAgepcyfbrResearchonCancer（IARC）concludedin1987thattherewassufficientevidencethat  
Chlordeconeis carcinogeniclnmice and rats and possibly carcinogenic to humans（Group2B）．Chlordeconeis not  
genotoxICinLnVltrOmicrobialandmammaliance11genemutationassays，inaclastogenlC吋testandinthedominantlethal  

assay（Mortelmanset・al・，1986；Probstet・al・，1981；Schoenyet・al，，1979，Tongef．al．1981こWilliaJnS1980，Kheraet．al．，  

1976二Simon e（・a［・，1986，aS repOrtedinATSDR（1995），althoughit has been reported tointerfere with ce11－tO－Cell  
COmmunication（Tsushimotoet・al・，1982，CaldwellandLoch－Caruso，1992，aSrePOrtedinUSATSDR（1995），SuggeStS  

thalilproducesliver tumours by an epigenedc，tumOur－PrOmOting mechanismirrvoIving bothhepatic toxicityand  

hypertrophy，includingcytochromeP－450induction．  

OraladminlStrationofChlordeconetoa血miscausesdecreasedfertilityorfecundiけuldlittersize，reducedspermcount  
Fl胱＝csticularatrophy（Kheraet・al・，1976こLinderet・al・1983こUzodinmaef・al・、1984a二Yarbroughet．al．1981，aSrePOrted  
inUSATSDR（1995）・ALOAELofO・83mg此g／daywasrecordedforspermeffectsina90dayfeedingstudyinrats，While  
effects on seminalvesicles andprostatewere apparent atl．67mg／kgbw／day（Linderet．a］．，1983）（QuotedfromUS  

ATSDR（1995）．  

Chlordeconeisalsoadevelopmentaltoxicant・AsreportedinUSATSDR（1995）andEHC43（IPCS，1984），geStatlOnal  

exposureofratsandmicetolowdosesofChlordeconeresultedinincreasedstillbirthsanddecreasedpostnatalviability，  
reducedfttalorneonatalweightand／orskeletalossificationandalowincidenceofmalformationssuchasrenalpelvis  
dilatation，undescended testes，enlarged cerebralventricles，Clubfoot，fused vertebrae orribs，and encephalocele．  

Chlordeconeadministeredatlevelsof2，6，andlOmg此gbw／daytoratsand2，4，8，and12m釘kgbodyweightperdayto  

miceondays7－160fgestationcaused19％maternalmortal桓inratsatthehighestdoseandfetusesexhibitedreduced  
Weight，reduceddegreeofossification，Oedema，undescendedtestes，enlargedrenalpelvis，andenlargedcerebralventricles．  

（ChernOff＆Rogers，1976，aSrePOrtedinIPCS，1984）・Lowerdoselevelsinducedreductionsinfetalweightanddegreeof  

OSSification・MaleratsborntOtreateddamsdidnotshowanyreproductiveimpalrment，Thereproductiveperfbrmanceof  

miceftdO，10，30，Or37．5mgChlordeconen（gdietwasimpairedintermsofoffspringandlittersize（Huber，1965，aS  
reportedinIPCS，1984）・Nolitterswereproducedbyftmalesfed40mg此g，butlitterproductiondidresumewithin7  

WeeksfollowingwithdrawaloftheChlordecone，althoughlitterswerestiusmallerthanthoseofuntreatedcontroIs（quoted  

fromIPCS（1984））・AnovuladonandpersistentvaginalestruSWereObservedinfemalemicegivenChlordeconeatadose  
levelof2mgA（gbw／day）（Swartze（・al・，1988，aSquOtedinUSATSDR，1995），andsimi1archangeswereobservedin  
ftmaleoffspringofmaterrnlratsgiven15mgn（g／dayofChlordeconeongestationdays14－20（GellertandWilsoIt1979，aS  
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quotedinUSATSDR，1995），althoughnoeffectsonvaginalpatencyorfer［ilitywereObservedinftmaleoffspringof  
maternalmicegiven20mg此g／dayduringgestationdays8－120r14－18（GrayandKavlock1984，aSquOtedinUSATSDR，  
1995）．  

ToxicityofChlordeconeinhumans  

Availal）1ehumandatasupporttheconclusionthatChlordeconehasasimilartoxicityprOfileinhumanstOthatseenin  
experimentalamimalstudies．AsⅠ℃POrtedinUSATSDR（1995），ahighincidenceofnervoussystemtoxicitywasseenina  
singlegroupofworkersexposedtoChlordeconeduringitsmanufacture（Cannonet，aL，1978；Martinezetal・，1978；  
Sanl）Ometal．，1979；Taylor1982，1985；Tayloretal・，1978，takenfromUSATSDR（1995））・Exposureofthispopuladon  
occurredbyacoI血inationofinl1alation，Oral，anddermalexposures，althoughthedermalroutewassuggestedtobethe  
predominant route．The toxicitywaS mamifested as tremors，Visualdifnculties，muSCle weakness，gait ataxia，in  

coordination，headache，andincreased cerebrospinalfluid pressure（US ATSDR（1995）・Prolonged exposure to high  
concentrationsofChlordeconeinthewo止placehaLSbeensuggestedtocauseoligospemiaanddecreasedspermmOtility  
amongmalewofkers，althoughftrtilitywaSnOtimpaired（Guzelian1982a；Taylor1982，1985；Tayloret・a［・，1978，taken  
fromUSATSDR（1995）・Acorrelationbetweenbloodlevels，atmOSPhericlevelsandspermefftctshashoweverbeen  
difncultto proveconclusively（US ATSDR（1995）・Epidemi0logicalevidenceforcarclnOgemici年OfChlordeconein  
exposedhumansfo1lowinginl1alationexposureto｛Chlordeconeisextremelylimited（USATSDR，1995，IPCS，1984）・  
Liverbiopsysamplestakenfrom12workerswithhepatomegalyresultingfromintermediate－OrChronic－durationexposures  
tohighconcentrationsofChlordeconeshowedLnOeVidenceofcancer（Guzelianet・al・，1980，takenfromUSATSDR  
（1995）．However，COnClusionsfromthisstudyarelimitedbytheverysmi1numberofworkerssampled（USATSDR，  
1995）  

E恥ctsoれendocdnesystems  

The efftctsofChlordeconeonreproductionindicatethatthispesticidehaseffectsonendocrine systems・Ithasbeen  
evaluatedundertheEU－StrategyfbrEndo中IeDisruPterS9andhasbeenplacedincategoryl（evidenceofendocrine－  
disruptingactivityinatleastonespeciesuslngintactalhmals），inthepri0rity1istofchemicalsestablishedundertheEU－  
Strategy．ThiscategorisationisbasedonevidenceofEDactivityinanurnberofexperimentalsystemsincludingthemouse  
uterotroplCaSSay，1nCreaSeduterineweightinratsglVenmultiplellt）eCtionsofChlordeconepostnatal1yandreceptorbinding  
assays，indicativeofanoestrogemicefftct（asreportedinBKHreport，2000，USATSDR，1995）・  

ConclusiononefrtctsassessmentandtoxicityofChlordecone  

Ch10rdeconeisreadilyabsorbedintothebodyandaccumulatesfbllowingprolongedexposure・Thepesticideisbothacutely  
andchronicallytoxic，PrOducingneurotoxicity，immunOtOXicity，rePrOductive，muSCuloskeletalandlivertoxicityatdoses  
betweenl－10mg此gbw／dayinexperimentalanlmalstudies・Livercancer 

． 

InternationalAgencyfbrResearchonCancerhasclassifiedChlordeconeasapossiblehumancarcinogen（IARCgroup2B）・  

Table2．3surrunarisestheoutcomesofkeytoxicologlCalstudiesonChlordecone，includingtheNOAEL几OAELderivedin  
eachstudy・Tnestudiesincludedin－thisTablehavebeenselected丘omtheverylargedatal）aSeOntOXicologlCalstudieson  
Chlordecone，OnthebasisoftheimportanceoftheendpointilWeStigated（e・g・reprOductivetoxicity，CarCinogemicity，0ther  
keytargetorgantoxicity），rObustnessofthereportedstudiesandthedoselevel（NOAEL几OAEL）atwhichef托ctswere  
reported・Tnesestudieswereconsideredtobeparticular1yrelevantfbrcharacterisationofthetoxicologicalrisksofthese  
COmpOunds，and some ofthese studies have beenusedby US ATSDRto define MimimalRiskLevels（MRLs）fbr  
Chlordecone（USATSDR，1995）．  

Table2．3SⅦmmaけOfkeyto裏cologicals血diesonChlordecone・  

E蝕ct   
LOAEL／NOAEL  

Relbrem（：e   Species   Shdytype  
rm亡耽巴bw／day）  

RatFischer   Short－term／acute．  65％lossinbodyweight，Changesinclinical  10mg耽gbw／day   EPA，1986（鮎quOtedin   
344   toxici吋10day  （LOAEL）  USATSDR，1995）．   

repeat dose 5mg／kgbw／day  
gavageshldY   （NOAEL）  

RatFischer   Short－term／acute  Reductionsinspleenandthymusweights，   10mg／kgbw／day   EPA，1986ismialowiczet．   
344   toxicitylOday  numbersofneutrophils，andnaturalkillerce11  （LOAEL）   αJ．，19S5，（鮎quOtedinUS  

repeatdose   activity，SeCOndarytogeneralizedtoxicity   5mgノkgbw／day   ATSDR，1995）・   

9http‥′huropa・eu・inucomm／envirorLment／endocrine／strategy／substances＿en・htm  
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E触t   
LOAEL／NOAEL  

Re鮎Ⅰでn⊂e  Species   StⅥdyけpe  
（m亡／k亡bⅥr／daY）  

gavagestudy  （NOAEL）  

RatFischer   Short－term／acute  1ncrea5edstadleresponse   2r5mg／kgbw／day   EPA，1986c（aLSquOtedin   
344   toxicity10day  （LOAEL）  USATSDR，1995） 

repeat dose 1・25mg／kgbw／day  
gavagestudy  （NOAEL）   

Rat（Sheman）  3mon山托eding  Focalnecrosisinliver，enIaLrgementOfLthe   1・17mg／kgbw／day  CannonandKimbrough  
Study   adrenalgland，hyperplasiaandhypertrophyof  （LOAEL）   1979（asquotedinIPCS，  

COrticalce11s，tremOr＿hyperactivity，  1984andUSATSDR，  
exaggeratedstartleresponse  1995） 

Rat，Wistar   2yearfもeding   Renaleffect5（PrOteinuriaandincreased   0・25mg／kgbw／day・  L汀SOneJ．dJ．，1979b（ぉ  
Study   SeVeriけOrglomerul（－SClerosis）   （LOAEL）  quotedinIPCS，1984and  

0．05mg／kgbw／day  
（NOAEL）  

RatSprague－  21mon山gaヽ7agc  HistopathologlCalchangesinliver，reduction  0．07mg耽gbw／day  Chuet・al・，1981（asquoted   
Dawley   Shldy   info11iculaqsizeandcolloidcontentand   （LOAEL），inmales  inIPCS，1984andUS  

increaseinepithelialcellheightinthYrOid  ATSDRっ1995） 

Rat，Wistar   3monthfeeding  Testicu）aTatrOPhy   0．5mg／kgbw／day Larsoner．dJ．，1979b（ぉ  
Study  （LOAEL）  quotedinIPCS，1984and  

0．25mg／kgbw／day  
（NOAEL）  

Rat（Osbome－  gOweekf壱eding  Hepatocellularadenomaandcarcinoma   1．2mg／kgbw／day NCI，1976，Reuber，1978 
Mendel）肌d  Study  （LOAEL，rat）and2．6  1979（鮎quOtedinIPCS，   
mOuSe  mg／kgbw／day   1984andUSATSDR，   
（B3C6Fl）  （LOAEL，mOuSe）   1995） 

Rat   Multiple   UterotrophicresponseLuterineweights   10mg耽gbw／day   Gellert1978 

叫eCtionsor   increasedinadose－rlニ1aledmanner   （LOAEL，Gellert，   Hammonder・dJ・，1979（as  
ChlordecorletO  1978）   quoledinIPCS，1984and  
neonatalrats  i6mdkgbw／day  USATSDR，1995） 

（LOAEL，Hammond  
er．αJ．，1979）   

Rat，Hotzman  RatslrりeCtedx3  Uterotrophicresponse・Efl七ctwasadditiveto  Doseof－20mg／kg   Johnson，1996   
Strai町   WithO－45mg／kg  血atofestradioIben70aleoverthedoserange  bw／dayChlordecone   
ovarectomized  studied   appearedtobe  
immature  Chlordecone±  thresholdforembryo  
f8males   0．01，0．l，lorlO  imp）antationfunctions   

m釘kgbw／day  
estradiolbenzoate  

Rat   90－dayfeeding  DecreaseinspermmOtilityandviabiIity，   0．83mg／kgbw／day  Linderer．dJ．，1983（鮎  

Study   decreasedsperm，decreaseintheweightof   LOAELrorspem   quotedinlPCS，1984and  
Semina）vesicIesandprostate   efrects  tJSATSDR，1995） 

1．67mg耽gbw／day  
LOAELforeffectson  

seminalvesiclesand  

prostate   

Mouse，Balbc  130dayfeeding  8％decreaseinlittersizeand19％increasein  1，3m釘kgbw／day Huber，1965（asquotedin  
5tudy   palr－daystolitler（COnStantOeStruS）   （LOAEL）   IPCS，1984andUS  

ATSDR，1995） 

Ratsandmice  2，6，andlO   Reducedfoetalweight，reduceddegreeof   2mg／kgbw／day Chemofr＆Rogers，1976） 
mg／kgbw／血yby  ossification，Oedema、undescendedtestes，   （LOAEL，rat）   （ぉquotedinlPCS，1984  
gavagetoratsand  andUSATSDR，1995） 

2，4，8，and12  ventrlCles，Reductionsinfetalweightand  
mg／kgbwノdayto  
miceondays7－  
160rgeStation・   

doseleヽ▼elandconsistedofincreasedfetal  

mortalitYandclubfbot 

Balbcmice   160dayfteding  Increasedovu1ation，PerSistentoestrus   2mg／kgbw／day Swa止Zer．βJ，1988（お  

Study  （LOAEL）   quotedinIPCS，1984and  
USATSDR，1995） 

Ral   Reproductive   Increasedovulation，PerSistentoestrusin   15mg瓜釘day   GellertandWilsorl，1979，  

toxicitγ   femaleoffsprlngOfmatemalratsglVen   （LOAEL）   asquotedinUSATSDR，  
Chlordeconeon eslationdaYS14－20  1995）   
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E鮎ct   
LOAEL／NOAEL  

Re鮎rence   Spedes   StⅦdytype  （m亡血圧bw／day）  

Humans   Occupational   Histonesoftremors，unfoundednervousness  Meanbloodlevelsof  CamongJ．αJ．，197g（お  

eXpOSure   OranXiety，andvisualdifriculties．AIsoskln  Chlordeconein   quotedinIPCS，1984and  
rashes   workers reporting USATSDR，1995）、   

adverseefftctswere  
2－53ppm  
Skinrashesrepo止ed  

inworkerswithblood  
Chlordeconelevelsin  
excessor2g／L  

2．4．2  Ecotoxicity  

AsurrLmaryOfresultsofaquadcecotoxicitytestswithChlordeconefromtheEcotoxdatabase（USEPA，2006）isgivenin  
Table2．4．  

Inadditionto this，theEHC43（IPCS，1984），Sumnarised a series ofexperimentsiIⅣeStigatingthebioavailabilityOf  
Chlordecone，nOtlngthatitisstronglyadsorbedonsediment．Exposureofaquaticorgamismsisthereforepartlyviathe  
Waterphaseandpartlyviasediment．D一Asar0＆Wilkes（1982）examinedtheeffectsofsedimentspreviouslyexposedto  
Chlordeconeataknownconcentration，and ofJamesRiversediments contaminatedwithChlordecone，OnaneStuarine  
COmmunityeStablishedinaquariasuppliedwithnon－filteredseawater．Mysidshrimpsshowedadose－relatedmortalityrate，  
WhenexposedtosedimentspreviouslyequilibratedatO．1，1．0，OrlOpgChlordecone／LMysidswerenotafftctedbyJames  
Riversediment．Putconcentrationinsediments，ifavailableOystersshoweddose－dependentreducedshellgrowthwhen  
exposedto Chlordecone－equilibrated sediments，andalso respondedadversely toriversediment・LugwormSArenlCOla  
Cristaiadieda負er28daysoftreatmentwithsedimentexposedtolOllgChlordecone几，thoughmlmberswerenotaffected  
bylowerdoses．BothlugwormsandoystersconcentratedChlordeconefiomthesediment．（Quoted丘omEHC43，（IPCS，  
1984））．  

Table2．4  SummaryofkeyecotoxieologicalsttIdiesonChlordecone．  

Taxonomicgroupandspecies   Endpoint   Dllradon   Resl山mg／L   Rel一代れCel   

Algae  
C力わrococc才一椚甲りβ〟〃αJ7eJJd   EC50   7days   0．35－0．60   

growthinhibition  （丘血mul慮ion）   
Walshe∫．αJ．，1977   

Jer〃oJecr（I，JⅥた∫C加α甲 

r力αJd∫∫ioぶfr（7ク∫e〃do〃α〃d  

Algae  
C力わ「（）COCC〟川岬りβ！川口Jie肋   EC50   350－600   

7days  HanseneJ．dJ．，1977   
JerrioJecJα，〃虚∫C加β乎リ  growthinhibition  （hmul戚ion）   

r力dJd∫∫血血ク∫e〃（わ仰柑  

CruStaCeanS  Barera＆Adams，1983；Adams＆  

a叩血血わ那g〝α   
EC50  

il¶∬nObi】ity   
48hours   0，120－0．690  HeidoIph，1985；Ziegenfusset・al・，  

1986   

Crustaceans  NimmoeJ．dJ．，1977，1981；Hansen  

月例er血〝ツ∫7∫占d加d′C‘一拍〃eCrg∫  LC5。   96hours   0．01－0．210  er．〟J．，1977；Schimmel，1977；US  

∫甲f血∫，伽Jαe椚0〃ere叩〟g－0  EPA，1976   

Crustacean  NOEC  
21days   0．0283   

McKee＆Knowles，1986   

a叩血血＝那騨Ⅶ  reproduction  

Crustacean  NOEC  
21血ys   0，025   

AdamS＆Heidolph，1985   

β呼血血＝那g〃α  訂OWth  

CruStaCean  MATC  
28days   

」研ericdI†ツ∫i∫占d血α  growth  
0．000026－0．00034  NimmoeJ．dJ．，1981   

Insect 
LC50   48hours   0．17－2．3   

AdamSeLal．，1985；Ziegenfusset 

C／Tiro〃Om〟ゴーe〃rα〃∫  βJリ19g6   

Fish  Roberts＆Bendl，1982；Roberts＆  

9species   96hours，nOW  0．0066－0．512  Fisher，1985；SchimeI，1977；  
LC50  血roudl  Hansen（汀．dJっ1977；Mallal＆  

Ba汀On，198g；BucklereJ，dJ．，1981   

Insect  NOEC  14days   17．9mgJkgsediment  AdamsgJ．〟J．，1粥5   

CJ7げ0〃0椚〟∫re〝Jd〃∫  development  

1：AllareasquotedinEcotox，USEPA2006   

1g  
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InapublicationfromSETACacollationofcriticaltissueresidues（CTR）waspresentedandevaluated（Jarvinene／．al．，  
1999）・Thedatabasecontains32entriesfbrChlordecone，WithdataorigiIlatingfromdifftrentstudies（SeeTable2．5）．Some  
OfthetlSSuereSidueswerefromsttldieswherenoeffectswereobserved，SOdleyInaynOtrepreSenttherealCTR．Critical  
tissueresiduevaluesobtainedinstudieswhereeffectswereidentifiedrepresent15CTRvaluesforthreenshspecies．For  
fatheadmiⅣIOWtWOSttldiesareavailabJewithvaluesofl．7andof3．8－5．4mgJkgww．Forsheepsheadminr）OW12CTRs  
areavailable，rangingfromO・13to17mg几gwwwithanaverageof5・9mgn’gWW・Furthermore，OneCTRof2L7mg此g  
WlVforspotisavailable．   

Conclu sion 

Insummary，ChlordeconeisverytoxictoaquatlCOrganismsLThemostsensitivegrouplSthelnVertebrates，Wh）ChisnotsurprlSlngfora  
SubstancewJthinsectJCjdaJpropertiesLEver）jftheJowesteffectconcentrahorl（0000026mg／L）wasconslderedtobeanoutIier，thelowest  

effectconcentratlOnSWOuldbewellbelowlmg／Lwiththeresultsofshorttermtests（mortality）1ntherangeof’001toO69mg几and  

thoseoflongtermtests（reproductlOnandgrowth）atOOO25andOLOO28mg／L・  
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Table2．5  Collationofcriticaltissueresidues（CTR）  

Result5口釘g  
Species   LitもSta壬王e   Exprte   ExpoofConeentration  （Wet））   ef鮎ct   

Cladoceran，Daplmiamagna（Fw）   1stinsbr   Water   175ng几   0．133   SurvivalReproduction－Noefrtct   

0・糾叫g几；0・118いg／g  

Grassshrimp，Palaemonetespugio（Sw）   0．09g   Water；Diet  （WetWt）   0．147  Growth－Noeffbct   

Bluecrab，Callinectessapidus（Sw）   Juvenlle   Diet   226－2．50トLg／g（wetwt）   2．54－4．61   SurvivalGrow仇－Noe土l玩t   

Fatheadm血10W，Pimedlalespromelas（Fw）  LarVae－Adult   Water   3．1けg／L   3．8－5，4  SurvivalGrowth－Reduced   

Fatheadminnow，Pimephalespromelas（下w）  Larvae－Adult   Water   1．2Llg几．   2．6   SurvivalGrowth－Noefftct   

EmbⅣ0，2nd  Sl汀Vival（hatchabil吋ト  
Fa血eadminnow，Pimephalespromela＄仔w）   genera也on   0．31躇几；0．21－0．38一打g   1．7  Reduced   

Emb町0，2bd  

Fatheadminnow，Pimephalespromelas（下w）   gen訂ation   Water；Adultfish  0．17い釘Ⅰノ；0．17－0．46耶由   0．26   Survival－Noefftct   

Larvae，2nd  
Fatheadm血10W，Pimephalespromelas（下w）   generation   Water；Adult丘sh  0．31トIg几；0．21－0．3811g／g   0．50   SurvivalGrow血＿Noefftct   

Sheepsheadmimow，CyprlnOdonvanegatuS  
（Sw）   Adult   Water   0．8いg几   2．5－3．6   Surviv山一Reducd22％   

Sheepsheadminnow，CyprinodonvanegatuS  
（Sw）   Adult   Water   1．9Llg几   11－12   Survival－Reduced80％   

SheepsheadmlmOW，Cyprinodonvanegatus  
（Sw）   Adult   Water   7．8いg几   17   SⅦ・Vival－Redl氾dlOO％   

Sheepsheadmimow，CyprinodonvanegatuS  
（Sw）   Adult   Water   0．16トl釘L   0．65－0．90   SurVival－Noe土Itct   

SheepsheadmirLnOW，Cyprinodonvanegatus  
（Sw）   Emb丹0   Adultfish   11－12Llg／g  四  Sl汀Viv山一Reducd25％   
Sheepsheadmimow，Cyprinodonvanegatus  
（Sw）   EmbⅣ0   Adult fish 2．5－3．6腫／g   4．7   Survival－Noeffbct   

Sheepsheadminnow，CyprlnOdonvanegatuS  
（Sw）   Larvae－Juvenile   Water；Adult土ish  1．9帽几．；11－12－唱／g   8．4   Surviv山一Reducd63％   

Sheepsheadminnow，CypmodonvanegatuS  
（Sw）   Larvae－Juven止e   Water   2．O11g／L   7．8   Surviv山一Reducd40％   
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Results口g／g  

Species   LifeStage   Exprte   ExpoofConcentration  （Wet））   e晩ct   

SheepsheadmiImOW，Cyprinodonvanegatus  

（Sw）   Larvae－Juvenile   Water   0，8L12几．   2．0   Survival－Noefrtct   

Sheepsheadmiru10W，CyprinodonvanegatuS  

（Sw）   Larvae－Juvenile   Adultfish   11－12一昭／g   0．13   Growth－Reduced   

Sheepsheadmiru10W，Cyprinodonvanegatus  

（Sw）   Larvae－Juvenile   Water   0．08帽／L   1．l   Growth－Reduced   

Sheepsheadminnow，CyprinodonvanegatuS  

（Sw）   Embrvo－Adult   Water   0．78購／L   5，6．8＊   Survival－Noefftct   

SheepsheadmirulOW，Cyprinodonvanegatus  

（Sw）   Embrvo－Adult   Water   0．39帽几   2．2，3＊   Growth－Reduced   

Sheepsheadminnow，Cyprinodonvanegatus  

（Sw）   Embrvo－Adult   Water   0．12いがL   0，86，1．2＊   Growth－Noe鮎ct   

Sheepsheadminnow，Cyprhodonvanegatus  

（Sw）   Embrvo－Adult   Water   0．78トLg几   5，6．8＊   Reproduction－Reduced   

Sheepsheadminnow，CyprinodonvarlegatuS  

（Sw）   Embrvo－Adult   Water   0．39トIg／L   2．2，3＊   Reproduction－Noefftct   

Sheepsheadminnow，Cyprinodonvanegatus  AdultFish＋  

（Sw）   generation  Water   0，78幌／L   2．3   Survival－Reduced   

Sheepsh飽dmiru10W，Cyprinodonvanegatus  AdultFish＋  

（Sw）   generation  Water   0．39トLg／L   1．3   Survival－Noefftct   

Sheepsheadmirnow，Cyprinodonvanegatus  AdultFish＋  

（Sw）   F叩，2ndgeneration   Water   0．78一昭几   2，3   Survival－Noeflもct   

Sheepsheadminnow，CyprhodonvanegahlS  AdultFish＋  

（Sw）   Frv，2ndgeneration   Water   0．12腫几   0．41   Grow山一Reduced   

Sheepsheadmiru10W，Cyprinodonvanegatus  AdultFish＋  

（Sw）   Frv，2ndgeneratlOn   Water   0．074いg几   0．30   Grow山一Noefftct   

Spot，Leiostomusxan血uruS（Sw）   Juvenile   Diet   3，3トIg／g（WetWt）   2．7   Sl汀Vival，Reduced   

Spot，Leiostomusxan血uruS（Sw）   Juvenile   Diet   3，3一打g（Ⅵ℃tWt）   0．7   Survival－Noe土It：Ct   

Spot，LeiostomusxanthuruS（Sw）   Juvenile   Water；Diet   0．04Llg几；0，101Llg／g（WetWt  0．144   Grow山，Noefftct   
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3  SynthesisortheinIbrmation  

Chlordeconeisasyntheticchlorinatedorganiccompound，Whichhasmainlybeenusedasanagriculturalpesticide．Itis  
Closely related chemically to Mirex，a peSticide whichis alreadylistedinAmex A ofthe Stockl旭1m Convemion・  
Ch10rdeconeisalreadylistedinAnnexIoftheUNECEProtocolonPOPs．  

Accordingtoavai1abledata，Chlordeconecanbeconsideredtobehighlypersistentintheerrvironment・Chlordeconeisnot  
expeCted to hydIplyse orbiodegradein aquatic eIⅣironments，nOrin soil．Direct photodegradationis not sigmificant・  
Chlordeconedoesnotvolati1isetoanyslgmificantextent．  

WithBCF－Valuesinalgaeupto6，000，inilWertebratesupto21，600andinfishupto60，200anddocumentedexamplesof  
biomagnification，Chlordeconeisconsideredtohaveahighpotentialfbrbioaccumulationandbiomagmification．  

Concermngthepotentialfbrcauslngadverseeffects，thereisacoIⅣinclngSetOfdata．Chlordeconeisreadilyabsolbedinto  
thebodyandaccumulatesfo1lowingprolongedexposure．Itisbothaclltelyandchromicallytoxic，PrOducingneurotoxicity，  
innunOtOXicity，rePrOductive，muSCuloskeletalandlivertoxicityatdosesbetweenl－10mg几gbw／dayinexperimental  
anlmalstudies・Livercanc9rWaSinducedinratsatadoseoflmg此gbodyweightperday，andreproductiveeffectsareseen  
atsimi1ardoselevels．TheIntemationalAgencyfbrResearchonCancerhasclassifiedChlordeconeasapossiblehuman  
CarCinogen（IARCgroup2B）．Moreover，Chlordeconeisverytoxictoaquaticorgamisms，mOStSenSitivegroupbeingthe  
invertebrates．   

Theavai1abledataonChlordeconearenotfu11yconclusivewhenitcomestolong－rangeatmOSPherictransportingaseous  
fbrm．Itshouldbenotedthtatmospherictransportofparticle－boundsubstancesandtra鮎POrtOfsedimentparticlesinocean  
CurrentSaSWe11asbiotictransportcouldalsocontributetolong－rangeenViroIlmentaltransportofChlordecone．  

DuetolackofmonitonngdataonChlordecone，theassessmentofthepotentialfbrlong－rangetranSpOrtOfChlordeconeis  
basedonphysico－Chemicalpropertiesandespecial1y，OnmOdellingdata．Whilethe航rstofthesetwoapproachesmayseem  
SOmehowinsufficient，themode11ingdatastateclearlyChlordecone●sLRETpoten  

Basedontheavailabledata，ChlordeconeshouldbeconsideredasaPOPwarrantlngglobalaction．  

ProductionanduseofCll10rdeconehasceasedoverthelastdecadesindevelopedcountries，butitisassumedthatitcanstill  
beproducedorusedasanagriculturalpesticideinsomedeveloplngCOuntries．Ifitissti11usedaspesticide，itwillbe  
directlyreleasedtotheeIⅣironment．Moreover，thehighpersistencyofthesld）StanCehascausedhighcontaminadonofsoil  

andwatersintheareaswhereithasbeenusedandthesecontaminatedsitescanserveasasourceofpollutionfbrlong  
times．  

4  Concluding statement 

It has been demonstrated that Chlordecone meetsal1the criterialaid downin Annex D ofthe Stockholm Convention．  

Moreover，itischemical1yvery simi）artoMirex，anOrganOChlorinepesticidewhichisalreadylistedinthe Stockholm  

Convention．ItisverypersistentintheeIⅣironmentandhasagreatpotentialfbrbioaccumulationandinadditionthereis  
Clearevidenceofitsbiomagnification．Whilethereisnomomitoringdatafmmareasremotefromsources，thephysicaland  
Chemicalproperties，aSWellasthemodellingresults，SuggeStthatChlordeconecanbetransportedlongdistancesboundto  
Particlesin airandwater，and possibly thmughcoupled transpOrtbetweenthese two compa山IlentS．Chlordeconeis  
associatedwithawiderangeofharnAleffectsonbothmammalsandaquaticorganlsms．  

AsChlordeconecantravelintheatmospherefarfromitssources，neitherasinglecountrynorgroupofcountriesalonecan  
abatethepollutioncausedbythissubstance・Regio11alactionhasalreadybeenconsiderednecessaryaIldChlordeconeis  
total1ybamedundertheUNECEConventiononLong－rangeTransbollndaryAirPo11utionProtocolonPersistentOrgamic  
Pollutants．Althoughtheproducdon and use ofChlordecone seems tobe ceasedinmostcoun血es，its reintroduction  
remainspOSSible．ThiscouldleadtoincreasedreleasesandlevelsintheelⅣironment．  

Basedontheavailableevidence，Chlordeconeislikelyasaresultofitslong－rangeelⅣironmentaltranspOrttOleadto  
Sigmificantadversehurrnnhealthandenviromnentalef托ctssuchthatglobalactioniswarranted，  
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ヘキサブロモビフェニルの危険性の概要  

（OECDTG301C）  

血清中T4濃度低下  試験LD50＝3．910mg／kg   
ワァツトヘッドミノーの身：BCF＝10000  

OHラゾカルとの反応による推定半減期  甲状腺ろ胞数・ろ胞容積増加、血清中  

【BMF（経口的生物濃縮係数）】  

・餌（ニシン）と捕食者（ハ■ルトアサうシ）を較  

・水中：2カ月を超える   （PCBと同レヘ、、ルの値）   

・土壌及び底質中：6ケ月を超える   

のワモンアサ■ラシの約100倍   炎、脱毛、肝臓の変化等  

マウス（妊娠0日～生後56日）：  

NOAELO．15mg／kg／day  

IARCグループ2B（possibly  

carcinogenictohuman）  

ラット（妊娠0日～14日）  

28．6mg／kg／dayで未着床、新生児生存  

アカゲザル：LOAELO．012mg／kg／day  

主な毒性は、月経周期遅延、流産、死  



【その他】  

汚染事故で吐き気、腹痛、食欲減退、  

関節痛、倦怠感、皮膚障害、  
EU－StrategyforEndocrineDisruptors  

優先化学物質（無処置動物の少なくと  

も一種類において内分泌かく乱活性を  

示す科学的根拠がある）に分類   
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亡XECU〃VESU〃M尺y  
TheEuropeanCommunityanditsMemberStatesbeingPartiestotheStockholmConventionhave  
proposed hexabromobiphenyltobelistedinthe Convention・ThePersistent OrganicPollutants  
ReviewCommitteeconcludedinitsmeetlnginNovember2005thatthesubstancecomplywiththe  
screenlngCriteriasetoutinAnnexDoftheConventionandthatadra氏riskpronleshouldbe  
preparedtoreviewtheproposalfurther・  

Hexabromobiphenylbelongsto awidergroup ofpolybrominated biphenyls（PBBs）・Theterm  
＝polybrominated biphenylsn or upolybromobiphenylsM refbrs to a group of brominated  
hydrocarbons fbrmed by substitutlng hydrogenwith brominein biphenyl・The hexabromo  
COngenerSeXistas42possibleisomericfbrms・Accordingtotheavailabledata，prOductionanduse  

ofhexabromobiphenylhas ceasedin most，ifnot all，COuntries．However，itis possible that  

hexabromobiphenylisstillbeingproducedinsomecountries・  

Hexabromobiphenylhas been used as a nre retardantin acrylonitri1e－butadiene－Styrene（ABS）  

thermoplasticsforconstruCtlngbusiness，maChinehouslngSandinindustrialandelectricalproducts  

andinpolyurethanefbamforautouphoIstery，Aconsiderablepartofthesubstanceproducedwi11  
probablyreachtheenvironmentsoonerorlaterbecauseofthehighstabilityofthesecompounds・  

Accordingtoavailabledata，hexabromobiphenylcanbeconsideredtobehighlypersistentinthe  

environment．Thereis evidence oflow or no degradationin water，SOiland sediment，in the  

laboratoryaswellasinthefield．  

HexabromobiphenylislessvolatilethanmanyofthecurrentlylistedPOPsubstances．However，  

extensivedataonmonitonngshowsthatitisfbundthroughouttheArcticwildlife，demonstratlng  

thatitdoeshaveahighpotentialfbrlongrangeerlvironmentaltransport・  

Withmeasuredweight－basedBCFvaluesintherange4，700－18，100andbiomagnincationfactorsin  

the aquatic fbod chain exceedinglOO，hexabromobiphenylis considered to be highly  
bioaccumulative and to have a high potentialfbr biomagnincation．These properties are  
demonstrated by severalauthors to be comparable to those of hexachlorobiphenyl（a PCB  
COmpOund），fbrwhichthebioaccumulativepropertiesarewelldocumented・  

Hexabromobiphenylis readily absorbedinto the body and accumulatesfo1lowlng prOlonged  
exposure．Althoughthe acutetoxicityofhexabromobiphenylislow，anumberofchronictoxic  

efftctsincludinghepatotoxicltyhavebeen observedinexperimentalanimals at doses aroundl  

mg／kgbw／dayfbllowinglong－termeXPOヲure，andefftctsareseenintheratthyroidatdosesaslow  

as O．05 mg／kg bw／day．ThelntematJOnalAgency fbr Research on Cancer has classined  

hexabromobiphenylasapossiblehuman carcinogen（IARCgroup2B）．ThePBBsareendocrine  

disruPtingchemicals，and effbcts are seenonreproductive capacityinrats，minkandmonkeys・  

Thereis epidemiologlCalevidence of hypothyroidismin workers exposed to polybrominated  
biphenylsandofincreasedincidenceofbreastcancerinexposedwomen．Dataontoxicitytoother  

SpeCies thanlaboratory mammalsis scarce but suggests the environmentaltoxicity of  
hexabromobiphenyliscomparabletothatofhexachlorobiphenyl．  

Basedontheavailabledata，hexabromobiphenylislikely，aSreSultofitslong－rangeenVironmental  

transport，tOleadtoslgnincantadversehumanhealthandenvironmentalef托cts，SuChthatglobal  

actioniswarranted．   



UNEP／POPS／POPRC．2／17／Add．3  

す   J〃丁尺08UC〃0〃  

TheEuropeanCommunityanditsMemberStatesbeingPartiestotheStockholmConventionhave  
proposedhexabromobiphenyltobelistedinAnnexAtotheConvention・Theoriglnalproposalis  
containedindocumentUNEP／POPS／POPRC、1／7．  

The acceptance of the orlglnalproposalfbrfurther consideration by the Persistent Organic  

Po11utants Review Committeeimplies thatthe properties of the substance comply with the  
SCreenlngCriteriasetoutinAnnexDoftheConvention．Therefbre，thescreenlngCritehaarenot  

discussedinthisdocument．Thisdraftriskpronlehasbeenpreparedfbllowlngthedecisionofthe  

Committee，atitsnrstmeetlnginNovember2005，tOeStablishanadhocworkinggrouptoreview  

theproposalfurther．  

jnthisdocumental1dataare presentedaccordingtotheInternationalSystemofUnits（SI）and，  

therefbre，many have been recalculatedfrom other unitsin the data sources．Furthermore，all  

COnCentrationsarepresentedbasedonkgorL（e・g・LLg／kgormL／L），   

1．1 Chemicatldentityoftheproposedsubstance   

l．1．1 Namesandregistrynumbers  

Hexabromobiphenylbelongs to a wider group ofpolybrominated biphenyls（PBBs）．The term  

“polybrominated biphenyls”or“polybromobiphenyls”reftrs to a group of brominated  
hydrocarbons fbrmed by substitutlng hydrogen with brominein biphenyl．The hexabromo  

COngenerSeXistas42possibleisomericfbrms，WhicharelistedwithCASandIUPACnumbersin  

USATSDR（2004）andindocumentINF2．  

（ASchemicalname：  Hexabromo－1，1一－biphenyl   

SynoTtymS：  Hexabromobiphenyl  
Biphenyl，hexabromo  
l，1一－biphenyl，hexabromo－  

HBB  

FireMaster（R）BP＿6  

FireMaster（R）FF＿1  

7ナα（お〃α椚e5・ご  

TechnicalgradePBBs（FireMaster（R））containseveralPBB compounds，isomersandcohgeners，  
hexabromobiphenylbeingoneofthemaincomponents・ThecompositionofFireMaster（R）BP－6  
Changesfrom batch tobatch，butits main constituents are2，2’，4，4．，5，5’－hexabromobiphenyl（60－  

80％），and 2，27，3，4，4’，5，5’－heptabromobiphenyl（12－25％）together withlower brominated  

COmPOunds．Mixed bromochlorobiphenyls and polybrominated naphthalenes have also been  
observedasminorcomponentsofFireMaster（R）（EHC152（IPCS，1994））．FireMasterFF－1（white  
POWder）isFireMasterBP－6（brownflakes）towhich2％calciumsilicatehasbeenaddedasananti－  
Cakingagent（EHC152（IPCS，1994））．  

Additionaldata on the composition ofidentified PBB congenersin FireMaster（R）BP－6and  
FireMaster（R）FF－1isgiveninUSATSDR（2004）．   
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36355－01－81（CommonCASnumberfbrhexabromobiphenylisomers）  
59536－65－1（EHC192（岬CS，1997））2  
67774－32－7（EHC192（IPCS，1997））3  

トJ．Yハγハー／ノ二r〃′′′〃／－〝．  

USATSDR（2004）providesCASnumbersfbrawidernumberofindividualhexabromobiphenyl  
isomers，aSShowninAnnexB．   

1．1．2  Structure  

Structure of2，2一，4，4一，5，5l－hexabromobiphenyl（CAS No．59080－40－9，PBB congenerNo・153）・  

（Structuralformulasource：EHC192（IPCS，1997））   

1．1．3 Physicalchemicalproperties  

ThephysICalandchemicalpropertiesofhexabromobiphenylarelistedinTablel・1・  

Tab］el．1 Physica［andchemicalpropertiesofhexabromobiphenyl・  

Prope止y   Unit   Value   Reference   

Molecularformula．  C12H4B「6  

Mo［ecularweightl   g／mol   627．58  

Appearance at norma［  
temperatureandpressure  VVhiteso］id   a）   

6．9xlO－6（250C）  
Jacobset．al．，（1976）a）  

VapourPressure   Pa  7．5xlO‾4（liquid，Sub－COOled）   Tittlemieret．a／．， （2002）a）   

Watersolubility   Hg／L   a）  
3  Tittlemieret．a／，，（2002）a）   

MeTtingpoint   OC   720C   a）   

Boilingpoint  Nodata  

6．39   
Doucette＆Andren  

LogKow  
（1988）a）   

しOgK。。  3．33－3．87   Ca（cu（ateda）   

Henry’sLawConstant   Pam3／mol   
3．95xlO‾1   VVaritzet．aI．，1977a）  
1．40xlO‾1   CaIculateda）   

a）：QuotedfromUSATSDR，2004  

1 ¶leCASregistrynumber36355－01－8isgivenasagenericCASnumberforPBBsinthe1988EU  
Export－ImportRegulationandtheUNEPRotterdamCorrvention・  
2 usATSDRrefヒrstoFiremaster（R）BP－6asCASNo．59536－65－1．  
3usATSDRrefヒrstoFireMaste／R）FF＿1asCASNo．67774－32－7．  

‾「i   
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Someofthe datafbrthe propertieslistedin Tablel．1may notbereliablebecauseproducts of  
questionablepuritywereusedbyearlierinvestigatorstoderivethem・Therefbre，reCentphysical  

andchemicalpropertydatathathavebeenreportedfbrhexabromobiphenylinTittlemierel．al．，  

（2002）（QuotedfromUSATSDR，2004）areincludedinTablel，1．   

1．2  ConcIusion ofthe Persistent Organic Po］］utants Review Committee  

OntheAnnexDinformationonHexabromobiphenyL  

ThePOPReviewCommitteeappliedatitsfirstmeetlngOn7－11November20054thescreenlng  
Criteria speci貢edin Annex D to the Stockholm Convention，and decided，in accordance with  

ParagraPh4（a）ofArticle80ftheConvention，thatitwassatisnedthatthescTeeningcriteriawere  

fu1nlled fbr hexabromobiphenyl・The Committee decided furthermore，1n aCCOrdance with  

paragraph60fArticle80ftheConventionandparagraph290fdecisionSC－1／70ftheConftrence  
OfthePartiestothe Stockholm Convention，tOeStablish anadhocworkinggrouptoreviewthe  

PrOPOSalfurtherandtoprepareadraftriskprofileinaccordancewithAnnexEtotheConvention，It  

invited，inaccordance 
． 

2006 

1．3  Datasource  

ThisDraftRiskPronleismainlybasedoninfbrmationfromthefbllowlngreViewreports：  

・EnvironmentalHealth Criteha（EHC）152：Polybrominated biphenyls．IPCSInternational   

ProgrammeonChemicalSafety．UnitedNationsEnvironmentProgramme．InternationalLabour   

Organisation． World Health Organization・ Geneva 1994・ Avai1able at‥  

httD：／／www．inchem．orddocuments／ehc／ehc／ehc152．htm．  

● EnvironlentalHealthCriteria（EHC）192：FlameRetardants二AGeneralhtroduction・IPCS   
InternatlOnal Programme on ChemicalSafもty．United Nations Environment Programme，   

IntemationalLabour Organisation＿World Health Organization．Geneva1994，Available at：  

httD：／／www．inchem．or釘documents／ehc／ehc／ehc192．htm．  

・USATSDRToxicologlCalProfilefbrPolybrominatedBiphenylsandPolybrominatedDiphenyl   
Ethers（PBBsandPBDEs），2004，Availableat：httD二／／www．atsdr．cdc．gov／toxDrO坑1es／tD68．html  

Wherethereviewsmentionedabovehavebeencited，thetextquoted（orquotedwithmodifications）  

includestherefもrencescitedintheonglnalreview．Thesereferencesarenotshownindividuallyln  
therefbrencelist．  

FollowlngtherequestofthePOPReviewCommitteefbradditionalinfbrmation，aSSpeCinedin  

AnnexEoftheConvention，informationonhexabromobiphenylwasprovidedbyseveralParties  

andobserverS．ThisinfbrrnationwasmainlybasedontheopenliteratureorfbcusedonPBDEs．  

A search fbr more recentinfbrmationincluded aliterature search viathe Danish Technical  
UniversityLibraryandthedatabaseFlNDit（searchterms‥HBB，hexabromobiphenyl，brominated  

biphenyls）aswellasadatabasesearchinpublicdatabases・Thedatabasesinclude”Ecotox”（US－  

EPA，at hupl〝叩OV／ecotox／，“NITE”（Japan，NationalInstitute of Technology and  

Evaluati on at  httT）：／／www．saft．nite，巳0．ip／english／db．html，  BUA  Reports  at  

http：〟瑚berich吋htm and EnvironmentalFate Data Base at  
httD：／／esc．svrres．com／efdb．htrn．Thissearchwasbasedonthesearchterms二hexabromobiphenyland  

CAS numbers77607091，36355018，82865892，82865905，59261084，84303479，120991482，  

4 
seethemeetlngrePOrtat‥、川、、・PODS・int／documents／meetines／DOt）rC   

7  
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82865916，67888997，84303480，and60044260・Inaddition，theArcticMonitonngandAssessment  

Programme5wasconsulted．   

1．4  Statusofthechemica［underinternationalconventions  

HexabromobiphenylislistedinAnnex A of the Protocoltothe Convention on Long－range  
TranSboumdaryAirPollution（CLRTAP）onPersistentOrganチCPo11utantS・Theprovisionsofthe  
ProtocolobligeParties（currently25）tophaseoutallproductlOnandusesofhexabromobiphenyl．  

Hexabromobiphenyl，tOgetherwith otherPBBs，is alsoincludedintheUNEP／FAO Rotterdam  

Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals and 
PesticidesinInternationalTrade 

2   SU〃M尺γJ〃FO尺M〃0〃尺乱亡掴〃丁戸0尺丁〃亡尺JSKP尺0肌亡  

2．1  Sources   

2．1．1 Production  

Thecommercialproductionofpolybrominatedbiphenyls（PBBs）generallyinvoIvesbrominationof  
biphenyl，aprOCeSSinvoIvingamuchmorespecincreactionandproducingasma11ernumberof  

PrOductmixturesthanchlorination（Sundstromet・al・，1976a）（QuotedfromUSATSDR，2004）．  

TheprocessofmanufacturingPBBsconsist占ofaFriedel－Craftstypereactioninwhichbiphenylis  
reactedwithbromineinthepresenceofchlorideinanorganicsoIvent，uSlngaluminiumchloride，  

aluminiumbromide，Orironascatalyst（Brinkman＆deKok，1980）（QuotedfromEHC152（IPCS，  

1994））．   

2．1．2 TradeandstockpiJes  

ThecommercialproductionofPBBsbeganin1970，Approximately6millionkgofPBBswere  

PrOducedintheUnited Statesfrom1970to1976・OnlythreecommercialPBBproductswere  
manufactured（i・e・hexabromobiphenyl，OCtabromobiphenyl，andhexabromobiphenyl）andthese  

three 
． 

millionkgtogetherofthistotal（Neuftldel・al，，1977）．MichiganChemicalCorporation，St．Louis，  

Michigan，thesoleproducerofhexabromobiphenylintheUnitedStates，StOpPedproducingthis  

PBBin1975・（Quoted丘■OmUSATSDR，2004）・SubsequentproductionofPBBsappearstohave  

beenlimitedtotheocta－anddecabromobiphenyls 

Productionofocta－anddecabromobiphenylcontinuedintheUnitedStatesuntil1979（IARC1986；  
Neufe1det・al・，1977）・Shortlyafterthe1973－1974agriculturecpntaminationaccidentinMichigan，  

PBBproductionintheUnitedStateswasvoluntarilydiscontlnued（Hardy2000）；PBBsareno  
long？rPrOducedintheUnitedStates（SRI2001）・Re－initiationofmanufactureofPBBswould  
requlreaPPrOValfromtheEPA・（QuotedfromUSATSDR，2004）  

TwoUKcompaniesarereportedtohavemarketedorproducedtechnical－gradedecabromobiphenyl  

intheUnitedKingdom・In1977，theproductionofPBBsintheUKwasdiscontinued．High1y  

brominatedPBBs（Bromkal，80－9D）wereproducedinGermanyuntilmid－1985，Whentheactivities  

COnCermngbromine－based鮎eretardantswereshiftedtotheUSA・Nodomesticproducerhasbeen  
identinedintheNetherlands・Intheearlynineties，anIsraelicompanywithtwobromineplantsin  

theNetherlandsdeniedtheproductionofPBBs・（ModinedfromEHC152（IPCS，1994））．Thereis  

noinfbrmationavailableregardingpossibleuseandproductionofhexabromobiphenylinRussia．   
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Untiltheyear2000，theonlyPBBincommercialproductionwasdecabromobiphenyl，Whichwas  

manufacturedbyonecompany（Atochem）inFrance（Hardy，2000）．（ModinedfromUSATSDR，  

2004）Anauthor（Darn？mdフ2003）hasstatedthatwiththeclosureofthedecaBBproductionin  
France，thePBBproductlOnintheworldhasceased．  

IntheUnitedStates，PBBsarenotknowntobeimportedorexportedanymoreexceptpossiblyin  

Smallquantitiesfbrlaboratoryuses．PBBshavenotbeenimported丘om othercountriesintothe  

United States，eXCeptin finished products（Neuftld el・al・，1977）．The two companies that  

manufactured octa－and decabromobiphenylin the United States between1976（0．805mi11ion  

pounds）and1978exportedalloftheirproductstoEurope（Neuftldet．al．，1977）（QuotedfromUS  

ATSDR，2004）．  

EXIDIM，the European Database on the ExportImport of Dangerous Chemicals under the  

Rotterdam Convention has registered a totalof6export applications fbrPBBs（which do not  
howeverincludehexabromobiphenyl）intheyears2003－2006（1in2003and2004，2eachin2005  

and2006）．NoimportsofPBBstotheEuropeanUnionsareregisteredinthisperiod．  

Infbrmationreceivedby27January2006asaresultoftherequestforinformationfromStockholm  
Convention Parties and observers，included response丘om Brazil，Australia，Japan，Republic of  

LebanonandtheUSA，allstatlngthatthereisnoproductionoruseofhexabromobiphenylinthese  
COuntrleS．  

Insummary，aCCOrdingtotheinformationavailable，PrOductionanduseofhexabromobiphenylhas  

CeaSedinmost，ifnotal1，COuntries．However，itispossiblethathexabromobiphenylisstillbeing  

PrOducedinsomedeveloplngCOuntriesorincountrieswitheconomiesintransition・   

2．1．3  Uses  

Tn the United States and Canada，hexabromobiphenyl（FireMaster（R））was the principalPBB  
productJtwasusedasanreretardantinthreemaincommercialproducts：aCrylonitrile－butadiene－  
Styrene（ABS）thermoplastics fbrconstructingbusiness machine housings andinindustrial（e．g．  

motorhousing），andelectrical（e．g．radioandTVparts）products：aSanreretardantincoatingsand  

lacquers，andinpolyurethanefbamfbrautouphoIstery（Neuftldel・al・，1977）（ModifiedfromEHC  

152（IPCS，1994）andUSATSDR，2004）．  

Approximately5milliontonnesofHBBwereproducedintheUSAn．om1970to1976；98percent  

WaSuSedasFireMasterBP－6andtherestasFireMasterFF－1（HesseandPowers，1978）．Ofthe  
estimated2，200tonnes hexabromobiphenylproducedin1974（IARC，1978），about900tonnes  

（Mumma＆Wallace，1975；Neufbldel・al．，1977；IARC，1978）wereusedinABSplasticproducts  

and an evenlargeramountin cablecoatings（Mumma＆Wallace，1975；Neuftld et・a［，1977；  

IARC，1978）．The exactquantityofFireMaster（R）usedin polyurethane fbam fbrautomobile  
uphoIsterywasnotpublished．Thetwolargerconsumersceasedusinghexabromobiphenyl（oneof  

thesein1972）because PBBs did not decomposein the ultimateincineration of scrapped  
automobiles（Neuftldet．al．，1977）（Quoted丘omEHC152（IPCS，1994））．  

IntheEHC152（IPCS，1994），itisstatedthatatthetime，nOuSerSOfhexabromobiphenylhadbeen  

identified（Neuftldel．al，，1977；DiCarloel．al．，1978；Brinkman＆deKok，1980）（Quotedf†om  

EHC152（ⅣCS，1994））．   

2．1．4  Releasestotheenvironment  

Dataforlossintothe environment duringnormalproduction arepublished only fortheUnited  

States・Thefbllowinginfbrmation 

． 

Ofproduct．Theselossesoccurthrough：  
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l）JJJJJ心わJJ〃〟り／／打（JノJ・．・  

In1977，themaximumairlossesasparticulatematteratproductionsiteswereestimatedto  
totall．1kgofPBBs／1000kgmanufactured．   

2）LossesinwastewatersresultingfromthequenchingandwashingofthePBBsasthey  
wererecoveredfromthereactionmass．ThelossesofPBBsto sewersatmanufhcturlng  
Siteswereestimated，in1977，tObe4．6pg／kgofproduct．   

3）Solidlossesiohm（折JLsresultingn－Omdrying，handling，Shippingandtransportation．  

AnestimateofPBBlossesassolidwastetolandnliswas50g／kgofproduct．  

4）⊥∂∬g∫わ肋g∫ロメJ  

Soilsamples魚・Om the bagglng andloading areas of the Michigan ChemicalCorp・  
containedPBBsatconcentrationsof3500and2500mg／kg，reSPeCtively．  

（AbbreviatedfromEHC152（IPCS，1994））  

In1973，anaCCidentalreleaseofPBBsoccurredinMichigan（reftrredtoasthe‖Michigandisaster1．  

in EHC152），When two products manufactured by the Michigan ChemicalCompany were  

inadvertently confused and250－500kg（DiCarlo ei．al．，1978）ofFireMaster（R），instead of  
NutriMaster（R），amagneSiumoxide－basedcattleftedsupplement，Wereaddedtoanimalfbedand  
distributedtofarmswithinthestate・ThecpmpoundisbelievedtohavebeenFireMaster（R）FF－1（e・  
g．，Fries，1985b），eVenifinsomepublicat10nSthenameFireMaster（R）BP－6isused（e．g，，Neuftld  
et．al．，1977；DiCarloet．al．，1978）．Thisaccidentalmixupresultedinwidespreadcontamination  

byPBBs．ChronologicalreportsorreviewsofthePBBdisasteraregivenbyCarter（1976），Gettyet・  

al．（1977），Kay（1977），DiCarloel・al・，（1978），Damstrael・al・，（1982），Zabik（1982），andFries  

（1985b）（QuotedfromEHC152（IPCS，1994））．  

Approximately5350tonnes of hexabromobiphenylwere usedin commercialand consumer  
productsintheUnitedStates，mOStintheproductionofplasticproductswithanestimateduselifb  

of5qlOyears（Neufbldet．al．，1977）．Sincethecessationofproduction，alloftheseproducts，SuCh  

asTVcabinetandbusinessmachinehouslngS，areeXPeCtedtohavebeendisposedofbylandfilling  
Orincineration（Neufbldetal．，1977）（QuotedfromUSATSDR，2004）．  

Hexabromobiphenylcan enter the environment from thewidespread use of name－retarded  
PrOducts．A considerable part ofthe substance produced wi11probably reach the environment  

SOOner Orlaterbecause ofthe high stability ofthese compounds・Furthermore，SOme Ofthese  

chemicalsmayfbrmtoxicpolybrominateddibenzofuransduringcombustionprocesses．  

2．2  EnvironmentaIfate   

2．2．1 Persistence  

TheEHCreview（1994），COnCludesthatpolybrominatedbiphenylsarestableandpersistentinthe  

environment．The degradation of PBBs by purely abiotic chemicalreactions（excluding  

Photochemicalreactions）isconsideredunlikely．  

Inair，thetwoprocessesthatmayresultinslgnincantdegradationortransfbrmationofPBBsare  

photo－OXidationby hydroxyl（OH）radicals and directphotolysis・Based on a struCture－aCtivity  

relationshipfbrtheestimationofhalf－1ivesfbrthegasphasereactionsofhydroxylradicalswith  

organiccompounds（Atkinson1987b），theestimatedhalf－1iftofhexabromobiphenylduetoreaction  

with OH radicalsis182days．Theimportance ofthe photochemicalreaction under sunlight  

illuminationconditionsfbrthedegradation／transfbrmationofPBBsinaircannotbeevaluateddue  
tothelackofinfbrmation．（Abbreviated丘omUSATSDR，2004）  
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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  

∫
l
 
f
▲
 
 

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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Conclusiononeffbctsassessmentandtoxicityofhexabromobiphenyl  

Hexabromobiphenylis readily absorbedinto the body and accumulatesfollowlng PrOlonged  
exposure・Althoughtheacutetoxicityofhexabromobiphenylislow，anumberofchronictoxic  

effbctsincludinghepatoxicityhavebeenobservedinexperirentalanimalsatdosesaroundlmg／kg  
bw／dayfbllowlnglong－termeXPOSure，andefftctsareseenlntheratthyroidatdosesaslowasO．05  

mg／kgbw／day・CancerwasinducedinanimalstudiesatadoseofO・5mg／kgbw／dayandtheno－  
Observed－ef托ctlevelwasO・15mg／kgbw／day・ThehternationalAgencyfbrResearchonCancer  
hasclassifiedhexabromobiphenylasapossiblehumancarcinogen（IARCgroup2B）．ThePBBs  

（andbyinftrence，hexabromobiphenyl）areendocrinedisrupting（ED）chenicals，andeffbctsare  

SeenOnreprOductivecapacityinrats，minkandmonkeys．EffbctswereseenlnmOnkeysfbdO．012  

mg／kgbw／dayfbr7monthsbefbrebreedingandduringpregnancy，thelowesteffectlevelreported  

forhexabromobiphenylintoxicologystudies・ThereisepidemiologlCalevidenceofhypothyroidism  
inworkers exposedtopolybrominatedbiphenyls and ofincreasedincidence ofbreastcancerin  

exposedwomen．  

It can be concluded that hexabromobiphenylis a bioaccumulative chemicalwith a range of  

POtentially adverseefftctsonhealth，includingcarcinogenicity，rePrOductivetoxicity，endocrine  

andotherhormone－disruPtlngeffbcts，atVerylowlevelsofexposure・   

2．4．2 Ecotoxicity  

OnlyftwdataareavailableoneffbctsofPBBsonotherorganismsthanmammals・Toxicitytests  
Withtechnicaldecabromobiphenyl（AdineOlO2）andbacteria（Pseudbmonasputid7）andthewater  
neaDq？hniamagnaarequotedinEHS152（1994）・TheresultswereanEClOof53mgAfbr  
PseuゐmonaテPutick7（cellmultiplication）and an EC50＞66mg／liter fbr Dq，hnia magna  

（immobilizat10n，24hours）・Becausethesecoヮcentration苧eXCeedthesolubilityofHBBinwater，  

thedatamaybeoflimitedrelevancetoevaluatlngtheenvlrOnmentaleffbcts，However，thefactthat  

theNOECis reported tobe＜2mg几indicatesthatthewaterneas were afftcted atthelowest  
concentrationtested．  

MacPhee＆Ruelle（1969）andApplegateel．al．，（1957），repOrtreSultsfrom shorttermtestswith  

hexabromobiphenyl（CASNo・36355－01－8）and severalspeciesofnshintherange5－10mg几  
（Quoted丘omtheEcotoxdatabase（USEPA，2006））．Theseconcentrationsarealsoabovethewater  

SOlubilityandmayalsobeoflimitedenvironmentalrelevance．  

Inaneldstudyonwaterbirds，COrrelationsbetweenbehaviouralef龍ctsandreproductivesuccess  

WerenOtunambiguouslycorrelatedtobodyburdensofPBBs．（EHS152（IPCS，1994））＿  

lnanuntraditionalfishearlyliftstagetest，Hornungetal．，（1996），irtiectedhalogenatedorganic  

COntaminantsintorainbowtrouteggs・For3，3一，4，4■，5，5lqhexabromobiphenyltheyfbundanLD500f  

3，910pg／kg・Thisresultisnotcomparabletothoseoftraditional坑shtests，Whereexposureisvia  

thewaterbutitiscomparabletoresultsofothertestwithsimilarexposure．Hornunget．al．（1996），  

madesuchexperimentstocomparethetoxicityofPBBsandPCBsandfbundthatboth3，3■，4，4．－  

tetrabromobiphenyland3，3一，4，41，5，5一－hexabromobiphenylwerelO－fbldmorepotentthanidentically  

Substitutedpolychlorinatedbiphenyls．  

Basedonthis，itseemstoberelevanttoexpecttheenvironmentaltoxicityofhexabromobiphenylto  

becomparabletothatofhexachlorobiphenyl．   

3  SγⅣm亡SJSO戸m亡J〃FO尺M〃0〃  

Hexabromobiphenylbelongstoawidergroupofpolybrominatedbiphenyls（PBBs）．Ithasmainly  

been used as a nre retardant・Hexabromobiphenylis alreadylistedin AnnexIoftheUNECE  
ProtocolonPOPs．  
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Accordingtoavailabledata，hexabromobiphenylcanbeconsideredtobehighlypersistentinthe  
environment．Thereis evidence oflow orno degradationinwater，SOiland sediment，1n the  

laboratory as we11asin the neld・Therefbre，hexabromobiphenylis considered to be highly  

persistent．  

＝exabromobiphenylisless volati1e than many POP substances・However，eXtenSive data on  

monitonngshowsthatitisfbundthroughouttheArcticwildlifb，demonstratlngthatitdoeshavea  
highpotentialfbrlongrangeenvironmentaltransport・  

Withmeasuredweight－basedBCFvaluesintherange4，700－18，100andbiomagnincationfactors  
in the aquaticfood chain exceedinglOO，hexabromobiphenylis considered to be highly  
bioaccumulative and to have a high potentialfbr biomagnincation・These properties 

demonstrated by severalauthors to be comparable to those ofhexachlorobiphenyl（a PCB  
compound），fbrwhichthebioaccumulativepropertiesarewelldocumented・  

Hexabromobiphenylis readily absorbedinto the body and accumulates fbllowlng prOlonged  
exposure．Althoughtheacutetoxicityofhexabromobiphenylislow，anumberofchronictoxic  
ef托ctsincludinghepatotoxicityhavebeenobsマrvedinexperimentalanimalsatdosesaroundl  
mg／kgbw／dayfbllowinglong－termeXPOヲure，andeffbctsareseenintheratthyroidatdosesaslow  
as o・05 mg／kg bw／day・TheInternatlOnalAgency fbr Research on Cancer has classined  
hexabromobiphenylasapossiblehumancarcinogen（IARCgroup2B）・ThePBBsareendocrine  
disruPtingchemicals，andeffectsareseenonreproductivecapacityinrats，minkandmonkeys・  
Thereis epidemiologlCalevidence ofhypothyroidism▼in workers exposed to polybrominated  

biphenylsandofincreasedincidenceofbreastcancerinexposedwomen・Dataontoxicitytoother  
species thanlaboratory mammalsis scarce but suggests the environmentaltoxicity of  
hexabromobiphenyliscomparabletothatofhexachlorobiphenyl■  

Basedontheavailabledata，hexabromobiphenylshouldbeconsideredasaPOPwarrantlngglobal  
action．  

Production and use ofhexabromobiphenylhas ceased overthelast decades butit cannot be  
excluded thatitis stillproduced orusedin some countries・In addition to emissions during  
manufactureoruse，hexabromobiphenylcanentertheenvironmentfromthewidespreaduseof  
flame－retardedproducts・Aconsiderablepartofthesubstanceproducedwillprobablyreachthe  
environmentsoonerorlaterbecauseofthehighstabilityofthesecompounds・Furthermore，SOmeOf  

thesechemicalsmayfbrmtoxicpolybrominateddibenzofuransduringcombustionprocesses・   

4  CO〃CLUβJ〃GSTⅥTE〃亡〃r  

IthasbeendemonstratedthathexabromobiphenylclearlymeetsallthecriterialaiddowninAnnex  
DoftheStockholmConvention‥Itisverypersistentintheenvironment・Ithasagreatpotentialfor  

bioaccumulationandinadditionthereisclearevidenceofitsbiomagnincation．Duetoitsphysical  
and chemicalproperties and based on坑ndingsin environmentalsamples，1tis verined that  
hexabromobiphenylcan be transportedlong distancesin air，far fromits sources・  
Hexabromobiphenylis apossiblehuman carcinogen and can alsobe regarded as a substance  
Capableofdisruptlngtheendocrinesystem・  

Ashexabromobiphenylcantravelintheatmospherefar丘omitssources，neitheraslnglecountry  

norgroupofcountriesalonecanabatethepollutioncausedbythissubstance・Regionalactionhas  

alreadybeenconsiderednecessaryand 
onLong－rangeTransboundaryAirPollutionProtocolonPersistentOrganicPollutants・Although  

the production and use of hexabromobiphenylseems to be ceasedin most countries，its  
reintroduction remains p？SSible・This couldlead toincreased releases andlevelsin the  

environment．  
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Basedontheavai1abledata，hexabromobiphenylislikely，aSreSultofitslong－rangeenvironmental  

transport，tOleadtoslgnincantadversehumanhealthandenvironmentalefftcts，SuChthatglobal  

actioniswarranted．  
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A〃〃仁方A  

Tab［eA．1Concentrationsofhexabromobiphenyl（PBB153）inArcticpredators・  

Yea「Of  
Concentration  

Species   Tissue  
SamPling   Ug／kglipid   

1999－2002  EastGreenland   
Po］arbear  

l   
Blubber   33－44   

（肋〟ぶm∂伽u5J  

1998   
Fulmar  

FaroelsIands  1   Fat   16－26   
（戸u血l∂川Sか∂由胎）  

2001   Faroels［ands   
Pilot whale 

1   B［ubber   8．7－17   
（GJo肋ep舶ねmeJ∂ざ）  

＜1987   
GuiLlemot  

ArcticOcean  2   Muscle   
（肋由a∂也e）  

506   

2002   EastGreenLand   
Ringedseal （勒OCa楠p肋）1   

Blubber   0．34－0．42   

Ringed seal 
19g8－2002  VVestGreenIand  

P加Ca仙p′da 
1   

B［ubber   ∩．d．   

く1987   Sva［bard   
Ringedseal 2   

B］ubber   
脚10Ca楠pf由）  

46   

1981   Svalbard   
Ringedseal 3   

BIubber   0．42   
（P血C∂仙β／由）  

＜1988   Svalbard   Sea［sp．q   ？（mean）   0．8   

1998   
Minke whale 

EastGreenland  
（β∂由e〃Opfe帽∂CUねm5ねね） 

1  BIubber   0．56－1．2   

Arctic char 
1999－2001  BarentsSea  5   Muscle   n．d．－52   

（S∂J作伽uぶa†p血ざ）  

1986   Lapland   
肌仙tefish  

2   Muscle   0．29   
（CoJ℃90〃Uざ叩．）  

2002   
Shorthorn sculpin 

EastGreenland  1   Liver   ∩．d．   
（仰押ズOCep加血S5COJpfuぶ）  

2002   
Shonhornsculpin  

VVestGreenIand  
（〃yoズOCep他山∫ざCOJp山ざ） 

1   Live「   n．d．   

n．d．＝Notdetected．Limitsofdetectionarenotwe”describedinthereferences．   

1：Vorkampeta／．，2004，  
2：Janssoneta／．，1987，  
3：Janssoneta／．，1993，  
4：Krt）ger，1988（QuotedfromEHC152），  
5：Evenseteta／．2005．  
6：FireMaster（R）BP－6  
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TabJeA・2  ConcentratioりSOfhexabromobipheny＝PBB153）jnbiota，COJJectedinsubarcticand  

temperatereg10nSOutSidethevicinityofMichigan．  

Species   Tjssue   
Concentration  Year of SamPling  Location  Ug／kglipid   

Aquatjcspecies   
1979－85  BaJticSea   GreyseaJ（Ha血椚OeruSgryPuS）‘  B山bber   26   
＜1987   BalticSea   Harbourseal（Fy70CaVdu伽a）’   B［ubber   20   

＜1987   ～NonhSea   HarbourseaJ（Fy70CaVituNna）／   BIubber   3   

＜1987   BalticSea   Gui（Lemot（Lhlaaa／ge）’   Muscle   160   

1987－88  USmidAtJantic   
監禁㌢0－phin（m叫5   

？   14－20   

＜1999   NorthSea   
‾●●■▲● ●一   

一．  
？   13（WWt）   

1987   S．Sweden   Arcticchar（Sa／vehhusa小inus）‘  MuscJe   0．42   

1986   BothnianBay   Herring（Clupeaharengus）‘   MuscFe   0．092   

1987   BalticProper   Herring（C／岬eaharengus）∠   MuscJe   0．16   

1987   Skagerak   Herring（CIupeahart？nguS）‘   Muscle   0．27   

＜1988   Germany   Riverfish（average）l   ？   0．60   

＜1988   BalticSea   Fishl   ？   2．39   

＜1988   NorthSea   Fish■   ？   1．31   

1997   
一■ ● 

USA，GreatLakes   ・・・肖 VVholefish   0．19－2．08   

Predatorybirds   

＜1987   BalticSea   
WhitetaiIedseaeagle（HaIi－  

∂eefuぶ∂胎わ／〟可7   
Muscle   280   

1977   
（H∂′由eefuざ′euco‾   

USA，29states   Carcass   ＜0．03－0．07（WWt？）   

1977   
牌〃aeefus′euco‾   

USA，29states   Brain   ＜0．03－0．05（WWt？）   

1982－86  S．Sweden   Osprey（Pandionhaliaeetus），  Muscle   
corpses2  

22   

2003－2004  Belgium   
7speciesofpredatorybirds，  
corpses（rangeofmedians） 

3   Musc［e   2－35   

2003－2004  BelgJum   
7speciesofpredatorybirds，  
corpses（rangeofmedians） 

3   Liver   2－43   

1998－2000  BeJg［um   Li州eowl伊仙enenoctua）5   
Unhatched  
eggS   

1－6   

1991－2002  Non〝ay   
6speciesofpredatorybirds  
（rangeofmedians） 

4   

Unhatched  
0．2－9．4日g／kgwwt   eggS  

Terrestrialherbivores   
1986   S．Sweden   Rabbit（0／γCtIaguscuniculus）‘   MuscIe   ∩．d．   

1985－86  S．Sweden   Moose（A／CeSa／CeS）‘   Muscle   n．d．   

1986   N．Sweden   Reindeer（Rang胞rtarandus）‘   Suet（fat）   0．037   

n．d．＝Notdetected．Limitsofdetection are notwe”describedinthe references，   

1二EHC152（IPCS，1994），2：JanssonetaI．1993，3二Jaspersetaf．，2006，4：Herzkeeta／．，2005，5：Jaspers  
eta／．，2006，6：Lurossetal．，2002，7：JanssonetaI．1987，8：KueMetal．1991（quotedfromUSATDSR，  
2004），9：Kaisereta／．，1980（quoted from USATSDR，2004），10：de BoeretaI．，1999（quoted from US  
ATSDR，2004）．  
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TabIeA．3．Summaryofkeytoxico10glCalstudiesonhexabromobiphenyl．  

Species  Studytype   Eflect   LOAEU  Re†．   

（testmate－  NOAEL  
riaり  

RatFischer  Short－term／acute toxic－  Bodyweight10SS，ema－  1000mg／kg／day  GuptaandMoore   
344／N   ity，14－dayrepeatdose，  Ciation， hepatotoxicity，  （LOAEL）   1979（asquoted   
（FF－1）   5singJedailydosesper  renaI＆adrenaIchanges，  in US ATSDR，  

Week   atrophyofthymus；ne－  2004）．   

CrOSisofspleniclym－  
PhobIasts）  

Rat   Sho止－term／acute toxjc－  decreasedthyroidserum  3mg／kgbw／day  AIlen－Rowlands  

itylOdayrepeatdose  T4hormones   （LOAEL）   ef ∂J．1981（as  
gavagestudy  1mg／kgbw／day  

（NOAEL）   ATSDR，2004）．   
Rat，   30－daydietaryfeeding  increased number and／  0．05mg／kg／day  AkosoefaJ．1982   
Sprague   Study   decreasedsizeofthyroid  （LOAEL）   （asquotedinUS   
Daw始y  fo＝cles  ATSDR，2004）．   
（BP－6）  

Mous占   Short－term／acute toxic－  Hepatocyte en［argement  0．3  mg／kg  GuptaetaI．1981   
B6C3Fl   ity，14－dayrepeatdose，  andsing［e－Ce”necrosis  bw／day   （asquotedinUS   

（FF－1）   5singledailydosesper  （NOAEL）   ATSDR，2004）．   
Week  

GuineaPig  30－daydietaryfeeding  VaCuOlation and fatty  0．04   mg／kg  S［eight  and   

（PBB not  changes in liver bw／day   Sanger1976，（as  
SPeCified）   quotedinUS  

ATSDR，2004）．   

Balb／C）   Short－term／acute  tox－  SuPPreSSed  antibody－  130  mg／k！l  Fraker and Aust   

Mouse   icit，10dayoraIdietary  mediated response to  bw／day   1978，（asquoted   
（BP－6）   StUdy   SRBC，thymicatrophy）  （LOAEL）   inUSATSDR，  

2004）．   

RatFischer  6monthgavagestudy，  decreased Lymphoprolif－  3mg／kgbw／day  Lusteretal．1980   
344／N   5singledailydosesper  erative responses and  （LOAEL）   （asquotedinUS   
（FF－1）   Week   decreaseddelayedhy－  ATSDR，2qO4）．   

PerSenSitivityresponses）  

Rhesus   25－50wkdietaryfeed－  34％weight10SSinaduIt  0．73   mg／kg  A‖enefaJ．1978；   
Monkey   lngStudy   ma．e，0％weightgaInin  bw／day   Lambrecht et a／．   

（FF－1）  JuVenile，PrO［iferationof  
mucosalceIIs，Chronic  inUSATSDR，  
jnf］ammation，SeVereuト  2004）．   

CerativecoIitis，a10PeCia，  
keratinizationofhairfo”i－  

Clesandsebaceous  

g［ands，CIinicaLchemical  
and hepatic changes 

Rat，Spra－  7monthdietaryfeeding  decreasedthyroidserum  0．45   mg／kg  Byrneeta／．1987，   
gueDawley  T3andT4hormones   bw／day  （asquotedinUS  
（BP－6）   （LOAEL）  ATSDR，2004）．   

Note：FF－landBP－6incolumnlreftrtoFireMaster（R）FF－1andFireMaster（R）BP－6，thePBBsusedin  
thetoxicitystudydescribed．  
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TableA．3（COntinued）Summaryofkeytoxico］ogicalstudiesonhexabromobiphenyl・  

Species  Studytype   E什ect   LOAEU  Ref．   

（testmate－  NOAEL  

rialI  
RatFischer  25wkgavagestudy，5  gastricu［cers，decreased  0．3  mg／kg  NTP1983，（as   
344／N   SIngIedaitydoses per  SerUm thyroid T4 hoト  bw／day   quotedin US   
（Fト1）   Week   mote）hepatic7haemato－  ATSDR，2004）．   

Log［Ca［disorders，thymic  mg／kg  
atrophy， PrOgreSSive  
nephropathy   （NOAEL）  

Rat Spra－  4weekgavagestudy，5  decreasedmotoractivity  6mg／kgbw／day  Ge”er  e（ aI、   
gUe一   Slngledailydoses per  （LOAEL）   1979，（asquoted   
Dawley  Week  3mg／kgbw／day  
Holtzman （LOAEL   2004）．   

（FF－1）  

Rat，Spra－  6monthgavagestudy．  delayedacquisitionof   2mg／kgbw／day  Henck  et  a／．   
gueDawley  5singledailydosesper  10COmOtion and reduced  （LOAEL）   1994，（asquoted   
（BP－6）   Week   OPenfie］dactivityrno仔－  0．2  mg／kg  in US ATSDR，  

SPring）．   bw／day  2004）．   

（NOAEL）  

Monkey，  increased menstruaIcy－  0．012  mg／kg  Lambrecht et al．   
Rhesus  Cle durationin 4〝；im－  bw／day   1978；Allenef∂／，   

（Fト1）  PLantationbleedingin  1978；1979，（as  
2／7）．1／7fetuseswere  quotedinUS  
aborted，1〝fetusessti［l－  ATSDR，2004）．   
born，12％decreased  
birthweightand22％  
decreased postnatal 
Weightgalnin4／7survi－  
VOrS   

Rat．VVistar  15－day  reproductive  noimplantationsin 2／5  28．6  mg／kg  Beaudoin1979，   
（BP－6）   toxicity study，doslng  「ats   bw／day   （asquotedinUS  

between gestational  （LOAEL）  ATSDR，2004）．   

dayO－14  14．3 mg／kg  
bw／day  
（NOAEL）  

Rat，Spra－  GavagestudyinpregT  Reproductive：   0．04  mg／kg  Ha「ris  ef  ∂／．   

gueDawley  nant rats，dosing be－  Delayedvaglna10Pening  bw／day   （1978）   （as  
tweengestionaIday7－  （NOAEL）   quotedinBKH  
15   Final Reporl  

2000）   
Rat，Spra－  40daydietaryfeeding  Reproductive deficitsin  0．2  mg／kg  Henck and Rech   
gueDawley  Study   learning behavior in bw／day   1986，（asquoted   

（BP－6）  Offsprlng，6monthsafter  inUSATSDR，  
Prenatalandladational  2004）．   

exposure）   

Note：FF－1andBP－6incolumnlrefertoFireMaster（R）FF－1andFireMaster（R）BP－6，thePBBsusedin  
thetoxicitystudydescribed．  
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TableA．3（COntinued）Summaryofkeytoxico］ogicaLstudiesonhexabromobiphenyJ．   

Species  Studytype   E恥Ct   LOAEU  Ref．   

（testmate－  NOAEL  

rialI  
Rat，Fischer  6monthgavagestudy，  hepatoceJfu［aradenoma  3mg／kgbw／day  NTP1983，（as   
344／N   5sing］edailydosesper  and carcinoma，Cholan－  （LOAEL）   quotedin US   
（FF－1）   WeekdosagesofO，   giocarcinoma （females  ATSDR．2004）．  

0．1，0．3，1，3，OrlO  Only   
mg／kg／day  

Mice   6monthgavagestudy，  hepatoce［rularadenoma  10mg／kg   NTP1983，（as   
B6C3Fl   5sing［edailydosesper  andcarcinoma   bw／day   quotedin US   
（FF－1）   WeekdosagesofO，  （LOAEL）   ATSDR，2004   

0．1，0．3，1，3，OrlO  
mg／kg／day  

Mice   lnuteroandpostpar－  hepatoce”ularadenoma  1．5mg／kg   NTP1992，（as   
B6C3Fl   tum exposure from and carcinomain ofF－  bw／day   quotedin US   
（Fト1）   GdO－PPd56   SPrlng   （LOAEL）  ATSDR，2004）．   

0．15mg／kg  
bw／day  
（NOAEL）  

Humans   Females accidentaJly  relationshipbetweense－  reIationship be－  Henderson et aI．  
exposedin the Michi－  rum PBBs and risk of  tween  serum  1995，（asquoted  
ganincident   breastcancer   PBBsof＞2pbb  

and「iskof  
breast cancer 

when compared 
Withtherefer－  

encegroup（＜2  

PPb），   
Humans   Michigan farm resi－  Significantreductionofin  Bekesi et at．  

dents accidenta‖y ex－  Vitroimmuno10glCa［func－  1979，1985（as  
POSedintheMichigan  quotedinUS  
incident   ATSDR，2004）  

BekesietaI，  
1987   

Humans   Fema［es accidenta［ly  Possible disturbancein  Davisetal．，2005  
exposedin the Michi－  OVarian function asindi－  
ganincident   Catedbymenstrualcycle  

lengthandbleedlength   
Humans   OfFspring of females  breastfed girls exposed  EfFects at ＞ Or  B】anck ef ∂J．，  

accidenta暮暮yexposedin  tohigh］eveIsofPBBin  ＝7ppbinbreast  2000，（asquoted  
theMichiganincident  uterohadanearlierage  inUSATSDR，  

atmenarche   2004）   

Note‥FF－1andBP－6incolumnlreftrtoFireMaster（R）FF－1andFireMaster（R）BP－6っthePBBsusedin  

thetoxicitystudydescribed．  
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A〃〃亡X8  

HEXABROMOBIPHENYL ISOMERS 

JUPACNumberd   Name   CASRegjstrynumberリ．  

Hexabromobiphenyl   36355－01－8   

128   2，2’，3，3’，4，4’hexabromobiphenyl   82865－89－2   

129   2，2’3，3’，4，5hexabromobiphenyL  

130   2，2’，3，3’，4，5’hexabromobiphenyJ   82865－90－5   

131   2，21，3，3’，4，6hexabromobipheny］  

132   2．2’，3，3．，4，6’hexabromobipheny［   119264－50－5   

133   2，2’，3，3’，5，5’hexabromobiphenyl   55066－76－7   

134   2，2’，3，3’，5，6hexabromobipheny］  

135   2，2’，3，3’，5，6．hexabromobiphenyl   119264－51－6   

136   2，2’，3，3’，6，6’hexabromobiphenyl  

137   2，2’，3，4，4’，5hexabromobiphenyl   81381－52－4   

138   2，2’，3，4，4’，57hexabromobiphenyl   67888－98－6   

139   2，2’，3，4，4’，6hexabromobiphenyl  

140   2，2’，3，4，4’，6’hexabromobiphenyl  

141   2，2’，3，4，5，5’hexabromobiphenyJ   120991－47－1   

142   2，2’，3，4，5，6hexabromobiphenyl  

143   2，2’，3，4，5，6’hexabromobiphenyl  

144   2，2’，3，4，5’，6hexabromobiphenyI   119264－52－7   

145   2，2’，3，4，6，6’hexabromobiphenyl  

146   2，2’，3，4’，5，5’hexabromobiphenyl  

147   2，27，3．4’，5，6hexabromobiphenyl  

148   2，2’，3，4’，5，6’hexabromobiphenyI  

149   2，2’，3，4’，51，6hexabromobiphenyJ   69278－59－7   

150   2，2’．3，4’，5，6Thexabromobiphenyl   93261－83－7   

151   2，27，3，5，5’，6hexabromobipheny［   119264－53－8   

152   2，27，3，5，6，6’hexabromobiphenyl  

153   2，2’，4，4’，5，5’hexabromobiphenyI   59080－40－9   

154   2，2’，4，4’，5，6’hexabromobiphenyl   36402－15－0   

155   2，2’，4，4’，6，6’hexabromobipheny［   59261－08－4   

156   2，3，3’，4，4’，5hexabromobiphenyl   77607－09－1   

157   2，3，3’．4，4’．5’hexabromobiphenyI   84303－47－9   

158   2，3，3’，4，4’，6hexabromobiphenyl  

卜159   2，3，37，4，5，5’hexabromobjpheny［   120991－48－2   

160   2，3，3’，4，5，6hexabromobiphenyL  

161   2，3，3’，4，5’，6hexabromobiphenyL  

162   2，3，3’，4’，5，57hexabromobiphenyI  

163   2，3，3’，4．，5，6hexabromobiphenyl  

164   2，3，3’，4’，5’，6hexabromobiphenyl   82865－91－5   

165   2，3，3’，5，5T，6hexabromobipheny［  

166   2，3，4，4’，5，6hexabromobiphenyt  

167   2，3’，4，4’，5，5．hexabromobiphenyl   67888－99－7   

168   2，37，4，4’，57，6hexabromobiphenyJ   84303－48－0   

169   3，3’，4，4’，5，5’hexabromobiphenyr   60044－26－0   

（USATSDR（2004）lU）   

BallschmiterandZel11980  

9FI℃mEHC152（IPCS，1994）．  
10 

Note：dleUSATSDRListdoesnotincludethetwoCASnumbersincludedinEHC1921997  
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