
β－ヘキサクロロシクロヘキサンの危険性の概要  

【反復投与毒性】  

ラット（混餌 52週）：しOA巨L  

O．5mg／kg／day  

肝肥大、肝細胞の組織学的変化、ほぼ  

全動物死亡   

ラット（混餌13週）：NOAEL  

O．1mg／kg／day  

主な毒性は、0．1mg／kg／day以上で肝  

臓影響、2．5mg／kg／day以上で胸腺重  

量減少、精巣萎縮、卵巣萎縮等、  

12．5mg／kg／dayで死亡（運動失調、昏  

睡）、成長遅延、白血球・赤血球減少等   

【発がん性】  

マウス（26週）：34mg／kg／dayで肝腫瘍  

IARCグループ2B（possibly  

carcinogenictohuman）   

【生殖毒性】  

ラット（2世代繁殖試験）：NOAEL  

O，1mg／kg／day  

死亡率増加、不妊  

ラット：20mg／kg／dayを母胎投与で児死  

亡率増加  

ミンク等で性周期かく乱、生殖器萎縮  

等の報告   

【その他】  

【慢性毒性】  

グッピーPoec／／／∂re亡血／∂ね：4－12週  

間試験NOEC＝0．032mg／L（組織学的  

変化）。エストロゲン活性により、雄魚  

において、ビテロゲニン生成の変化、精  

巣の萎縮、雌雄同体現象、下垂体の変  

質が起こった。   

ニワトリ：β－HCHを含む様々な有機塩  

素化合物に高濃度に曝露された雌が1  

回目及び2回目に産卵した雛鳥の身体  

状況が劣っていた。   

【オクタノール／水分配係数】  

logKow＝3，78   

【BCF（経鰻的生物濃縮係数）】  

セナラフイシュ：BCF＝1460   

【FWMF（食物連鎖による経口的生物濃  

縮係数）】  

・FWMFs＞1（北極海の食物連鎖の研  

究）  

・FWMF＝7，2（高塩素処理されたPCBに  

相当）  

・FWMF＝2．9（ホ｝－フォート・チュト］海の食物  

連鎖の研究による計算値）   

【BMF（経口的生物濃縮係数）】  

・カタツムリに高い蓄積性が見られ、その  

捕食者（小さいシラサキ、、など）のBMFは  

1を超える。  

・ロシアのチュ］ト半島の先住民の母乳含ま  

れるbetaHCHのレヘールが高い。  

【光分解性・加水分解性】  

非生物的な分解プロセス（光分解や加水  

分解）では分解しない。   

【半減期】  

・大気中：56日（計算値）  

・水中：水及び底質中の半減期のデータ  

はないものの、モニタリングに基づき残留  

性があり、容易に分解しないと堆定さ  

れる。  

・土壌中：亜熱帯地域のインドの砂質ロー  

ムで100及び184日。温帯地域では  

嫌気性条件下で分解せず。カナダの砂  

質ロームでの長期フィールドスタディでは15  

年後に44％が残留。日本の農地での  

長期フィールドスタディでは570 日後に  

30％が残留。  



農薬、肥料のHCH暴露により、感覚異  

常、頭痛、倦怠、嘔吐、振戦等  
急性毒性試験において、背鷲姿勢、呼  

吸困難、振戦、痘撃等神経症状  

マウス（経口 30日）：60mg／kg／dayで  

リンパ球増殖、NK活性減少   

】   
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Executive summary 

Mexico，beingPartytotheStockholmConvention，PrOPOSedlindaneaswellasalpha－andbeta－hexachlorocyclohexane  
tobeincludedinAmexA，BorCoftheStockholmConvention．Aftertheriskprofileonllndanehadalreadyagreedat  
thelastmeetlngOftheReviewCommitteeinNovember2006，theCommitteeconcludedthatbeta－HCHalsocomplied  
withdleSCreenmgCriterialaiddowninAmexDoftheConventlOnandfLWtherelaboratlOnOftheproposaland  
PreParationofadraftriskprofileshouldbedone・  

A爪eralmostfortyyearsofextensiveuseworldwide，therehasbeenagradualreplacementortechnlCal  
hexachlorocyclohexane（HCH）bylindane（gamma－HCH）・NosigniflCantuSeSOftechruCalHCHhavebeenreported  
after2000．HoweverreleasesintotheeIⅣirorLmentmayalsooccurfromlindaneproductlOnaSWellasfiomhazardous  
wastesites，1andfillsandcontaminatedsites．Becauseofitshazardprofileandwidespreadabundance，teClmicalHCH  
（includingbeta－HCH）issub）eCttOnationalandinternationalregulationsandprohibitionsL  

AbioticdegradationprocessesdonotplayanimportantrOleinthefateofbeta－HCHintheenvironment・Thus  
photolysISandhydrolysISarenOtSlgnificant・Underfavourableconditions，beta－HCHissusCePtibletobiodegradation・  
However，COmparedtothegamma－andalpha－HCH，itlSdlemOStreCalcitrantisomer・Laboratoryandhelddata  
includingalong－termSOilstudysuggestthatbeta－HCHispersistentinsoil，eSPeCiallyunderlowtemperatures・Itis  
mainlyassociatedwithparticlesandhasalowleachingpotentlal・  

Thephysico－Chemicalpropertiesofbeta－HCHallowthedispersalofthesubstancefromitssourcestotheArcticmainly  
bylong－rangeenVironmentaltransportviaoceancurrents・Beta－HCHhasbeendetectedintheArcticOceanandis  
presentinmarine，terreStrialspecies，andhumans・  

Beta－HCHexposurelevelsinlocalareashavedeclinedafterworldwldeprohlbitionsandrestrictions・HoweverreglOnS  
Withrecentexposure 

． 

Duetoitspersistence，beta－HCHcanStillbedetectedatlowbackgroundlevelsina11environmentalmediaexceptin  
reglOnSWithrecentusageand／orhighpollution・DatafromtheabioticenvironmentintheArcticareSCarCe，Partlydue  
tolowlevelscomparedwiththeotherHCHisomers▲lncontrasttoth1Sfact，fairlyhighconcentrationsinArcticbiota  
includingmarinemammalsandbirdsweredetectedwithincreaslnglevels・  

Beta－HCHispresentinterrestrialandaquaticfbodchains・Beta－HCHmaybioaccumulateandbiomagnlfyinbiotaand  
Arcticfbodwebs，eSPeCial1ylnuPPertrOPhlClevels・InhumanS，aCCumulation血fhttissueandhighconcentrationsin  
bloodandbreastmilkmayoccur，Beta－HCHtransfersffommotherstoembryosandnurslnginfants・  

Beta－HCHisacutelytoxICtOaquaticorganlSmSandshowsestrogenlCeffectsinfish・Reducedfitnessofoffsprlngln  
birdsaswellasreducedretin01concentrationsinpolarbearsisassociatedwithbeta－HCHandHCHslevels・  

ToxICOlogicalstudieswithbeta－HCHhavedemonstratedneurotoxicityandhepatotoxicity・AIso，rePrOductiveand  
immunOSuPPreSSiveeffectsandeffectsonfertihtywereseeninlaboratoryanimals・Beta－HCHhasbeenclassinedin  
group2BaspossiblycarcinogenictohumansbytheInternationalAgencyonResearchandCancer（IARC）・Several  
epidemiologlCalstudiesindicatethatbeta－HCHmightplayaroleinhumanbreastcancer  

Humane竺pOSuretObeta－HCHresultsmostlyfromingestionofcontaminatedplants，animalsandanimalproducts・High  

exposurelSeXpeCtedincontaminatedareaSduetoextensiveuse，formerproduction，disposalsitesandstockpiles・  

Giventhehazardprofileandtheexposurelevelsintheenvironmentincludingthefoodchain，itcanbeconcludedthat  
betaTHCHmayadverselyaffectwildlifeandhumanhealthincontaminatedandremotereglOnSincludingtheArctic  
reg10n．Arcticpublichealthauthoritiesbelievethesigruficantsocial，Culturalandeconomicbenefitsoftraditionalfoods  
outweightherisksofcontaminantSSuChasHCHatpresentbutglVeanOtherreasonforthequickcontroland  
eliminationofallHCHisomersfromtraditionalfoods．  

Basedonthehazardprohle，tOgetherwithestimateddailyintakesofbeta－HCHofArcticlndigenouspeoplethat  
exceedssafeintakereftrencevalues，andgiYenthewidespreadoccurrenceofbeta－HCHinbiota，includinglnremOte  
areasfarffomlikelysources，itisconcludedthatthesubstanCeislikely，aSareSultofitslong－rangeenVironmental  
transport，tOleadtoslgnificantadversehumanhealthandenvironmentaleffects，SuChthatglobalactioniswarranted・  

J   
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1   Inh・oduction  

DunngtheprocedureforaddlnglmdanetoAmexAoftheStockholmConvention，thePOPsReviewCommlttee  
discussedtheproposalofllndaneandconcludedthat＝otherisomersofhexachlorocyclohexaneshouldalsobe  
COnSidered”（UNEP仲OPS／POPRC▼2／10）ThusMexICOSubmittedaproposalforlistingbetahexachlorocyclohexaneln  
AmexesA，BorCoftheStockholmConventlOnOn26thJuly2006（UNEP／POPS／POPRC2．nNF／8）．Austnaonbehalf  
OfGermanypreparedthefirstworklngdraftonbetaTHCH 

Beta－HCHisoneofthefivestablelSOmerSOfteclmicalHCH，anOrganOChlorinepestlCideformerlyusedinagrlCulture  
ThemodesofactlOnOftheHCHISOmerSdlfferquantitatlVelyandqualitativelywithregardtotheirbiologicalactlvity  
1n血ecentralnervoussystemasthemalntargetOrganLBeta－HCHISmainlyadepressantandthennaleffectofthe  
mlXedi品mersdependsonthecomposition（IPCS，2001）・IngeneralHCrIsareamOngthemoststudledpesticideswith  
respecttoenvironmentalfateandeffects（BrelViketal，1999）  

1・1 ChemicalIdentity  

ChemlCalname Beta－hexachlorocyclohexane（beta－HCH）  

IUPACname＝（l－alpha，2－beta〕3－alpha，4－beta，5－alpha，6－beta）－Hexachlorocyclohexane  

Commonsynonyms二beta－1，2，3，4，5，6－Hexachlorocyclohexane；beta－Benzenehexachloride；beta－BHC，  

benzene－Cis－hexachlorlde，beta－HCli，beta－Hexachlorocyclohexane，beta－Hexachlorocyclohexane，beta－isomer；  
beta－1indane；Hexachlorocyclohexane－Beta，tranS－alpha－benzenehexachlorlde；beta－benzenehexachloride  
（Chemfmder⊃2007）  

CASnumber二319－85－7   

Chemlcalformula C6H6C166 

Molecularweight．29083  

Figurel＝StruCtureOf－beta－HCIl（modlfled丘omBuseretal，1995）  

beヒ∂－H⊂H  

l．1．1 Physico－Chemicalproperties  

Selectedphysico－ChemlCalpropertleSOfbeta－ⅠICHareprovidedinTablelBeta－HCHismoresolublelnWaterand  
OCtanOIcomparedtootherorganochlorlnepeStlCidesItschemicalstructureseemstoconferthegreatestphysicaland  
metabolicstability（e・g・beta－HCHhasalowervapourpressureandahighermeltingpointthanthealpha－isomer）The  
Physico－Chemicalproperties（aselectlOnlSglVCnlnTablel）ofbeta－HCHallowfor“coldcondensation”，anemiclment  
Of－thesubstanceincoldclirnateSCOmParedtoconcentrationsnearsources，Onaltltudinalandlatitudinalscalesdescrlbed  
byWaniaandMackay（1996）  

TheHenryつsLawConstantlSafactorof20lowerthanforalpha－HCHanddecreasesslgnificantlywlthwater  
temperaturewhichfavourspartit10nlngfromalrtOWater・AlsoltSrelatlVelyhighlogK。aprOmOteSPartitionlngfromalr  
toenvironmentalorganicphases ThlSISPrObablyonereasonwhytranspoIlatlOnPathwaysofalpha－andbeta－HCH  
divergeintheenvironment（LiandMacdonaldr2005）．BasedonanextensIVedataanalysisofthephysico，Chemical  
PrOPertleSOfalpha－，beta－andgamma－HCHXlaOetal．（2004）concludedthatitsdifferentenvironmentalbehavlOurlS  
CauSedbyahighersolubilityinwaterandoctanolratherthanthelowervolatilitycomparedtothegamma－andalpha－  
lSOmer 
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Tablel：Selectedphysico－Chemicalpropertiesofbeta－HCH  

MeltingPoint（Ⅹ）   314－315l   

BoilingPoint（K）   333at67Pal   

Watersolubility（mol＊m－3at25OC）   1．442   

Vapourpressure（Paat250C）   0．0532   

Henry′sLawConstant（Pam3mol－1）   0．0372   

LogKow（250C）   3．92   

LogKoa（250C）   8．72   

Physicalstate   crystalline solid 1 
1ATSDR（2005）   

2Xiaoetal．（2004）   

1．2  Conclusiono†tbePOI｝ReYiewCommitteeorAnnexDh伽mation  

ThePOPReviewCommitteeevaluatedtheproposalregardingbeta－HCHsubmittedbyMexico  
（UNEPnOPS伊OPRC．2nNF侶assummarlZedbytheSecretarlatindocumentUNEP仲OPS〃OPRC・2／16）accordingto  
therequlremerAsinAmexDoftheStockholmConventionatitssecondmeetlnginGeneva・hDecisionPOPRC－2／10  
theCommitteereachedtheconclu引Onthatbeta－HCHmeetsthescreenmgcritenaspeCifiedinAnnexD・The  
CommitteealsodecidedtoestablishanadhocworklnggrOuptOreViewtheproposalfurtherandprepareadraftrisk  
profileinaccordancewithAnmexEoftheConvention・  

1．3  Ⅰ）atasour（：eS  

Thedraftriskprofileisbasedonthefollowlngdatasources‥   

● ProposalsubmittedbyMexicoforllStingalpha－andbeta－HCHinAmexesA，Band／orCtotheConvention  
（UNEP〝OPSrPOPRC2・nNF／8），2006・  

● DecisionPOPRC－2／100ftheRevleWCommittee，2006．   

●InformationsubmittedbypartleSandobserverSaCCOrdingtoArmexEoftheConventlOn＝SpeCificand／or  
scientihcinfbrmat10n：CzechRepublic，France，Germany，InternatlOnalPOPsEliminat10nNetwork（ⅣEN），  
Japan，Norway，Switzerland，UnltedStatesofAmerlCa，generalinformation‥Algeria，CropLifeInternatlOnal，  
KingdomofBal1rain，Maurltius，MexICO，Qatar，RepubllCOfLithuaniaandTurkey・Thisinformationis  
availableontheConvention’swebsite  （htb二〟瑚／submissions▲htm）   

・ Assessmentoflindaneandotherhexachlorocyclohexaneisomers，USEPA，2006・  t血p：〟椚輌・htm   
・InternationalProgrammeOnChemicalSafety，ALPHA－andBETA－HEXACHLOROCYCLOHfMS，  

EnvironmentalHealthCrltena123，WorldHealth0柑amZatlOn・Geneva，1992・  h仕p：／／w叫・htm  
● ToxICOloglCalprofilefbrhexachlorocyclohexaneS，UnltedStatesofAmerlCaDepartmentofHealthand  

HumanServices，hlblicHealthServICe，AgencyfbrToxicSlibstancesandDiseaseRegistry，2005・  
httD：／／www．atsdr．cdc，巳OV＾oxDrOfiles／tD43．htmi   

・ TheNorthAmericanRegionalActionPlan（NAM）onLindaneandOtherHexachlorocyclohexane（HCH）  
Isomers．2006．NorthAmencanCommissionforEnvlrOnmentalCooperation  
lltllり＼＼u＼＼しししlりヒJl11ll、Ilいしヽ●、1いいl川し・一山／ttl山＼し111l－＼こIl－1しI11日lじ】1バー此Il）‾ニーIく1  

InadditlOntOtheseinlbrmatlOnSOurCeSaliteraturesearchofpubllCdatabaseswasconducted・、Thefollowlngdatabases  
wereused：ECOTOXicologydatabase（Ecotox，httl）：／／ⅥW・el）a・巳OV／ecotoxI）HazardousSubstancesDataBankOiSDB，  
http：／／toxnet．nlm．nih．巳OV／cRi－bin／sisnltmlEen？HSDB），Pd）med（httDニ／／www・nCbi・nlm・nih・gOV  
／entrez／querv．ftei？DB＝pubmed），EnvironmentalFateDataBase鱒FDBhttt）：／／www．svrres．com／esc／efdbinfo・htm・In  
generalsearchtermsincludethechemicalnameOrCASnumberand／oracombinationofatechmcaltermbecauseof  
themultlPlicityofentnes．Forthesamereason，SpeCifictopicalandupdatedartlCleswerealsoconsidered・  

ThereportslistedabovecontainedindividualreferenceswhlChwerenotllStedagalninthisdraftriskproⅢe・  
Referencesrefhedtoin血1SdocumentareprOVidedinUNEP／POPS／POPRC－3／NF／28・  

ヽ   
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1．4  Statusofthe chemicalunderinternationalconventions  

Beta－IICHISaCOnStltuentOftechnlCalHCH，WhlChlSregulatedatleastbytwolntemat10nalagreements rmefirstone  
lSthe1998AarhusProtocolonPersIStentOrgaruCPollutants（POPs）undertheConventiononLong－Range  
TransboundaryAlrPollution．TechrucalHCHISlistedlnAmexIIoftheprotocol、VhlChrestrlCtedltSuSetOan  
lntermedlatelnChemlCalmanufactumngOnly 

ThesecondagreenentlStheRotterdamCorrventlOnOnthePriorInformedConsent（PIC）ProcedureforCertaln  
HazardousChemlCalsandPestlCldeslnIntematlOnalTrade．HCH（mixedlSOmerS）issub）eCttOthePICProcedureand  
lSllStedinAmexIIIoftheConventlOn   

Canada，MexICO，andtheUnitedStatessignedtheNor山AmericanRegionalActionPlan（NARAP）onlJindaneand  
OtherIIexachlorocyclohexaneIsomersin2006LThegoalof－theNARAPISforthethreemembercoumtriesto  
COOperativelytakeactionstoreducetherisksassociatedwiththeexposureofhumansandtheenvironmenttolindane  
andotherHCHisomers   

IntheEuropeanUnlOntheproductionanduseofteclmlCalHCHasanmtermediateinchemlCalmanufacturlngWillbe  
Phasedoutby血eendof2007atthelatest（RegulatlOn（EC）No850／2004）HCHsarealsooneoftheprlOrlty  
Substances（DecisionNo2455／2001／EC）oftheadoptedEUWaterFrameworkDirectlVe200O／60侶C  

Hexachlorocyclohexaneisomers，mCluding仇ebeta－isomer，areOn山eLIStOfChemlCalsforPrlOrityActionunder山e  
OSPARCommisslOnfortheProtect10nOftheMarineErrvlrOnmentOftheNortheastAtlantlC Theob］eCtiveisthe  
preventlOnOfpollut10nOf血emarltimeareabycontlnuOuSlyreducingdlSCharges，emlSSlOnSandlossesofhazardous  
substances   

2   SummaryinformationrelevantfortheriskprofiJe  

2．1  Sources   

2．1．1 Production   

lieta－HCHbyltSelflSneitherintentlOnallyproducednorplacedonthemarketItlSprOducedasconstltuentOrteChnlCal  
llCfiusedasorganochlorinelnSeCtlCideorchemicallntermedialetomanufactureenrlChedHCH（lmdane）Currentlyno  
PrOductiondataonteclmicalHCHhavebeenreported，Whereasmanufactureofllndanestilltakesplace（II・IPA，2006）  

FurtherdetallsontheproductlOnandreuseofHCHresldualscanbefoundlnUNEP／POPS作）OPRC2／17／Add4（RISk  
Prof11eonLlndane）andIlIPA（2006） 

ThefollowlngCOuntrieswhichsubmlttedlnlbrmat10naCCOrdingtoAmexEstatedthattherewascurrentlyno  
PrOductlOnOruSeOfbeta－HCH二CzechRepublic，Germany，MaurltluS，MexICO，Norway，Qatar，RepubllCOfLithuanlaフ  
Turkey，SwitzerlandandtheUnltedStatesofAmerlCa 

2．1．2 Tradeandstockpiles  

PleaseseesectlOn21，20ftheriskprofileonalpha－HCH  

2．1．3 Uses   

Pleaseseesection21▲30ftherlSkprofileonalI）ha－HCH  

2．1．4 Releases totheenYironment   

Thereareseveralpathwaysforbeta－HCHforenterlngtheenvironment HIStOricallybeta－HCHwasreleasedduringthe  
manufactureofteclm1CalHCHanditsuseasapesticide・Lietal（2003）estlmatedglobalemissionsofbeta－HCIIfrom  
theusageoftechnlCalHCHbetween1945and2000at850000tonnes，Ofwhich230000tonneswereemittedlntOthe  
atmosphereoverthesameperlOd・In1980，theusageof－beta－HCHwasaround36000tonnes，andthecalculated  
prlmaryemisslOnSWere9800tonnes（83％attrlbutedtodleaPplicationand17％tosoilreslduesduetoprior  
appllCat10nS）In1990，figuresdroppedto7400（usage）and2400tons（emissIOnS）▲In2000，emissionsofbeta－HCH  

ftomsoilresidueswere66tonnesintheabsenceofdirectusageoftechnlCalHCH▲Also，aSareSultof－thebanon  
technlCalHCHlnnOrthernCOuntries，globalemissionsofbeta－HCHhaveundergonea“southwardtllt”（Lletal，2003） 

Releasesofbeta－HCHintotheenvironmentarealsopossiblefromhazardousヽVaSteSites（USEPAフ20O6）⊃StOCkplles  
andreslduesoflindaneproduction，WhlCharenotalwayscontrolledormaintainedsafely（IrIPAっ2006）AIso，  
COntamlnatedsites（eg．fromfbrmerPrOductionplants）maycontrlbuteto仇eenvironmentalburdenofbeta－HCH  
（Concha－Granaetal，2006）．Germany（SubmittedAmexEinformation，2007）reportedthat血erearestlllafew  
isolatedlocalsourcesi，e，1andfi11sanddumpsintheformerGDR（EastGermany）丘omapplicatlOnSOrteClmicalHCH 
Asaresult，hlgherconcentratlOnSOfbeta－HCHinfishoftheriverElbeneartheformerproductionslteWeredetected  
afterheavyrainfa11sandfloodsin2003＿However，quantitativeestlmateSOfreleasesfromhazardouswastesitesand  
landfillsarenotavallable 



UNEP／POIIS／POPRC．3／20／Add．，  

2．2  Environmentalfate   

2．2．1 Persistence  

InvestlgationsofthehydrolysISandphotolysISOfbeta－HCHareextremelylimited・0nlyoneliteraturestudyregarding  
photodegradationhastodatebeenavailable・Aphotodegradationhalf－1iftforath1n負1mofbeta－HCHequalto  
152hourshasbeenreported（ATSDR，2005），TherelevanCeOfthlSreSultisquestionablewithrespecttothechosentest  
designwhlChdoesnotcomplywithintemationallyacceptedtestguidelinesonphotolysISand，aSPOlntedoutby  
ATSDR（2005）noabsorptlOnbandswereobservedinthestudiedspectralregion・Ingeneral，Photolysisisnotexpected  
tobeanimportantenvironmentalfateprocessforbeta－HCHsincenoabsorptlOnOflight＞290nmtakesplace・  

BasedonthecalculatedatmosphericOHrateconstantof5．73xlO‾13cm3／molecule－SeC（HSDB，2006）theestimated  
half」1ifeis56days（usinganaveragehydroxylradicalconcentrationof5xlO5molecule／cm3accordingtotheTGD  
（2003））．  

USEPA（2006）concludedthatHCHisomersareresistanttoabioticprocesseslikephotolysisandhydrolysis（exceptat  
basicpH），  

Beta－HCHisinprlnCIPlebiodegradableunderoxicandanoxicconditions・Howeverseveralstudieshavesuggestedthat  
signiflCantdegradationdoesmainlyoccurunderanaerobicconditions（Middeldorpetal・，1996）・Degradationwas  
observedinpurecultures，SOilslurry，SOilmicrocosm，fieldstudiesandviabioremediationtechmquesinthesoilsof  
contaminatedsites（Phillipsetal．，2005）．Efftctivenessofremovalvarieddependingonthetestdesignand  
envhLOnmentalfhctors．  

Ingeneralthemetabolicpathwayofbeta－HCHoccursanaerObicallyviadechlorinationtotetrachlorocyclohexeneand  
dichlorocyclohexadiene，anunStablemetabolite．Chlorobenzeneandbenzenewereformedasstableendproductsunder  
methanogenlCCOnditions．LThesemetabolitescanbeftutheraerobicallyoranaerobicallymineralised（Phillipsetal・，  
2005）・Comp？redtootherHCHisomerslaboratorydatausingradio－1abelledbeta－HCHhaveshownOnlyminlmaland  
incompletemlneralization（Sal1uetalL，1995）・  

Beta－HCHisconsideredtobethemostrecalcitrantisomerduetoitschemlCalstruCture（DecisionPOPRC－2／10，2006）．  

Underfhvourablelaboratoryconditionsseveralstrainsofbacteriae．g．Bacillusbrevis，BacilLuscirculans，Dehalobacter  
3P．1nCOrUuCtionwithSedimentibacter乎．，isolatedfiomHCHpollutedsites，havebeenidentlhedasbeta－HCH  
degraders（Guptaetal．，2000；VanDoesburgetal，，2005）・Butonlyafewe・g・Sphmgobium？P・Wereabletotransfbrm  
beta－HCHumderaerobicconditions（Sharmaetal，，2006）・  

Researchontheintrinsicstimulationandadditivesforsoilbioremediationofbeta－HCHpollutedsitesisunderway  
（e．g，Kumaretal．，2005；MacRaeetal，，1984）buttoremovetheisomerremainsadimcultchallenge（Phlllipsetal・，  
2005）・Regardingtheeffectsontheintrinsicsoilmicrobialpopulationofanun？Ontaminatedsoil，Bhattetal・（2006）  

ShowedthattheapplicationoftechnicalHCHdisturbedthemicrobialcommunltyirreversibly・  

Ingeneral，ClimaticconditlOnSaSWellassoiltextureandorgaruCmatteralterlngSubstanCeSOrptlOn，WaterCOntent，PH  
andbacterialgrowthinfluencedegradationrates（lPCS，1992）．Phlllipsetal．（2005）statedthatbacterlaCapableof  
degradingHCHsatextremetemperatures（＜5OCor＞400C）havenotyetbeenreported  

Dataonlaboratorysoilstudiesorfieldinvestigationsarelimited・Singhetal・（1991）reportedhalf－11VeSOflOOand  
184daysoncroppedanduncroppedplotsrespectively，lnaSandyloaminlndiaundersubtroplCalconditions・The  
appliedformulatedHCHwasimmediatelylnCOrpOratedintothetoplayerofthesoil・Soilsamplesweretakenrandomly  
fromtheplotsin0－15cmdepdlS・Noquantitativeinfbrmationonlossesofbeta－HCHbyvolatilisationorleaching  
duringtheexperimentisavailableinthecitiedstudy・InatemperateclimateDoelmanetal・（1990）observedinasemi－  
fieldstudywithcontaminatedsoilnodegradationofbeta－HCHunderanaerobicconditions・StewartandChisholm  
（1971）observedinalong－termneldstudyafteranapplicationoftechnicalHCH，44％ofthebeta－HCHisomerafter15  
yearsina 

． 

thataftera20yearapplicatlOnhistoryoftechnicalHCHonsugarcaneinQueensland，Australia，beta－HCHwasfound  
inconcentrationswhicharemorethanOneOrderofmagnitudehlghercomparedtotheotherisomers・Volatilisation  
fromsoilsurfacesisconsiderednottobeanimportantfateprocess（HSDB，2006；Singhetal．，1991），  

Beta－HCHw云sstableinasedimenthaterstudyunderlaboratoryconditions．Inaddition，isomerisationofalpha－tOthe  
beta－HCHisomerwasobserved（Wuetal．，1997）．Detailedinfbrmationregardingisomerisationcanbefbundintherisk  
profileonlindane（UNEP／POPS／POPRC．2／17／AddL4）■Levelsofthebeta－HCHisomercomparedtoalpha－，gamma－and  
delta－HCHwerehighestinporewater（1423ng／1）comparedtoconcentrationsinsurfacewater（92・5ng／1）andsediment  
（3．9ng／g）oftheMln）iangRiverEstuary，Chma（Zhangetal・，2003）NodegradationhalfLlivesinwaterorsedimentare  
available，however，basedonmonltOnngStudies，itcanbeassumedthatbeta－HCHispersistentanddoesnotundergo  
degradationeasily．   
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2．2．2 Bioaccumulation  

Theoctanol－WaterPartitioncoefllclent（logK。W＝378）forbeta－HCHindicatesdlatithasapotentialtobioaccumulate，  
especiallyincombinatlOnWithltSSho、ⅥlPerSIStenCeinanlmaltlSSue（Walkeretalフ1999），  

TheBCFaccordingtodlehrTnerOECDtestguideline305ElnZebrafishwasequalto1460，Whichwasthehlghest  
BCF（Wholebody）comparedtodetermlnedvaluesforalpha－（1100）andgamma－HCH（850）（Butteetal，1991） 
AccordingtotheECOTOXdatabasethiswasこ11sothehighestreportedBCF・Nonetheless〉thescreenlngCrlteria、Vere  
COnSlderedfhlfilledbyPOPRCforbeta－ⅠICrILISSetOutlntheevaluationcontainedintheanneXtOits  
decisionPOPRC－2／10 

SeveralstudiessuggestthattherelatlVePrOPOrtlOnSOfHCHISOmerSVarydramatical1yacrossspeciesintheArctic  
marinefoodweb（USEPA，2006）ConcentratlOnSOfbeta－HCHincreasedwiththetrophlClevelespeciallyinupper  
trophlClevels（marinemammals）（USEPA，20（）6，Hoekstraetal▲，2003）・Whereasltisassumedthatorganochlorlne  
（二OC）profilesinma㍗malsaremalnlylnfluencedbythelrabllltytoblOtranSformandexcreteOCs，highdetectedlevels  

ofbeta－HCHinvarlOuSmammallanSpeCleSareanOtherindicationofltSreCalcitrantnatl∬eandslowelimination・Hop  
etal．（2002）showedthatbeta－HCHbiomagnlflesdlfferentlyinpoikilo山ermsandhorneOtherms Beta－HCHincreased  
moreamonghomeotherms（blrdsandmammals）wlththetrophiclevelFISketalr（2001）reportedthehlghestBMF  
（blOmagnificationfactor）inblrdscomparedtotheothertrophiclevels，butmigratlOnandpreyltemSarealsoconsidered  
tolnfluencethevariabilityoftheBMFs，ThesedataarelnlinewlthfindlngS丘omMoisyetal・（2001）・Ingeneral，  
studleSfromArctlCmarinefoodwebsshowthこ1tBMFsfornearlyallexaminedspeciesaswellasobtainedfoodweb  
magruficationfactors（FWMFs），WhlChrepresent仇emeanrateoflnCreaSePertrOPhiclevellnthefoodchain，are  
greaterthanl．ForexampleFisketal・（2001）reportedaFWMFof7・2whichlSCOmParabletohigherchlorinatedPCBs  
AFWMFof2．9wascalculatedbylioekstraelal，（2OO3）forthemarinefbodwebintheBeaufort－ChukchiSea 
HoweverlnSubTArctlCWaterSeg．theWhlteSeaフValuesforfbrbeta－HCHwerelowercomparedtotheotherfoodweb  
studleS Dlfferencesinfeedinghabitsandava11ablllty／1evelsofcontamlnantSWereSuggeStedasbelngreSpOnSibleby  
Mulretal．（2003） 

Also，inthete汀eStrialfoodchaln，beta－HCHmavblOmagnlfゝDataobtalnedfromaninvestlgationinsouthIndia  
showed血atHCHswerethepredominantOCsinbiota Elevatedconcentrationsweremeasuredinsnailsand  
subsequentlytheirpredators（e▲gllttleegret）showedBMFsabovel（Senthilkumaretal・，2001）・AIsoWangetal 
（2006）foundbeta－HCHasamaJOrCOmpOundinmollusks（SubmittedAnnexEinfomlatlOnbyIPEN，2007） 

Kellyatal（2007）haverecentlysho、Ⅵ1也atフIbrsubstanceswlthalogKoa＞6andalogKow＞2，thefishBCFisnota  
goodpredictorofbiomagnificatlOninalr－breathlng ammals ThisISWelllllustrated by beta－HCH，inthemarine  
mammallanandterrestrialfoodwebs，aSSuChcompoundsblOmagnifystronglyupto3000－and400－foldrespectively  

Fish，marineandterrestrlalmammalsaswellasbirdsarethemaJOrnub’itionsourcesofseveralhumanA∫Ctic  
populationgroupsandthusexposurethrough（lietlSmuChmorelikelythanformostpopulationsinthedeveloped  
world Levelsofbeta－HCHlnbreastm11kamongwomenfromindigenouspeopleontheChukotkaPenlnSula，Russla  
（Chukotskyrayon，meanValue370ng／gllPids）arehighestcomparedtoothernorthemto、ⅧSOfRussiaandtolevelsin  

Canada（Nunavik，by30times；AMAP，2004）AIso，COnCentratlOnSOfmaternalbloodsampledbetween1994and1997  
押erehlghestinRussianmothers（Arcticnon－1ndlgenOuSpOPulatlOn，SerumCOnCentration223Llgn（glipid），butelevated  
levelswerealsofoundinIceland（23Llg几g）andlntheCanadlanArctic（AMAP，2003）  

2．2．3 Long－rangeenVironmentaItransport  

ManystudiesandmonltOrlngdatahavedetectcdbeta，HCHregularlylntheArctlCenVironmentaswellasinbiota  
（e．g，AM，2004；AMAP，2003）BecauseteClm1CalHCH，includingbeta－HCH，WaSneVereXtenSivelyusedinhis  
remotearea，thlSisevldenceofltSlongrangetransport（UNEP／POPS／POPRC2／17／Add4） 

BasedonmonltOrlngdatafナomArctlCair，bet；1－HCHappearstobelesssu句ecttodirectatmosphericloadinglntOthe  
highArctic・ThlSCanPOSSiblybeexplalnedbydifferencesintheHenq，sLawConstantandthea止／octanoIpartitlOn  
coefflCientthatshowerhancedaffinitytoorganlCmatter（Lietal，2002）．ThusrainscavengingismuchmoreefflClent  
forbeta－thanforalpha－HCHandbesldes，theh・equenCyOfpreclpltationisconsiderablyhlgherintheNorthPacific  
comparedtotheArctlC ThlSSuggeStSdlatbet乙1－HCHenterstheArcticprobablybymechanismslnVOIvlngWet  
deposltlOnOrpartltionlnglntOtheNorthPaclflcsurfacewaterandsubsequentlyentenng山eArcticinoceancurrents  
passing血oughtheBeringStrait（Lletal，20O3）TheBeringandChukchlSeasarethemostvulnerablelocationsfor  
beta－HCHloadings（Lietal．，2002）．Concentrationsofbeta－HCHaroundtheBeringStraitinthe1990sreached  
approximatelylL2ng／1（LlandMacdonald，2005）Thu5“COldcondensahon”alsooccurredforbeta－HCH，butmainlyln  
thePacificOceanandBeringSeaupstreamoftheArctlCOcean・Thusbeta－HCHreachedtheArticlatercomparedto  
alpha－1iCHanddifferedinltSSPatialdistnbut10n（LietalL，2002）rThisspatialandtemporaldistnbutlOnisalso  
reflectedinresiduelevelsinmarlneandterresb・ialmammalsaswellasinlocalresidents（LiandMacdonald，2005） 
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Measurementofbeta－HCHinhighmountalnSintheCzechRepublicisanOtherprooffbritslong－rangetranSpOrt  
POtential（SubmittedAmexEinformationbytheCzechRepublic，2007）．  

AccordingtomodelcalculationswiththeOECDPovandLRTPScreenlngToolbeta－HCHhassimilarPerSistenceand  

long－rangetranSPOrtPrOpertleSCOmParedtoalreadyidentifiedPOPssuchasPCBsandOCs（Wegmannetal．，2007）．  

Modelinputpropertiesofthechemicalsincludepartltioncoefficientsinair－Waterandoctanol－WateraSWellas  

half－1ivesinair，WaterandsoilandtheHenry’sLawconstant（basedonngurescontainedin  
UNEP／POPS／POPRC2・〟NF／8）・Themodelconsidersallenvironmentalcompartmentsquantitatively，Theresultsofthe  

modeldonotindicateabsolutelevelsintheenvlrOnmentbuthelptocomparepossiblePOPswithidentifiedPOPs  
（referencechemicals‥PCBcongeners28，101，180，HCB，Carbontetrachlorideandalpha－HCH）accordingtotheir  

environmentalpersistenceandpotentialforlongrangetransport・Uncertaintiesinthechemicalpropertieswere  

investigatedbyMonteCarlounCertaintyanalysIS．  

2．3  Exposure  

Directexposuretobeta－HCHresultedfromtheproduction（includingmarrufactl∬eOflindane）anduseoftechnical  

HCH．Becauseofthepersistence，hlghexposureisalsoexpectedincontaminatedareasduetoextensiveuse，former  
PrOduction，disposalsitesandstockpiles．ThoughusageoftechnlCalHCHhaspracticallyceasedworldwidemonitorlng  
databasedontheratioofthealpha／gamma－isomerstl11suggestpossiblereleasesofteclmicalHCHincertainareas  
（Zhangetal．2003；Qianetal．，2006；Zhulidovetal．，2000）・  

Exposureofthegeneralpublicresultsmostlyfromtheingestionofcontaminatedplants，anlmalsandan1malproducts．  

InhalationofambientairandconsumptlOnOfdrilikingwaterarefurthersourcesofexposure，althoughtoaminor  
extent・Intakethroughindoorairmaybeconsiderableforpeoplelivlnginhousestreatedforpest－COntrOIpurposes．  

Inhntsmaybeexposedduringfttaldevelopmentandbreastfeeding．  

2・3・l EnvironmentalmonitoringdatafromIocalareas  

Generallyenvironmentallevelsinlocalareashavedroppedafterrestrictionsandprohlbitionsoftheusageofteclmical  
HCH（IPCS，1992）．However，mOnltOringdatashowitsubiquitousdistributioninallenvironmentalmedia．For  

examPle，beta－HCH（upto15pg耽gdrysubstance）hasbeendetectedusingpassiYemOnitoringinlichensinvarious  

locations（eLgLCities，industry，rural）inSwitzerland（SubmittedAmexEinformatlOnbySwitzerland，2007）・Also，a  

recently（2004）perfbrmedmonltOringprogrammeinJapanrevealedthatbeta－HCHhadbeendetectedinallspeclmenS．  
Thereportedvalues（range）areasfollows‥WaterO▲031－3・4ng／1，SedimentO，004－53ng／gdryweight，ShellfishO．22－1．8  

ng／gwetweight，fishtrace－1・1ng／gwetweight，birdl・1－4・8ng／gwetweight，air（Warmandcoldseason）0．53－110  

pg／m3andOL32－78pg／m3（SubmittedAmexEinforrnationbyJapan，2007）・TheCzechRepublic（AmexEinformation，  
2007）reportedthat，WithregardtoHCHs，themostseveresituationisincentralandsouthernMoravia， 

． 

basis仙econcentratlOnSareeXpreSSedwassubmitted）．  

However，heavilycontaminatedsoilswerefoundintheproximltyOfsources，HCHconcen仕ationsof40－225mgn（g  

WerefoundinthetopsoilaroundachemicalplantinAlbania・Mean1evelsofO，02mg／kgwerereportedforsoils丘om  

thePearlRiverDeltainChina，WhileRusSiansoilsneartheLenaRivercontainedO．001－0．017mg此gHCH  
（mP，2003）．  

ComparedtotheotherHCHisomers，COnCentrationsofbeta－HCHintheairarelow．Elevatedlevelsweredetectedin  
highermountains（MountEverestRegion）ofll．2pghn3comparedtouptoIpg血3intheArctic（Lietal．，2006），  
Seasonalchangesinbeta－HCHconcentrationsinJapan（mean23pg／m3）in2000wereprobablycausedbyre－emissions  
丘omaterrestnalsource（Murayamaetal・，2003）LUnlikealpha－andgamma－HCHobservedconcentrationsofbeta－  

HCHinairatmostlocationsneartheGreatLakesinNorthAmericadidnotshowsigniflCanttrendsbetween1990and  
2003．ThehighestconcentrationwasobservedinChlCagOWithamaximumOf73pg／m3（mean12pghn3，1999－2003，  
gasphase，Sunetal・，2006a）LRegardingtheoccurre？CeOfbeta－HCHinprecipitationsamplesfromthesameregion  

（meanconcentrationsO．16－0．64ng／1）asignlficantlnCreaSeinconcentratlOnSatthreeGreatLakesstation岳overthelast  

decadewasobserved（Sunetal．，2006b）．  

Levelsinbiotavary，dependingonthelocation（recentusageand／orhighpollutlOn）andspecies．Forexample，  
COnCentrationsofHCHs（mainlythebeta－isomer）inonefishspecies（ねvatilqpia）ffomIndiaamountedtoupto2000  
Pg／gwetweight（Senthilkumaretal，，2001）．FishsamPlescollected丘omtheNileRivernearCairoin1993showeda  
COnCentratlOnOfbeta－HCHofl．5ng／gwetweights（UNEP，2003），Alpha－HCHisinmostcasesthedominantisomerin  
nsh（Willettetal．，1998）．  

Aglobalsamplingstudyof丘ee－rangeChickeneggsfoundthatof30eggsamplestakenfrom17differentgeographlC  
locatlOnS，beta－HCHwasdetectedinallsamples－LevelswereparticularlyhlghinsamplestakeninSenegalandIndia．  
（Blake，2005）．  
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f3irdsarldbatscanaccumulatehlgherconcentrationsofbeta－HCHAccordlngtOSubmittedAnnexEulformatlOnby  
Norway（2007）BustneSetal（2006）concludedthatbeta－HCHlevelslnbloodandeggs、Verehigherintheendangered  

SubspecleSCOmParedwlth山eincreaslngSubspeciesoftheblack－backedgu11sinNorway▲OneexplanatlOnmlghtbe  
themlgratlOnrOutethroughtheBlackSeawhereHCHlevelsareconsiderablehlgh  

InastudyofresidentandmlgratOryblrdscollectedfromSouthIndia，theorganochlorlneCOntamlnatlOnpattemVarled  

dependingonthemlgratOrybehav10ur ResidentbirdslivlnginthesamereglOnforthelrentlrellfespancontained  
relativelygreaterconcentratlOnSOfHCHs（14－8800ng／gwetweight）LongdlStanCemlgratOryblrdswhlChhavethelr  
breedinggroundslnEurope，Russla，theMiddleEast，PapuaNewGulneaandAustrallaCOntainedHCHsatlevelsof  
19－5500ng／gAmongvar10uSHCHISOmerS，beta－HCHwasthepredominantcontamlnantinal1theblrdspecies  
（UNEP，2003）Simi1arlevelswerereportedinalaterinvestigatlOn（SenthilkumaretalL，2001）includ血gresiduelevels  

OffICHslneggyOlks（range350－49000ng／gfhtweight）Againbeta－HCHwasthepredomlnantlSOmerinbirds（no  
dctalledvaluesforbeta－HCHwerereported）LInaddition，HCHsconcentrations（mainlythebeta－1SOmer，uptO330ng／g  
WetWeight）1nIndlanbat5WerelnVeStigated，WhlChwerehlgherin1998thanin1995andhlghestcomparedtoother  

PartSOftheworld 

Alocalsourceofbeta－lICl1wastheusageofteclmicalHCH血theRusSiannorthagalnStnulSanCelnSeCtSOn  
domestlCatedreindeerbyindlgenOuShumanpOpulations（Lietal・，2004）・However，nOquantltativeestlmateSOfthese  
exposurelevelsexist  

2．3．2 Exposureasaresultoflong－rangeenVironmentaltransport  

ThemalntranSPOrtatlOnPathwayofbeta－HCHtotheArcticisassumedtobeoceancurrents（Lletal，2002）▲Compared  
tolevelsofalpha－HCHlnSeaWater，beta－HCHlevelswerelower－partlyduetoreducedemissionsanddlfferentspatlal  
andtemporaldistrlbut10nS，e▲gLbeta－HCHreacheditspeak（approximatelyO3ng／l）lnthenorthAmerlCanArctlC  
Oceanln1994，arOundlOyearsafterthealpha－HCHlevelshadreachedtheirpeak・EnrlChmentoftheupperWaterSOf  
theNorthPacificOceanandBerlngSea（approximatelyl・3ng／11988－1999）causedhlgherconcentrationslnthe  
ChukchlSeaandsubsequentdecreasestowardstheArcticinteriorocean（1iandMacdonald，2005）Dataonbeta－HCH  
froInSurfacewateroftheCanadlanArchipelagoin1999showedconcentrationsofOlng／1（Bldlemanetal）2007） 

ThlSSPatialdistributlOnisalsoreflectedinthelevelsinbiota・Hoekstraetal▲（2002）foundthatbowheadwhalesexhiblt  
areversallnthelrblubberalpha－n）eta－HCHratlOSOntheu－mlgrationroutebetweentheBerlngtOtheBeaufortSea AIso  

elevatedreslduesofHCHISOmerSinmarinemammalsoftheCanadianArchlPelagoarelikelyduetothehigh  
concentrat10nSOf．HCHISOmerSinthewaterbecauseHCHisomersarethemostabundantorganochlorlneSlntheArctlC  
Ocean（NARAP，2006）  

Beta＿HCHisnotsoabundantintheArctlCabioticenvironmentandthereforelthasnotbeenstudledaswellastheother  

HCHISOmerS．MeasuredlevelsintheArctlCair（eg．＜1pg／m3fromsixArcticcircumpolarlocatedslteSbetween2000T  
2003，Suetal．（2OO6））andlnterreStrlalaswellasfreshwaterecosystemswerelow（AMAP，2004）HCHsalsoshowa  
hlghdegreeof－spatlalvariabllitylnthelevelsoFcontaminatlOnaCrOSStheRusslannOrth（AMAPっ2004）  

IJeVels】ntheArctlCterTeStrialenvlrOnment（includingcamivores）aremuchlowerthanin山emarlneCOmPartmentand  
皇tspredators However，beta－HCHhasbeendetectedlnthefatofmaleArctlCfoxes（upto810ng／gwetweight）in  
Alaska（AMAP，2004）ThehlghestlevelsofIiCHinpolarbearsweredetectedintheBeaufortSeapopulatlOn  
（approx．770ng／gwetweightlnfat），Beta－HCHaccountedfc・r93％ofHCHresidues  

ThemetabollSmOrbeta－1ICHISVeryllmltedinArcticseabirds，andthereforebeta－HCHISdetectedmorereadllythan  
alpha－andgamma－HCIIButconcentrationsvarynotablybetweenspecies，dependingonthetrophlCpOSlt10nand  
migration．Higherlevelsofbeta－HCHwereobservedindleNorthAmericanArcticincloserproxlmitytoAsiawhere  
HCHwasrecentlyused Levelswerebelowlng／ginbirdtissueand30ng／gwetwelghtineggs（AMAP，2004） 

RegardlngtempOraltrends，1tWaSShownthatbeta－HCHlevelsinseablrds，rlngedsealsandpolarbearslnCreaSedっ  
Whereasbelugasshowednodifferenceh■Om1982to1997（AMAP，2004） 

乙3．3 Food  

DallylntakevaluesofbetaHCHfbrthegeneralpopulationinadulthumandietsbetween1986and199lln血eUruted  
StateswerereportedtobebelowO・001pgn’g／dayTheaverage？OnCentrationofbeta－HCHln234ready－tO－eatfoods  

waso．0027pg几g（noinfonllat10nOnWhichbasistheconcentratlOnSareeXPreSSed，ATSDR，2005）IndleTotalDlet  
StudyconductedbyUSFDAin20030nlOOfooditems，beta－HCHwasdetectedin12items（submittedAmexE  
informationbyIPEN，2007）．IntheUSAっtheaveragedailyintakeofbeta－HCHwas＜0・1－0▲4ng几gbodyweight（bw）  
（dependingonage）duringtheyears1982－1984andwasgenerallybelowO・1ng此gbwduringtheyears1986－1991  
（ATSDRっ2005），InatotaldietstudyfromCanada（1993－1996），anaVeragedailydietaryintakeofO39ng几gbwbeta－  
HCrIwasreported（EFSA，2005）Infat－COntainingfoodproducts，1evelsrangeduptoOO3mgn（g（fat）butinmilk  
productslevelsupto4mg／kg（fat）lVeredetected（WHO，2003）．IntheUnitedStatesandCanadalevelsinfoodare  
slowlydecreaslng．Withln血eEuropeancountriesrepresentativedietarylntakestudiesarescarce▼OnewasperforTned  
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