
α－ヘキサクロロシクロヘキサンの危険性の概要  

【生分解性】  

生分解は嫌気的条件で起こる。   

【光分解性】  

日光照射下での水溶液中の半減期は  

4－6 日。固い表面上では半減期は91  

時間。   

【加水分解性】  

■半減期は温度依存性を示し、PH8  

（200c）で0．8年。PH7．8（50c）で26  

年。北極海で63年   

【半減期】  

・水中：高緯度北極圏湖沼で0．6年－1．4  

年と推定。東部北極海では工ナンチオ選  

択性の分解により、（＋）異性体は5．9  

年、（－）異性体が23．1年。加水分解が  

考慮される場合は、（＋）異性体は5．4  

年、（－）異性体が16．9年。  

・土壌中：亜熱帯地域のインドの砂質ロー  

ムで55日。温帯地域では161日。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4％が残留。高緯度北  

極圏湖沼堆積物で2年と堆定。  

【オクタノール／水分配係数】  

logKOW＝3．8   

【BCF（経鯉的生物濃縮係数）】  

・単細胞緑藻類：BCF＝200－2700（乾重   

量ヘーース）  

・鞭毛藻：BCF＝13000（脂質ヘーース）  

・無脊椎動物：BCF＝60（脂質ヘーース   

8000ト2750  

・セーフ、うフィシュ：BCF＝1100（OECD TG   

305E）  

・ニゾマス：BCF＝1100－2800   

【BMF（経口的生物濃縮係数）】  

二動物フうンクトン、ホッキ］クダラ：BMFs＞1  

・海鳥（ヒメウミスス、、メとハソロウミハートを除く）  

BMFs＜1（arphaHCHは新陳代謝され   

るため）  

・ワモンアサうシ：BMF＝2．5（脂肪組織）  

・ホッキョクウシう：BMF＝9．85  

・結論として、北極の生態系において、  

効果的な蓄積性が見られる。   

【FWMF（食物連鎖による経口的生物濃  

縮係数）】  

・FWMFs＞l（北極海の食物連鎖の研  

究）  

【反復投与毒性】  

ラット（混餌107週）：NOAEL  

50mg／kg  

主な毒性は、100mg／kgで肝肥大及び  

肝細胞の病理組織学的変化、  

800mg／kgで成長遅延、死亡率増加及  

び腎障害   

ラット（混餌 90日）：NOAEL  

O．1mg／kg／day  

主な毒性は、0．5mg／kg／dayで肝重量  

増加及び白血球数減少、2．5mg／kg／day  

で肝実質細胞肥大等、12．5mg／kg／day  

で肝、心、腎及び副腎相対重量増加、  
成長遅延   

【発がん性】  

肝腫瘍  

IARCグループ2B（possibly  

carcinogenictohuman）   

【その他】  

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：0．5mg／kg／dayで血清中IgG、  

IgM減少   
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Executivesllmmary   

Mexico，beingaPartytOtheStockholmConvention，prOpOSedlindaneaswellasalpha－andbeta－hexachlorocyclohexaneto  
beincludedinAmexA，BorCoftheStockholmConvention・ALtertheriskprofileonhndanehadalreadybeenagreedat  
thelastmeetlngOftheReviewCommitteeinNovember2006，theCoI一皿itteeconcludedthatalpha－HCHalsocomplied  
WiththescreeIulgCriterialaiddowninAnnexDoftheConventionandthatfurtherelaborationoftheproposaland  
preparationofadraftriskprofileshouldbedone，   

Af［eralmostfbnyyearsofextensiveuseworldwide，therehasbeenagradualreplacementoftechnical  
hexachlorocyclohexane（HCH）bylindane（gammBL－HCH）、NosignificantusesoftechnicalHCHhavebeenreportedaRer  

200O．However，releasesintotheenvironmentm町alsooccurfromlindaneproductionaswellasfromhazardollSWaSte  

Sites，1andfillsandcontaminatedsites・BecauseOfitshazardprofileandwidespreadabundance，teChnicalHCH（including  
alpha－HCHastheminisomer）issubjecttonationalandinter11ationalregt11ationsandprohibitio11S．  

Alpha－HCHissusceptibletoabioticandbioticdegradationatvariableratesanddegrees，dependingone．g．elTVironmental  
media，SiteaIdclimate．Alpha－HCHisexpeCtedtorapidlydegradeintropicalconditions，Whereasitaccumulatedincolder  
CliIl旭teS．AIpha－HCHismoderatelypersistentinsoil・Basedonvaluesffomaquaticcompartmentsi．e，Arcticfreshwater  

andseawater，itcanbeconcludedthatalpha－HCHshowsllighpersistenceinwaterincolderreglO11S．   

Thephysico－Chemicalpropertiesofalpha－HCHallowthedispersalofthestlbstancefromitssourcestodleArcticbya  

COmbinationoflong－rangeatmOSpherictransportandoceancurrents．Highlevelsofalpha－HCHhavebeendetectedinthe  
ArcticOcean，WhereithasbuiltalargereservoirandispresentinmarineaswellasinterrestrialspeCies．   

Alpha－HCHexposurelevelsinlocalareashavedeclinedaf（erworldwideprohibitionsandrestrictions．HoweverreglOnS  
withrecentexposureand／orhighpo11utioncanstillshowelevatedlevels．AspeCialconcemalsoarisesfromexposureof  

hazardouswastesitesanddumplnggrOundsfrolndisposedalpha－HCHresiduesffomlindaneproduction．Duetoits  

persistence，alpha－HCHcansti11bedetectedregularlyatlowbackgroundlevelsintheelⅣironment．Elevatedlevelshave  

alsobeenreportedfromtheArctic（levelsintheArcticOceanarehlgherthanintemperateoceaJISandlakes）．Though  

alpha－HCHlevelsinairdecreasedmorethantwenty－fbldfromthe1980sonwards，therehasbeenonlyamodestchangein  

highermarineandterrestrialpredatorse．g・fursealsorpolarbears．   

Becausealpha－HCHispresentintheterrestrialandaquaticfbodchains，alpha－HCHmaybioaccuImlateandbiomagnl年in  

biotaandArcticfoodwebs．Thebiomag血ficationfactors（predator－PreyCOmparison）formanyoftheexaminedspeciesare  

greaterthaI11（One）．Someanlmals，eSpeCiallybirds，butalsomammals，havethepotentialtometabolizealpha－HCH．As  
thisisanenantioselecdvebiotransfbmlation，adistinctiveaccumulationof（＋）or（－）alpha－HCHcanoccurinmammals  

（dependingonthespecies）．   

AIpha－HCHistheisomerwiththehighestneurotoxicpotentialbesideganⅦ1a－HCH・Alpha－HCHhasbeenclassifiedas  
POSSiblycarcinogenictohulnanS（group2B）bytheIntemationalAgencyforResearchonCancer（IARC），basedon  

inadequateevidenceofcarcinogenici年inlmma11Sands11餓cientevidenceforcarcinogenlCitytoanimals・AIpha－HCH  
CauSeSliverhyperplasiaandlivertumoursin（1aboratory）rodents．Fromanimalexperimentsitisknownthatalpha－HCH  

affectstheilTununeSyStem；irrununosuppressiveeLTectswereobservedinhumansexposedtotechnicalHCHaswell，  

Epidemi0logicalstudiesindicateanelevatedincidenceofbreastcancerafterexposuretoalpha－HCHaswellashormonal  
disordersleadingtoinftrti1ityandabortions・Apossibleassociationwithintrauterinegrowthretardationandaplastic  
anaemiahasbeenpostulated．   

Basedonthehazardprofileandtheexposurescenariositcanbeconcludedthatalpha－HCHmayadverselyaffectwildlife  
andhumanhealthincontaminatedregions．TheUnitedStatesEITVirorLmentalProtectionAgency（USEPA）estimated，based  

OndailyintakeratesfortheArcticpopulabon，elevatedcancerrates，thoughestimatesareveryconserVative．Ithastobe  
COnSideredthattheliveristhetargetorganforal1HCH－isomers，therd）yleavlngtheriskofadditiveeffects・Moreoverthe  

indigenousA∫Cticpopulationaswellaswi1dliftareexposedtoabroadrangeofPOPsincludingallHCHisomersandother  
pollutantsleadingtoprobablyadditiveeffects．NeverthelessArcticpublichealthauth0ritiesbelievethesigI血cantsocial，  
CulturalandeconomicbenefitsoftraditionalfoodsoutweightherisksofcontaminantssuchasHCHatpresentbutglVe  
anotherreasonfbrthequickcontrolaIdeliminationofal1HCHisomersfromtraditionalfbods．   

ForthesereasonsglobalactiononalpI旭－HCHiswarranted．  

4   
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1  Introduction  

IntheproposalbyMexicotoincludelindaneinAnnexA，BorCoftheStockholmCorLVentionandintheerLSulng  
discussions，itwasconcludedthat”0therisomersofhexachlorocyclohexaneshouldalsobeconsidered”  
（UNEPnOPSnOPRC・2／10）・ThusMexicosubmittedaproposalfbrlistingalpha－hexachloroFyClohexaneinAnnexesA，B  
orcoftheStockholmConventionon26thJuly2006（UNEP／POPS／POPRC2・／INF／7）・Austna（OnbehalfofGem岨ny）  
preparedthefirstworkingdraftonalpha－HCH・  

AIpha－HCHisoneofthefivestableisomersoftechmicalHCH，anOrganOChlorinepesticideformerlyusedinagnculture・  
ThemodesofactionoftheHCHisomersdifferquantitativelyandqualitativelywithregardtotheirbiologicalactivityin  
thecentralnervOuSSyStemaSthemaintargetorgan・Alpha－HCHismainlystimulatlngtOthecentralnervoussystem，but  
thefinaleffectofthemixedisomersdependsonthecomposition（IPCS，2001）・Ingeneral，HCHsareamOngthemost  
studiedpesticideswithrespecttotheirenvironmeI血fhteandeffects（Breiviketal・，1999）・   

1．1 ChemicalIdentity  

Chemicalname：AIpha－hexachlorocyclohexane（alpha－HCH）  
IUPACname：（1a，2a，3b，4a，5b，6b）－Hexachlorocyclohexane  
Commonsynonyms：l，2，3，4，5，6－hexachlorocyclohexane，alphaisomer，（1alpha，2alpha，3beta，4alpha，5beta，6beta）－  
1，2，3，4，5，6－hexachlorocyclohexane，alpha－l，2，3，4，5，6－Hexach10rOCyClohexane；alpha－benzenehexachloride，alpha－BHC，  
alpha－HCH，alpha－1indane；benzene－trans－hexachloride，Hexachlorocyclohexane－Alpha（Chelnfinder，2007）  

Alpha－HCHisachiralmolecule；theenantiomersareshowninFigurel・  
CASmIl血er：  

Racemic：319－84－6，（＋）alpha－HCH：11991169－2，（－）alpha－HCH：119911－70－5  
Chemicalfbrmia：C6H6C16  
Molecularweight：290．83   

Figurel：StruCtureOfalpha－HCH，  

StabilityandpersistenceofHCHisomersareattributedtotheorientabonofthechlorineatornsonthemolecule・Axial  
chlorineatomsmayprobablyprovideavai1ablesitesforenzymaticdegradation・Alpha－HCHexhibits4axiallyand2  
equatorial1yorientatedchlorineatoms・nuSitisthoughtthatthemoleculeismoresusceptibletodegradationthanthe  
beta－isomer（Philipsetal．，2005）．  

J／．／丹l・・、・′川－‘／……川／／）′●り／－げ／J・・・ヾ  

Thephysico－Chemicalproperties（SeeTablelforselectedproperties）ofalpha－HCHa1lowforlong－rangetranSpOrtand  
”coldcondensabohm，anemichmentofthesubstanceincoldclimatescomparedtoconcentrationsnearSOurCeS，On  
altitudinalandlatitudinalscalesdescribedbyWamiaandMackay（1996）・AlphaJ］CHcanvolatilizeduetoitsvapour  
pressureandlowoctanol－alrPartitioncoefncientfromsoilsurfaces・TheHenry，slawconstantisTelativelylowand  
decreaseswithtemperature．   
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Tablel．Selectedphysico－Chemicalproperties  

MeltingPoint（K）   432l   

BoilingPoi血（K）   561】   

Watersolubility（mol＊m▼3at250C）   0．33「   

Vapourpressure（Paat250C）   0．25っ   

HerLry’sLawConstant（pam3mol‾1）   0．741   

LogKow（250C）   3．9コ   

LogKoa（250C）   7．5＝   

Physicalstate   CⅣStall血esolidl   

lATSDR（2005）  

コⅩねoetal．（2004）   

1．2  ConchISionofthePOPReviewCommitteeofAnnexDinforTnation  

ThePOPReviewComitteeevaluatedtheproposalregardingalpha－HCHs止bmittedbyMexico  
NNEPノPOPS／POPRC■2nNF〃assummarizedbytheSecretariatindocumentUNEPm）OPS／POPRC・2／15）accordingtothe  
requlrementSinArmexDoftheStockholmCorrventionatitssecondmeetlnginGeneva・InDecisionPOPRC－2／9the  
Committeereachedtheconclusionthatalpha－HCHmeetsthescreerLlngCriteriaspeCifiedinAれ眠XD．TheComitteealso  
decidedtoestablishanad－hocworkinggrouptoreviewtheproposalfurtherandprepareadraftriskprofileinaccordance  
withAnnexEoftheConvention．  

1．3  Datasources  

ThedraftriskprofileisbasedonthefoIZowlngdatasources二  

・ Proposalsubmittedby Mexicoforlistingalpha－hexachlorocyclohexaneinAmexesA，B and／orCofthe  
Corrvention（UNEP仲OPS〝OPRC2．／TNFn），2006．  

・ DecisionPOPRC－2／90ftheReviewComittee，2006．  

・Infc．rmatlOnSubmittedbyPartiesandobserversaccordingtoAnrLeXEoftheConvenllOn：SpeCificand／or  
scientificinformation：CzechReptbllC，Gernuny，InternationalPOPsEliminationNetwork（rPEN），Japa11，  
Switzerland，UrutedStatesofAmerica；generalinformation：Algeria，CropLiftInternational，Kingdomof  
Bahraln，Mauritius，Mexico，Qatar，RepublicofLithuaniaandTurkey．ThisinfbrTTutionisavailableonthe  
ConventlOIl’swebsite．  （輌／s止血ssions・htI巾・  
・ Assessmentofhndaneandotherhexachlorocyclohexaneisomers，USEPA，2006．  
Il輌．htm  

・InternationalProgrammeonChemicalSaftty，ALPHA－andBETA－HEXACHLOROCYCLOHEXANES，  
ErrvironmentalHealthCriteria123，WorldHealthOrganization・Geneva，1992・  
叫P二極舶／ellC／ehcノ抽c123・htnl  

・ Toxicologicalprofileforhexachlorocyclohexa眠S，UnitedStatesofArnericaDepartmentofHealthaJld  
HurrnnServices，PublicHealthService，AgencyLbrToxicSubstancesandDiseaseRegistry，2005・  h榊  
・ TheNorthAmericanReglOnalActlOnPlan（NAM）onLindaneandOtherHexachlorocyclohexane（HCH）  
Isomers．2006．NorthAmericanComissionfbrEnvironmentalCooperation  h輌＝2053  
Inaddltjontotheseinfbrmationsources，aliteratureseaJChofpublicdatabaseswasconducted．The  
fo1lowingdatabaseswereused：ECOTOXicologydatabase（Ecotox，httT）：〟www・el）a・巳OV／ecotoxr）  

HazardousSubstancesDataBalkOiSDB，h榊HSDB），Pubmed  
（抽p：〟wwwncbidm．nihsovkntredquenT．ftginBW，EnvironmentalFateDataBase（EFDB  
httD：〟www．svrres．com／esc／efdbinfo．hbrt．IngeneralseamhtermsincludethechemicalrLameOrCAS  
numberand／oracombinadonofteclmicaltemubecauseofthemultiplicityOfentries，Forthesamereason，  
SpeCifictopicalandupdatedarticleswerealsoconsidered・Thereportslistedabovecontainedindividual  
referenceswhichhavenotbeenlistedspeCiLica11yinthisdraftriskpronle・Additionalreferencesare  
PrOVidedinUNEP仲OPS仲OPRC・3／INF／27．  

6   
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1．4  Statusofthechemicalunderintemationalconventions  

AIpha－HCHisaconstituentofteclmicalHCH，Whchisregulatedbyatleasttwointernationalagreements・Thefirstoneis  
the1998AarlmsProtocolonPersistentOrganicPo11utaTds（POPs）tmdertheConventiononLor！g－RangeTraniboundary  
AirPollution．TechmicalHCHislistedinAmexIIoftheprotocoIwhichrestricteditsusetoanlntermediateinchemical  
manufacturingonly．  

ThesecondagreementistheRotterdamConventiononthePriorIl血rmedCo11Sent（PIC）ProcedurefbrCertainHazardous  
ChemicalsandPesticidesinIntemadonalTrade．HCH（mixedisomers）issu句ecttothePICProcedureandislistedin  
AnnexIIIoftheCoIⅣendon．   

Canada，MexicoandtheUnitedStatessignedtheNorthAmericanRegionalActionPlan（NARAP）onLindaneandother  
Hexachlorocyclohexaneisomersin2006．ThegoaloftheNARAPistoreducetherisksassociatedwiththeexposureof  
humansandtheeIⅣironment．   

IntheEuropeanUnion，theproductionanduseoftechnicalHCHasanintermediateinchemicalmanufactunngwi11be  
Phasedoutbytheendof2007atthelatest（Regulation（EC）No850／2004）．HCHsarealsoamongthepri0ritySubstances  
PecisionNo2455／2001侶C）oftheadoptedEUWaterFrameworkDirective2000／60侶C．   

Hexachlorocyclohexaneisomers，includingthealpha－isomer，areOntheListofChemicalsfbrPri0rityActionunderthe  
OSPARComissionfortheProtectionoftheMarineEnvironmentoftheNortheastAtlantic．Theo句ectiveisthe  

preventionofpollutionofthemaritimeareabycontinuouslyreducingdischarges，emissionsandlossesofhazardous  
Substances．   

2  Summaryinformationrelevantfortheriskprofile  

2．1  Sources   

2．ノ．ノ ♪ro（ねcJわ〝  

Alpha－HCHbyitselfisneitherintentional1yproducednorplacedonthemarket．Itisproducedastheminconstituentof  
teclmicalHCHwhichisusedasorganochlorineinsecticideorchemicalintermediatetomanufhctureemichedgamma－HCH  
（1indane）．CurrentlynoproductiondataontechmicalHCHhavebeenreported，Whereasmanufhctureoflindanestilltakes  
place（IHPA，2006）．   

HCHismanufhcttlredbyphotochemicalchlorinationofbenzenewhichleadstotheformationofmainlyfivestableHCH  
isomers．Theyieldsofdifftreruisomersvaryduetotechmicaldif托rencesintheproductionprocess．ThereportedmlgeS  
are：alpha－HCH（55－80％），beta－HCH（5－14％），gamma－HCH（8－15％），delta－HCH（6－10％）肌depsilon－HCH（l－5％）  

（Breiviketal．，1999）．FurtherdetailsontheproductiorLandreuseofHCHresidualscanbefoundin  
UNEP／POPS／POPRC．2／17仏dd．4（R由kProfileonLindane）andIHPA（2006）．Thefo1lowingcountrieswhichsubmitted  
informationaccordingtoAnnexEstatedthattherewascurrentlynoproductionoruseofalpha－HCH：CzechRepublic，  
Germany，Mauritius，Mexico，Norway，Qatar，RepublicofLithuamia，Turkey，Switzerland，andtheUnitedStatesof  
America．  

2・ノ・2 打α（お〟〃d∫わC毎フメわ∫  

TechnicalHCHwasrapidlyintroducedinthe1940sonalargescaleonthema止et，duetoitsumiversalinsecticidal  

PrOPerties．ThepromislngmarketopportumitiesworldwidearoseinthesearchforaninexpensivealtemativetoDDT  
（IHPA，2006）．However，duetothedecreasingeffectivenessofthegarrma＞alpha＞beta－isomerincontrollinginsects  
（BaumarLnetal・，1980）technicalHCHwasgradua11yreplacedbylindane（＞99％gamma－HCH）．However，the  
manl血ctureoflindanehasresultedinahugeamo11ntOfHCH、reSiduals，Whichmustbedisposedoforotherwisemanaged．  
IHPA（2006）calculatedl・9to4．8mi11iontonsOfHCHresidualsbasedonglobal1indaneproduction，intheabsenceof  
exactdata、TheseestimatesarefaI■beyondthevaluesreportedbyWalkeretal．（1999）whoreportedstockpilesof  
approximately2785tonsoftechmicalHCHand45tonsofunspeCifiedHCHmaterialinAfricaandtheNearEast．  

ユノ．j 【ノ∫e∫   

AroundlOmi11iontonsoftechnicalHCHwerereleasedintodleeIⅣironmentbetween1948and1997（Lietal．，1999）．  
Breiviketal▼（1999）estimatedtechicalHCHusageatappTOXimately400000tonsinEuropealonebetween1970and  
1996・Thedataillustratethelargeuncer（aintiesoftheseestlmateS．AccordingtoLiandMacdonald（2005）globalusageof  
techmicalHCHwasdominatedbylOcountriesheadedbyChina，Whichconsumedalmosthalfofthetotalglobalquantity．  
Theothercountrieswere（inorderofdecreasingusage）：FormerSovietUmion，India，France，Egypt，Japa11，UnitedStates，  
EastGerInany，SpainandMexico．UsageoftechmicalHCHwasbamedinmostwesternCOuntriesandJapaninthe1970s  
butcontinuedinChinaandRussiauntil1983and1990・In1990，IndiaalsobamedtechmicalHCHfbragriculturalusebut  
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keptitforpublichealthuses（AMAP，2004a）・TechnicalHCHusagesteadilydeclinedandnowtechnicalHCHisvirtua11y  
noIongerusedworldwide・However，thereaI℃indicationsthattheuseofstockpiles，1imiteduseforpublichealthpurposes  
uld／orillegaluseCamOtbeexcluded（Zhulidovetal，，2000二Bakoreetal・，2004二Qianetal・，2006）・  

プ．ノ．4 月e／eα∫e∫わ才力ee〃V〝・0〃椚e〃J  

Thereareseveralpathwaysofalpha－HCHforentenngtheerTVironment・Historical1yフalpha－HCHwasreleasedduringthe  
manufactureoftechnicalHCHanditsuseasapesticide．Alpha－andbeta－HCHhavethesameglobalemissionpatternS  
which，however，difftrinscale．LiandMacdonald（2005）estimatedtheglobalusageofalpha－HCH（basedondataon  
teclmicalHCH）at6mi1honstonnes，with4．3mi11ionstonnesemittedintotheatmosphere，Afterthe1940semissionsof  
alpha－HCHincreasedandpeakedintheearly1970s・Duetothebanontheuseofalpha－HCHinNorthAmerica，in  
EuropeancountriesandJapan，emissionsdecreasedbutreachedagalnapeakinthe1980sbecauseoffrequentusagein  
Asiancountries．Af［erthe1980s，figuresdroppedduetofurtherprohibitionsandrestricdonse・g・inChina・Releasesof  
alpha－HCHintotheerrvironmentarealsopossiblefromhazardouswastesites（USEPA，2006），StOCkpilesandresiduesof  
lindanepro血ction，Whicharenotalwayscontrolledornuhtainedsafely（IHPA，2006）・AIso，COntaminatedsites（e・g・from  
fomlerprOductionplants）maycontributetotheenvironmentalburdenofalpha－HCH（Concha－Granaetal・，2006）・  
Germany（SubmittedAnnexEinfor111ation，2007）reportedthattherearestillafヒwisolatedlocalsourcesi・e・1andfi11sand  
dumpsintheformerGDR（EastGermany）fromapplicationsoftecl血calHCH・Asaresult，lhgherconcentrationsofalpha－  
HCHinfishoftheriverElbenearthefbrmerproductionsiteweredetectedafterheavyrainfallsandfl00dsin2003・  
However，quantitativeestimatesofreleasesfromhazardouswastesitesandlandfillsarenotavai1able・   

2．2  Envirotlmemtalrate   

2．2．ノ アer∫メ∫Je〃C（ヲ  

Alpha－HCHis，inpnncIPle，degradableinelⅣironmentalcompartmentsbyabioticprocessessuchasphotodegradationor  
hydrolysis．BasedonlaboratoryexperimentsfrolnNgabeetal・（1993），hydrolytlChalf－1ivesofalpha－HCHshowstrong  
temperaturedependence，At200C，pH8theDT50wasO・8yearswhereasitincreasedatlowertemperature（50C，PH7・8）to  
26years．BasedonthesedegradationratesHameretal・（1999）calculatedaDT500falpha－HCHintheArcticOceanof  
63years・   

Ingeneral，HCH－isomersdonotabsolblight＞290Ilm・ThusitisexpectedthatphotolysISplaysaminorroleinthe  
removalofalpha－HCH．Deoetal．（1994）repoIledhalト1ivesofalpha－HCHinaqueoussolutionexposedtosunlightof  
4to6days・Whilethemechanismofthisdegradationisuncertain，itwasshownthatalpha－aSWellasgamma－HCHbreak－  
downbyindirectphotolysiswithphotosensitizingagentsthatmaytransftrtheexcitationenergytoHCH（ATSDR，2005；  
USEPA，2006）．Regardingphotodegradationonhardsurfhces，ahalf－1ifeequalto91hoursonathinnlmhasbeenreported  
（ATSDR，2005）．However，therelevaJICeOfthisresultisquestionablewhentakingintocoI鳩iderationthearguments  
mentlOnedabove，  

ThemeasuredatmosphericOHrateconstantofl・4xlOr13cm3／molecule－SeCreSultedinacorrespondinghalf－1ifeof  
l15days（ATSDR，2005）（usinganaveragehydroxylradicalconcentrationof5xlO5molecule／cm3accordingtotheTGD  
（2003））．   

Inconclusion，abioticdegradadonisveryslowespecial1yatlowertemperatures・PhotolysISinaqueousmediaandairis  
consideredtoplayaninsignificantroleinthedegradationofalpha－HCH・  

Bioticdegradationofalpha－HCHhasbeenfbundtotakeplaceinpurepultures，SOilslumes，SOil（Semi－）fieldstudies，  
sedimentandwater．I血血11yltWaSthoughtthatHCHbiodegradationlnSOiloccursunderanaerobiccondidons・However，  
severalinvestlgationsshowthtalpha－HCHisaerobica11ydegraded，insomecasesevenfasterthananaerobica11y・  
BreakdownwasalsoreportedformedlanOgenicandsulfhtereducingconditions0）hillipsetal・，2005）・  

Theanaerobicmetabolicpathwayofalpha－HCHleadsviadechlorinationtotetrachlofocyclohexene・Dichlorophenoland  
trichlorophe11OlaswellaschlorobenzeneandbenzenewereformedundermethanogenlCCOnditions，thelasttwoasstable  
endproducts．Thesemetabolitescanbefurthermineralisedaerobical1yoraJlaerObical1y（Bachmannetal・，1988；Phillipset  
al．，2005）．lnpureculturesaswe11asinfloodedsoilgamma－HCHisthemosteasilydechlorinatedisomerfbllowedby  
alpha－HCHunderanaerobicconditions（Jagnowetal・，1977；MacRaeetal・，1967）・  

Underaerobicconditionsalpha－HCHwasdehydrochlorinatedtopentacrdorocyclohexaneinsoilslumies・Furher  
conversiontotetrachlorobenzeneortlichlorobenzeneImyOCCurtOyielddichlorobenzene（Deoetal・，1994）・Theaerobic  
degradationpathwayofgam111a－HCHwasextensivelystudiedwithShtngobium甲・andresults血severalmetめ01ites・It  
wassuggestedthatalpha－HCHfo1lowsthesamePathwaythangamma－HCH・Completemineralizationofalpha－HCHwas  
shownin1aboratorystudiesunderaerobicconditlOnS（Phi11ipsetal・，2005）・  
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Ingeneral，ClimaticconditionsaswellassoiltextureandorganicmatteralterlngSubstancesolptlOn，WaterCOntent，pHand  
bacterialgrowthinfluencedegradationrates（IPCS，1992）．Themoisturecontentofthesoilenl1anCeSlossesofalpha－HCH，  

Whichisa血butedtohighervolatilityand／ormicrobialdegradadon（Chessellsetal．，1988；Phi11ipsetal．，2005）．Bacteria  
CaPableofdegradingHCHsatextremetemperatures（＜50Cor＞400C）havenotyetbeenreported（Pllillipsetal．，2005）．   

Dataonlaboratorysoilstudiesorfieldinvestlgationsarelimited．Undervariousfieldconditionsitisassumedthat  
degradationratesareintheorderofalpha＞gam＞＞beta（Suzukietal．，1975，StewartandChisholm，1971；Cf．also  

SeCtionl．1）．Singhetal．（1991）reportedfieldhalf11ives（i．e．dissipation，includinglossesbyleachingandvolatilisation）of  
around55daysoncroppedanduncroppedplotsinasandyloaminIndiaundersubtropicalconditions．Thisresultis  
COnSistentwithfindingsfromKaushjk（1989）whoreportedanevenshorterhalflliLtfbrteclmicalHCHundersimilarstudy  

COnditions．AIso，intemperateclhnateDoellnanetal．（1990）observedinasemi－fieldstudywithcontaminatedsoil＞50％  

removalafter161days，minlyattributedtoaquickdeclineinthefirstfewweeks，Whereasdegradationsloweddown  

afterwards．Suzukietal．（1975）alsosuggestedthatlowresiduelevels（belowO．1ppm）mayresistmicrobialandphysico－  

Chemicalaction．Lowconcentrationsofalpha－HCHmaypersistintheelⅣironmentindenmitelybecauseoflowafnmityof  

？nZymeSOrtranSPOrtSyStemreSPOnsibleofHCHdegradationげhillipsetal・，2005）・StewartandChisholm（1971）observed  

lnalongJtermfieldstudyafteranapplicationoftechnicalHCH，4％ofthealpha－isomeraf（er15yearsinasandyloamin  
Camda・Inaddition，Chessellsetal・（1988）showedthataftera20yearapplicationhistoryoftechmicalHCHonsugarcane  
inQueensland，Australia，alpha－HCHwiththehighestinitialconcentrationissubstantiallylessprevalelTtinthefieldand  

thedetectedlevelsweretwiceasmuchasthelevelsofthegamma－isomer．   

AbioticprocessesarenoterLantioselective，butbiodegradationnuybe．Ifnonracemicalpha－HCHresiduesinthe  

eIⅣironmentorbiotaaremeasured，enZymeSareilTVOIved．However，171Cemicresiduesdonotexcludethepossibilityof  

bioticdegradation（Cp・Suaretal・，2005）・Alsoformomitoringpurposesenantiomericfractions（EFs，Calculatedbythe  

fbrmulaEF＝ER／鱒R＋l），ER＝enantiomericra也0：（＋）／（－）alpha－HCH，Kallenbometal．，2001）havebeenquantifiedfbr  

thechBLraCterisationofresidues．HegemanandLaane（2002）investigatedtheenantiomericdistributionofalpha－HCHin  
difftrentelⅣironmentalcompartmentSObtainedfh）m618measurements・Ingeneral，theabioticcompartmentSShowed  

averageEFsclosetoO．5．Insou，thepreftrencetendedtobethedegradationofthe（－）alpha－HCH（EF＞0．5），Whereasin  
WateranOppOSitetendencywasfound・Kurt－Karakusetal，（2005）reportedarangeofEFsforalpha－HCHofO．4－0．89  

（meanO・5）inglobalbackgroundsoilswhichcoveredagl℃aterrangethantheEFsinambientairofNorthAmerica  

（0・47－0・52），SuggeStingthatpost－depositiondegradationhadtakenplace・HoweverてSirceEFsvaryconsiderablywithsite，  

Caudonisneededwhenusingen肌tiomericsignaturesintheairasamarkerofreemlSSlOnSffom（SOil）surfaces．   

BasedontheK。CValueandconfirmedby負elddata，alpha－HCHisexpectedtohavealowleacl血gpotendal（HSDB，2006；  
Singhetal・，1991）・However，grOundwaterpollutionmayoccurinl厄ghlycontamiIutedareas（Lawetal．，2004）．  

Detailedinfbrmationregardingtherelevanceofisomerisationintheenvironmentcanbefbundintheriskprofileon  
lindane（UNEPmOPS／POPRC．2／17／Add．4）．   

AIpha－HCHisabletobiodegradeinseawater／sedimentsamples（HSDB，2006）and丘eshwater（PadmaandDickhut，  

2002）・Helmetal・（2002）estimatedthehalfllivesforalpha－HCHinahighArcticlakeatO．6tol．4years．FortheEastern  
ArcticOceanenantioselectivedegradationfbrthe（＋）alpha－and（一）alpha－HCHwithhalf－1ivesof5．9and23．1yearswas  
Observed・lfbreakdownwithhydrolysISWaStakenintoconsideration，theoverallhalf－1iveswere5．4and16．9yearsfbrthe  
（＋）and（－）alpha－isomerrespectively（Harneretal．，1999）．Thoughsedimentdegradationmtesarepoorlyknownandthus  

theestimatesarelesscertain，thehalf－1i氏foralpha－HCHinsedimentsofahighArcticlakewasassumedtobe  

approximately2years（Helmetal・，2002）・Somedataonα－HCHlevelsinsedimentcores30－40yearsofageindicatelong  
half－livesofα－HCHinsediments丘omdi舵rentgeographicalareas（Barraetal．，2001；Rawnetal．，2001；Richingetal．，  
2005）  

2．ま2 βわαCC〟椚〟Jα〟0〃  

Theoctanol－Waterpartitioncoefficient（logKow＝3．8）fbralpha－HCHindicatesapote血ialfbrbioaccumulation  
（ATSDR，2005），thoughitisbe10Wthevalueof5statedinAmexDparagraphl（C）（i）oftheStockholmConvention．  

Awiderangeofbioconcentrationfhctors（BCFs）havebeenreportedinseveralstudies．Forgreenalgae，bioconcentration  
factorsvariedfromabout200inC72lorellapvenoidbsacelLgto2700（dryweightbasis）and130000nahpidbasis，  
respeCtivelyinDunaliella・StudiesofinvertebratesshowBCFsintherangeof60（80000nalipidbasis）inArtemiato  
2700inpolychaetes，dependingonthelipidcontentoftheamimals（IPCS，1992）．   

TheBCF（Wholebody）fbralpha－HCHaccordingtothefbrmerOECDtestguideline305EinzebrafishwasequaltollOO  
understeadystateconditionsWithuptakeconstants（kl）of50andclearancerateconstantS（k2）ofO．045．Thesevaluesare  

Simi1artothoseofgamma－HCH（BCF850，kl＝50．8，k2＝0．055）（Butteetal．，1991）．01iveretal．（1985）reportedBCFs  
（wholebody）rangingfroml100to2800inrai11bowtrout．  
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Ingeneral，StudiesfromArctlCminefoodwebsshowfbodwebmagnificationfactors（FWMFs），Whichrepresentthe  
meanrateofincreasepertrophlClevelinthefoodchain，greaterthaJll．TheBMFs（biomagmificationfhctor，Predator－Prey  
COmparison）ofalpha－HCHinzooplaTiktonandArcticcodaregreaterth2Lnl，Showingapotentialfbrbiomagnification．  
BMFsofalpha－HCHinseabirdsweregenerallylessthanlwiththeexceptlOnOfdovekieandblackguillemoLRinged  
SealsshowedaBMFof2・5（Moiseyetal・，2001）・ItissTggeStedthatalpha－HCHisomerhasthepoten由1tobiomagnifyin  

aquaticfbodwebsandmayincreaseatloweraswellaslnuppertrOphiclevels，eSpeCial1yinmaTinemammals（USEPA，  

2006；Hoekstraet・al・，2003a）・ThereportofHoekstraetal．（2003b）alsoconfirmsthispresumptlOnwithaBMFof9．85in  
bowheadsforalpha－HCH．   

Fiskatal・（2001）reportedontheinfLuenceofchemicalandbiologicalfactorsonthetrophictransftrofPOPsincluding  
alph－HCH・Ingeneral，thehighestBMFshouldbeseeninhomeothermes（birdsandmammals）comparedto  
POikilothermeS（nsh，iIⅣertebrates）attributedtotheirgreaterenergyrequirements．WithinthehomeothermeS，Seabirds  
usuallyhavethehighestBMFs，COnSistentwidlthegreaterenergydemandinbirds・Butthisisnotapplicablefbr  
alpha－HCH，MostseabirdsappeartobeabletoinducethecytochomeP450suchasCYP2B，WhichareerLZymeStO  

metabolizealpha－HCH，SOtherankingfromhighesttolowestbiotmnsformationability（usual1yfbrOCs：minemammals  

＞seabirds＞nsh＞zooplankton）isnotapplicableforthiscompound．TheBMFofalpha－HCHinpoikilothermesisl．3and  
equaltothatinhomeotherlneS（Hopetal．，2002）．   

Asalpha－HCHisachiralcompound，thedetenninationoftheERorEFisimportantinordertounderstandspecies－SpeCific  
metabolismandbiotransformation．Noenamtioselectivebiotransfbrmationinrainl）OWtrOutforalpha－HCHwasobservedby  
Konwicketal．（2006）inadietarystudyshowingconsistentEFsinthefish．InanexperimentofWongetal．（2002）  

alpha－HCHwasracemicthroughoutthecourseoftheexperimentwithrainbowtrout，ftdwithtreatedfbod．Theseresults  
areincontrastwithreportsofenantioselectivebiotransformationinotherspecies．TheEFinbenthicilⅣertebrates，  
ZOOplanktonandLishwasO．45asamaximum．RingedsealsshowedanEFofO．51，WhiletheEFsinseabirdsrangefrom  
O．65（dovekie）toO．97inglaucousgu11s（Moiseyetal．，2001）．Thissuggeststhatseabirdsprefヒrential1ymetabolizethe（－）  

enantiomer．AssociatedwithaBMFof＜1inseabirds，ithasbeenfburdthatbothenantiomersofalpha－HCHare  
metabolizedinbirds（dovekieandblackguillemotseemtohavealowercapacity）．   

TheEFofO．5l，CO11SideredtogetherwiththeBMFof2．5inseals，indicatesthatmammalsarenotabletobiotransform  

alpha－HCHingreatamo111舶（Moiseyetal．，20Ol）．Nevertheless，Wibergetal．（2000）foundresiduesofalpha－HCHwith  

nonmcemicERsinsealsaswellasinpolarbears．AccordingtoHoekstraetal，（2003b）accumulationofthe（＋）enantiomer  
OCCurSinbowheadwhaleandbeluga，but（－）alplla－HCHemichesinbeardedseal．Ringedsealshowaslightaccumulation  
Ofthe（＋）enamiomer（Hoekstraetal．，2003b）butsometirneSthealpha－HCHresiduesareracemic（Fisketal．，2002）．This  

indicatesanenantiospecificbiotransformationandaccurmllationofalpha－HCHinthefoodchain．WhenirLVeStlgatlngthe  
EFsinkrill，COdandpengtlineggs，Corsolinietal・（2006）alsofbundeIuntioselectivebiotransfbrmatioりWithanincrease  

by14％of（＋）alpha－HCHfromdlelower10thehighertrophlClevel（Ltomkri11topenguhl）・TherearelnterSpeCies  
differencesintheenantiomericprofileofalpha－HCHinminemammals，tOO．TbeBMFforcalanustobowheadfor  
exampleishigh（nearlOwitha（＋）alpha－HCHfractionof16and4．5of（－）alphaJHCH）（Hoekstraetal・，2003b）．   

Moiseyetal．（2001）showeddifftrentBMFsindoveky，dependingontheprey．Sunuledup，biomagnificationisafftcted  
bymanyparameterssuchascontaminationinbiota，andconsequentlyoffbod（Prey），thetrophiclevelandtheabilityto  

biotraJISformalpha－11CH．   

Kellyatal．（2007）haverecentlyshownthat，forsubstanceswithalogKoa＞6andalogKow＞2，thefishBCFisnota  

goodpredictorofbioInagnincationinalr－breathingamimals．Thisisalsowellillustratedbybeta－HCH，inthemine  
mammalianandterrestrialfoodwebs．assuchcompoundsbiomagni＆stronglyupto3000－and400－fbldrespectively・  
AIpha－HCHalsomeetsthesecrlteria，   

Notonlyinthearcticfoodweb，butalsoinorgan50ffursealsfromthePacificcoastofJapananddoublecrested  
COrmOrarLtSfromthegreatlakes，alpha－HCHwasdetected（Withanalpha－HCHERfromlinthemuscletol．58infat）．  
Highalpha－HCHERswerefbundinthebrainofthecormOrantS（＞3．6）（Iwataetal・，1998）．Wi11etetal・（1998）inferred  
fromhighalpha－HCHconcentrationsinmarinemaInrnalbrainthatthiscompoundcancrossthebloodJbrainbarrier・Ulrich  
etal．（2001）alsofbundinstudieswithratsthatthealpha－HCHERinbmin，rangingfrom2．8to13．5，isnotcausedbyan  

enantioselectivemetabolismbutthatselectiveretentionmightberesIX）nSible．  
Brauneetal．（1999）detectedalpha－HCHresiduesinthefhtofcaribou，ResiduesofalpIu－HCHcouldalsobefbundin  
liversandtheadiposetissueofarcticfoxes．Thealpha－HCHERof2．2intheliver，aJldl．1intheadiposetissue，indicatesa  
StereOSelectivebioaccumulationalsointerrestrialmamnals（Klobesetal．，1997）．   

InconclusionhghlevelsarefoundinArcticbiotabecauseofthebioaccumulationpotentialofalpha－HCH（asaproductof  
bioconcentrationandbiomagnlfication）andthehistoricallyparticularlyefncientdepositionprocessesofthissubstancein  
theArcticwaters．Theefficientacc11m11lationisaneffectofthecombimtionofthep桓Sico－ChemicalpropertleSOf  
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alpha－HCHandthelowtemperatureintheArctic．Inotherwords，alpha－HCHefftctivelyaccumulatesintheArctic  
ecosystemasawhole．  

2．2．j 上0乃grα〃gee〃V血〃椚e〃ねJ加〃甲OrJ  

MomitoringdataontheeIⅣironmentincludingbiotafbmremotereglOnsSuChastheArcticorAntaqctica，Wheretechnlcal  
HCHhasnotbeenused，prOVideevidenceofthelong－rangetranSPOrtpOtentialofalpha－HCH．Alsothephysico－Chemical  
properdesincombi11a也onwithitsstabilityal10Walpha－HCHtoundergolongrangetmnsportintheatmosphere・PrimaTy  
emissionsfromthesourceregions（minlyinAsia）andArctic？irconcentrationshavesynchronouslydecreased，SuggeSting  
arapiddispersionofalpha－HCHfromitsチOurCeStOremOtereglOnS（LiandBidleman，2003）・Especiallyhigh  

COnCentrationsCOmparedtothesourcereglOnsWererepOrtedfbrtheArcticOcean（SeeTable2）・Itisassumedthatafter  

longrangetraruportalpha－HCHaccumulatedinthecoldwaterdlletOitsIowHenTy’slawconstantandbuiltalarge  

reservOir（LiandMacdonald，2005）．HCHsincludingalpha－HCHarethemostabundantpesticidesintheArcticairand  

water（Walkeretal．，1999）．   

Tounderstandpathwaysandthefateofalpha－HCHintheupperArcticOcean，Lietal・（2004）developedanArcticMass  

BalanceBoxModel．Theyconcludedthatthehighestloadof6670torLneSWaSreaChedin1982minlybygasexchange  
aldoceancurrentsanddecreasedthencefbrwardbyanaverageannualrateofapproximately270tons／year・A魚er1990，  

OCeanCurrentSbecomethedominantlnPutOfalpha－HCHintheArcticOceanHowever，theportionofalpha－HCHentenng  

theAJTticatmospherevialongrangetransportfromsollrCeregionsplayedapromiJlentrOle（especia山yinthebegimiqg）．  
Afiertheearly1990salpha－HCHintheArcdcaircamefrombothatmospherictransPOrtandvolatilizationfiomthe  
ArcticOcean．Itwassuggestedthatacompleteeliminationofalpha－HCHmainlybydegradationandoceancurrentswould  

requlreanOthertwodecades．Intota127700tonsalpha－HCHweretransPOrtedbetween1945and2000vialongrange  
transpor‖otheArcticOcean．   

AccordingtomodelcalculationswiththeOECDPovandLRTPScreemingTool，alpha－HCHhassimi1arpersistenceand  
long－rangetranSPOrtprOpertiescomparedtoalreadyidentifiedPOPssuchasPCBsandorganochlorinepesticides  
（Wegmannetal．，2007）．Modelinputpropertiesofthechemicalsincludepartitioncoefficientsinair－Waterand  
OCtanOl－WateraSWellashalf11ivesinair，WaterandsoilandtheHenry’sLawconstantO）aSedonfigtuescontainedin  

UNEP〃OPS／POPRC2．nNF／7）．Themodelconsidersal1environmentalcompaltmentSquantitatively．Theresultsofthe  

modeldonotindicateabsolutelevelsintheenvironmentbuthelptocomparepossiblePOPswithidentifiedPOPs  
（refereIKeChemicals：PCBcongentrs28，10l，180，HCB，Carbontetrachlorideandalpha－HCH）accordingtotheir  

environmentalpersistenceandpotentialfbrlongrangetransport．Uncertaintiesinthechemicalpropertieswereinvestlgated  
byMorLteCarlouncertaintyanalysis．   

2．3  Exposure  

Exposuretoalpha－HCHresultedffomtheuseoftechmicalHCH，andfromtheproductionandmanufhctureoftechmical  

HCHandlindam厄．Becauseofthepersistencel厄ghexposureisalsoexpectedincontaminatedareasduetoextensiveuse，  
formerPrOduction，disposalsitesandstockpiles．ThoughusageoftechmicalHCHhaspractical1yceasedworldwide  
monitoringdatabasedontheradoofthealpha一／gamma－isomerstillsuggestpossiblereleasesoftechnicalHCHincertain  
areas（Zhangetal．2003；Qianetal．，2006；Zhulidovetal．，2000）．   

Humanexposuretoalpha－HCHresultsmosdyffomlngeStionofcontaminatedplants，mimalsandamimalproducts・  

InldationofambielltairandconsumpdonofdriJikingwaterarefurthersourcesofexposure，althoughtoaminorextent・  

AsshownbyaFrenchpilotstudyalpha－HCHwasdetectedinindoorairandonthehandsofthegeneralpopulationinthe  
Parisareain42and35％ofthesamples・Levelswerelowandrangeduptol・8ng／m3inairandupto8・5ng／lland  
＠ouvieretal．，2006）．   

Momitonngdatafromawiderangeofbiotaincludinghumanssuggestthatsignificantuptakefromtheenvironmentoccurs，  
WhichdemorLStrateSthebioavai1al）ilityOfalpha－HCH・Infantsmaybeexposedduringfttaldevelopmentandbreastfteding・  

J・J・JJ‥h・′r州川川J・－J′′い〃′J…・′岬‘山Jり／′・り川／り…／l爪≠、－  

Generally，eIⅣironmentallevelsinlocalareashavedroppedafterrestrictionsandprohibi也0nsOftheusageoftechnical  

HCH（IPCS，1992；SeealsoTable2）．However，mOmitoringdatashowitsubiquitousdistributioninallenvironmentalmedia  

e．g．inmomitoringactivitiesintheCzechRepl血1ic（Std）mittedAmexEinfbrmationbytheCzechRepublic，2007），in  
lichensofvariousIocationsinSwitzerland（valuesgivenintd）1e2）orinarecentレperformedmonitoringprogralnmein  

Japan．Alpha－HCHhadbeendetectedinJapaninallbut7fishspecimens．Thereportedvaluesareasfo1lows：Water  
O．013－5．7ngn，Sedimenttrace－5．7ng／gdw（dryweight），Shellfishuptol．8ng／gww（WetWeight），fishupto2．9ng／g  
ww，birdO．1－1．6ng／gww，air（Warmandcoldseason）0．02－3．2ng／m3andO．01－0．68ng／m3（SubmittedAImeXE  
informationbyJapan，2007）．  
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Table2．Selectedmonitoringdataofabioticcompartmentsandvegetation（Valuesrefertoalpha－HCHexceptotherwise  
Stated）  

Compa止meれt  Couれtry／reg10n   LeYels   Comeれb   R亡Iもren（：eS   Year   

Alr   Greatし止es，川ral   ＜1－8ヰpg／m〕   alpha－HCH，meanValues，ga5  1992－2003  
Pha5e   

GreatLakes，Chicago   52pg／m5   alpha－HCH，meanValue，gaS  Sunetal．，2006b   199（；－2003  

pha5e  

Niigata，Japan   92pg′m】   Amualaverage，aCCOrdingtothe  2000－2001  
authorsaresultofLlong－range  
けa5POrt   

CzechRepublic   3＄／21／17／22／15pg／mi  Airandaerosol，annualmean  EMEPmeasurement，data  1999－2003  
（Kosetice）  concentrations   onIine  

Finland（Pallas）   24／28／18／15／17／18／9  Airandaerosol，mualmean  EMEPmeasurement，data  1996－2003  

pg′′ml   concentrations   online  

Iceland（Sto血0Ⅲi）  17／16／15／15／10／8／10／5／7  Alrandaerosol，annualmean  EMEPmeasurement，data  1995－2003  

pgノ′mi   COnCentratlOnS   online  

Nonvay（Lista）   94／94／76／69／52／61／50／37  Airandaerosol，annualmean  EMEPmeasurement，data  1991－2003  
／25／19／17／17／12pg／m3  COnCentratlOnS   online  

Sweden（Aspvreten）   43／57／61／50／イ67／16  Air2Lndaerosol，annualmean  EMEPmeasurement，data  1995－2002  
pg／血）   COnCentrat10nS   online  

Ny－As1und（Svalbard，   73pg／m3   
∑HCHs，mOStlyalpha－HCH，  

AMAP，2004a   1996－1988  
N†）may）  highestannua）averagevalue  

reportedin1996  

BarentsSeaandeaste   11－6日pg／mう  Hameretal，（1999）   1999  

ArcticOcean  

Arctic   23“10pg′m5  Uniformdistribution，arithmetic  2000－2003   
mean，meaSurementSfrom4  
Arcticsites   

Precip）tation   Belgium（Knokke）   4．1－0．5ng／1   annual mean concentratlons EMEPmeasurementdata  
online   

Gemany（Zingst）   1－0・jnか1   annual mean concentratlons EMEPmeasurementdata  
online   

Finland（Pallas）   く1ng／1   PreCIPltation＋drydeposition  
annual mean concentratlons online   

Norway（Lista）   2．7－0．4n釘1   annual mean concentratlons EMEPmeasurementdata  
online   

Sweden（A5pヽTeten）   2．7－0．4nか1   annual mean concentratlons EMEPmeasurementdata  
onlule   

Canada／GreatLakes   1－40ng／L   81samples   IPCS，1992   197（〉－77   

Soil   RussianArctic   0．2－0．5ng／gdw  ∑HCHs，PredominaLntlya］pha－  200－2001  
HCH，SOilincItJdingpeatand  
1itter   

Amtarclica   く0，01－0．026ng／gdw  Borghinietal．，2005   1999   

Seawater   Nor仙ernBarentsSea，  1996  
EastemArcticOce   

North Amerlcan Arctlc ～7．5い釘m∋  LiandMacdonald，2005   1983  
Ocean  

CanadianArchipelago  1999   
andsouthemBeaulも止   Sumer   

Sea   

Freshwater，  Russlan north rlvers く1－69n8／1   Seven－yearWeightedmean  AMAP，2004a   1190－1996   
rvers  concentrations  

RIVerand  Ea5temandsouthem  uptomax・470ngノ1  Iwataetal．，1994   1989－1991   
eshlarlneWaterS  AsiaandOceania  

Sediment（Lake）  SouthemSweden   9．2士6．3ng／gdw  ∑HCHs，datafromtheSwedish  2002   
MonitorlngPro訂am，2002   

Vegetation  Taymir（Russia）   7ng′′gdw   Highestconcentrationinlichen  1991－1993   
（1ichen）  COmparedtosamplesftom  

Ala5ka，UralsandKola   
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Compa血Ient  Couれtry／reg10m   Lt！Yds   Comeれb   Relbrences   Year  

Switzerland   0．5－4トIg耽gdw  Fromvariouslocations（e・g▲  SubmittedAnnexE  2002   
Cities，industけ，mal）  informationbySwitzerland，  

2007  

Moss   Antarctica   0．43－4ng／dw  Borghinietal．，2005   1999   

Environmentallevelscansti11behghintheproximityofsources HCHconcentrationsincontaminatedsoilof  
40－225mg此gwerefbuIdinthetopsoilaroundachemicalplaJlt享nAlbamia（UNEP，2003）・MeanlevelsofO・02mgn（g  
WererepOrtedfbrsoils舟omthePearlRiverDeltainChina，RussiansoilsneartheLenaRivercontainedO．001－0．017  
mg耽gHCH，（UNEP，2003）．Levelsofupto12000mg隼gweredetectedinsoilofahighlypollutedareainSpain  
（Concha－Granaetal．，2006）   

Levelsinbiotavary，dependingonthelocation（recentusageand／orhighpollution）andspecies．AIpha－HCHisinmost  
CaSeSthedominantisomerinfish（Willettetal．，1998）．E．g．concentrationsOfHCHs（mainlythealpha－isomer）inseveral  
fishspeciesfromIndiarangedbetween6to68ng／gww．FishsamplescollectedfiomtheNileRivernearCaiIt）in1993  
Showedaconcentrationofalpha－HCHofO．5ng／gww（UNEP，2003）．   

AIpha－HCHwasalsodeteminedineggsofDalmatianPelican（Pe］ecanuscri甲uS）aswellasineels（4nguilaangui／a），the  
nuinpelicanpreyspeciesco11ectedinthewetlandsofAIWrakikosGulfinGreeceforatwoyearperiod，1992and1993．  
Theconcentrationinpelicaneggswas7．9士3．2ng／gand6．5土2．5ng／gwwineels（UNEP，2003）．Concentrationsof  
alpha－HCHinperchfromtheLatviancoastwereq）tO21ng／glw（1ipidweight）（range50－60），Whichwereconsideredas  
backgroundload．Elevatedlevelsofupto126ng／glwwereattributedtoarecentdiscIwgeoftech11icalHCH（01ssonet  
dリ1999）．   

Alocalsourceofalpha－HCHwastheusageoftechnicalHCHbyindigenoushumanpopulationsintheRussiannorth  
againstnuisal芯einseCtSParaSitizingdomesticatedreindeer（Lietal・，2004）・However，nOquamitativeestimatesofthese  
exposul℃、1evelsexist．  

∴マご／・二lT－り．ヾ〟ハ・り．＝ノ川一／ノー！／、／りJJゞJ・‘…g＝州・′′・り〃〃八・〃い／Jハ裾Y州イ  

HighestmeasuredlevelsofalphaヰiCHhavebeenreportedforhigherlatitudesinair（e・g．Svalbard，Alert）aswellasin  
seawater（Hameretal．，1999）．Asshownintable2，alpha－HCHinair（e．g．from94pg／m3in1992to12pg／m3in2003in  
Norway）hasdecreased．AMAP（2004a）alsosummarizedthatconcentrationsOfHCHsinArcticairhavebeenlowsince  
themid1990sduetoworldwideprohibiti0nsandrestrictions．Befbre，inthe1980s，levelsashighasapproximately900  
pg／m3weremeasuredinArcticairO．ietal．，2002）．SeawaterlevelsintheeasternArcticOceanweregenerallylowerthan  
inthewestempart（Hameretal．，1999）．SurfhceconcentrationsarehighestintheCentralCanadianArcticArchipelago，  
intermediateintheBeaufort／ChukchiSeasandattheNorthPole．Inthe1990slevelsintheCanadianArcticOceanwere  

higherthanarwwhereelseintheglobalmineenvironment（AMAP，2004a）．   

Thisspatialdistributionisalsoreflectedinthe．1evelsinbiota．Hoekstraetal．（2002）fbundthatbowheadwhalesexhibita  
reversalintheirblubberalpha－A）eta－HCHra也osontheirlTugrationroutebetweentheBeringtotheBeaufbrtSea．Levelsin  
belugablubberdecreasedfromapproximately190to140ng／glwbetween1982and1997inthesoutheastBa疏nBay  
（AM，2004a）．Levelsofupto196ng／gwwwererepor（ed丘omAlaska（Sl血mittedAnnexEinformationbyIPEN，  
2007）andofupto344ng／gwwfromArviat（Stemetal．，2005）．MinkewhalesfromGreenlandhadhigherconcentmtions  
Oftheprevalentalpha－isomerinblubber（meanlevels40－55ng／gww），thanindividualsfromtheNorthSea（below  
30ng／g）（AMAP，2004a）．Nodeclineof∑HCHsinblubberofnarwhalfromtheCanadianArcticwasobservedbetween  
1982and1999．   

ConcentrationsinringedsealoftheCanadianArcticshowednosignificantcluIlgeOf∑HCHconcentration丘omthe  
1970s．TheelevatedresiduesofHCHisomersinmarinemammalsoftheCanadianArchipelagoarelikelyduetothehigh  
COnCentratio11SOfHCHisomersinthewaterbecauseHCHisomersarethemostabundantorganochlorinesintheArctic  
Ocean（NARAP，2006）．   

NotemporaltrendfbrArcticcodanddabfromthecostalwatersofIcelandwasfbundfortheperiodfiom1991to2000，  
WhereasresultsfromNorwayrevealedasignlficantdecrease（ffom23to4ng／glw）ofalpha－HCHresiduesinArcticcod  
liverbetween1987to1998（SinkkonenandPaasivirta，2000）．  
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Alph－HCHhasbeendetectedinthemuscleandliverofArcticfoxes（l．5and3ng／gww）inCanada（AMAP，2004a）．  
Levelsinpolarbearalsoreflectthespatiald血ibudonofalpha－HCHbeinghighestinAlaska†POPulations（inmalepolar  
bearupto593ng／glw）．Nodeclineofalpha－HCHlevelswerereportedforfemalepolarbearslnWeSternHudsonBay  
（COnCentrationsuPtO260ng／glw）from1991－2002（Verreaultetal．，2005）．Residuesofalpha－HCHinEastGreenland  
polarbearsincreased舟om18－25％dllringthe1990s（AMAP，2004a）．  

2．j．j 拘od  

Dailyintakevaluesofalpha－HCHfbrthegeneralpopulationinadulthumandietsbetween1986and1991inthe  
UnitedStateswerereportedtobeO．008pg几g，7ntheUSA，theagedependentaveragedailyintakeofalpha－HCHdeclined  
from3．3－16．1ng几gbodyweight（bw；1982－84）toO．5－2．7n釘kgbw（1986－91）（ATSDR，2005）．IntheTotalDiet  

StudyconductedbyFDAin20030nlOOfooditenu，alpha－HCHwasdetectedin35items（SubmittedAmexEinformation  
byIPEN，2007）・InaTotalDietStudyfromCallada（1993－96），anaVeragedailydietaryintakeofO．37ng此gbw  
alpha－HCHwasreported（HealthCaluda，2003，inEFSA，2006）・WithintheEuropeancountries，rePreSentativedietary  
intakestudiesarescarce・OnewasperfbrmedintheCzechRepublic・Themediandai1yintakevaluesfbralpha－HCH  
declinedfbm43ngn（gbwin1994tol・6ng此gbwin2002（EFSA，2005）・AIocaldietstt）dycarriedoutinSpaininthe  
years1990／91estimateddailyintakesbelowO，1llgalpha－HCH（Urietaetal．，1996）．   

Alpha－HCHhasbeenfbundincow’smi1kincountrieswhereHCHhadbeenusedrecently．MeanlevelsofalphaHCHin  
COW’smi1koftwodifftrentregio11SinIndiawereO．012mg几glipidandO．0045mgn（glipid，reSpeCtively（ATSDR，2005）．  
140bovinemi1ksamplesfrom14districtsofHaryana，India（SamPledwithin1998－1999）wereanalysedfbr  

OrganOChlorinepesticideresidues．Fourpercentofthesamplesexceededthernaximumresiduelimit（MRL）ofO．05mg几g  
asreconhlendedbyWHOfbralpha－HCH（Sharmaetal．，2006）．Amorutodngstudy（192samples）ofcow，smilkfiDm  
MexicorevealedO．001－0．20lmg耽galpha－HCH（ATSDR，2005）．  

Fishandclamsamples舟omIndiacontainedO・（）ト0・02mg／kgwwandO・26mg耽gw†alpha－HCHrespectively（Nairand  
Pi11ai，1992）．Highlevelsofalpha－HCHinthefbodchainaredocumentedforthearCtlCregion（AMAP，2004b；1evelsare  
reportedundersection2．3．2．）．IndigenouspopulationsintheArcticareparticularlyvu1nerablefromdietaryexposureto  

alpha－HCH址甘Oughsubsidencefbodsuchascaribou，fish，Sealandwhale．  

2．j．4 β0‘か占〟r（お〃  

MedianIevelsofalpha－HCHin25AmericaJIPatientswereO．04ng／ginthewholebloodandl．1ng／g（maximum9．6ng／g）  

inbiopsyfat（ATSDR，2005）．ASpanishstudyreportedmeanalpha－HCHlevelsofl．43pg／g（maximum6．75llg／g）inねt  
SamPlesofchildrenlivinginfarmareas（01eaelal．，1999）・Alpha－HCHhasbeendetectedinl・7％ofthe4822blood  
SamplesofGermanadultsfrom120locations（detectlOnlimit：0・1pgn）（Beckeretal・，1998）．Alpha－HCHwasdetectedin  
blood5erumfromthreeof186（＝1，6％）Brazilianchildren（mean：1・8ppb）（ATSDR，2005）．Alpha－HCHhasbeendetected  
inallsamples（n＝142）ofaneastemRonumiJIStudyin2005withamedianconcentrationof31ng／glipid  
（range3－146ng／g）（Dirtuetal．，2006）．HighconcentratioI鳩WererePOrtedforIndia，duetoagriculturaluseandmalaria  

COntrOl・BloodserumCOntaineduptoO・45mg／1alpha－HCH，Whereasadiposetissue？ntaineduptoO30mgn’g・Breast  

mi1kcontainedO，16mg／1（mean）（NairandPillai，1992）．Scheeleetal．（1998）ilⅣeStlgatedlevelsofseveralorganochlorine  

COmpOundsincludingalpha－HCHillbonemarrowof29adultsfromGermany（CO11ectedbetween1980and1991）・  
Comparedtoadiposetissue，withgenerallyhighestlevelsoforganochlorinecompounds，alpha－HCHconcentrationswere  
lO－fbldhigher血Ibonemarrow（mean：0．050mg几gondrylipidweight；maX：0．476mg此g）．Alpha－HCHhasalsobeen  
detectedinsemen（ATSDR，2005）．  

∴りJ・＼●／－り、、〃ハ・・車／JJ仙・川  

Childrenareatspecificdevelopmentalstagesmorevulnerabletorisksfromchemicalsubstancesthanadults．Itisunclearif  
Childrenaremoresusceptiblethanadultstohealtheffectsfromexposuretoalpha－HCHalthoughitisknownthatthe  
developlngbrainissensitivetotheeffectsofdifferentPOPs・Thespecificemichmentofalpha－HCHintherLmlian  
brainmightbeareasonofconcem．Placentaltransftrofalpha－HCHinhumaIISiswelldocumented（ATSDR，2005：Falcon  
etal．，2004；Shenetal．，2006）．AIpha－HCHaccumulatestoahigherextentinhumanplacentathaninbreastmilk・   

Meanalpha－HCHlevelsinbreastmi1kofaFimishcohort（43mo血ers，1997－2001）wereO．19ng／glipid，Whereas  
placentanteanconcentrationsofalpha－HCHwere3・47ng／glipid・haDanishcohort（43mothers，1997－2001）フmeaワ  

COnCentratlO11SOfO．51ng／glipidinbreastmi1kandl．53ng／glipidinplacentaweredetected．AspecificmetabolicactlVity  
Oftheplacentaltissueissuspected（Shenetal．，2006）．ItcouldbeshownthatincaseofrestrictionsOfuse，alpha－HCH  
COnCentrationsinbreastmilkdeclinecontinuously．InGermanyalpha－HCHwasstillfbundin28％ofthebreastmilk  
SamPlesaJlalysedin1984／85whereasitcouldnotbedetectedin1990／91and1995samples（Ottetal．，1999）．Morethan  
2000individualhumanmiu（SamPlesfromwolnenlivlnginWesternGermanycollectedandanalysedbetween1984and  
2001indicatedthatalphaHCHconcentrationdeclinedfrom＞0．Olmg此gfhttolevelsbelowdetectability（detectionlimit  

OfO・001m釘kgfat）（Ftirst，2004）・Intheframe、YOrkofthe3rdWHOhumanmi1kneldstudy，HCHswereanalysedin  

16humanmi1kpooIsfromtenEuropeancountnes．InBulgaria，RussiaandUkraine，alpha－HCHwasdetectedin  
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COnCentrationsbetweenO．002－0．006mg此glipid，WhereasinthesamplesofCzechRepublic，Germany，Ireland，Italy，  
LⅥXendnurg，NorwayandSpainalpha－HCHwasnotdetectable（detectionlimit：0．001mg此glipid）・hNairobi，Kenya，  
8．8％of216breastmilksamplescontaineddetectablealpha－HCHwithameanconcentrationofO．013mg此gmilkねtanda  
rangeofO．002－0．038mg耽g（鮎nyamuetal．，1998）．Breastmilksamples舟omIndiacontainedO・16mgn（mean）  
（NairandPi11ai，1992）．AmtherIndianstudyreportsO．045mgnalpha－HCHinbreastm此（Nairetal．，1996）．Itcanbe  
COnCludedthatalpha－HCHconcentrationsinbreastmilkstronglydependonexposureandthatinseveralEastEuropean  
anddevelopingcountriesconcentrationsareSti11veryhigh．   

2．4  丑azardas紀SSmentforendpoint50rCOnCerm  

ComparedtotechmicalHCHandlindane，1imiteddataareavai1ablefbralpha－HCH．Alimitednumberofsubchromicand  
Chromicoraltoxicitystudiesexist．NoanindstudiesofthetoxicityOfalpha－HCHviainhalationanddem岨1叩Plication  
havebeenconducted・Studiesondevelopmental，teratOgemicandreproductiveefftctsofalpha－HCHaremiモSing・TYLereisa  

lackofdose－reSPOnsedataa允eroralexposurefbral1relevantspeCleS・Forthepresentriskprofile，themostlmpOrtant  
findingscorLCemingthehazardassessmenthavebeenreviewed．Formoredetailspleaseconsiderthereportshstedunder  
hはdhgl．2．   

AcuteTbxicitv／脱uroLoxicitv：OralLD50valuesrangebetween1000and4000mg瓜gbwfbrmiceandbetween500and  
4674mg耽gbwforrats．ThesignsofpoisomingwerecentralnervOuSStimulation：eXCitation，hunchedposture，rOughfur，  
dyspnoea，anOreXia，tremOrS，COnvu1sions，andcramps（lPCS，1992）．  

Shbふronictox］Citv：Ina90一血ystudyonratscamiedoutwithdoselevelsofO，2，10，50，Or250mgalpha－HCH此gdiet，  
growthwasretardedandrelativeweightoforganSOiver，hean，kidneys，andadrenals）increasedat250mg耽gdiet  
（equivalentto12．5mgn（gbw／day）．Atlevelsof50and250mg此g，1iverenzymeactivitiesweremodifiedandliver  

Pal？nChylnaCellsenlarged．LiverweightincreasedatdoselevelsoflOmg此gdiet（equivalent事OO・5mg此gbw／day）and  
reduc也onsinwhitebloodcellcountwerenoted．SignsOfimmunOSuPpreSSion（reducedserumlevelsofimmun0globulins  
GandM）weredbservedat50and250mgn（gdiet．TheNOAELwas2mg此galpha－HCH瓜gdiet（equivalenttoO，1mg此g  

bw／day；theLOAELwaslOmg此gdiet）（IPCS，1992）．   

C力ronicTbxicitv：WhengroupsoflOfemaleandlOmaleweanlingWistarratswereadmimistereddailydietscontaining  

O，10，50，100，Or800mgalpha－HCH／kgfood（incornOil）forlO7weeks，thehighestdoselevelresultedingrowth  
retardation，increasedmortality，andslightkidneydamage．Withdai1ydosesof1000r800rngn（g，1iverenlargementand  
histopathologicalchangesintheliverwerefbund．However，therewerenoliverchangesat50mg耽gdiet  

岬OAEL50mg耽g，LOAELlOOmgn（gdiet）げitzhughetal．，1950）．   

Genotoxtcitv：AIpha－HCHwasnotmutagenictobacteria（Sbbnonella如，himuriumstrainsTA98，TAlOO，TA1535and  

TA1537）withandwithoutmetdbolicactivationanddidnotinduceDNAdamageinbacteria．However，alpha－HCH  
inducedDNA－fragmentationinhu汀以Iandrathepatocytes．Oralexposuretoalpha－HCHresultedinmitoticdisturbances  
includinganincreasedmitoticrateandincreasedhequerKTOfpoけploidhepaticcellsinmice（ATSDR，2005），   

Carcinogenicitv：StudiesofthecarcinogenicityOfalpha－HCHarelimited．Severalstudiesinmicewerepelfbrmed，but  
theirvalueislimited．Never山eless，itisclearfh）mtheresultsthatalpha－HCH，athighdoselevels，PrOducesno  
hyperPlasiaandhepato’cellular9禦Cinomas血1mice（theincidencevaryingaccordingonthestmin）andalso  
（lowincidence）．Studiesoninitlat10nPrOmOtlOnandmodeofactionindicatethattheneoplasticresponseobservedwith  
alpha－HCHismostlikelyduetoanon－genOtOXicmechanism．ノupha－HCHhasbeenshowntopromotetumorsinthehver  

OfmiceandratsPCS，1992）・nLeInternationalAgencyfbrResearchonCancer（IARC）classiLiedalph－HCHingroup  
2B‥POSSiblycalTinogemictohurruns・USEPAcategorizedalpha－HCH年SPrObablehurrnncarcinog？n・Thedepartmentof  
HealthandHurrLanServicesPHHS）hasdeterminedthatHCH（al1isomers）mayreasonal）1ybeantlCipatedtocausecancer  
inhurrums（ATSDR，2005），   

Dnmunotoxicitv：Mice，treatedwithalpha－HCH（50and250m釘kg／day－i・e・0・5and耳・5mg此gA）W／day）showedsignsOf  
imrrrLlnOSupPreSSion（reducedserumlevelsofimrmmoglobulinsGandM）．   

E舵c／∫in成mans：Adversee舵ctssuchasneurophysiologicalandnetmpsychologicaldisordersandgastrointestinal  
distud）anCeShavebeenreportedfbrworkersexposedtotechmicalHCHduringpesticideorferdlizerfbrmulation．Workers  
Sufftredfromp訂aeSthesiaofthefaceandextremities，headacheandgiddiness，malaise，VOmiting，tremOrS，apPrehe11Sion，  
COnfusion，lossofsleep，iqmidmemoryandlossoflibido．SerumenZymeandIgMlevelswereenh2LnCed（ATSDR，  
2005）．InhalationofHCH（mixedisomers）mayleadtoJirritationofthenoseandthroat（ⅣCS，2006）．Theobservationof  
Serioushepaticeffectsinanimals（e．g，，fhttydegenerationandnecrosis）suggeststhatthesameresultscouldpotemial1y  
OCCurinworkersfo1lowingprolongedoccupationalexposuretoHCHisomers．   
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AGermanstudyonorganochlorinecompoundsintheperipheralbloodof486womenwithhormonaldisordersand／or  
ir血rtilityrevealedthatalpha－HCHconcentIationsweresignificantlyhigherinwomenwithuterinenbroids，antidTyrOidal  
antibodies，1utealirLSufnencyandwomenhigh1ysusceptibletoal1ergleS．ObesewomenandwomenwithaI血toryof  
abortlOnhadthehighestHCHlevelsinblood（Gerhard，1993）．   

InapilotstudywithlimitedstatisticalpowerapossibleassociationbetweenexpsuretoorganochlorinesaIdtheriskof  
ChildhoodaplasticarLaemiawasshown・Alpha－HCHwassignificandyhigherinchildrenwithaplasticanaemiathanin  
thoseofconlmls（p＜0．05）（Abmedetal．，2006），   

Theassociationbetweenalpha－HCHexposu柁andintrautermegrowthretardation（IUGR，＜10thperCentileofbirthweight  

forgestationalage）wasexaminedinIndia．Statisdcallysignificantassociations（p＜0．05）betweenmatemalbloodlevels  
Ofalpha－HCHandinterauterinegrowthretardationwerefbund（Siddiquietal．，2003）   

E舵ctsinnon－targeforganLSmS：Dataonefftctsinnon－targetSpeCleSareeXtremelylimited．Alpha－HCHisacutelytoxicto  

aquaticorganisms・Effectconcentrationsinalgae，ZOOplankton（brlneShrimpandwaterflea）andfishof＜1mgnwere  
reported（detailedvaluesinIPCS，1992；ECOTOXdatabase，2007）．ALC500fapproximatelyl．4mg月wasdeteminedin  
anacutetest（dtLration24hours）inzebransh（01iveira－FuhoandPaumgarten，1997）．Inalongtermstudy（70days）with  
Snails（∠〝〃naeaSZag〝a］is）a50％reductionofreproductionwasfbundataconcentrationof65llgn．Infishno  
histopathologicalchangesorinnuenceongrowthandbehaviourcouldbedetectedinlong－termeXperiments（test  
COnCentradon800pg几，duration50days，SpeCiesguppiFSOrpe11etscontaiminglO－1250mgalpha－HCHn’g，duration  

3months，SpeCies 
． 

／‡J∫ALソ＝「（1〔・／lIrJ∫（〟HりJ  

USEPAperformedadietaryriskassessmentforAlaskancommunitleSforalphaandbeta－HCHin2006．USEPAestimated  
alpha－HCHexposuresforAlaskanCOmmmitiesintherangeofO・00057－0．0039mg此gbw／dayforadults，  
0．0021－0．051mg几gbw／dayfbrchildren（agel－6）andO・00073－OLOO50mg此gbw／dayfbrcruldren（age7－12）．The  

riskisexpressedasaperCentageOfamaximumacceptabledoseorreferencedose（RfD），Alevelofconcernisreachedif  
thedietaryriskexceedslOO％RfD（USEPA，2006），TheRfDvalueofO．00lmg几g／dayforchronicexposureisbasedona  
NOAELofO．1mg耽g／day（theLOAELisO．5mg此g／day）establishedinasubchronictoxicitystudyinratsandapplyingan  
uncertaintyfactoroflOO（USEPA，2006）．Forinhalationthereferenceconcentration（RfC）ofalpha－HCHis  

O．00025mg／m3ba5edonaNOAELofO・025mg／m3Lbrobservationsofhverandkidneytoxicitydeterminedinan  
SubchronicinhalationstudyinratsandapplyinganuncertaintyfactoroflOO（RIVM，2001inUSEPA，2006）．  

TheacutedietaryexposureestimatesarenotofconcernaCCOrdingtoUSEPA（2006）．USEPA’sdietaryriskassessment  
indicatesthatthechromicdietaryexposureestimatesfbralpha－HCHareabovethelevelsofconcernforhigh－enddietary  

intakeestimates．Thecancerdietaryriskestimatesfbralpha－HCHarealsoabovethelevelofconcernforbothlowand  

high－enddielaryintakeestimates．AccordingtoEPA，theriskvalues（％cRLD）are57－390foradultmales，67r460for  

adultfemales，210－5100forchildren（1－6years）and73－500（7－12years）．Theestimatedcancerriskforadultmalesis  

3．2x10‾3to2．5xlOrコand4．2xlO‾3to2．9xlO．二fbradultfヒmales．Itshouldbenotedthattheseestimatedincidencesareat  
leastfburordersofmagnitudehigherthaIlageneralacceptedcancerriskoflxlOr6・凱enthoughthisriskestimationisvery  
COnSerVativeduetothebasicmaximumdetectedlevelsitcanbeconcludedthatthedietaryrisksareofconcem．  
Additiona11y，ithastobementionedthatthetargetorganofchronictoxicityistheliveranditcanbeexpectedthatHCHs  
effectsmightbeadditive．   

3  Synthesisortheinfbrmation  

TechrLicalHCH，amixttIreOffivestableHCH－isomers，COntains55－80％alpha－HCHandwasusedexte11Sively  

WOrldwideasanorganochlorinepesticide．ThoughusageoftechnicalHCHisnegligiblenowadays，releasesintothe  
envirorLmenlmaystilloccur．Localsourcesincludehazardouswastesites，COntaminatedsites，StOCkpilesandlandfillsor  

dumplnggrOunds，Thoughnoquamitativeesthl－ateSOfthesereleasesexist，theamountsofHCHresidualsintheformof  
by－PrOductsfromlindaneproductionareassumedtorangebetweenl・6－1・9to4・8milliontoImeS・Inaddition，manySites  
areexpeCtedtocauseenvironmentalpollutionandarenotnuintainedorcontrolledappropnately・   

Thephysico－Chemicalpropertiesofalpha－HCHfacilitatelong－rangeatmOSpherictraruportaJldallowfbr”cold  
COndensation”onaglobalscale．Inaddition，thelowHerLry’sLawConstantcontributestoachievehighlevelsintheArclic  
Ocean．Moreover，itwasshownthatArcticairconcentrationsmimickedglobalusagedatadirectlyuntiltheearly1990s．  
AIso，mOnitonngdatafromremotereg10nSe．g．theArcticandAntarcticasuggestedthatdetectedlevels，Whichwere  

SOmetimeshigherthaninsourcereglOnS，OnglnatefromlongrangetraLISPOr（．  
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HydrolysISCOntributestotheovera11removalofalpha－HCHinaqueous由1utionundera比alinepH，butunder  
eIⅣironmentalconditionshasminorimportance．AIpha－HCHmayundergoenantioselectivedegradationwhichdependson  
thesiteandmedium．Reportedhalf－1ifeandresidueanalysesinsoilsuggestmoderatepersistence．However，Certain  

eIⅣironmentalconditionse，g．lowconcentrati0nsOrlowtemperaturesresultedinlongerhalf－1ives・Half11ivesfbralpha－  
HCHinArctitlakeswereuptol．4years，WhereasintheEasternArcticOceanenanboselectivedegradationresultedina  
rangeofapproximately5to17years．  

Alpha－HCIlmaybioaccumulateandbio竺gmifyinbiotaandArc也cfoodwebs・TheBMFsaswellasFWMfsin  
iIⅣer［ebrates，fishandterrestrialandInarlnemarmnalsweregreaterthanl．Becauseoftheindividualpoten（ialto  
metabolizealpha－HCH，birdsdonotfitintothisscheme．MostbirdsshowBMFs＜1，independentofthetrophiclevel・  

EspeCiallyinmarrLmals，anenantiospecificaccumulationof（＋）or（－）alpha－HCHoccurs（dependingonthespecies）・  
Combinedwiththelowerpotentialforbiotransfbrmationalpha－HCH，－reaCheshighBMFsinmammals，Withthehighest  
COnCentrationsinbmintissue（especial1ythe（＋）enmtiolner）．AsallHCHsactonthecentralneⅣOuSSyStem，thishastobe  

SeenWithcal血on．Todate，howev9r，nOena山iomer－SpeCifictoxicitystudiesforalpha－HCHareavailableandthereasons  
fbrtheemichmentanddifferencesarelargelyunClea   

Alpha－HCHhasbeenshowntobeneurotoxic，hepatotoxic，andtocauseimmunosuppressiveef托ctsandcanCerin  
馳oratoryanimals・TheIntemationalAgencyfbrReserchonCancer（IARC）hasclassifiedalph－HCHingroup2B，  

POSSiblycarcinogenictohumans．Severalepidemi0loglCalstudiesindicatethatalpha－HCHmightplayaroleinhuman  
breastcancer．Alpha－HCHisaknowntumourpromotmgagent．   

Alpha－HCHmayadvers叫a鮫cthumanhealthinco血aminatedareasaswellasinArcticreglOnS・Basedontheavailable  
toxicitydataofalpha－HCH，itcanbeconcludedthatcurrentconcentrationsofalpha－HCHinfbodandhumanbreastmilk  

areamatterofconcern．Theestimateddailyintakeofalpha－HCHofArcticindigenouspeOpIeexceedssafeintake  

reftrencevalues，eVenthoughestimationisveryconservative．ThedietaryrisksofthesepopulationsaI℃Ofconcem・  
Neverthelessitshouldbeemphasizedth且ttraditionalfoodshaveunlqueSOCial，Cdtural，SPlritualandeconomicvalueand  

thereforeitisstronglyrecorrmlendedtoavoidfoodsinwhichalpha－HCHlevelsareofconcem・   

4  Concludingstatement  

ThoughmostcountrieshavebannedorrestrictedtheuseoftechmicalHCHasapesticide，rePlaclngltinmostcasesbythe  
useoflindane，thelindaneproductionprocesshsproducedhugeamountsofHCHsresiduals．Thecon血uedproduction  
andexistlngStOCkpilesofthesewasteisomershavebeenaworldwideproblemandcontributetothereleasesintothe  
elⅣ止onment，   

Releasesintotheenvironmenthavedram血cauydecreasedoverthepast30years，butlevelsintheenvironmentsuggest  

thatalpha－HCHmaypersistintheenvirorLment（atlowerconcentrati0ns）．ThecoldArcticOcean，Whichisnoweliminating  
alpha－HCH，WaSaSinkwhichpreservedthechemicalfbmrapiddegradation．LevelsinArcdcbiotadonotthoroughly  
reflectthedecreasingtrendoftheabioticcompartments．   

Alpha－HCHispresentintheterrestrialaれdtheaquadcfoodchainsandconcentrationsareahumanhealthconcern．High  

exposureisexpectedinpo11utedareas，Whicharesti11presentaroundtheglobe．HighexposlueOisalsopossiblyexpected  
asaresultoflong－rangetraluPOrtintheAI℃也creglOn．Inaddition，humansandwildliftareexposedtovarious  
COntaminantsthatcaninfluencethetoxicologicalefftctsofalpha－HCHinanadditiveway．Basedontheinl1erent  

propertleS，tOgetherwithestimateddai1yintakesofalphaヰICHofArcticindigenouspeoplethatexceedssa飴intake  
referencevalues，andgiventhewidespreadoccurrenceofalpha－HCHinbiota，includinglnremOteareaSfarffomlikely  
SOurCeS，itisconcludedthatthesubstanceislikely，aSareSultofitslong－mngeeIⅣironmentaltransport，tOleadto  

SigrLificantadversehumanhealthandeIⅣironmentalefftcts，SuChthatglobalactioniswarranted．  

■ 弓   
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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 
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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  

11   
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intheCzechRepublic・Themedianintakevaluesfbrbeta－HCHdeclinedfrom8r4ng此gbwin1994to2．1ng几gbwin  
2002（EFSA，2005）・AlocaldietstudyfromSpalnShowedelevateddailyintakesofO，1ドgbeta－HCH（Unetaetal．，  
1996）・FishandclamSamPlesfromIndiacontainedO・001andO・02mgbeta－HCH几gwetweightreヲpeCtively（Nairand  

P111ai，1992）・Becauseoftheglobaltradeoffbodstuffs，feedingredientsandfbodproductsfromreg10nSWlthongoing  
OrreCentuSeOfHCHs，Whicharesupposedlymorecontamlnated，mightbeimportedbycountneSWhereteclmcalHCH  
hasalreadybeenphasedout・  

Hlghlevelsofbeta－HCHlevelsinfoodaredocumentedfortheArcticRegion（AMAP，2004）・Subsistencefoodsin  
AlaskanCOmmunitleSfromtheyears1990to2001wereanalysedfortotalHCHinordertoestlmatedietaryintakesby  
indigenouspeOple・HighestconcentrationsWerefoundinmarlnemammalsofwhale（391ng／g）andseal（215ng／g）、  
HlghconcentratlOnSWeredocumentedforwalrus（20ng／g），WhlteflSh（20ng／g）andsalmon（26ng／g）．Bemes  
COntainedlOng／gandducks7ng／g（nospecificationifvaluesreftrringtowholebodyorlipidbasisreported）（USEPA，  
2006），  

2．3．4 Bodybllrden  

2．34＿1GeneralDOl）ulation  

Beta－HCHisthemostprevalentHCH－isomerinhumanfattytissue・Thehalf－1ifeofbeta－HCHafterinhalatlOneXPOSWe  
inthebodyis7・2－7・6years（ATSDR，2005）・HumanbiomorutOringstudiesintheUnltedStatesshoweddlatmedian  
levelsofbetaHCHinpost－mOrtemhumanadiposetlSSueSamPlesdecreasedovertime（0・45ppmln1970toO．16ppm  
Since1981）（ATSDR，2005）．  

AcomparisonbetweenbodycompartmentsshowedmedianlevelsofO．13ng／ginwholebloodand18ng／ginadipose  
tissue（ATSDR，2005），AccordingtotheresultsoftheNationalReportsonHumanExposuretoEnvironmental  
Chemicals，beta－HCHserumCOnCenb－ations、intheUSpopulationhavebeendeclinlngSince1970・Foralltestedage  
groups（12yearsandolder），the95仇perCentneOfbeta－HCHserumCOnCentrations 

． 

Werehlgher（54．5ng／g）thaninmales（29．2ng／g）．Highestconcentrat10nlevelswerefbundintheMexICanAmericanS  
（84・4ng／g）・Comparablylowlevelswerefbumdintheagegroup12－19years（8・44ng／g）（CDC，2005）．Age－related  
increasesinthelevelsofbeta－HCHhavebeenobservedinseveralstudiesanddocumentedbytheGermanCommission  
OnBiologicalMonltOrlng（Ewersetal．，1999），  

ComparablyhighconcentrationsweredetectedinhumanbloodserumSamPlesfromRomanla．Beta－HCHwasdetected  
inallsamPles（n＝142）wlthamedianconcentrationof923ng／glipid（range38－11690ng／g）（Dirtuetal．，2006）．High  
COnCentratlOnSWererePOrtedfbrIndiaduetoagriculturaluseandMalanaconbLOlactlVlties．BloodserumSamplesfrom  
IndiacontameduptoO・02mgbeta－HCHn，WhereasadiposetissuecontaineduptoO．18mgn（g（NairandPillal，1992）．  

2．3．4．2Indi巳enOuSpOl）ulation  

Beta－HCHconcentratlOnSinbloodplasmasamplesfromdiff＆entreglOnSandetlm1CgrOuPSOfindigenousmothersof  
theArcticwereOLO4－Orllpgn（Canada），0・07－0・56pgn（Greenland），0・12－053pgn（Alaska）⊃0・31－3・1pgnRussian  
Arctic（maxmum1evel－11・6pgn），0・16－0．21p釘1qceland），0．05－0．09LIgn（Norway，Fin1andandSweden）and  
O・11pgnfromtheFaroeIslands（AMAP2004，Values芦ivenasgeometncmeansフWlththeexceptionofAlaskawhlCh  

aregivenas 
， 

ComparatⅣeinvestlgatlOnsOfthematernalbloodandcordbloodofindigenousmothersfbrbeta－HCHintheRussian  
Arcticwerehlghlydependentontheresidentlalarea．Themotherswith血ehlghestexposure（ChutkotskyDistrlCt）had  
bloodconcentratlOns（Pg八plasma，geOmetnCmeanandrange）of2．0（0．6－7．6）pgnwhereasthecordbloodcontained  
O・8（rLd・－8・0）pgn（AMAP，2004：2）・ThevarlationinbodyburdenfbrindigenouspeOPlemayalsobeduetolocal  
SOurCeSinaddltiontovarlatlOnSinconsunptlOnOflocalmarlnefbods（AMAP，2004：2）．  

2・3・5 Exposureofchildren  

ChlldrenareatspecificdevelopmentalstagesmorevulmerableagamstchemicalsubstanCeSthanadults．Itisnotknown  
ifchildrenaremoresusceptiblethanadultstohealtheffectsfromexposuretobeta－HCH．PlacentaltranSferofHCHin  
humanShasbeenwelldocumented（ATSDR，2005；Falconetal．，2004；Shenetal．っ2006），Beta－HCHIShpophilicand  
accumulatesinadiposetlSSueandbreastmilkThlSisan0therrelevanteXpOSureSOurCefbrchlldren（USEPA，2000）．  
Severalstudiesconcernmgbeta－HCHinbreastmilkarellStedinTable2，Itcouldbeshown，血atduetoresblCt10nSOf  
use，COnCentrationsareconstantlydeclm1ng，  

Itcanbeconcludedthatbeta－HCHconcentrat10nsinbreastmilkarehighlyexposure－dependent・Whereasinsomeareas  
COnCentrat10nSareVerylow，i・e・13ng／ginPoland，in0therareasi・e・Russia，Ukraine，Romanlatheyareveryhlgh  
（upto＞800ng／g）LIngeneralitcanbeexpectedthatinseveralEastEuropeananddeveloplngCOuntrleSCOnCentrations  
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arestillveryhlghLEspecla11yhlghconcentratlOnS、VererepOrtedlbrIndlaandChlna（Wongetal，つ2002）Extremely  
hlghlevelswerealsoreportedforcottonpICkerslnPaklStan（UN7n2003）  

DuetobioaccumulationintheArctlCmarlnefoodweb，hlghconcentratlOnSWerefoundinthebreastmi1koflndlgenOuS  
mothersofArcticreglOnS  

Tab】e2．ConcentrationsofbetaHCHinbreastmllk  

ColmIry／re騨On  Levels  Commemts   Rererences   Year   

qipidweightba5is）  

Germany   0．12mg／kg   StartofMonitonngprogram  1984   

19S∠l   

Germany   0．02mg／kg   ConlinuousMonitonngsince  2001   

19g4   

Spain   0．24叫g／g   51samples   Hernandezelal．inWong，2002   1991   

Canada   0．6－0．8ng／g   LowerconcentratlOn MesandMa）colminATDSR，2005   1992   

POPulationnearGreatlakes  

Canada   0，0211g／g   497samples   NewsomeandRyaninWor嶋，2002   1992   

Brazil   0．27llg／g   40sampIes   Paumgarttenetal．inWong，2002   1992   

RussiaMurmansk   853ng／g   15samples   PoIderetal，inDirtu，2006   1993   

Russia  740ng／g   15samples   Polderetal．inDirtu，2006   1993   

Nonchegorsk  

Ukraine   731ng／g   200samples   Gladeneta．1inDirtu，2006   1993－1994   

CzechRepublic   71ng／g   17samples   Schoulaetal．inDirtu，2006   1993－1994   

Kazakstan   2．211嗜／g   33－7（一弘mPles   Hooperetal．，inWon，2002   1994   

SiberlanRussia   40－142ドg／kg  ArcticMonitoringAssessment  Klopovetal．1998，2000inAMAP   1994－1995  

（geom．means）  Programme   2004   

NorthernRussia   120－401いg／kg  ArcticMonitoringAssessment  PoIderetaI．in   1994－1995  

（gcom．means）  Programme   AMAP2004   

Australia   0．35トIg／kg   60samples   OuinseyetalinWong，2002   1995   

Aflika，Ugandaっ   0・005－0・25mg／kg  Ejobietal．in  1996   

ATDSR，2005  

India   8．83トIg／kg   Delhi，Agcgroup：20－30  BaneT］eeetalLinWong，2002   1997   

61samples  

India   0．0220，078mg／kg  Regi（一nunderMalariacontrol  Duaetal．inATDSR，2005   1997   

Pakistan   0－0・90mg／kg  Cot10nPickers   MasudandParveen．1998inUNEP，  1998   

2003  

Nairobi，Kenya   0．0830－0．026mg／kg  Urbanpopulation   Kinyamuetal 1998   

Japan，Osaka，   5・43pg／g   EstimateduseinJapan：400  1972   

000tl）nS   

Japan，Osaka，   0．21llg／g   Ban（一forganochlorlne  Konishietal．2001   1998   

COmpOundsin1970ies  

Romanla，Iassay   640r唱／g   19sampIes   CovacietalinDirtuフ2006   2000   

CzechRepublic   56ng／g   43sampIes   C毎kaandHq）SlovainDirtu，2006   2000   

Chlna，  15．96帽／g   UncontrolledagrlCulttlraluse  Wongetal．2002   1985   

HongKong  

China，  0．95トIg／g   115samples   Wor唱etal，2002   1999   

HongKong  

China，  1．11ト唱／g   54samples   Wongetal．2002   2000   

Guangz，hou  

Turkey   149喝／g   37samples   Erdooruletal．inDirtu，2006   2003   

Poland   13nかg   22samples   Jaraczewskaetal．inDirtu，2006   2004   

Sweden，  13・＆1／12．29ng／g  Ca5e〟Contro】s  Daamgardetal 2006   
Copenhagen  Cryp10rChjdism－Study   
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2．3．6 InhrmationonBioavailability  

Beta－＝CHismoderatelyassociatedwlthorganlCmatterintheenvironmentUptakebyplantSandresiduesin  
vegetationaswellasbyfbodandfeediswelldocumented（Willetetal・1998；ATSDR，2005；EFSA，2005）・nlOugh  
beta－HCHisnotassumedtobeverymobileinsolltherehavebeencasesofgroundwatercontaminationinthepast  
（HSDB，2006）▲  

Inbiota，beta－HCHisselectlVelyaccumulatedincertaintissues（e・g・llVer，muSCle，fat）andafftctsseveralorganS  
（Willettetal．，1998）．Itcanbeconcludedthatbeta－HCHisblOaVailableintheenviromnentandinbiota・  

2．4  Hazardassessmentfbrendpointsofconcern  

2．4．1 HumanHeal仙  

Informat10nOnthetoxICityofbeta－HCHismostlydenvedfromexperlmentalstudiesmammals・Compaqedtohndane，  
thedataavailablearelimited，eSPeCiallyconcernlnghumandatabecauseoccupatlOnalexposureoccu柑main1ywith  
technical－gradeHCHandhndane・  

Studiesofacute／short－termtOXicityviath与Oralroute，SubcbonlCandchronicoraltoxICitystudiesandalimitednumber  
ofstudiesofreproductiveeffectsareavailable・NostudiesofthetoxicityofbetaHCHviainhalationandder  
appllCationhavebeenconducted・Thereisalackofdose－reSPOnSedataafteroralexposureinal1relevantSpeCies・For  
thepresentriskprofile，themostimportantfindingsconcernlngthehazardassessmenthavebeenreviewed・For仙er  
studiesanddetallsthemorecomprehensivetoxicologicalprofilesshouldbeconsulted（IPCS，1992；ATDSR，2005；  
USEPA，2006）．  

AcuteThicitv／Neurotoxicitv：TheconcentrationrangeforlethalacutetoxICeffectsis－aCCOrdingtoIPCS（1992）－  
150mg此gto＞16000mgn（ginmiceand600mg此gto＞8000mgn’ginrats・SymPtOmSOfacutetoxICityaffectmainly  
thenervoussystem：eXCitation，hunChedposture，rOughfur，dyspnoea，anOreXia，tremOrS，COnvu1slOnsandcramps■  

Subchronictoxtcitv：Ina13－Weekstudyinrats，theeffectsoforalexposuretobeta－HCH（0，2，10，5d，250mg此gdiet）  
W？reinvesbgated・Inalldosegroups，hvereffectswereobserved・Atthehlghestdosetested（250mg此gdiet）halfofthe  
arumalsdiedfo1lowingataxla，PrOgreSSiveinactivity，andcoma▲ObservedeffectsincludedgrowthinhibitlOn，decrease  
ofredandwhitebloodcells，increaseofliverenzymesandlivereffects（increaseinorganWeight，Centrilobular  
hepatocytichypertrOphy），AdecreaseinthymuSWeight（50and250mg耽g）andatrophyofthetesteswereobserved・  
ThefemalesshowedatrophyoftheovaneswlthimpalredoogenesisandfbcalhyperplasieaaswellasmetaplastlC  
changeSOftheendometrialepithelium，WhlChwasinterpretedasapossibleestroge111CaCtionofbeta－HCH（VanVelsen  
etal．，1986）．ANOAELof2mgn（gdiet（equlValenttoO・1mgn’gbw／day）wasestablished（IPCS，1992；EFSA，2005）・  

ChronicTbxtcitv：Along－termStudy（52weeks）inratswithO，10，100and800mg此gbeta－HCHintheirdiet（i・e・0・5，  
5and40mgn（gbw／day）1edtoliverenlargementandh］StOlogicalchanges・Nearlyallanlmalsdied・TheLOAELwas  
lOmg此gdiet（Fitzhughetal▲，1950）・  

Atwo－generabonreproductlOnStudyofratsexposedtolOmg几gdietresultedinincreasedmortahtyandinftrtility・  

TheNOAELwas2mgbeta－HCH／kgdiet（equlValenttoO・1mgn（gbw／day）（VanVelseninIPCS，1992）・  

Genot血citv：Beta－HCHwasnotmutagepICtObacterla（Sblmonelk7押himurlumStrainsTA98，TAlOO，TA1535and  
TA1537）withandwithoutmetabollCaCtlVationanddidnotinduceDNAdamageinbacteria・Positiveresultswereseen  
inanin－VivoratbonemarrowchromosomalaberratlOnStudy（EFSA，2005），  

Carcinogenictル：StudiesofthecarcinogenlCltyOfbeta－HCHarellmited・SeveralstudleSinmicewereperfbrmed，but  
theirvalueislimlted．OntheonehandtheirduratlOn，duetohlghmortality，WaStOOShort；Ontheotherhand  
hlStOPathologicalevaluationsweremissing・Studiesinratshavebeeninadeql迫teduetohlghmortalityandsmallanimal  
numbers，Onestudyinmiceisadeql通tefbranevaluatlOnOfthecarcinogerucityofbeta－HCH・200mg此gbeta－HCHin  
thediet（equivalentto40mg此gbw／day）forllOweeksledtollVerenlargement，hyperplastlCChangesandanincrease  
inbenlgnandmalignanttumOurSintheexposedmice・Ina32weeksstudywhereO，100，300，600mg／perkgdietwere  
giventomlCe，11VertOXicityandatypicalproliferationwasobservedinalldosegroups（IPCS，1992）・Ina24－Week  
StudyinmlCe－givenO，50，100，200，500mgbeta－HCH此gdietTlivertumOu！Sandnodularhyperplasiainthehlghest  
dosegroupwasobserved（IPCS，1992），Ina26－mOnthshldy，1ivercancerinmlCeWaSObservedatadailydoseof  
34mg悔（ATSDR，2005）LBasedonthesedatabeta－HCHhasbeenclassifiedaspossiblehumanCarCino琴enbyIRIS  
（htegratedRiskInformat10nSystem）▲Studiesonthemodeofactionofcarcinogenicityshowednoclearirutiating  
potentlalofbeta－HCH・InonestudythehepatocarclnOgenlCaCtionofbeta－HCHwasshownwithPCBsaspromoting  
agent（ATSDR，2005）．Itwassuggestedhattheneo－Plasticresponseobservedwithbeta－HCHmostlikelyoccursdueto  
anon－genOtOXicmechanlSm（IPCS，1992）・Beta－HCHhasbeenshowntOhavetumOur－PrOmOtingactivity・  
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TheInternatlOnalAgeヮcyforResearchonCancerOARC）classi長edbeta－HCHmgroup2B二11mitedevidencefbr  
CarCmOgenlCity・AposltlVeaSSOCiatlOnhasbeenobservedbetweenexposuretobeta－HCHandcancerフforwhlCha  
CauSalinterpretatlOnisconsideredbytheWorkingGrouptobecredible，butchance，blaSOrCOnfoundmgcouldnotbe  
ru1edoutwlthreasonableconfldence USEPAhasclassifledtechnlCalHCHandalpha－HCHasprobablehuman  
carcinogensandbeta－HCHasaposslblehumancarcinogerl（ATSDR，20O5），TheUSDepartmentofHealthandHuman  
ServICeS（DHHS）hasdetermlnedthatHCH（allisomers）mayreasonablybeanticipatedtocausecancerlnhumanS  
（ATSDR，2005） 

EndbcrTnemedLaEedtoxTCltV：DegenerativechangesinmalereproductivetlSSueSandspermabnormalitleSinratsand  
miceweredescribed（ATSDR，2005）Ina13－、Veekstudy，0，50，150mgbeta－HCH几gdletWeregiventoWIStarratS  
At150mgn’gdlet，ab▲OPhyofthetesteslnmalesandincreaselnuterineweightslnfemalesandsignlficantlyreduced  
Weigl1tgainswerereported（IPCS，1992）SeveralotherstudiesshowedeffectssuchasdecreaselnSpermCOuntSand  
spermabnormalltiesaswellashlStOlogicaleffectsonthetestesanduterusathlghdosesofbeta－HCHexposure  
（USEPA，2006） 

AmmalstudleSandastudywl山MCF－7cellsshowedweal：eStrOgenlCeffectsofbeta－HCH  

ReprodJC（tvetoxICitv：Adversereproductiveeffectsafterbeta－HCHtreatmenthavebeenobservedlnlaboratoryrodents  
andminks（OVarlanatrOphy，1nCreaSedlengthofestrouscycle，disruptlOnOfovariancycling，decreasedovu1atlOnrateln  
female，andadecreaselnthenumberofspermand／orspermatlds，degeneratlOnOfseminlferoustubulesandtestlCular  
atrophylnmaleanlmals）▲AIsoembryotoxICeffectswereobserved（ATSDRっ2005）  

Beta－HCHhasbeensho＼ⅧtOincreasefetaldeathswlthln5daysofb血一山atadoseof20mgn（g／dayglVentOratdam5  
（VSEPA，2006） 

ImmunotoxicltV：MICe、treatedwlthbeta－HCH（60mg几g／day）orallyfor30daysshoweddecreasedlymphoprollferatlVe  
responsestoT－CellmltOgenSanddecreasednaturalk111ercytolyticactivityTheNOAELwas20mgrkg／day（℃SEPA，  
2006），CortlCalatrophyofthethymuswasobselVedatadoseof22r5－25mg几g／day（VanVelsenetal・，1986）  

Ff花c（SinHumans：AdverseeffectssuchasneurophysioIoglCalandneⅦ‾OPSyChologicaldJSOrdersandgastromtestinal  
distwbanceshavebeenreportedinworkersexposedtotechnlCalHCHdl∬lngpeSticldeorfertllizerformulatlOn  
Althought）etaLHCHISOnlyaminorcornponeIltOftechmcal－gradeHCH，itreachedhlgherlevelsandpersIStedlonger  
in仕IeSerum山aneltheralpha－Orgamma－HCl160－100％ofthetotalHCHmeasuredinserumwasbeta，HCH  
（007－0，72ppm）WorkerssufferedfromparestheslaOfthefaceandextremities，headacheandglddmess，malalSe，  
VOmitlng，tremOrS，apPrehenslOn，COnfusion，lossofsleepっ1mPalredmemoryandlossoflibido▲SerumenZymelevels  
Wereenhancedaswe11asIgM（ATSDR，2005）Inhalatior10fHCH（mixedisomersmayleadtoimtationofthenose  
andthroat（IPCS，2006）TheobservatlOnOf－senoushepatlCeffectsinanlmals（eg．，fattydegenerationandnecrosIS）  

SuggeStSthatthesamereSultscouldpotentiallvoccurinworkersfollowlngPrO】ongedoccupat10nalexposure 

Beta－HCHlevelswerehlgherinthebloodofwomenwlthmiscamagescomparedtoacontrolgroup Severalother  
OrganOChlorlnePeSticldeswerealsohigherlnthesewomen，andthereforeitwasnotposslbletoestablishacausal  
relat10nShlp（Gerhard，1999）  

AposslblelinkbetweenhumanexposuretoHCHandbreastcancerhasbeenexamlnedlnSeVeralepldemlOloglCal  
StudiesMoststudiesshowedaweak－nOtSta（istJCalJyslgruhcant－COrrelat10n・AnonTSlgmficanttrendbetween  
beta－tICHinserumandcancerrlSkwasobserveddurlnga17－yearfollow－uPOfaCopenhagencohortstudy  
（Hoyeretal，，1998）▲BloodlevelsofbetaTHCHwerehlgherinwomenwi山breastcancer（lnthe3ト50agegroup）  
Whencomparedto㌣OmenWlthoutbreastcanCer（Mathuretal・，2002）・InoneChlneSeStudy（articlelnChlneSe）a  

SlgnlficantassoclatlOnbetweenhlghbetaTHCHconcerltrationsinb】00dandbreastcancerlnPremenOpausalwomenwas  
Observed（Lietal，2006）  

InanotherstudyaposslbleassociationbetweenbreastmllkconcentrationsofvarlOuSOrganOChlorlnepeStlCides  
lnCludlngbeta－HCHandcryptorchldlSmWaSlnVeStlgated．Beta－HCHwasmeasurable，butnotstatistlCallyslgnificantlY  
hlgherincasemllkthanincontrolmllk．AcombinedstatisticalanalysISOftheeightmostabundantperSIStent  
PeStlCldes，includingbeta－HCH，ShoweddlatpeStlCldelevelsinbreastmllkwereslgnlficanuyhlgherinboyswith  
CryPtOrChldlSm（Damgaardetal，2006） 

2411RISkcharacterlSation  

In2006血eUnltedStatesEnvlrOnmentalProtect10nAgency（USEPA）perfbrmedarlSkassessmentthatindicated  
potentlalrlSksfromdietaryexposuretothealphaandbetaHCHisomerstocommunltleSlnAlaskaandothersinthe  
CircumpolarArcticreg10nWhodependonsubsistencefbods，SuChascanbou，Sealandwhale・Thedietaryprofile  
（intakerates）isbasedondleSubsistencefoodharvestam0untSOfnearly180communltiesfromtheCommurutyProfile  
DatabaseVerslOn311dated3／27／01fromtheAlaskaDepartmentofFishandGameDivisionofSubsistence（datafrom  
iりり（＝02001，USEPA，2006）  
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USEPAestimatedbetaTHCHexposuresfbrAla5kancommun1tiesintherangeofO－00043－0．0032mg几gbw／dayfbr  
femaleadults，0・0014－0・010mgn（gbw／dayforchlldren（agel－6）andO．00048－0．0036mgn（gbw／dayforchlldren  
（age7－12）■TheriskisexpressedasapercentageofamaxlmumaCCePtabledoseorreftrencedose（RfD）．Alevelof  

COnCemisreachedifthedietaryriskexceedslOO％RfD，TheRfDforacuteoraltoxICityisO，05mgn（g／day．TheRfD  

ValueforintermediatedurationisbasedonaLOAELofO．18mgn（g／dayestablishedinasubchronlCStudyinratsand  
applyinganunCertaintyfactorof300（ATSDR，2005）．OnthlSbasisUSEPAestabllShedachronlCRfDof  

O・00006mg丑g／daybyassessinganotheruncertaintyfbctoroflOfbrchronlcexposure．RIVMcalculatedachronicoral  

RfDofO・00002mg此g／dayforbeta－HCHbasedonaNOAELofO，02mg／kg／dayforobservatlOnsOfinfertilityin1wo  
Semi，ChronicoralstudiesonreproductioninratsandapplyinganuncertaintyfactoroflOOO（RIVM，2001inUSEPA，  

2006）．  

LevelsofconcemarereachedifthedietaryriskexceedslOO％RfD．Theacutedietaryexposureestimatesarenotof  
CO？CernaCCOrdingtoUSEPA（2006）・USEPA’sdietaryriskassessmentindicatesthatthechronlCdietaryexposure  
estlmateSforbeta－HCHareabovethelevelsofconcernfbrbothlowandhighenddietarylntakeestimates．Thecancer  
dietaryriskestimatesforbeta－HCHarealsoabovethelevelofconcernforbothlowandhigh－enddletaryintake  
estimates・AccordingtoUSEPA，theriskvalues（％cRfD）are620－4700foradultmales，720－5300foradultfemales，  

2300－17000fbrchlldren（l－6years）and800－6000（7－12yearS）．Theestimatedcancerriskforadultmalesis67xlO．4  
to50xlO－3and7L7xlO－4to5・8xlO－3foradultfbmalesrespectively・Itshouldbenotedthatageneralacceptedcancerrisk  
isIxlO－6・EventhoughthlSriskestimationisveryconselVativeduetothebasicmaximumdetectedlevelsitcanbe  
COnCludedthatthedletaryrisksareofconcern・Additionally，ithastobementioned仏atthetargetorganofchronlC  

toxicityistheliveranditcanbeexpectedthatHCHseffectsmightbeadditive．IthastobeconsideredthattheRfD  

baseqonefft：CtSOnfertility（RIVM，2001inUSEPA，2006）isremarkablylowerandwouldbeexceededtoaneven  
greateTeXtent・  

Asbeta－HCHispresentincordbloodandbreastmilkinfantsmaybeexposedto山edamagmgreproductiveeffectsof  
HCHinsideandoutside仇ewomb（USEPA，2000）．  

AIso，basedonthestudyofNairetal．（1996），1evelsofO．198mgbeta－HCH／linbreastmilkwouldleadtoanintakeof  
Or1386mg／1（700mlintake）whichisalmostlOO－foldhigherthanthesaftintakeofO．0015mg／child（5kg）andonly  
aboutthreetimeslowerthantheLOAELseeninanimalstudies（PohlandTylenda，2000）．EstablishingthechronicRfD  
ValueofUSEPA，aSafeintakeforachildwith5kgwouldbeevenlower（0・0003mg／kg）andwouldexceedtheRfD  

462－fold・AIsoinotherreglOnSintakelevelswithfbodandespeciallywithbreastmi1kareofhighconcerh．  

AnywaydleuruqueSOCial，Cultural，SPlritualandeconomicvaluesoftraditionalfoodshavetobeconsideredandstrong  
effortsshouldbetakentominimizebeta－HCHlevelstherein（CACAR，2003）．  

2．4．2 Environment  

Beta－HCHISaCutelytoxICtOaquaticorganlSmS．ComparedtoeffectconcentratlOnSinalgaeanddaphma（1PCS，1992）っ  
fishisthemostsensitivetaxon．AnLC500fapproximatelyl．7mg乃wasdeterminedinanacutetest（duration24hours）  
inzebrafishandneon（01iveira－FilhoandPaumgarten，1997），IPCS（1992）reportedanEC50basedonchangesinfish  
behaviourof47pg／1（96hours）andanLC50inguppyofO．9mg／1（48hours）．InaproIongedtoxicitystudy（duratlOn4  
and12weeks）includinghlStOPathologicalchanges，theNOECinyoungguPpyWaS32Llg／l（WesterandCanton，1991），  
EstrogeruCaCtivityofbeta－HCHoccurredintheformofalterationsofvitellogeninproduction，teStisatrophy，  
hermaphroditisminmaleandpituitarychanges．  

Itseemedthatbeta－HCHISnOtVerytOXictobirds（IPCS，1992）butthatitmayafrectreproduction．Infemalebirdswith  
highconcentrationsofvariousorganochlorines血cludingbeta－HCH，thebodyconditionofthehrstandsecondchlCken  
intheclutchwaspoorer（AMAP，2004），  

MonltOrlngdataonefftctsinSvalbardpolarbearsrevealedaslgnificantnegativecorrelationbetweenretinolandHCHs  
（AM，2004）・Retinolis？SSentialasitisr？quiredinreproduction，embryonicandfoetaldevelopment，aSWellasin  

Vision，grOWth，differentlatlOnandtissuemalntenanCe．  

3  Synthesisoftheintbrmadon  

TechnlCalHCH，amixtureoffivestableHCH－isomers，COntains．5－14％beta－HCHandwasusedextensively  
WOrldwideasorganochlorinepesticide．  

ThoughusageoftechruCalHCHiscurrentlynegligible，releasesintotheenvironmentmaystilloccur．Localsources  
includehazardouswastesites，COntaminatedsites，StOCkpiles，1andfills，Ordumpmggrounds・Thoughnoquantitative  
estimatesofthesereleasesexist，theam0untSOfHCH－reSidualsinthefbrmofby－PrOductsfromlindaneproduction  
WereeStimatedtorangebetweenl・6－1・9to4・8milliontonnes．InadditionmanyOflocalsourcesareexpectedtocause  
environmentalpollutionandarenotmaintainedorcontrolledapproprlately・  
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ThephysICO－ChemicalpropertleSOfLbeta－HCHallo、VOnaglobalscalefor”coldcondensatlOn”，butpathwaysof  
alpha－andbeta－HCHdlVergelntheenvlrOnmentReasonsareposslblygreaterphysICalandmetabolicstability，higher  
＼Vater／octanoIsolubility，alowerHenJYつsLawConstantandarelatlVelyhlghoctanol－alrpartltlOnCOefncient，WhlCh  
favourspartlt10nlngtOOrganicphases  

AccordlngtOaVailabledatabetaTHCHcanbeconsideredtobeperSIStentlntheenvlrOrunent Thoughbeta－HCHis  
blOdegradablebyvariousmlCrOblalstralnSunderfavourablecondltlOnSdegradatlOnrateSlnfieldexperimentsarelow  
indlCatlngVerySIowdecreaseunderenvlrOnmentalcondltions Reslduesofbeta－fICHremalnedforyearsintreated  
PlotslnSeVeralstudleS TheonlydeterminedDT50valueswere100and184daysoncroppedanduncroppedsoilunder  
SubtropICalcondltlOns．InadditiontodegradatlOnandplantuP－takevolatlllSat10nandleachlngmayalsohave  
COntrlbutedtothedisappearanceofbeta－HCHlnthisinvestlgatlOn  

MonltOrlngdatafromremotereglOnSfarftomsourcesclearlymdlCatethatbeta－HCHhasundergonelong－range  
envlrOnmentaltransportItissuggestedthatbetaTHCHenterstheArctlCbyoceancurrentspasslngthroughdleBering  
StraltafterwetdepositionandpartitionlnglntOtheNorthPaclficOcean  

Beta－lICHhasaBCF（Wholebody）of1460basedonalaboratorystudyinfishIIowever，thereareseveralfield  
lnVeStlgationslnArcticmarinefbodwebsavailablethatsuggestthatbeta－HCHmayaccumulatetohighconcentrations  
lnuppertrOPhlClevels（1e．marinemammalsandblrds）・ThusBMFsaswellasFWMfsweregreaterthanl・Ithas  
fし1rtherbeendemonstratedthatbeta－HCHisfbundlnbreastmllkofhlghlyexposedindigenousmOtherswhoconsumea  
subsIStenCediet．ThusitshighblOaCCumulatlOnPOtentlallSWelldocumented  

Betar11CHhasbeenshowntobeneurotoxIC）hepatotoxIC，tOCauSerePrOductlVeandlmmunOSuppreSSiveeffectsand  
effectsonfertilityandreproductioninlaboratoryanlmals  I  

MonitorlngdataonArcticpolarbearsrevealedanegatlVeCOrrelatlOnWithretinoIconcentratlOnsandHCHs，Whichmay  
lmpaCtaWiderangeofbiologlCalfunct10nS  

TheIntemationalAgencyforResearchonCancer（IARC）hasclasslfiedbeta－HCHingroup2BフPOSSlblycarcinogenic  
tohumanS．SeveralepldemlOloglCalstudiesindicatethatbeta－HCHmightplayarolelnhumanbreastcancer，atleast  
beta－HCHisaknowntumOurPrOmOtlngagent Beta－HCHmayadverselyaffecthumanhealthincontaminatedareas  
andaswelllnArcticreglOnS BasedontheavallabletoxICltydataofbetaTHCHltCanbeconcludedthatcurrent  
concentrationsofbeta－HCHlnfoodandhumanm11klnthesereglOnSareOfconcem▲Theestlmatedcancerrisk  
calculatedbyEPA，thoughveryconservative，SeemSVeryhigh（50xlO‾3to77xlO‾4）  

IthastobetakenintoconsiderationthattheArctlCPOpulat10nandwlldllfearealsoexposedagalnStaWiderangeof  
otherpersIStenttOXICSubstances，WruChmayaじtlnanaddltlVeWay NeverthelessltShouldbeemphasizedthat  
tradltlOnalfoodshaveun1queSOClalっcultural，SPlritualandeconomlCValueandthereforeltisstronglyrecommendedto  
avoidfoodsinwhichbeta－HCHlevelsareofconcem 

4  Concludingstatement  

ThoughmostcountrieshavebannedorrestrlCtedtheuseofteclmicalHCHasapesticldeっreplaclngltinmostcasesby  
theuseOflindane，theproductionprocesscreateshugeamountsofHCHsreslduals Thecontlnuedproductionand  
existlngStOCkpllesofthesewasteisomershavebeenaworldwideproblemandcontrlbutetothereleasesintothe  
envlrOnment  

Beta－HCHISperSIStentandpresentina11envlrOnmentalcompartments三eSpeCiallylevelslntheterTeStrialaswellasin  
theaquaticfoodchainglVerisetoconcemtoadverselyaffecthumanhealth・HighexposurelSeXpeCtedinpolluted  
areas⊃Whicharestillpresentaroundtheglobe，HlghexposureoISalsoposslblyexpectedasaresultoflong－range  
envlronmental transport 

Basedontheinherentproperties，tOgetherwldleStlmateddallylntakesofbeta－HCHofArcticindigenouspeOplethat  
exceedssafeintakereferencevalues，andgiventhewidespreadoccurrenceofbetaTHCHinbiota，includinglnremOte  
areasfarfromllkelysources，itisconcludedthatthesubstancelSlikely，aSareSultofltSlong－rangeenVironmental  
transport，tOleadtoslgnlficantadversehumanhealthandenvlrOnmentaleffects，SuChthatglobalactioniswaITanted 
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リンデンの危険性の概要  

分卸隠 蓄積阻   人健康覿 瀬植物ぺの影郵   

【生分解性】   【BCF（経鯉的生物濃縮係数）】   【慢性毒性】   【慢性毒性】   

非常に遅い。実験室の好気的条件下  ・水生生物：BCF＝10－6000（実験室）。  ラット（混餌）：7mg／kg／dayで肝臓壊死  淡水魚：NOAEC＝0，0029mg／L（幼魚   

の土壌中で半減期は980 日。嫌気的  BCF＝10－2600（環境中）。BCF＝3－36  （38週）、肝臓肥大（104週）  の生育低下）   

条件下ではより速く分解が進行。  （Berny）。BCF＝43－4220（湿重量へい－  水生無脊椎動物‥NOAEC＝0．054mg／L  

【生殖毒性】  （生殖能低下）  

【光分解性】  ヘナース）  ウサギ（3日／週で12週）：  

光に対しては安定。  ・エビ：logBCF＝2．．26（脂質へや－ス）。ニゾマスニ  0．8mg／kg／dayで排卵率低下  カエル：0．0001mg／Lで統計学的に有  

ogBCF＝3．85（脂質へサース）。動物プラン外  ラット（5日）：6mg／kg／day（♂）で精子数  意な性比影響（71％雄）、エストロゲン活  

【加水分解性】  ン：logBCF＝4，3。無脊椎生物の平均  減少   性の誘導、精子のプロゲステロン応答   

・半減期は92－3090時間。PH5、PH7  JogBCF＝2．28。脊椎生物の平均Iog  ラット（90日）：75mg／kg／day（♂）で性器  性変化。試験管内書式験において、ビテ   

において安定であり半減期は 732  BCF＝2．87  萎縮、精子形成能かく乱   ロゲニン及びエストロゲン受容体の発   

日。PH9における半減期は43－182  ラット（妊娠15E］単回）：30mg／kg／day  

【BAF（経鯉及び経口による生物濃縮       日。海水中ではpH8（200c）で1．1    で雄児性行動変化、テストステロン濃   

年。PH7．6（50c）のヒューロン湖で42年。  係数）】   度低下   無脊椎動物：35日間試験  

pH8（00c）の北極で110年など様々  ■ニゾマスニlogBAF＝4．1   マウス（妊娠12日単回）：30   LOAEL＝0．0135mg／L（生殖能及び個体   

な推定値・算出値が報告されている。  ・無脊椎生物の平均logBAF＝2．94。  mg／kg／dayで胎児の胸腺、胎盤重量低  

・脊椎生物の平均logBAF＝3．80。肉部  

【半減期】  分で780、内臓部分で2500、全魚体  

・大気中：OHラゾ加レとの気相反応の速  成長速度低下、精子数減少、テストス  

度定数に基づく推定値は2－3日。対  テロン濃度低下  

流圏での寿命は7日と推定。熱帯地  

域での対流圏寿命は13日と推定。   

BrubakerandHitesは大気中での寿  「発がん性を示す科学的根拠が示唆さ  

命を96日と推定。  れるが、潜在的人発がん性を評価する  

1水中：河水では30－300日。湖水では  には科学的根拠が不十分な物質」に分  

3－30日。  類（USEPA）  

・土壌中二2－3年。   

【その他】  

リンデン含有殺虫剤摂取で人に発作痙  
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ExecutiYe5ummary   

Mexico proposed that gamma－hexachlorocyclohexane（1indane）be added to Annex A ofthe  
Stockholm Convention．The Review Committee evaluated Annex Dinfbrmation presented by  

Mexicoatitsnrstmeetlngandconcludedthat”LindanemeetsthescreenlngCriteriaspecinedin  
AnnexD”．   

Internationalinitiatives onLindaneincludetheProtocolonPersistent OrganicPollutants ofthe  

ConventiononLongRangeTransboundaryAirPollution；theRotterdamConvention；theOSPAR  
Commission fbr the Protection ofthe Marine Environment oftheNortheast Atlantic，the Great  

LakesBinationalToxics StrategybetweentheUnitedStatesandCanada，andaNorthAmerican  
RegionalAction Plan on Lindane and Other HexachlorocyclohexaneIsomers under the  

CommissionfbrEnvironmentalCooperationbetweenCanada，UnitedStatesandMexico・   

Foreachtonoflindaneproduced，arOund6－10tonsofotherisomersarealsoobtained・Inthelast  

yearstheproductionoflindanehasrapidlydecreasedanditappearsthatonlyRomaniaandIndia  

arecurrentproducingcountries．Lindanehasbeenusedasabroad－SpeCtruminsecticidefbrseed  

andsoiltreatment，fbliarapplications，treeandwoodtreatmentandagalnSteCtOparaSitesinboth  

Veterinaryandhumanapplications．   

Oncereleasedintotheenvironment，1indanecanpartitionintoallenvironmentalmedia・HydrolysIS  

and photolysISarenOtCOnSideredimportantdegradationpathwaysandreportedhalf11ifbsin air，  

waterandsoilare：2．3days，3－300daysandupto2to3years，reSpeCtively．Ahalf－1iftof96days  

inairhasalsobeerleStimated．   

Lindanecanbio－aCCumulateeasilyinthefoodchainduetoitshighlipid solubilityandcanbio－  
COnCentrate rapidlyin microorganisms，invertebrates，nSh，birds and mammals．The  

bioconcentration factorsin aquatic organisms underlaboratory conditions ranged from  
approximately10upto4220underneldconditions，thebiocollCentrationfactorsrangedfromlOup  
to 2600．Althoughlindane may bioconcentrate rapidly，bio－tranSfbrmation，depuration and  

eliminationarealsorelativelyrapid，OnCeeXPOSureiseliminated．   

ManystudieshavereportedlindaneresiduesthroughoutNorthAmerica，theArctic，SouthernAsia，  

theWesternPacihc，andAntarctica．HCHisomers，includinglindane，arethemostabundantand  

PerSistentorganochlorinecontaminantsintheArcticwheretheyhave notbeenused，pOlntlngat  
evidenceoftheirlong－rangetranSpOrt．   

Thehypothesisthatisomerization ofgammaHCHto alphaHCHin airemerged as a possible  

explanationfbrhigherthanexpected alphaHCH／gammaHCHratiosintheArctic．Howeverno  

COnClusiveexperimentalevidenceofisomerizationtakingplaceinairhasbeenproducedtodate．  
AIso，althoughthereisevidencethatbioisomerizationoflindanecantakeplacethroughbiologlCal  

degradation，1tSeemSthatthisprocessmayplayaninslgn沌cantroleintheoveralldegradationof  

gamma－HCH．   

Lindanecanbefbundinallenvironmentalcompartments，andlevelsinalr，Water，SOilsediment，  

aquaticandterrestrialorganismsandfbodhavebeenmeasuredworldwide，Humansaretherefbre  

being exposed tolindaneas demonstrated bydetectablelevelsin human blood，human adipose  

tissueandhumanbreastmilkindif托rentstudiesin diversecountries．Exposureofchildren and  

PregnantWOmentOlindaneareofparticularconcern．   
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Hepatotoxic，immunotoxic，reprOductiveanddevelopmentalef托ctshavebeenreportedfbrlindane  

inlaboratoryanimals・TheUSEPAhasclass摘edlindaneinthecategoryof”Suggestiveevidence  
Ofcarcinogenicity，butnotsufncienttoassesshumancarcinogenicpotential”＿Lindaneishighly  

toxictoaquaticorganismsandmoderatelytoxictobirdsandmammalsfollowlngaCuteeXpOSureS・  
Chroniceffbctstobirdsandmammalsmeasuredbyreproduction studiesshowadverseef托ctsat  
lowlevels such as reductionsin egg production，grOWth and survivalparametersin birds，and  

decreasedbodyweightgalninmammals，Withsomeef托ctsindicativeofendocrinedisruPtlOn．   

These findings and the evidence ofitslong range transport，aS Wellas the fbct thatlindaneis  
Currentlytheobjectoflocalandglobalactioninitiatives，thatalsoincludethoroughanalysISand  

Selection procedures，Should be sufncient to warrant globalaction under the Stockholm  

Convention．  

1．   Introduction   

l．1 Chemiealidentity   

Mexico proposed that gamma－hexachlorocyclohexane（1indane）be added to Annex A ofthe  
StockholmConventiononJune29，2005・Theproposalpresenteddataonthegammaisomer，but  

mentioned aswellthat”otherisomersofhexachlorocyclohexaneshouldalsobeconsideredinthis  
proposal”・1   

Lindane：gamma－hexachlorocyclohexane  
Chemicalformula：C6H6C16  
CASnumber二58－89－9  

Molecularweightこ290．83  

PhysicalandChemicalpropertiesofgamma－HCII   
Physicalstate   Crystallinesolid   

Meltingpolnt   112．50C   

Boilingpolntat  323．40C   

760mmHg  

Vaporpressureat  4・2x10－）mm＝g   

200C  

Henry’sLaw  3，5xlO－6atmmj／mol   

constantat250C  

ATSDRっ2005   

Lindaneisthecommonnamefbrthegammaisomerofl，2，3，4フ5，6－hexachlorocyclohexane（HCH）．  

TechnicalHCHis anisomeric mixture that contains mainly坑ve fbrms difftring only by the  

Chlorineatomsorientation（axialor 

． 

hexachlorocyclohexane（53％－70％）intwoenantiomericfbrms（（＋）alpha－HCHand（－）alpha－HCH），  

beta－hexachlorocyclohexane（3％－14％），gamma－hexachlorocyclohexane（11％L18％），delta－  

hexachlorocyclohexane（6％．10％）and epsilon－hexachlor？CyClohexane（3％－5笹）・The gamma  

isomeristheonlylSOmerShowlngStrOnglnSeCticidalpropertleS．  

luNEP／POPS／pOPRC，1／8aJldUNEP／POPS／pOPRC，1／INF／8   
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Structureofalpha）beta）gammaIdeltaandepsilonIICHisomers  

ModinedfromBuseretal．，1995．  

Theterm”benzenehexachloride（BHC）”isalsocommonlyusedfbrHCH，butaccordingtoIUPAC  
ru1esthisdesignationisincorrect・Neverthelessthetermisusedandtherefbre，gamma－BHCalso  
designateslindane・Inthepresentriskpro坑1edocument，1indanerefbrstoatleast99％puregamma－  
HCHandtheBHCtermisnotused，  

1．2 ConclusionoftheReviewCommitteeregardingAnnexI）information   

The Committee has evaluated Annex Dinfbrmation atits nrstmeetlngheldinGeneva，from  
November7thtollth2005，andhasdecidedthat＝thescreenlngCriteriahavebeenfu1n11edfbr  
lindane＝and concludedthat＝LindanemeetsthescreenlngCriteriaspecifiedinAnnexD・”The  
Committeeagreedthatthealphaandbetaisomerscouldbeincludedinthediscussions，although  
anydecisiontoproposeinclusionofthechemicalintheConventionwouldapplyonlytolindane，  
thegammaisomer2・  

1．3  Ⅰ）atasources   

Datasourcesprovidedbytheproposingparty，Mexico：   
1．ATSDRToxicologlCalPronleInfbrmationSheet2001   
2．AMAP．1998・PersistentOrganicPollutants・ArcticMonitonngandAssessmentProgram   
（AM），183－373・Oslo，NoⅣ？y・   

3．DeVoto，E．，L1998・Arch・EnvlrOn・Healih53：147－55・   
4．Extoxnet．1996．USDA偲xtension Service／NationalAgriculturalPesticide Impact  
AssessmentProgram・   

5・Gregor，1989・Environ・Sci・teChnol・23‥561－565・   

6．IARCMonographs，   
7．M6ssner，S・，1994・Fres・J・AnalChem・349‥708－16・   

8．Raum，E，A．1998．）身diem．Commun・Health52（suppll）：50S－5S・  

2uNEP／POPS仲OPRC．1／10  

6   
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9・U・SEnvironmentalProtectionAgency・1RIS・   

10．Walker，K．，1999．Environ．Sci＿Technol．33：4373－4378．   

11．Wania，F＿，1999．Environ．Toxicol．Chem＿18：1400－1407．   

12．WHO．1991．EnvironmentalHealthCriteria124Lindane   

13，Willett，K．，1998，Environ．Sci，Technol．32：2197－207．   

14・Yi，F，L，Sci．andTechnol．Vo130，No12，1996．   

DatasourcesusedbytheCommittee：   
1．UNEP／POPS／POPRC．1／8   

2・Nagabe，etal■，EnvironmenlalScienceand花chnol咋γ．27：1930－1933．1993．   

3・Harner，T・etal・，肋vironmenlalScienceandIbchnol咽ノ．33：1157－1164．1999．   

4，Harner，T．etal．，Gecpjv）SicalResearchLetters．27：1155－1158．2000，   

5・JhvironmenlalHeallhCrileriaNo・124二LinLkme・InternationalProgrammeonChemical  
Safもけ．  

6，UNEP，Il，0，WHO Geneva．1991．  

（http：／／www・inchem・Org／documents／ehc／ehc／ehc124．htm）．   

7L Brocketal．，AllerraRqpor189，Netherlands．2000．   

・＼－．（ノJJJ‘山／Jし∵‘ん町〟／肛〃／り〃J・ハム‘ハ＼ハ、仙ソJ／／川・／りハJ、‘J川／仙J川仙J／＼J仙人り・（’川仙・J／／り／・ハ・仙、l・   

9・9］旬14／LE（1．EuropeanUnion．SANCO／4145／2000－final，BruSSels．2002．   

10・ArcticMonitorlngandAssessmentProgramme・Norway・2002・   
11・Gregor，D・，etal－，EnvironmentalScienceandTbchnokw．23：561－565，1989．   

12・Brubaker，W・W一，andHites，R・A・1998・b7Vironmenk71Scienceand花chnology32二766  

769．   

ThefollowlngPartiesandobservershaveansweredtherequestfbrinfbrmationspec浦edinAnnex  
E of the Convention＝Republic of Macedonia，InternationalHCH＆PesticidesAssociation，  

Republic ofArmenia，Haiti，World Wild Fund fbrNature，CropLiftInternational，International  

POPs Elimination Network，Morocco，Republic of Mauritius，European Community，Brazil，  

RepublicofLithuanla，Canada，UnitedStatesofAmerica，Australia，Japan，Mexico，Lebanonand  

Poland. A more elaborated sumlnary of the submissions is provided as separate 

UNEPnOPS／POPRC・2nNF・18document・Summ7yQ［ゐIasubmittedbyParliesandobservers  
ノ川●′J′／り′ソ川′／い′′、ハ・lソ／仙／′′′レ′′′ハ／り／／／八・l－り川∵〃／J川J  

Thefollowinglindaneassessmentreportsarepubliclyavailablethroughtheinternet：  

● AssessmentofLindaneandotherHexachlorocyclohexaneIsomers・USEPA・February2006  
http  

● ToxicologlCalProⅢe fbr Hexachlorocyclohexane，Agency fbr Toxic Substances and  

Disease ReglStry，US Department of Health and Human Services，uPdatedin2005・  

http：／／www．atsdr．cdc．巳OV／toxpronles／tD43，html  

● USEPA Reregistration EligibilityDecision（RED）fbr Lindane．2002．See RED and  

SupPOrtlng health and eco assessments included in the docket．  

http二〟w叩OV／opps汀dl凧EDs／1indane＿red．pdr  

・The North American RegionalAction Plan（NARAP）on Lindane and Other  
Hexachlorocyclohexane（HCH）Isomers．DraftfbrPublicComment．October2005．North  

7   



UNEP／POPS／POPRC．2／17／Add．4   

American  Commission  fbr  Environmental  Cooperation   

http：〟www．cec．or岬   

● Healthrisksofpersistentorganicpollutantsfromlong－rangetranSboundaryairpollution，   
Joint WHO／convention task fbrce on the healthaspects ofair pollution・WHO侶urope・   
2003・   Chapter  3‥  Chapter  3／   HexachlorocycIohexanes   
httt）：／／www．euro．who．int旧ocument／e78963．1）df   

● TechnicalReviewReportonLindane・ReportsonSubstancesScheduledfbrRe－aSSeSSmentS   
Under the UNECE POPs Protocol．Prepared by Austriain 2004（available‥   

http：〃w耶V．uneCe．Or糎呵   

・IPCSInternationalProgrammeonChemicalSafbty．HealthandSafbtyGuideNo・54   
LINDANE（Gamma－HCH）HEALTHANDSAFETYGUIDE・UnitedNations   
EnvironmentProgramme，InternationalLabourOrganisation・WorldHealthOrganization・   
Geneva，1991．http  

1．4  Statusofthechemicalunderinternationalconventions   

Lindaneislisted as a Hsubstance scheduled fbr restrictions on use”in AnnexIIofthe1998  
ProtocolonPersistentOrganicPollutantsoftheConventiononLong－RangeTransboundary  
AirPoIIution．Thismeansthatproductsinwhichatleast99％oftheHCHisomerisinthegamma  

fbrm（i．e．1indane，CAS：58－89－9）arerestrictedtothefbllowinguses‥1・Seedtreatment・2・Soil  
applications directly fbllowed byincorporationinto the topsoilsurfacelayer3・Profbssional  

remedialandindustrialtreatmentoflumber，timberandlogs．4．PublichealthandveterinarytopICal  
insecticide．5．Non－aerialapplication to tree seedlings，Small－SCalelawn use，andindoor and  

outdoorusefbrnurserystockandornamentals・6・Indoorindustrialandresidentialapplications・All  

restrictedusesoflindaneshallbe reassessedundertheProtocolnolaterthan twoyearsafterthe  
dateofentrylntOfbrce・TheProtocolenteredintofbrceonOctober23th，2003・ 

3   

Lindane，aS Wellas the mixture ofHCHisomers，1Slistedin AnnexIIIofthe Rotterdam  

ConventiononthePriorInfbrmedConsentProcedureas“chemicalssubjecttothepnorinformed  
consentprocedure＝・TheRotterdamConventionenteredintofbrce24February2004・ 4   

Hexachlorocyclohexaneisomers，includingLindane，thegammaisomer，areincludedintheListof  

ChemicalsfbrPriorityAction（Updated2005）undertheOSPARCommis竺i？nfbrtheProtection  
ofthe Marine Environment ofthe Northeast Atlantic．Under thisinltlative，the Hazardous  
SubstanceStrategysetstheobjectiveofpreventlngPOllutionofthemaritimeareabycontinuously  

reducing discharges，emissions andlosses ofhazardous substances，With the ultimate aim of  
achievlngCOnCentrationsinthemarineenvironmentnearbackgroundvaluesfbrnaturallyoccumng  

substancesandclosetozerofbrman－madesyntheticsubstances．TheOSPARConventionentered  
intofbrceon25March1998． 

5  

Ten0nLonraJI 
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． 
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0SPARCoIⅣentionfbrtheProtectionoftheMarineEnvirormentoftheNortheastAtlamic・加p‥／／www・OSpar・Org／   
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HCH（includinglindane）islistedasaLevelIIsubstanceintheGreatLakes BinationaJToxics  
StrategybetweentheUnited StatesandCanada，Whichmeansthatoneofthetwocountrieshas  

groundstoindicateitspersistenceintheenvironment，POtentialforbioaccumulationandtoxicity・ 
6   

ANorthAmericanRegionalActionPlan（NARAP）onLindaneandOtherHexachlorocyclohexane  
Isomersisunderdevelopmentunderthe SoundManagement ofChemicals prQ］eCt，Whichis an  

OngOlnglnitiativetoreducetherisksoftoxicsubstancestohumanhealthandtheenvironmentin  

NorthAmerica，ThisprogramispartofthePollutantsandHealthProgramoftheCommissionfbr  

EnvironmentalCooperation between thethree NAFTA countries：Canada，United States and  

Mexico．（CEC，2005）   

LindaneisalsolistedundertheEuropeanWaterframeworkDirective．ThisDirectiveisapleCe  

Ofwaterlegislation丘omtheEuropeanCommunity－ItrequlreSallinlandandcoastalwaterbodies  
toreachatleast“goodstatus”by2015．Lindaneisoneofthelistedpriorityhazardoussubstances  

fbrwhichqualitystandardsandemissioncontroIswi11besetatEUleveltoendallemissionswithin  

20 years 

2・ Summ甲ryinformationrelevanttotheriskprofile   

2．1  Sources   

a） Production，trade，StOCkpiles  

The manufacture oftechnical－HCHinvoIves the photochlorination ofbenzene，Which yields a  
mixtureofflvemainisomerst Thismixtureofisomersissubjecttoftactionalcrystallizationand  
COnCentrationtoproduce99％purelindane，With onlyalO－15percentyield・Theproductionof  

lindaneistherefbreinefncientasfbreachtonoflindane（gammaisomer）obtained，aPrOXimately  
6－10tonsofotherisomersarealsoobtained（IHPA，2006）．AccordingtotheLnternat10nalH（ニガ＆  

PeslicickAssociation（IHPA）（reportandAnnexes），therehavebeenvariationsintheproduction  

methodsfbrHCHandlindane，aSWellasforHCHisomersdestruCtionorre－uSe，However，mOStOf  
themethodstoprocessorre－uSethewasteHCHisomershavebeenglVenupOVertheyearsand  
COnSequently，mOStOfthewasteproductshavebeendumpedoverthelast50years（IHPA，2006）・  

Thelindaneindustryclaimsthatmodernproductiontechnologyprocessesthewasteisomersinto  
TCB（trichlorobenzene）andHCl（hydrochloricacid）therebyreducingoreliminatingenvironmental  

COntaminationfromthesebyproducts（CropLife，2006）・   

Historicalproduction of technicalHCH andlindane occurTedin many European countries，  
includingtheCzechRepublic，Spain，France，Germany，UnitedKingdom，Italy，Romania，Bulgaria，  

Poland，andTurkey，andtookplacemainlyfrom19500rearlierandstoppedin1970tothe1990s・  

AccordingtoaresearchbyIHPA，teChnicalHCHandlindanehavealsobeenproducedinother  

countriesincludingAlbania，Argentina，Austria，Azerbaijan，Brazil，China，Ghana，Hungary，India，  

Japan，Russia，Slovakia and the United States・Exactinfbrmationisdifficulttoobtain，aSmany  

COuntriesdonotkeeprecordsofhistoricalpesticidesproduction，Salesandusageortheindustry  
COnSidersthistobeproprietaryinfbrmation（IIiPA，2006）・  

GreatLakesBinationalToxicsStrategy  
7EuropeanUnlOnWaterFrameworkDi唾旦httD：／／ec．euroDa．eu／en、・irornlent＾vater／、－ater－frame、VOrk／indexell．htnll  
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Itisestimatedthatgloballindaneusageftom1950to2000fbragrlCultural，1ivestock，fbrestry，  

human health and other purposes amounts to around600000tons．The next table shows  

agriculturallindaneusageindiffbrentcontinentsintheperiodfrom1950to2000（IHPA，2006）・  

Comtinent   Usage（tons）   
Europe   287，160   

Asia   73，200   

America   63，570   

A丘ica   28，540   

Oceania   1，032   

Total   435，500   

ItappearsthatinthelastyearstheproductionoflindanehasrapidlydecreasedleavlngOnlyasmall  
numberofproducingcountries．Romania，India，andpossiblyRussiaaretheonlycountriesinthe  

WOrldstillcurrentlyproducingLindane（IHpA，2006and USEPA，2006，CEC，2005AnnexA）．  

Other sourcesindicate that Russia（Liet al．，2004）and China（USEPA，2006）have stopped  

PrOducinglindane・Indiaproducesanduseslindanefbrthecontrolofmitesin sugarcaneat200  
tonneSPeryear・   

Globallindaneproductionbetween1990and1995wasaround3222tonsperyear．InEurope，the  

toplOcountrieswithhighestlindaneusagebetween1950and2000，rePreSentlng96％ofthetotal  

usageinEurope，Were：Czechoslovakia，Germany，Italy，France，Hungary，Spain，Russia，Ukraine，  

YugoslaviaandGreece（IHPA，2006）．   

The1998Food and Agriculture OrganizationInventory ofObsolete，Unwanted and／orBanned  

Pesticidesfbundatotalof2785tonsoftechnical－gradeHCH，304tonsoflindane，and45tonsof  

unspecifiedHCHmaterialscatteredindumpsitesinAfricaandtheNearEast（Walkeretal．，1999）．   

According to theinfbrmationfrom the Arctic Council’s Arctic Contaminants Action Program  

（ACAP）prqject on obsolete pesticides，POSSibly up tol，000tonnes ofobsolete stockpiles of  

technicalHCHandlindanestillexistintheRussianFederationafterthebanofproductioninthe  
beginnlngOfthe1990s，  

b） Uses   

Lindanehasbeenusedasabroad－SpeCtruminsecticide，Whichactsbycontact，fbrbothagrlCultural  

and non－agnCulturalpurposes．Lindane has been used fbr seed and soiltreatment，fbliar  

applications，tree and 
applications（WHO，1991）．   

AsaconsequenceofitstoxIC，SuSpeCtedcarcinogenlC，perSistent，bioaccumulativeandsuspected  

endocrine disruPtlng PrOPerties，lindane became a substance of scrutlny fbr countriesin the  

EuropeanCommunity．AllusesofHCHincludinglindanehavebeenbanned，butMemberStates  

mayallowtechnicalHCHfbruseasanintermediateinchemicalmanufacturlngandinproducts  
With atleast99％oftheisomer contentin the gamma fbrm（1indane）fbr public health and  
veterinary topicaluse only，untilDecember31St2007（UNECE，2004）．Currently，the only  
reglSteredagrlCulturalusefbrlindaneintheUnited Statesisforseedtreatmentandforliceand  

SCabiestreatmentonhumans（CEC，2005）．InCanadathem毎oruseoflindanehasbeenoncanola  
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andcorn，buttheonlycurrentallowableuseoflindaneisfbrpublichealthpurposes，aSaliceand  

SCabiestreatment（CEC，2005），   

InfbrmationoncurrentusesasinformedbycountriesmaybefoundonPOPRC／LINDANE／INF，1  

C） Releasestotheenvironment  

Considering every ton oflindane produced generates approximately6－10tons ofotherHCH  
isomers，a COnSiderable amount of residues was generated during the manufacture of this  
insecticide．Fordecades，thewasteisornersweregenerallydisposedofinopenlandnllslikenelds  
and other disposalsites near the HCH manufacturlng facilities・After disposal，degradation，  

VOlatilization，andrunOffofthewasteisomersoccurred（USEPA，2006）．   

Iftheestimateofglobalusageoflindaneof600，000tonsbetween1950and2000isaccurate，the  

totalamountofpossibleresiduals（ifitisassumedthatameanvalueof8tonsofwasteisomersare  

Obtainedpertonoflindaneproduced）amountstopossibly4，8mi11iontonsofHCHresidualsthat  

COuld be present worldwide glVlng anidea ofthe extent ofthe environmentalcontamination  
PrOblem（1HPA，2006） 

Airreleasesoflindanecanoccurduringtheagnculturaluseoraerialapplicationofthisinsecticide，  
aswellasduringmanufactureordisposal＿AIso，1indanecanbereleasedtoairthroughvolatilization  

afterapplication（Shenetal．，2004）．Evaporativelosstoairfromwaterisnotconsideredsignincant  

duetolindane’srelativelyhighwatersolubility（WHO／Europe，2003）．  

2．2  EnvironmentaJfate  

Persistence   

Ahalト1ifbforlindaneinairof2．3dayswasestimated，basedontherateconstantfbrthevapor－  

Phasereaction with hydroxylradicalsin air；atrOPOSphericlifttime of7days duetogas－Phase  
reaction with hydroxylradicals was estimated，and alifttime of13days was estimated fbr  
atmosphericreactio？WithOHradicalsinthetropics（Mackay，1997）・BrubakerandHites（1998）  

estimatedalifttimelnairof96daysfbrlindane．Lindanehashalfし1iftsof3－30daysinriversand  

30to300daysinlakes．Other studies report calculated or experimentalhydrolysIS half－1ifes  

ranglngfrom92to3090hoursdependingonthestudy；aPerSistenceofabout2to3yearsinsoilis  
alsoreported（Mackayetal．，1997）・   

Oncereleasedintotheenvironment，lindanecanpartitionintoallenvironmentalmedia，butitis  

demonstratedthatevaporationisthemostimportantprocessinthedistributionoflindaneinthe  

environment．SeveralstudiesfbcuslngOntheadsorptlOn－desorptlOnCharacteristicsoflindanehave  

Shownthatmobilityoflindaneisverylowinsoilswith ahighcontentoforganicmaterial，and  

higherin soils withlittle organic matter．The difRISion oflindane has also beeninvestlgated，  

Showlngltis stronglyinnuenced by the water content of the soiland by temperature．The  
InternationalProgram on ChemicalSafbty states that whenlindane suf托rs environmental  
degradationunderneldconditions，itshalf－1ifbvahesfromafewdaystothreeyearsdependingon  

manyfactorsincludingclimate，typeofsoil，temPeratureandhumidity（WHO，1991）．  
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HydrolysISisnotconsideredanimportantdegradationprocessforlindaneinaquaticenvironments  

underneutralpHconditions．LindaneisstabletohydrolysISatPH5and7withahalfこ1ifもof732  

daysandahalf11ifbof43to182daysatpH9．AIso，diffbrentestimatedandcalculatedhalf－1ife  

Valuesfbrlindanehavebeenreportedtobe：1．1yearsatpH8and200Cinseawater；42yearsatpH  

7．6and50CinLakeHuron，andllOyearsintheArcticOceanatpH8andOOC（USEPA，2006）・   

Lindaneisstabletolight．Sincelindanedoesnotcontainchromophoresthatabsotblight，direct  

PhotolysISeitherinalr，WaterOrSOilisnotexpectedtooccur．EvenwhenindirectphotolysISCOuld  

OCCur With a photosensltlZlng agent，thereis no clear evidence oflindane photodegradation．  

Lindanedegradesveryslowiybymicrobialactionwithacalculatedhalflliftinsoilof980days  

underlaboratoryaerobicconditions．Degradationtakesplacefasterunderanaerobicconditionsthan  
in the presence of oxygen．Possible degradation products are pentachlorocyclohexene，1，2，4，－  

trichlorobenzene，andl，2，3－trichlorobenzene（USEPA，2006）．   

Bioaccumulation   

Thebioconcentrationfactors（BCF）inaquaticorganismsunderlaboratoryconditionsrangedfrom  
approximatelylOupto6000；underneldconditions，thebioconcentrationfactorsrangedfromlO  

upto2600（WHO，1991）．Otherstudiesreportbioconcentrationfactors（logBCF）rangingfrom  

2．26inshrimpto3．85inrainbowtroutinearlylifbstagesonlipidbasisand4．3inzooplanktonand  

abioaccヮmulationfactor（logBAF）upto4・linrainbowtrout卿ackayetal・，1997）・AJso，uPtake  

andelimlnationrateconstantsranglngfrom180－939h－1andO・03ト0・13h－1respectivelyhave  
beenreportedfbrrainbowtroutinearlyliftstagesonlipidbasis（Mackayetal．，1997）．   

Lindanecanbio－aCCumulateeasilyinthefbodchainduetoitshighlipidsolubilityandcanbio－  
COnCentraterapidlyinmicroorganisms，invertebrates，坑sh，birdsandmammals．Bioconcentration  

factors（BCF）within aquatic species vary considerably，With experimentaldata revealing  

bioconcentrationfactorsof3－36（Berny，2002）；43－42200naWetWeightbasis，andameanBCFof  

ll，0000nalipidbasis（Geyeretal．，1997）；andalso1200－2100（01iveretal．，1985）．   

AnaveragelogBCFof2・28ininvertebratespeciesandanaveragelogBCFof2．87invertebrate  

SPeCjescanbecalculatedfromdif托rentstudies（Donkinetal．，1997，Renbergetal．，1985，Thybaud  

etal．，1988，Yamamotoetal．，1983，Butteetal．，1991，Carlbergetal．，1986，Kanazawaetal．，1981，  

Kosianetal．，1981LaRoccaetal．，1991，01iveretar．，1985，Viganoetal．，1992）．Inthesameway，  

anaveragelogBAFof2．94ininvertebratespecies，andanaveragelogBAFof3．80invertebrate  

SPeCiescanbecalculatedfromotherstudies（01iveretal．，1988，Chevreuiletal．，1991，Hartleyet  

al．，1983，Caquetetal．，1992）．Bioconcentrationfactorsof780fbrn11et，2500forvisceraand1400  

fbrwhole蔦shtissueshavealsobeenreported（USEPA，2002）．   

In an experiment carried outby Geyer et al．（1997），bioconcentration fhctors are shown tobe  

dependent on the nsh species and theirlipid content；additionally，difftrent modes ofuptake，  

metabolism，SOurCeS Ofcontamination and even experimentalconditions，taken together could  

explainthesignificantvariationobseJ，VedfbrBCFvalues．AIso，mOStdatasuggestthat，although  

lindanemaybioconcentraterapidly，bio－tranSfbrmation，depurationandeliminationarerelatively  

rapidonceexposureiseliminated．（WHO，1991）．   

Thebioaccumulationoflindanehasbeenobservedfbrmosttaxonomicgroups，什omplantsand  

algaetovertebrates・Theenvironmentalconsequencesofthecombinationofthisbioaccumulation  
POtentialwithahightoxicity－nO－Observed－adverse－effbctlevels（NOAELs）aslowasO．3mg／kg  

bodyweight／day－ndecotoxicityーaquaticecosystemno－Observable－effbctconcentration（NOEC）  

belowIpg／1（助vlrOnmentalHeakhCriteriaNo．124，1991；andBrocketal．，2000）－Shouldbe  
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COnSidered・For example，When meチSured fieldlevelsip earthwom－S（0・3mg／kg for a soil  

COntaining80Llg／kg）areweighedagalnStmammaliantoxicltydata（EnvlrOnmenla／HeallhCrileria  
M・124，1991；）usingarealisticfbodintakeratioofO・63（Guidbncedbcllmen10nriskassessmenl  

jbrbirdsandmammaLs2002．）thecornparisonindicatesanareaofecotoxICOlogicalconcernwhich  

Shouldbefurtherexplored．  

Lindanehasbeenreportedinseabirds，fishandmaヮーmalsintheArctic（ATSDR，2005）・Lindane  

COnCentrationsinmarinemammalsarefbundatequlValentorevenhigherlevelsthansomeofthe  

morehydrophobic contaminants such as polychlorinated biphenyls（PCBs）and DDT（ATSDR，  

2005），Inaddition，lindanehasbeenreportedinhumanbreastmilkamongInuitintheArcticandin  

marinemammals（ArcticMonitoringandAssessmentProgramme，2002）．  

Potentialforlong－rangeenVironmentaltransport   

ManystudieshavereportedHCHresidues，particularlyalphaandgammaisomersthroughoutNorth  

America，theArctic，SouthernAsia，theWesternPac浦c，andAntarctica．HCHisomers，including  

lindane，arethemostabundantandpersistentorganochlorineinsecticidecontaminantsintheArctic，  
and theirpresenceintheArctic and Antarctic，WheretechnicalHCH andlindanehavenotbeen  
used，is evidence oftheirlong－rangetranSPOrt．HCHisomers，includinglindane，are Subjectto  

“globaldistillation”in which warrn climates atlowerlatitudes favor evaporationinto the  

atmospherewherethechemicalscanbecarriedtohigherlatitudes．Atmidlatitudes，depositionand  

evaporationvarywithseason，Athighlatitudes，COldtemperaturesfavordeposition（Walkeretal．，  

1999）．   

Use oflindanein countries such as Canada，Whereusagewas～500tonsin2000，and certain  

Europeancountries，SuChasFrance，hascontributedtogamma－HCHlevelspresentintheArcticair．  

ConcentrationsoflindaneweredetectedatAleIlintheArcticandvaried斤omlO－11pg／m3in1993  
decreasingto6．4pg／m3in1997（CACAR，2003）．   

1nastudycompletedby Shenetal．in2004，40passiveairsamplingstationswerelocatedalong  

transectsfromtheCanadianArctic，downtheeastcoastsofCanadaandtheU．S．フalongtheCanada  

－U．S．borderandinsouthernMexicoandCentralAmericafbroneyear．Theelevatedalpha－HCH  
levels（samplervolumetricairconcentrationsbetweenl．5and170pg／m3）ineasternCanadawere  
explained by outgasslng Of alpha－HCHfrom cold arctic water nowlng SOuth，Warmlng，and  

releasingthealpha－HCHback totheatmosphere．Highconcentrationsof－gamma－HCH（sampler  

volumetricairconcentrationsbetween5and400pg／m3）werefoundintheCanadianprairies，nOrth  
OfLakeOntari，SOuthernQu6bec，themiddleAtlanticstatesandsouthernMexico）reneCtingthe  

innuenceofreglOna11indaneusチge（Shenetal・，2004）・TransportoverthePaciflcOceanoflindane  

㌣aSmeaヲuredatasamplingslteinYukonandranged4－18pg／m3（Baileyetal・フ2000）・HCH  
ISOmerS，lnCludinglindane，WeremeaSuredatamountainsiteatTeneriftIslandn－OmJune1999to  

July2000，Airconcentrationsofgamma－HCHatthissiteranged18－31（mean26）pg／m3（Van  
Droogeetal．，2002）．   

Lindaneisvery prevalentin the marine environment and soils，andits atmosphericlong range  

transportpotentialhasbeendemonstratedfbrtheEuropeanUnion，（WHO偲urope，2003）especially  

bytheEuropeanMonitoringandEvaluationProgram（EMEP）．Highconcentrationsofgamma－  

HCHin air occurredin France，Portugal，Spaln，the Netherlands and Belglum．These can be  

explained by the high emission densities oflindanein these countries．Relatively high air  
COnCentrationswerealsofoundinGermany，Italy，SwitzerlandandLuxembourg，despltethelower  
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lindane emission densitiesin these counthes．These elevated air concentrations were probably  
explained by atmospheric transportfrom the fbrmer high－density emission European countries  

（ShatalovandMalanichev，2000；Shatalovetal・，2000）L   

a） Isomeri2：ation   

Thehypothesisthatisomerization ofgamma－HCHto alpha－HCH couldbetakingplacein air  
emergedasapossibleexplanationfbralpha－HCH／gamma－HCHratiosthatwerefbundinthe80’s  
ashighas18，Whenthisratiowasexpectedtobearound5accordingtothe丘actionofthesetwo  

isomersfbundinthetechnicalHCHmixture．（Oehmeetal1984a，Oehmeetal．，1984b，Pacynaet  

a）．，1988）Howevernoconclusiveexperimentalevidenceofisomerizationtakingplaceinairhas  

beenproducedtodate．   

Inthesameline，Walkeretal．（1999）notedthatifphotochemicaltransfbrmationofgamma－HCHto  

alpha－HCHin airtakes place，One Should see slgnificant concentrations ofalpha－HCHin the  

Southern Hemisphere air．However，reCent meaSurementS have fbund alpha－HCHlevels are  

dropplng OVertimeinthe SouthernHemisphereaswellasintheArctic Ocean，Whichis not  
COnSistent with theisomerization theory and a continued use oflindane・The ratio ofalpha－  

HCH／gamma－HCHin air sampledin the SouthernHemisphere durirlgthe1980s－1990s was  
generallylto2．3（Ba11schmiteretal．，1991，Bidlemanetal・，1993，Iwataetal・，1993，Kallenbornet  

al．，1998，Lakaschusetal，，2002；Schreitmii11eretal．，1995）andwasO．81inthemostrecentstudy  

inAntarctica（Dickhutetal．，2005）．   

Otherstudieshavesuggestedthatdifftrentialair－SeagaSeXChangeratescouldleadtofractionation  

OftheHCHisomersandpreftrentialaccumulationofalpha－HCHinairduringlongrangetransport  
OVerthe oceans，This could accountfbr some portion ofthe elevated alpha－HCIi／gamma－HCH  

ratiosobservedduringwintertime，butnotfbrtheveryhighratiosfbundinsummerintheearly  
Studies．げacynaetal．，1988andOehmeetal．，1991）．Walkeretal．（1999）concludedthateven  

When the experiments showthatphotoisomerizationis possible，evidencethat this processis a  
Substantialcontributortothehighalpha／gammaratiosobservedintheArcticisindirectandsubject  

toseveralinterpretations．   

Severalstudies have also reported photolyticisomerization of gamma－HCH．to alpha－HCH．  

However，these studies have demonstratedisomerizationin condensed media，but thereis no  

evidencethatisomerizationtakesplaceinthegasphaseunderambientatmospheric conditions．  
Laboratory evidence showsthatgamma－HCHcanbetransfbrmedinto otherisomersin soilor  
SedimentsthroughbiologlCaldegradation，butalthoughthebioisomerizationoflindanecan take  
Place，1tSeemSthatthisprocessmayplayaninslgnincantroleintheoveralldegradationofgamma－  

HCH（Walkeretal．，1999andShenetal，，2004）．  

b） EnvironmentaImonitoringdata   

Polandreportedconcentrationsofgamma－HCHinriversedimentsrangingfrom2．4to9．4pg／kg．  

ResultsfromtheNationalVeterinaryResidueControIProgrammeinPolandindicatethatfbodof  
animalorigincontainslevelsofgamma－HCHbelowthelevelofactionoflOOOpg／kg（AnnexE  
infbrmationprovidedbyPoland，2006）．   

TheMinistryofEnvironmentinJapanhasmonitoredLindaneinwater坑ndingaconcentrationof  
Lindaneof32to370pg／1in60surveyedwaterspecimensacrossthecountryin2003・Atotalof  
186bottomsedimentspecimenswerealsosurveyedin2003andLindanewasdetectedinallthe  
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SpeCimens，WithaconcentrationofLindanefromtraces（1．4）to4000pg／gdry，WithageometIjc  

meanof45pg／gdry．Arecentsurveyin20030nShellnsh，nShandbirdsshowsthatLindanewas  

detectedinallthespecimenswithconcentrationsrangingfrom52to130pg／g－Wetforshellnsh，  

130pg／g－Wet fbr nsh，andl，800to5，900pg／g－Wet fbr birds，Lindane was detectedin al135  

SPeCimensfrom35sitesinJapanfbrambientairinthewarmseasonin2003withaconcentration  

OfLindaneranging丘om8・8to2，200pg／m3witha竿eOmethcmeanof63pg／m3・Thes？rveyOnthe  
SameSitesexcludingonesiteduringthecoldseasonlnyear2003indicatesaconcentratlOnOf3．1to  

330pg／rn3withageometricmeanof14pg／m3（AnnexEinfbmlationprovidedbyJapan，2006）．   

Australiareportedthatnoneofthemeatandcropsamplesmonitoredfbrresiduesinthecountry  

COntaineddetectablelevelsoflindane（AnnexEinfbrmationprovidedbyAustralia，2006）．   

TheUnited States reported that gamma－HCH，WaSbelow thelevelofdetectionin allsamples  

analyzedfbrtheThirdNationalReportonHumanExposuretoEnvironmentalChemicals，Lindane  
was detectedin nsh tissue f（omlakes and reservOirsin the US EPA nationalLake Fish Tissue  

Study，Withlevels ranglng丘om O．652to8．56ppb．Lindaneis being monitoredin air and  

PreClpltationwiththeIntegratedAtmosphericDepositionNetworkintheGreatLakesreglOnWith  
average concentration of15－90pg／mlilntheearJy90s，decreaslngtO5－30pg／m3since2000・  
Average concentrationsin precipitation（volume－Weighted mean）at sevenmain sites duringthe  
years1997－2003were690－1400p釘Lfbrlindane，The most recent years ofavailable analytlCal  

dataintheU．S．EPA－sGreatLakesFishMonitonngProgramindicatetheconcentrationofLindane  
insportnshmlets（ChinookandCohoSalmonandSteelheadTrout）haverチngedbetweentrace  
detection and O．005 ppm between1982 and 2000．The NationalOceanlC and Atmospheric  

Administration’sNationalStatusandTrends（NS＆T）Programhasmeasuredlindaneinthetissues  
OfbivalvesthroughoutthecoastalUSandGreatLakesn■Om1986topresent．OvertheProgram’s  

history，atOtalof283sitesthroughoutthecontlguOuSUS，Alaska，Hawall，andPuertoRicohave  

beensampled，Withatotalof4，990recordsforthegammaisomer，Medianmeasuredconcentration  

fbrgamma－HCHwasO．56（rangeO－71．0）ng／gdryweight．Atrendsassessmentusingdatapooled  

fbrtheentireUSA，indicatesthattherehasbeenastatisticallyslgnificantdeclineinlindanelevels  
丘om1986through2003．（AnnexEinfbrmationprovidedbytheUnitedStatesofAmerica，2006）・   

In Canada，a PrQ）eCtWaS undertakenin1999－2000by AlbertaEnvironment to characterize the  

pesticides fbundin a number ofAlbertalocations，and to determine their relativelevels and  

SeaSOnality．LindanewasdetectedinambientairatLethbridgeinallsamplesstartingfromMayto  

August・LindanelevelspeakedonJune15atl・15ng／m3，WhilethelowlevelofO・23ng／m3was  
PreSentinambientaironJune22，1999．As1indaneisusedontreatedseedthatisplantedinApril  

andearlyMay，1indaneisthenreleasedintotheatmospherefbllowlngSeedingandhencethehigher  
levelsin May fbllowed by a slow decline tolow and／or undetectablelevelsin August and  

September（Kumar，2001）r  

2．3  E叩OSure   

Lindanecanbefbundina11environmentalcompartmentsandlevelsinair，Water，SOil，Sediment，  

aquaticandterrestrialorganismsandfbodhavebeenmeasuredworldwide・Humansaretherefbre  
beingexposedtolindaneasdemonstratedbydetectablelevelsinhumanblood，humanadipose  

tissueandhumanbreastmilk（WHO／Europe，2003）．   

AspecialareaofconcernisthefactthatHCHisomers，includinglindane，aCCumulateincolder  

Climatesoftheworld．High concentrations ofHCHisomers，includinglindane，arefbundinthe  
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BeaufortSeaandCanadianArchipelago（CEC，2005）．Throughenvironmentalexposure，gamma－  

HCH can enterthefbod chain and accumulatein fattyanimaltissue constitutinganimportant  

exposurepathwayfbrArcticorAntarcticanimalsaswellasfbrhumanswhorelyontheseanimals  
fbrtheirsubsistencediets（USEPA，2006）   

Generalpopulationexposuretogamma－HCHcanresultfromfbodintake，Particularlyfromanimal  

OrlglnPrOductslikemilkandmeat，aSWellaswatercontainlngthepesticide．Lindanewasfbundto  

belOtimeshigherinadiposetissueofcattlethaninthefもed（ATSDR，2005）showingthatanimals  

maybeexposedtothecompoundthroughfbodandeventhroughectoparasitetreatment・Lindane  
hasbeendetectedincow’smilkincountriesthatstillusethechemicalasapesticide．Inastudy  

PerfbrmedinUganda，Anica，theconcentrationsofgamma－HCHincow’smilkwasO．006TO．036  

mg／kgmilkfat，reSPeCtively．Meanlevelsofgamma－HCHanalyzedincow’smilksamplesfrom  

twoseparateareasirlIndiawereO．002andO・015mg／kg．Amonitoringstudyof192samplesof  

COW’smilkfromMexicorevealedO．002－0．187mg／kgofgamma－HCH（ATSDR，2005）．   

Determinationsofthelindanecontentinbodytissuesinthegeneralpopulationhavebeenmadeina  

numberofcouptries．ThecontentinbloodintheNetherlandswasintheorderof＜0．1－0．2pg／1．In  

theearly1980s，meanCOnCentrationsofgamma－HCHinhumanadiposetissueinCzechoslovakia，  

theFederalRepublic ofGermany and theNetherlands were O．086，0．024－0．061and O．01－0．02  

mg／kg，reSPeCtively，Onafatbasis．Intotal－dietandmarket－basketstudiestoestimatedailyhuman  

intakeofgamma－HCH，Cleardifftrenceswereobservedwithtime：intakeintheperiodaround1970  

wasuptoO．05い一g／kgbodyweightperday，Whereasby1980intakehaddecreasedtoO．003匹g／kg  

bodyweightperdayorlower（WHO瓜urope，2003）．   

Individualslivinglnruralareasand on anon－Vegetarian diet aremorelikely、tobe exposed to  

gamma－HCHasshownbyastudyperfbrmedinIndia，Wherewomenwhoconsumedredmeat，eggS  

and chicken had higher pesticidelevels，includinglindane，in blood than vegetarian women  

（ATSDR，2005）．Othersourcesofdirectexposureincludefacilitiesatwhichlindaneisstillbeing  

producpd，abandonedpesticideplants，andhazardouswastesites（USEPA，2006）・   

Exposureofchildrentolindaneisaparticularconcern．Gamma－HCHhasbeenfbundinhuman  

maternaladiposetissue，maternalblood，umbilicalcordbloodandbreastmilk Lindanehasalso  

beenfbundtopassthroughtheplacentalbarrier，Meanbreastmilkconcentrationoflindanewas  
O．084mg／1inastudyinIndia．Anaveragelevelof6ppblindaneinbreastmilkwasobtainedina  

StudyinAlberta，Canada（ATSDR，2005）．Inastudylookingatorganochlorinepesticidesinhuman  

breastmilkcollectedfrom12reglOnSinAustralia，1indanewasdetectedinallsampleswithamean  
OfO．23ng／glipidandarangeofO．08－0．47ng／glipid（AnnexEinfbrmationprovidedbyAustralia，  

2006）．   

Lindanelevels have also been fbundin human breast milk n’om different countriesincluding  

Canada，Germany，theNetherlandsandtheUnitedKingdom．Lindanelevelsrangedfrom＜0．001to  

O．1mg／kgonafatbasis（WHO偲urope，2003）・   

Anadditionalexpo叩rerOuteforchildrenexistsinreglOnSWherelindaneisapplieddirectlytomilk  
andmeatproducinglivestockfbrpestcontrol・Onabodyweightbasis，Childrenconsumemoremilk  

perunitbodyweightthanadults，andthusmaybeexposedtoslgnincantconcentrationsoflindane  

residuesthroughdrinkingmilk（CEC，2005）・Medicaluseofproductstotreatheadliceandscabies  

ISalsoofconcernwhenappliedtochildren，althoughmostadverseefftctshavebeenobservedafter  

misuse．Another exposure to possibly slgnincant amounts oflindane might occur through  
household dustin certain conditions，and are also ofconcerneSPeCially fbr children（ATSDR，  

2005）．  
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2.4 Hazard assessment for endpoints of concern 

LindaneisthemostacutelytoxicHCHisomerafftctingthecentralnervOuSandendocrinesystems・  
Inhumansフeffectsfromacuteexposureathighconcentrationstolindanemayrange丘ommildskin  
irritation to dizziness，headaches，diarrhea，nauSea，VOmitlng，and even convulsions and death  

（CEC，2005）・Respiratory，Cardiovascular，hematological，hepaticandendocrineeffectshavealso  

beenreportedfbrhumans，fbllowlngaCuteOrChroniclindaneinhalation・HematologlCalalterations  

iikeleukopenia，1eukocytosis）granulocytopenla，granulocytosis，eOSinophilia，mOnOCytOSis，and  

thrombocytopenla）havebeenreported，fbllowlngChronichumanoccupationalexposuretogamma－  

HCHatproductionfacilities（ATSDR，2005）．   

Additionally，gamma－HCH has been detectedintheblood serum，adiposetissueand semenof  

OCCupationally and eヮvironmentally exposedindividuals（ATSDR，2005）・Serumluteinizing  

hormonelevelswereslgnincantlylnCreaSedinmenoccupational1yexposedtogamma－HCH・AIso，  

themeanserumconcentrationoffolliclestimulatlnghomonewasincreasedandtestosteronewas  

decreasedinexposedindividuals，butthesetrendswerenotstatisticallyslgnificantcomparedto  

unexposedcontroIs（ATSDR，2005）．   

The most commonly reported efftcts associated with oralexposure to gamma－HCH are  

neurologlCal・Most oftheinfbrmationisfrom case reports ofacute gamma－HCH poISOnlng・  
Seizuresandconvulsionshavebeenobservedinindividualswhohaveaccidentallyorintentionally  

ingestedlindaneininsecticidepellets，liquidscabicideorcontaminatedfbod（WHO佗urope，2003）．   

InIndia，bloodlevelsofgamma－HCHwereslgni負cantlyhigherin135breastcancerpatients，41－50  

yearsofage，COmParedtoacontrolgroupwithoutthedisease■However，1nSimilarstudiesinother  

COuntries，aCOrrelation betweenbreastcancerincidenceand elevatedlevels ofgamma－HCHin  

bloodwasnotobserved（ATSDR，2005）．   

Rats exposedtovariousconcentrationsofgamma－HCHthroughinhalationfbr4hoursexhibited  

COnCentration－relatedneurologlCaleffbctswhenobservedfbrupto22daysafterexposure■Slight－  
to－mOderatesedationwasobservedafterexposuretolOlmg／m3；Slight－tOSeVereSedationwas  
notedafterexposureto378mg／m3；reStlessness，eXCitation，andataxiawereseenafterexposureto  
642and2，104mg／m3こandspasmswerealsonotedatthehighestconcentrationof2，一04mg／m3  
（ATSDR，2005）．   

Hepatotoxicefftctsoflindanehavebeendemonstratedinlaboratoryanimalsbynumerousstudies．  

IncreasesチncytochromeP－450levelsafterinhalationoflindaneaerosolat5mg／m3fbr90daysand  
increaseslnCytOChromeP－450activitycytoplasmicsuperoxidedismutase，1ipidperoxidationinrats  

afterbeingftdl・8mg／kgbodyweightfbr15and30days，havebeendemonstrated，Chronicstudies  

With a dose of7－8mg／kg body weight oflindanein the diet showedliver necrosis and fhtty  
degenerationinratsexposedfor38to70weeks，andhypertophyinWistarratsexposedfbrlO4  

Weeks（WHO／Europe）2003）・Ratsexposedto15m号gammaTHCH／kg／dayfbr5daysand2r5mg  
gamma－IICH／k釘dayfbr21days，ShowedsignincantlnCreaSeSinabsoluteliverweight，P－450and  

ERODactivityinadose－andtime－dependentmanner（ATSDR，2005）．   

Some evidenceis available fbrimmunotoxic efftcts，1ikeimmunosuppression and suppressed  

antibodiesresponses，CauSedbylindaneinlaboratoryanimals▲Immunosuppressionwasobservedin  

rats exposed to6▼25and25mg耽gbody weightfbr5weeks・Primary antibody response was  
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SuPPreSSedinalbinomicebeingexposedto9mg／kgbodyweightperdayinthedietfbr12weeks，  

and secondary antibody response suppression was observed after3weeks at the same dose  

（WHO佗urope，2003）．   

Reproductive effects oflindanehavebeen recordedinlaboratory animals＝ftmalerats exposed  
OrallytolOmg／kgbodyweightperdayfbr15weekspresentedanti－eStrOgenicproperties・Female  
rabbitsexposedtogamma－HCHatO・8mg／kgbodyweightperday，3daysperYeekfbr12weeks  

had a reduced ovu1ation rate（WHO佗urope，2003）．In male rats，reductlOnSln the number of  

testicularspermatidsandepididymalspermswereobservedafteranoraldoseof6mg／kgbody  
Weightfbr5days，OraSingledoseof30mg／kgbodyweightofgamma－HCH・Testichlaratrophy，  

seminiftroustubulesdegeneration and disruPtlOnOfspermatogenesiswerealsoreportedin male  
ratsfed75mg／kgbodyweightperdayfbr90days（WHO侶urope，2003）．Lindanehastherefbre  

CharacteristicsofanendocrinedisruptlngCOmPOund，Exposuretolindaneduringgestationwitha  
Singledoseof30mg／kgofbodyweightatday150fpregnancy，inducedalteredlibidoandreduced  

testosteroneconcentrationinmaleoff岳pringrats（USEPA，2006）．   

Developmentaleffbcts oflindanehave alsobeen reported・Decreased fttalweight，fetalthymic  

Weight，and placentalweight were observedin mice treated at30and45mg／kg by gastric  

intubationatday120fgestation．Fetotoxicef托ctsoflindanewerealsoobservedandmaybedueto  

inducedoxidativestress，enhancedlipidperoxidationandDNAsinglestrandbreaksinthefttaland  

placentaltissues（WHO佗urope，2003）．Rats exposedtol・7，3・4and6．8LLM correspondingto  

exposuてe doses that might be encounteredin contaminated vegetables（80－250pg／kg）or  

COntamlnateddrinkingwater（0．02pg／1）fbr12weeks，Showedanaffbctedgrowthrate，decreased  

SpermatOZOidcount，aSWellasdecreasedtestosteronelevelsduringgestation，1actationorweanlng  

（WHO侶urop戸，2003）・Evidenceofincreasedsusceptibilityoftheypヮnganimalwasnotedinarat  

multi－generatlOnrePrOductionstudyandratdevelopmentalneurotoxICltyStudy（USEPA，2002）．   

Theavailablegenotoxicitydataindicatethatgamma－HCHhassomegenotoxicpotential．Gamma－  

HCHhasbeenshowntoincreasechromosomeclastogenyinbonemarrowcellsinmiceexposedto  
l．6mgperkgbodyweightperdaybygavagefbr7days（ATSDR，2005）．Nevertheless，1indaneis  

notclassinedasgenotoxicbytheEur？PeanUnion（WHO瓜1rOpe，2003）・DNAdamagewas  

ObservedinculturesofratnasalandgastrlCmuCOSaCells，andhumannasalmucosacellsexposedto  

gamma－HCH andinduced unscheduled DNA synthesisin certaintypes of cells，1ike human  

Periphera‖ymphocytes（ATSDR，2005）．   

TheInternationalAgency fbr Research on Cancer（IARC）has classinedlindane as possibly  
CarCinogenictohumans；ithasalsoclassinedtechnicalHCHandalpha－HCHaspossiblehuman  
CarCinog？nS（ATSDR，2005）・TheUSEPAhasrecentlyreclassinedlindaneinthecategory  

“SuggestlVeeVidenceofcarcinogenicity，butnotsufncienttoassesshumancarcinogenicpotential”．  

USEPAhasclassinedtechnical－gradeHCHandalpha－HCHasprobablehumancarcinogenswhile  
beta－HCHisapossiblehumancarcinogen（ATSDR，2005）．   

CarcinogenicityoflindanehasbeentestedbyoraladministrationindifEbrentexperiments．Some  
Studieshaveshownnoslgnincantincreasesinendocrine，thyroid，Pituitary，adrenalgland，1iver，Or  

OVary tumOrSin rats fedlO・8－33mg／kg／dayinthedietfbr80weeks，OrO．07－32mggamma－  

HCH／kg／dayinthedietforlO4weeks，but poor survivalrateslimited the significance ofsuch  

results（WHO偲urope，2003）・Whileotherstudieshavereportedhepatocellularcarcinomasinmice  

exposedto13．6－27．2mg／kg／dayinthe dietfbr800rlO4weeks，andinmice exposedto27．2  

mg／kg／dayinthedietfbr96weeks，theseres1tswereobtainedinastraiofmousethathasa  

dominant mutation resultingin anincreased susceptibility to fbrmatlOn Of strain－SPeCinc  

neoplasms．  
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Lindaneishighlytoxictoaquaticorganismsandmoderatelytoxictobirdsandmammalsfbllowlng  

acute exposures．Chronic ef鞄cts tobirds and mammals measured by reproduction studies show  
adverseefftctsatlowlevelssuchasreductionsineggproduction，grOWthandsurvivalparameters  
inbirdsanddecreasedbodyweightgalninmammals）With someeffbctsindicativeofendocrine  
disruPtion・AcuteaquatictoxicitydataonJindaneindicatethatitishighlytoxictobothfreshwater  
fish（LC50rangeSOfl・7to131ppb）andaquaticinvertebrates（LC50rangeSOflO・Oto520ppb）．  

Chronic aquatic toxicitydata for fteshwater organisms show reductioninlarvalgrowthin  

freshwaternshataNOAECof2・9Llg／1，anddecreasedreproductioninaquaticinvertebratesata  

NOAECof54Llg／1（CEC，2005andUSEPA，2006）．   

Lindaneproducedstatistical1ysignificantsexratioefftcts（71％males）infrogsatalevelofO．1ppb  

and estrogenic activity as wellas altered sperm responsiveness to progesterone andinduced  
express享OnOfvite1logeninandestrogenreceptorsininvitrotests（USEPA，2006）・Reproductiveand  

POPulatlOneffectswerefbundataLOAELof13・5いg／11indaneininvertebrateina35daystudy．  

LindaneatlOOppm and25ppm causedreduced hatchabilityinbothlaylnghens andJapanese  

quails，reSPeCtively（USEPA，2006）・   

In2002，USEPA published a dietary risk assessment丘）rindigenous peoplein the Arctic fbr  

lindane．Thisdietaryriskassessmentisbasedon anumberofhazardandexposureassumptlOnS，  

and estimatesrisk to communitiesinAlaska and othersin the circumpolarArctic reglOn Who  
dependonsubsistencefoods，SuChascaribou，Sealandwhale・Thetotaldietarylntakesfbradults  

ranged丘om O．000055toO、00071mg／kg／day．Fornon－CanCerefrbcts，theLevelofConcernwas  

（LOC）＝0．0016mg／kg／day．ThedietaryrisksfbrlindanedidnotexceedtheLOC（USEPA，2002）・   

Although the decision toincludelindanein the Stockholm Convention wouldbebased onthe  

gammaisomeralone，thePOPRCagreedthatdiscussionscouldincludethealphaandbetaisomers・  

Therefbre，infbrmationfrom a2006USEPA risk assessment on the alpha and betaisomersis  

includedbelow，   

lnFebruary2006，USEPApublished fbrpublic commentarisk assessmentthatdiscussedrisks  
fromlindane and the alpha－and beta－HCHisomers，by－prOducts ofthelindane manufacturlng  

PrOCeSS（USEPA，2006）．Totaldietaryintakeswereestimatedforadultsandchildrenandranged  

ffomO．00057toO．051mg／kg／dayfbralpha－HCH，andfromO．00037toO・01mg／kg／dayforbeta－  

HCH，ThesedietaryintakeswerecomparedtoUSEPA’schroniclevelofconcern（LOC）．Fornon－  

CanCerefftcts，theLOCiscRfD＝0．00006mg／kg／dayfbrbeta－HCHandacRfD＝0・001mg／kg／day  

foralpha－HCH，basedonthedoseatwhichUSEPAhasconcludedwillresultinnounreasonable  

adversehealtheffects．ThecancerLOCiswhentheestimatedupperboundcancerriskexceedsone  

in one million，The dietary risk assessmentindicates that the chronic and cancer dietaryrisk  
estimatesfbralpha－andbeta－HCHareabovetheUSEPAlevelsofconcern（LOC）fbrtheseArctic  
POPulationsbasedonhigh－enddietarylntakeestimatesl  

3． Synthesisofinformation   

Lindane has been shown to be neurotoxic，hepatotoxic，immunotoxic and to have reproductive  

effectsinlaboratoryanimals．Humanacuteintoxicationdatashowthatlindanecancausesevere  

neurologlCalefrbcts，andchronic datasuggestpossiblehaematologlCalefftcts・TheInternational  

AgencyfbrResearchonCancer（IARC）hasclassinedlindaneaspossiblycarcinogenictohumans  
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（ATSDR，2005）．The US EPA classinedlindanein the category“Suggestive evidence of  
carcinogenicity，butnotsufncienttoassesshumancarcinogenicpotential”・   

Humanexposuretolindane，particularlylnpregnantWOmenandchildren，isaconcernheightened  

bytheongomgpresenceofHCHisomers，includinglindane，inhumantissuesandbreastmilk・  

Directexposurefromtheuseofpharmaceuticalproductsfbrscabiesandlicetreatmentshouldbeof  

concern．Exposure丘omfbodsourcesispossiblyofconcernfbrhighanima11ipidcontentdietsand  

subsistence diets of particular ethnic groups（USEPA，2006and CEC，2005）・Occupational  

exposure atmanufactuI・1ngfacilities shouldbe ofconcern，becauselindane productionimplies  

workerexposuretootherHCHisomersaswell，forexamplethealphaisomerisconsideredtobea  

probablehumancarcinogen（USEPA，2006）・   

Lindaneisveryprevalentinthemarineenvironmentandsoils，Withhigherconcentrationsoften  
fbundin colder reg10nS．The atmospheric］ong range transport potentialoflindane has been  

demonstratedfortheEuropeanRegion（WHO偲urope，2003）・   

AlthoughcurrentproductionoflindaneseemstobedeclinlngWithonlyaftwproducingcountries  
remalnlng，theinefncientproductionprocessusedtomanufacturethisinsecticideovertheyearshas  
beenaworldwidecontaminationproblemwhichhasleft，andmightsti11beleavlngbehind，an  

enormouslegacyofcontaminatingwasteproducts（IHPA，2006）・   

The evaluation oflaboratory experimentaldata oflindane would suggest alower potentialof  

bioaccumulation andbiomagn摘cationthanthatexpectedfbrotherorganochlorinepesticides．In  

fact，1indane should be considered abordercaseinterms ofits potentialfbrbioaccumulation・  

Fortunately，thereisalargeamountofmonitorlngdataonbiotaallowlngarealestimationofthe  
risk prome oflindanein comparison with other organochlorine pesticides・Theinfbrmation  
PrOVidedbythis huge amount ofreal坑eld datais conclusive：1indane concentrationsinbiota  
SamPles collectedfaraway丘omuse areasis simi1artothatobserved fbrotherorganochlorine  
PeSticides，COnnrmlngtheconcernfbrpersistence，bioaccumulationandlong－rangetranSPOrt・   

Asthetoxicityoflindaneisalsosimilarorevenhigherthanthatobservedfbrotherorganochlorine  
PeSticides，itshouldbeconsideredthattheconcernrelatedtothePOPcharacteristicsoflindaneis  
equlValenttothatobservedfbrotherchemicalsalreadyincludedintheStockholmConvention．For  
example，Weisbrodetal．，（2000）fbundlindanelevelsinpilotwhalessimilarorjustslightlylower  

thanthosefoundfbraldrin，endrin，heptachlorormirex．AIsoSormoetal．（2003）andKannanetal．  

（2004）fbundeqttivalentlevelsfbrthesumofHCHsandfbrthesumofchlordanesingraysealand  
Sea．OtterSreSPeCtlVely．  

4． Concludingstatement   

Lindanehasbeenthesubjectofnumerousriskassessmentreportsbydifferentagencies，diverse  

COuntry regulations andinternationalinitiatives，indicatlng the generalconcernraised by this  
OrganOChlorinecompoundandindicatlngglobalactionhasalreadybeenundertaken・   

Theinfbrmationprovidedinthepresentdocument，aS Wellastheinfbrmationcontainedinthe  

numerousrisk assessment reports published onlindane，indicate thatlindaneis persistent，  

bioccumulativearldtoxic，andisfbundinenvironmentalsamplesallovertheworldaswellasin  

human blood，human breast milk and human adipose tissuein dif托rent studied populations，  

especiallylmPaCtlngArcticcommunitiesthatdependonsubsistencefbods・Thesenndingsindicate  
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thatlindaneislikely as a resultofitslong－range environmentaltransporttoleadto slgnificant  

adversehumanhealthandenvironmentalefftctssuchthatglobalactioniswarranted．  
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