
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  

10   



UNEP／POPS／POPRC3／20／Add．8  

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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