
クロルデコンの危険性の概要  

【生分解性一加水分解性】  

水生環境中であるいは土壌中で、生分  

解又は加水分解するとは予測されな  

い。   

【光分解性】  

大気中で直接的光分解を受けることは  

考えられないと結論している。   

・利用可能な全てのデータに基づき、クロ  

ルデコンは環境中で高い残留性を示す   

と考えられる。  

【オクタノール／水分配係数】  

logKow＝4．50－5．41   

【BCF（経鯉的生物濃縮係数）】  

・藻類：BCF＝6000  

・無脊椎生物：BCF＝21600  

・魚類：BCF＝60200   

【BMF（経口的生物濃縮係数）】  

・ほとんど又は全く代謝浄化せず、水生  

の食物連鎖において生物濃縮の可能  

性がある。  

・食物連鎖の研究において、藻からカキ  

ヘの移動は非常に低かったが、エビか  

らアミ、アミからスポットへの明白な栄養段  

階を通じた移動があることが示され  

た。  

【反復投与毒性】  

ラット（2年）：NOAEL O．05mg／kg／day  

O．25mg／kg／dayで腎臓影響（蛋白尿、  

重篤な糸球体硬化）   

ラット（経口 21ケ月）：LOAEL  

O．07mg／kg／d∂y  

肝細胞の病理組織学的変化、甲状腺  

ろ胞サイズ、コロイド含量低下、甲状腺  

ろ胞上皮細胞の高さの増加   

ラット（経口 3ケ月）：LOAEL  

l．17mg／kg／day  

肝の巣状（限局性）壊死、副腎肥大、振  

戦、多動性、過剰驚愕反応等   

【生殖毒性】  

ラット（3ケ月）：NOAEL O．25mg／kg／day  

精巣萎縮  

ラット（90日）：LOAELO．83mg／kg／dayで  

精子の運動性・生存率低下、精子数減  

少、1．67mg／kg／dayで性嚢、前立腺重  

量低下  

マウス（160日）：LOAEL2mg／kg／day  

で排卵停止、膣発情持続、ラット妊娠  

14－20E］に母体経由で15mg／kg／day  

投与した雌児動物においても同様の報  

告  

【慢性毒性】  

ミジンコ β即ん海m軍刀∂：  

21dNOEC＝0．0283mg／L（繁殖），  

21dNOEC＝0．025mg／L（成長）  

ミシッドシュリンプ月me血∂仰岬仕  

bahJb：28dMATC＝0．000026－0．00034  

mg／」（成長）  

ユスリカ C／？／ね〃0仰〟∫ね〃ね〃∫：  

14dNOEC＝17．9mg／kgsediment（発達）   



【催奇形性】  

ラット（経口）：LOAEL 2mg／kg／dayで  

胎児体重低下、骨化度低下、  

10mg／kg／dayで脳水腫、停留精巣、腎  

孟肥大、脳室肥大   

【発がん性】  

ラット（80週）：LOAELl．2mg／kg／day  

肝細胞がん  

IARCグループ2B（possibly  

carcinogenictohuman）   

【その他】  

職業ばく露で振戦、情緒不安定、視力  

障害、筋力低下、歩行運動失調等、  

実験動物で、牌臓、胸腺重量、好中球  

数、NK活性低下、  

EU－StrategyforEndocrineDisruptors  

優先化学物質（無処置動物の少なくと  

も一種類において内分泌かく乱活性を  

示す科学的根拠がある）に分頬   

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

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

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

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

Theavai1abledataarenotconclusivewhenitcomestolong－rangeatmOSpherictransportofchlordeconeingaseousfbrm．  

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

Chlozdeconeisreadilyabsod）edintothebodyandaccumulatesfollowingprolongedexposure．Thepesticideisbothacutely  

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

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

Basedonthe availableevidence，Chlordeconeislikely as aresultofitslong－range enVironmentaltransporttolead to  

Significantadversehumanhealthandenviromnentalef托ctss11ChthatglobalactioniswaJTanted・   
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1  Introduction  

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

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

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

1．1   ChemicalIdentityoftheproposedsubstance  

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

1．1．1  Namesandregistrynumbers  

（二」∫（ゾれソナJ汀（J／〃〃／肌，、・  

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

・＼：川川t川ハ・－  

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

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

Decachloroketone  

7ナα（お〃α椚e∫．・  

GCl189、Kepone，Merex，ENT16391，Curlone   

トI．＼－ハ・．リハ咋川…J／－l′′●・●  

143→50－0  

1．1．2   Structure  

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

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

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

Tablel．1  Physicalal）dchemicalpropertiesofChlordecone・  

Property   Vnit   Value   Reference   

Molecularfbrmula  ClOCl100  
Molecularweight   〟mole   490．6  

Appearanceatnormal  Tan－Whitecrystal1inesolid  IARC，19791   
temperatureandpressure  

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

VapourPressure   Pa  ＜4．0ⅩⅣ5（250C）   IARC，1979l  
4．OxlO‾5（250C）   HSG41，IPCS，1990   
0．35－1．0Ⅹ   HSG4l，IPCS，1990  
1－2   EHC43，IPCS，1990  

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

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

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

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

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

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

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

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

Constant  

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

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

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

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

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

i 

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

6   
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l．3  Data sources 

ThisRiskProfileisIminlybasedoninfbrmationfromthefollowlngreViewreports：  

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

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

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

Toxicologicalprofilefbr・MirexandChlordecone・U．S，DepartmentofHealthandHumanServices，Agencyfor  

ToxicSubstancesandDiseaseRegistry（ATSDR）August1995（availd）1eatこ  

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

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

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

AsearchformorerecentinfbrmationincludedalitemturesearchvLatheDa111ShTecl血calUniversityLibraryandthedata  

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

1．4  StatusofthechemicalunderinternationaIconventions  

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

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

． 

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

http：〟www・amap．nO／   

3http：／血ww．chem．unep．cIVpts／gr／GlobaしReport．pdf  
4Thechemical1yrelatedcompoundmirexisalreadyincludedintheStockholmcolⅣention・Bothmirexand   
ChlordeconeareincludedintheUNECE1998AarhusProtocolonPersistentOrga11icPollutants－（POPs）．   

BothareincludedinOSPARassubstancesofpossibleconcem  
5Thisrequiresthatthedocumentationsupplieddemo11StrateSthatthefiⅢ1regulatoryactionisbasedonarisk   
evaluationinvoIvingprevai1ingcondition5withinthePanytakingtheaction・  

7   
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2  SummaryinformationrelevantfortheriskprofiIe   

2．1  Sources  

2．1．1  Production  

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

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

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

2．1．2  Tradeandstockpiles  

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

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

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

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

Chlordeconewasma止etedinFranCeaSaformulation，Curlone，byDeLaguanquefrom1981to1993．Thefbrmulationwas  

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

2．1．3   Uses  

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

2．1．4   Releasestotheenvironment  

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

2．2  Environmental fate 

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

Orga血sm5）・  

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

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

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

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

2．2．1  Ⅰ〉er5iste11（：e  

In血eEHC43（1PCS，1984），earlyreportsthatdidnotincludeanyevidenceofClllordeconedegradationinthenahlral  

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

EHC43（IPCS，1984），COnCludedthatChlordeconeisanextremelystablecompoumdandisnotexpectedtodegradeinthe  

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

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

tmnsportedgreatdistancesbeforepartltlOnlngOuttOSediment・ThepnmaryprocessfbrthedegradatlOnOfChlordecollein  
SOilorsedimentsisanaerobicbiodegradatlOn（AbbreviatedfromUSATSDR，1995）・  

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

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

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

2．2．28ioaccumuladon  

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

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

Table2．1  BCFvaluesforCh）ordecorLe．  

Test  
ExposⅥre  

Species  ConcetLtratioTl  8CF   Referencel   
Duration  

朋几  

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

β〟〃〟毎Jね′er〟0／gcね）  

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

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

〃鹿∬血仇叩．）  

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

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

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

dmerfc（Jmγ∫f∫ムα加〟）  

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

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

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

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

Fish（βr飢′00r〃d少rα〃〃〟∫）  
1985   

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

Fi血ひ加血九川脚血厄）  
1985   

28d   
B如mereJ．αJ．，1977；  

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

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

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

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

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

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

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

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

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

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

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

ComcIu5ioll  

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

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

biomagnification．   

2．2．3  PotentiaIforLong－RangeEnvironmentalTransport  

Thepotentlalforlong－rangeenVironmentaltranspOrtCanbedocumentedthroughmonitoringdatafromremoteregions（e．g．  

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

WCllknownmechanismoflong－raJlge tranSPOrtisatmospherictransportofsubstancesin山evapourphase・However，  

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

OneprerequlSiteforlong－raJlgeatmOSPherictransportispersistencetodegradalion，andChlordeconeisconsideI℃dtobe  

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

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

materialsandlivlngOrganlSrnS・Therefore，thelongrangetraJISPOrtisexpeCtedtotakeplacethroughthesepathways．  

TlleUSATSDR（1995），StateSthatatmospherictransportofdustcontainlngChlordeconeparticleswasreportedduring  

productionyearsbasedonresultsfromhighvolumeairsamplefiltersfromHopewell‥Atapproximately200yardsftomthe  

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

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

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

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

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

bethe mostrelevaJltPrOperties・Foracomprehensiveevaluationofthepotentialforlong－rangeatmOSpheric transpOrt，  

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

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

VOlatilityofthesubstance．  

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

Awayofevaluatingthecharacteristicsandef托ctsofasubstanceforwhichnotenoughinformationexistsistocompareit  

Withbetterknownsubstancesofsimi1archamcteristics・Thisapproach（knownas”thebenchIllarkapproach■■）wasproposed  

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

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

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

7ThesereferencesdescribebothMirexandChlordecone  
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