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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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