
リンデンの危険性の概要  

分卸隠 蓄積阻   人健康覿 瀬植物ぺの影郵   

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

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

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

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

【生殖毒性】  （生殖能低下）  

【光分解性】  ヘナース）  ウサギ（3日／週で12週）：  

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

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

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

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

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

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

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

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

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

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

・脊椎生物の平均logBAF＝3．80。肉部  

【半減期】  分で780、内臓部分で2500、全魚体  

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

度定数に基づく推定値は2－3日。対  テロン濃度低下  

流圏での寿命は7日と推定。熱帯地  

域での対流圏寿命は13日と推定。   

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

命を96日と推定。  れるが、潜在的人発がん性を評価する  

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

3－30日。  類（USEPA）  

・土壌中二2－3年。   

【その他】  

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

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

Mexicoatitsnrstmeetlngandconcludedthat”LindanemeetsthescreenlngCriteriaspecinedin  
AnnexD”．   

Internationalinitiatives onLindaneincludetheProtocolonPersistent OrganicPollutants ofthe  

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

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

CommissionfbrEnvironmentalCooperationbetweenCanada，UnitedStatesandMexico・   

Foreachtonoflindaneproduced，arOund6－10tonsofotherisomersarealsoobtained・Inthelast  

yearstheproductionoflindanehasrapidlydecreasedanditappearsthatonlyRomaniaandIndia  

arecurrentproducingcountries．Lindanehasbeenusedasabroad－SpeCtruminsecticidefbrseed  

andsoiltreatment，fbliarapplications，treeandwoodtreatmentandagalnSteCtOparaSitesinboth  

Veterinaryandhumanapplications．   

Oncereleasedintotheenvironment，1indanecanpartitionintoallenvironmentalmedia・HydrolysIS  

and photolysISarenOtCOnSideredimportantdegradationpathwaysandreportedhalf11ifbsin air，  

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

inairhasalsobeerleStimated．   

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

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

eliminationarealsorelativelyrapid，OnCeeXPOSureiseliminated．   

ManystudieshavereportedlindaneresiduesthroughoutNorthAmerica，theArctic，SouthernAsia，  

theWesternPacihc，andAntarctica．HCHisomers，includinglindane，arethemostabundantand  

PerSistentorganochlorinecontaminantsintheArcticwheretheyhave notbeenused，pOlntlngat  
evidenceoftheirlong－rangetranSpOrt．   

Thehypothesisthatisomerization ofgammaHCHto alphaHCHin airemerged as a possible  

explanationfbrhigherthanexpected alphaHCH／gammaHCHratiosintheArctic．Howeverno  

COnClusiveexperimentalevidenceofisomerizationtakingplaceinairhasbeenproducedtodate．  
AIso，althoughthereisevidencethatbioisomerizationoflindanecantakeplacethroughbiologlCal  

degradation，1tSeemSthatthisprocessmayplayaninslgn沌cantroleintheoveralldegradationof  

gamma－HCH．   

Lindanecanbefbundinallenvironmentalcompartments，andlevelsinalr，Water，SOilsediment，  

aquaticandterrestrialorganismsandfbodhavebeenmeasuredworldwide，Humansaretherefbre  

being exposed tolindaneas demonstrated bydetectablelevelsin human blood，human adipose  

tissueandhumanbreastmilkindif托rentstudiesin diversecountries．Exposureofchildren and  

PregnantWOmentOlindaneareofparticularconcern．   
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Hepatotoxic，immunotoxic，reprOductiveanddevelopmentalef托ctshavebeenreportedfbrlindane  

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

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

decreasedbodyweightgalninmammals，Withsomeef托ctsindicativeofendocrinedisruPtlOn．   

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

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

Convention．  

1．   Introduction   

l．1 Chemiealidentity   

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

mentioned aswellthat”otherisomersofhexachlorocyclohexaneshouldalsobeconsideredinthis  
proposal”・1   

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

Molecularweightこ290．83  

PhysicalandChemicalpropertiesofgamma－HCII   
Physicalstate   Crystallinesolid   

Meltingpolnt   112．50C   

Boilingpolntat  323．40C   

760mmHg  

Vaporpressureat  4・2x10－）mm＝g   

200C  

Henry’sLaw  3，5xlO－6atmmj／mol   

constantat250C  

ATSDRっ2005   

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

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

Chlorineatomsorientation（axialor 

． 

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

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

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

isomeristheonlylSOmerShowlngStrOnglnSeCticidalpropertleS．  

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

ModinedfromBuseretal．，1995．  

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

1．2 ConclusionoftheReviewCommitteeregardingAnnexI）information   

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

1．3  Ⅰ）atasources   

Datasourcesprovidedbytheproposingparty，Mexico：   
1．ATSDRToxicologlCalPronleInfbrmationSheet2001   
2．AMAP．1998・PersistentOrganicPollutants・ArcticMonitonngandAssessmentProgram   

（AM），183－373・Oslo，NoⅣ？y・   

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

AssessmentProgram・   

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

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

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

2uNEP／POPS仲OPRC．1／10  

6   
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9・U・SEnvironmentalProtectionAgency・1RIS・   

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

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

12．WHO．1991．EnvironmentalHealthCriteria124Lindane   

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

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

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

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

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

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

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

6，UNEP，Il，0，WHO Geneva．1991．  

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

7L Brocketal．，AllerraRqpor189，Netherlands．2000．   

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

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

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

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

769．   

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

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

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

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

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

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

Thefollowinglindaneassessmentreportsarepubliclyavailablethroughtheinternet：  

● AssessmentofLindaneandotherHexachlorocyclohexaneIsomers・USEPA・February2006  
http  

● ToxicologlCalProⅢe fbr Hexachlorocyclohexane，Agency fbr Toxic Substances and  

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

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

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

SupPOrtlng health and eco assessments included in the docket．  

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

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

7   
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American  Commission  fbr  Environmental  Cooperation   

http：〟www．cec．or岬   

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

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

http：〃w耶V．uneCe．Or糎呵   

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

1．4  Statusofthechemicalunderinternationalconventions   

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

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

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

outdoorusefbrnurserystockandornamentals・6・Indoorindustrialandresidentialapplications・All  

restrictedusesoflindaneshallbe reassessedundertheProtocolnolaterthan twoyearsafterthe  
dateofentrylntOfbrce・TheProtocolenteredintofbrceonOctober23th，2003・ 

3   

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

ConventiononthePriorInfbrmedConsentProcedureas“chemicalssubjecttothepnorinformed  
consentprocedure＝・TheRotterdamConventionenteredintofbrce24February2004・ 4   

Hexachlorocyclohexaneisomers，includingLindane，thegammaisomer，areincludedintheListof  

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

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

substancesandclosetozerofbrman－madesyntheticsubstances．TheOSPARConventionentered  
intofbrceon25March1998． 

5  

Ten0nLonraJI 
4 

． 

5 
0SPARCoIⅣentionfbrtheProtectionoftheMarineEnvirormentoftheNortheastAtlamic・加p‥／／www・OSpar・Org／   
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HCH（includinglindane）islistedasaLevelIIsubstanceintheGreatLakes BinationaJToxics  
StrategybetweentheUnited StatesandCanada，Whichmeansthatoneofthetwocountrieshas  

groundstoindicateitspersistenceintheenvironment，POtentialforbioaccumulationandtoxicity・ 
6   

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

OngOlnglnitiativetoreducetherisksoftoxicsubstancestohumanhealthandtheenvironmentin  

NorthAmerica，ThisprogramispartofthePollutantsandHealthProgramoftheCommissionfbr  

EnvironmentalCooperation between thethree NAFTA countries：Canada，United States and  

Mexico．（CEC，2005）   

LindaneisalsolistedundertheEuropeanWaterframeworkDirective．ThisDirectiveisapleCe  

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

fbrwhichqualitystandardsandemissioncontroIswi11besetatEUleveltoendallemissionswithin  

20 years 

2・ Summ甲ryinformationrelevanttotheriskprofile   

2．1  Sources   

a） Production，trade，StOCkpiles  

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

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

PeslicickAssociation（IHPA）（reportandAnnexes），therehavebeenvariationsintheproduction  

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

Thelindaneindustryclaimsthatmodernproductiontechnologyprocessesthewasteisomersinto  
TCB（trichlorobenzene）andHCl（hydrochloricacid）therebyreducingoreliminatingenvironmental  

COntaminationfromthesebyproducts（CropLife，2006）・   

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

Poland，andTurkey，andtookplacemainlyfrom19500rearlierandstoppedin1970tothe1990s・  

AccordingtoaresearchbyIHPA，teChnicalHCHandlindanehavealsobeenproducedinother  

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

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

COuntriesdonotkeeprecordsofhistoricalpesticidesproduction，Salesandusageortheindustry  
COnSidersthistobeproprietaryinfbrmation（IIiPA，2006）・  

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

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

agriculturallindaneusageindiffbrentcontinentsintheperiodfrom1950to2000（IHPA，2006）・  

Comtinent   Usage（tons）   

Europe   287，160   

Asia   73，200   

America   63，570   

A丘ica   28，540   

Oceania   1，032   

Total   435，500   

ItappearsthatinthelastyearstheproductionoflindanehasrapidlydecreasedleavlngOnlyasmall  
numberofproducingcountries．Romania，India，andpossiblyRussiaaretheonlycountriesinthe  

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

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

PrOducinglindane・Indiaproducesanduseslindanefbrthecontrolofmitesin sugarcaneat200  
tonneSPeryear・   

Globallindaneproductionbetween1990and1995wasaround3222tonsperyear．InEurope，the  

toplOcountrieswithhighestlindaneusagebetween1950and2000，rePreSentlng96％ofthetotal  

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

YugoslaviaandGreece（IHPA，2006）．   

The1998Food and Agriculture OrganizationInventory ofObsolete，Unwanted and／orBanned  

Pesticidesfbundatotalof2785tonsoftechnical－gradeHCH，304tonsoflindane，and45tonsof  

unspecifiedHCHmaterialscatteredindumpsitesinAfricaandtheNearEast（Walkeretal．，1999）．   

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

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

technicalHCHandlindanestillexistintheRussianFederationafterthebanofproductioninthe  
beginnlngOfthe1990s，  

b） Uses   

Lindanehasbeenusedasabroad－SpeCtruminsecticide，Whichactsbycontact，fbrbothagrlCultural  

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

applications，tree and 
applications（WHO，1991）．   

AsaconsequenceofitstoxIC，SuSpeCtedcarcinogenlC，perSistent，bioaccumulativeandsuspected  

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

EuropeanCommunity．AllusesofHCHincludinglindanehavebeenbanned，butMemberStates  

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

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

SCabiestreatment（CEC，2005），   

InfbrmationoncurrentusesasinformedbycountriesmaybefoundonPOPRC／LINDANE／INF，1  

C） Releasestotheenvironment  

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

VOlatilization，andrunOffofthewasteisomersoccurred（USEPA，2006）．   

Iftheestimateofglobalusageoflindaneof600，000tonsbetween1950and2000isaccurate，the  

totalamountofpossibleresiduals（ifitisassumedthatameanvalueof8tonsofwasteisomersare  

Obtainedpertonoflindaneproduced）amountstopossibly4，8mi11iontonsofHCHresidualsthat  

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

Airreleasesoflindanecanoccurduringtheagnculturaluseoraerialapplicationofthisinsecticide，  
aswellasduringmanufactureordisposal＿AIso，1indanecanbereleasedtoairthroughvolatilization  

afterapplication（Shenetal．，2004）．Evaporativelosstoairfromwaterisnotconsideredsignincant  

duetolindane’srelativelyhighwatersolubility（WHO／Europe，2003）．  

2．2  EnvironmentaJfate  

Persistence   

Ahalト1ifbforlindaneinairof2．3dayswasestimated，basedontherateconstantfbrthevapor－  

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

estimatedalifttimelnairof96daysfbrlindane．Lindanehashalfし1iftsof3－30daysinriversand  

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

ranglngfrom92to3090hoursdependingonthestudy；aPerSistenceofabout2to3yearsinsoilis  
alsoreported（Mackayetal．，1997）・   

Oncereleasedintotheenvironment，lindanecanpartitionintoallenvironmentalmedia，butitis  

demonstratedthatevaporationisthemostimportantprocessinthedistributionoflindaneinthe  

environment．SeveralstudiesfbcuslngOntheadsorptlOn－desorptlOnCharacteristicsoflindanehave  

Shownthatmobilityoflindaneisverylowinsoilswith ahighcontentoforganicmaterial，and  

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

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

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

underneutralpHconditions．LindaneisstabletohydrolysISatPH5and7withahalfこ1ifもof732  

daysandahalf11ifbof43to182daysatpH9．AIso，diffbrentestimatedandcalculatedhalf－1ife  

Valuesfbrlindanehavebeenreportedtobe：1．1yearsatpH8and200Cinseawater；42yearsatpH  

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

Lindaneisstabletolight．Sincelindanedoesnotcontainchromophoresthatabsotblight，direct  

PhotolysISeitherinalr，WaterOrSOilisnotexpectedtooccur．EvenwhenindirectphotolysISCOuld  

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

Lindanedegradesveryslowiybymicrobialactionwithacalculatedhalflliftinsoilof980days  

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

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

Bioaccumulation   

Thebioconcentrationfactors（BCF）inaquaticorganismsunderlaboratoryconditionsrangedfrom  
approximatelylOupto6000；underneldconditions，thebioconcentrationfactorsrangedfromlO  

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

2．26inshrimpto3．85inrainbowtroutinearlylifbstagesonlipidbasisand4．3inzooplanktonand  

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

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

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

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

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

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

AnaveragelogBCFof2・28ininvertebratespeciesandanaveragelogBCFof2．87invertebrate  

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

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

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

anaveragelogBAFof2．94ininvertebratespecies，andanaveragelogBAFof3．80invertebrate  

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

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

fbrwhole蔦shtissueshavealsobeenreported（USEPA，2002）．   

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

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

metabolism，SOurCeS Ofcontamination and even experimentalconditions，taken together could  

explainthesignificantvariationobseJ，VedfbrBCFvalues．AIso，mOStdatasuggestthat，although  

lindanemaybioconcentraterapidly，bio－tranSfbrmation，depurationandeliminationarerelatively  

rapidonceexposureiseliminated．（WHO，1991）．   

Thebioaccumulationoflindanehasbeenobservedfbrmosttaxonomicgroups，什omplantsand  

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

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

belowIpg／1（助vlrOnmentalHeakhCriteriaNo．124，1991；andBrocketal．，2000）－Shouldbe  
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