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3. 稲による γ-BIIC～の吸収移行について 良薬の製剤に関する研兜II. 塚野 盟･鈴木爪麿

(忠業技術研死所)37.2.1受理

IT-BHCを含む水桝紋をmい,この薬剤が稲の税を通じて内部へ吸収されるか石かを調べた.苗で

は6.9p.p.m:の枚で10EHnlの処班により,根執こ39p.p･m.,地上部に12p.p.m/の r-BHCが見出

さ̀れ,劫柑形成糊のものでは4.Op･p･m･の紋を用いて14日間処理したところ,茎 ･黙約部で34p.p.m.

fjg身部で4.lop.p.m.の γ-BHCが放出された.水溶液の氾皮をあげると吸収速度は上昇したが,浴

･机 界両癌性剤を用いて氾皮を高めた液からの.吸収は却って低かった.処理後,γ-BHCを含まない

･r液で培並を続けると,柴抑部のγ-BHC虫は減ったが,黄身部では増加した.以上の舶来からみて,

I"b･･与-BHCは稲の根を通じて茎 ･焚部へ吸収移行され得
, 1:':.

Introduction

.Duringrecentyears,anumberofstudieshave

beenmadeontheabsorptionandtranslocation

of.γ-BHC(γ-hexachlorocyclohexane)byplants･

In1950, Starnesl)reportedthatbothaqueous

suspensionsandbenzeneextractsofthepotato

foliageandtuberswerehighlytoxictoAedes

larvawhentheplantsweregrowninsoilcon-

tain.ingther-1SOmerOfbenzenehexachloride･

Similareffectswerefoundin various.plants

againstdifferentinsectsbyKo2:lovaandDvort･

zova2㌧Ehrenhardt3),KoehlerandGyrisco4),and
others.Haines5)Observedthepresenceoflindane

intheguttatedliquidaswellasintheplant

tissue.Sofcornplantswhichhadbeencultured

inanutrientsolutioncontainingthisinsecticide,
while..LillyandFahey6)foundBHCintheseeds

ofvariousplantsgrow?inthesoiltreatedwith
thischemical.Quantitativestudieswerecarried

outbyBradburyandWhitaker7)andLichten･

steins). Theformergroupshowedthatwheat

seedlingsremoveduptolOOFLg./g･(freshweight)

ofγ-BHCinsevendaysfrom theaqueoussolu･

tionbathingtheirroots.

Inrelationtotheapplicationofγ-BHCforthe

controlofthericestem borer,ClT.ilosuPPressatz's

Walker,muchattentionhasbeenpaidinJapen
tothebehaviorofthisinsecticideinandonthe

riceplant. KoshiharaandOkamoto9)r申Orted

thatthetreatmentofpaddysoilwithr-BHCat

thetimeofpuddlingbeforethetransplantation

～) FormulationofPesticides.II.
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るものと考えられる.

ofriceseedlingswaseffectiveforthecontrol

oftheinsectatthefirstbrood. Theyclaimed

thatthiseffecthadresultedfrom theabsorption

andtranslocationofthetoxicantthroughthe

roots.Horiguchi10)observedasimilareffect,but

heattributedtheeffectmainlytotheinsecticide･

containingwaterbetweentheleafsheathswhich

hadbeenbroughtupthereasthecapillaryeffect

andwasconcentratedduetotheevaporationof

water. Ishiiandhiscoworkersll)reportedthat

radioactivematerialswerefoundonlyonand

neartherootsofariceseedlingwhentheroots

wereexposedtoClLlabeledγ-BHCemulsion.

They,therefore,concludedthatthiscompound

wasnoteasilytranslocatedintootherpartsof

thericeplanL

Duringthecourseofstudiesonthespray

formulationofγ-BHCforthecontroloftherice

stemborer,itwassuggestedthattheabsorption

andtranslocationofthisinsecticidemaytake

placeinthericeplant,resultinglnprolonged

persistenceandincreasedeffectiveness. While

anumberofworkershadalreadyprovedthe

uptakeofγ-BHC byvariouskindsofplants,
positiveevidencehadnotyetbeenshownofthe

absorptionandtranslocationofthischemicalby

thericeplant. Itseemed,totheauthors,that

thedifferentresultsandexplanationsmentioned

aboveshouldbeattributedtothedifferencein

theexperimentalconditions.

Thepresentpaperdealswiththestudieswhich

wereundertakentoexaminetheuptakeofγ-
BHCbythericeplant. Therootapplicatiomin
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waterculLurcWaschosen,asthefirststep,be-

causeofthesimpliclLy orCXPerimenLaltech･

niques,thoughthelcarsur'faceseemed tobe

moreimportantasapossiblepathwayofthe

sprayedinsecticide.

MaterialSandRlethods

(1) 7-BHCSolutions.

Severalkindsof㍗-B‖Csolutionswereprepared

alldused. Mineralnutrientswereaddedtoall

thesolutions. SolutionsIIandlllwereprepared

byvlgOrOuSlyagitating thesuspension ofthe

insectlCldeinwaterfollowedbytiltr'at)on,while

SolutionlVcontalnedorganicsupplements.The

concentrationsweredeterminedchemically.

(a) Sol山10nI. ThissolutionWasprepaI-edby

diluting So一utionlllwith an equalvolumeof

water一.educing tlleCO一一CentraLion と04･0〃g･of

γ-BHCperml.

(b) SolutionlT. AnaqueoussolutiollCOntaining

6.9FLg.Ofr-BHCperrnl.

(C) SolutionIIT.AnaqueoussoILltioncontaining

8.OfLg.Ofr-BJ:ICperml･

(d) SolutionlV. Thiswaspreparedbypouring

aso一utionofthefol一owing composition under

vlgOrOuSagltationinto201.ofwater.･200rng･of

Hndane,2.0g.orEnlaSO11130 (acommercial

surfactanL),and20mL ofacetone.

(2) TheDeterminationofr-B‖CContent.

ThedeLerminattonofT-BliCcontentwascat-I

l･iedoutbytheScheChter-Hornstelnnlethodl-).

(3) UptakeofT-BHCbyRiceSeedlings.

RICe Seedlings were grown ln a nutrient

solutionandkeptinagreenhouse. Whenthey

were36 daysold,tlle nutrientsoluいon was

replacedbySolutionII. Precautionsweretaken

toavoidcontaminat10nOftheaerlalpartwltll

thesolution. Eachof30seedlings,someafter'

4daysandotllerSafter10days,wereremoved

from the solution,washed with water,and

dlVidedinLotwoparts,i.e.,theaerialpartand

theroot. EachpartWaswelched,macerated

inablendorWithanhydroussodium sulfateand

chloroform,andextractedinaSoxhletapparatus.

Theextl-actWasthentrc.liedwithrumingsulfuric

acld to remove interfering sLtbsLances. The

volumeortheresultantsolution was then re-

col■dedandaliquotsweretakenforallalysIS.

(4) Uptakeofr-B‖C byRICePlantsatthe

tleadFormingStage.

Riceseedlingswllich llad been growl-in a

seedlingbedweretransferredtopotsfilledwith

anutrientsolution. Threeseedlingswereplaced

in a pot,wherethey were held in apebble-

packedbamboobasket.Seventydaysaftertrans-

plantation,the nutrientsolution wasreplaced

by SolutionI. The pots were covered wi.th

polyethylenetubestoreducetheevaporatlOnOf

water,and werekeptfrom rain. Thesolution

wasrenewedeverytwodaysduringthetreat･

nlellt(FlgtIre1).

Figure1. RiceplantsaLtheheadformlng

stagewhich WereundertreatnlentWithγ-
BHCsolution,

Attwodayintervals,eachofthreeplantsWere

removedfromLhcsolutionandwashedthoroughly

with water. Afterbeingdriedintheair',the

plalltSWereSampled一eavingonly亡tlerootsand

thelowest5cm,portionsoftheaerialparts.

Eachsamplewasthen dividedintotwopaLrts,

1.e.,the 一eafbladealld therema‖1del･. Tlle

latterwillbereferredtoasthestem andslleath

hereinafter. Each partwasweighed,CLLLinto

pleCeS,lmaCeraLedwithmeLhylenechlorideand

anhydroLISSOdium sulfaLeand extracted in a

Soxhletapparatus. TheelirninaLionorinterfer-

ingsubstancesandthedeterminationofr-J31-1c

contentwerecarriedoutin thesamewayas

describedintheprecedingsection･

Theaverage recovery from tlleStemsand

sheaths WaS90percent,while thatfronlthe

bladeswas84pel~Cent.

(5) EffectofDifferencesintheT-BHCConcen-

tration.
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.RiceplantsattheheadformlngStageWere

treatedsimilarly.somewithSolutionIIIand

othersWithSolutionlV. Samplesweretaken

after2and4days. Theextraction.theelimina･

lionofinterferingsubstances,.andthedetermi･

nationofT-BllCcontentwerecarriedoutinthe

samewayasdescribedabove.

(6) Changesin㍗-B‖CContentaftertheTreat･

meれt.

Afterbeingtreatedfar4dayswiththesolu-

tions,riceplantsatthehead formlng Stage

wereculturedforanadditional10daysin a

nutrientsolutionwithouttheinsecticide. The

extraction,theeliminationofinterferingsubstan･

ces.and thedeterminationofγ-BHCcontent

were carried outin thesame way asused

previously.

Table1.･Uptakeof㍗-BIICbyriceseedlingsfrom theaqueoussolution,6.9〃g.perml.

り T h esefiguresarethe.average per seedling o f theresu lts:obtained.

Table2. Uptakeofr-BHCbyriceplantsattheheadformingstagefrom theaqueous

solution,4.OFLg.Perml.

つ Thesefiguresaretheaverageperplantoftheresultsobtained.

Table3. EffectofdifferencesintileCOnCentration.

14

') Thesefiguresaretheaveragepe.rplantofther.esultsobtained･
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]tesult8

Theresultsofthetreatmentofriceseedlings

arerecordedinTable1.

Theuptakeofγ-DHCbyriceplantsatthehead

formlngStageisshowninTable2.

Theeffectofdifferencesinther-BHCconcen･

trationarepresentedinTable3.

The changesin γ-BHC content after the

treatmentareglVeninFigure2.

Inallcases,twoseriesoftestswereconducted,
andduplicateanalyseswerecarriedoutforeach

sample. Themeanstandarddeviationwasll

percent.
rt
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Figure2. Changesinγ-BHCcontentafter

thetreatment.

After:4days′treatmentwithγ-BHCsolution,
riceplantswereculturedforanadditional

10daysinanutrientsolutionwithoutthe

insecticide.

Solidsymbols二representthecontentinthe

stemsandsheaths,andopensymbolsshow

thoseintheblades.Circlesrepresentresults

from thetreatmentwithSolutionI,Squares

witbSolutionIII,andtriangleswithSolution

IV.

DiscuBSion

TheresultsglVeninTable1show thatrice

seedlingrootsabsorbedγ-BHCwhentheywere

exposed to theaqueoussolution. Itisalso

evidentfromTables1,2and3thattheinsecticide

wastransferredfrom theaqueoussolutionto

theaerialpartsofboththeseedlingsandthe

plantsatthelleadformingStagegrowninthe

culturesolutioncontainingtheinsecticide.These

resultsseem togiveapositiveanswerto_the

questionwhetherornot㍗-BHCisactuallyab-

sorbedandtranslocatedbythericeplant.

Ⅰntheseexperiments,precautionsweretaken

tokeepthesheathsabovethewatersurface,so

thatonlytherootswereexposedtothesolution.

Itis,therefore,unlikely thatthe insecticide

foundintheaerialpartswasderivedbydirect

contactfromtheculturesolution.Itwouldalso

be'difficulttoattributethe:presence ofthe

insecticideinthesepartstothevolatilization

andsubsequentadsorptionbytheplantsurface.

Exceptfortheexperimentwiththeseedlings,
theplantswerekeptoutdoorsunderwelI･aerated

conditions. Underthesecircumstances,Onlya

smallamountofthetoxicantwouldhavebeen

adsorbed,evenifaconsiderab一eamounthad

evaporatedfrom thesolution.

Theabsorptionbytherootsandsubsequent

translocation probably by the transpiration

stream,therefore,seemstobethemajorcourse,
ifnottheonlyone,whichaccountsconsistently

fortheexistenceoftheinsecticideintheaerial

parts.

ItcanbeseenfromTable1thatriceseedlings,

weighing0.57g.,contained12.8FLg.Of㍗-BHC

after10days'exposuretotheaqueoussolution

of6.9iLg.Perml. Thisvaluecorrespondsto

theconcentrationof22.5FEg.Perg.Offresh

weight. Itisalsoseemfrom Table2thatthe

insecticidecontentreached18FLg.Perg.OHresh

weightintheaerialpartsofthericeplantsafter

10days'treatmentoftherootsintheaqueous

solutionof4.OILg.Perml.
Ithasbeenpointedoutthattherateofuptake

varieswithdifferentcrops,atdifferentstages,
and under different treatment conditions.

Thoughthereisnogreatsignificanceincompar･

ingthecontentwiththoseinotherplants,those

valuescalculatedarefoundtobesomewhatlower

thanthoseobtainedwith10dayoldwlleatSeed-

lingsbyBradburyandWhitakerT),whoshowed

thattheγ-BHC contentintheseedlingswas

15
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66FLg.Perg.Offresh weightafter9days'

eXpOSure.

AsshowninTables2and3,theinsecticide

content increased rapidly in the stems and

sheaths,●whileitincreasedatmuchslowerrates

intheblades. Thesefactssuggestthatsome

ofthe absorbed insecticide washeld during

translocation. Volatilization from the blade

surfacemighthavebeenpartlyresponsible.

Table3Showstheeffectofdifferencesinthe

concentration. Theinsecticidewastaken up

morerapidlyfromtheaqueoussolutionoflligher

concentration,butthetreatmentwithSolutionIV

resultedinsloweruptake,thoughtheinsecticide

concentrationwashigherinthissolutionthan

thoseintheothers. SolutionlVcontainedthe

insecticidebeyondthesolubilityinwaterwith

theaidofsupplements. Thepresenc'eofthese

supplementsmayhaveloweredtheefficiencyof

●theuptakebecauseofthephytotoxiceffect.

ItisshowninFigure2thattheγ-BHCcontent

decreasedinthestemsandsheathsbutincreased

inthebladesduring10dayperiodofadditional

culturewiththenutrientsolution,whichfollowed

the treatmentwith the insecticide solution.

Thesefactsmaywellbeexplainedbyassuming

thattheinsecticidealreadypresentinthestems

andsheathsattheendofthetreatmentmoved

intothebladesduringthe10dayperiod,while

the■translocationfrom therootswasmuchless.

tFrom theseresults,itmaybeconcludedthat

thericeplantcanabsorbandtranslocateγ-BHC,

theamountdependinguponvariousconditions.

MethodsarenowbeingdevelopedinJapanfor

applyingγ-BIiC inthesoilandonthe･water

surfaceofpaddyfieldsforthecontrplofthe

ricestem borer. Furtherstudiesseem tobe

necessary on the uptake ofthis insecticide
l

throughtheroots,sincethisprocessseemsto

beinvolvedwhentheseapplicationmethodsare

used.

､' Summary

Studies､Wereconductedontheabsorptionand

translocationofr-BIiCbythericeplantthrough

theroot. Therootsofriceseedlingscontained

39p.p.m.ofγ-BHCaftertheyhadbeenexposed

totheaqueoussolutionof6.9p.p.m.for10days,
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while12p.p.m.oftheinsecticidewasfoundin

theaerialpartoftheseedlings. Riceplants

attheheadformingstagetookuptheinsecticide

steadilyfromtheaqueou-ssolutionthrough their

roots,theco苧Ce.ntr?tionsbeing34p.p･m･inthe

stemsandsheathsand4.0p.p.m.intheblades

after10days'exposureoftheirrootsto the

aqu.eous～SOlutiohof4.0p.p.m.Theirisecticide

wasabsorbedinhigherratesfrom anaqueous

solutiopofhighe'rconcentration,butthepresence

ofacetpneand a surfactantin the solution

loweredtheuptake. Theγ-BHCcontentinthe

stemsandsheathsdecreasedduringthe10days

aftertheexposure,whilemuchincreasewas

observedinthecontentintheblades. From

theseresults,itwasconcludedthattherice

plantca.nabsorbandtranslocateTIBHCthrough

therootsystem.
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