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2. 製剤を変えて稲に散布した .γ-BIIC の附着と残留についで 良薬の製剤に関する研究 Ⅰ.

塚野 望 ･鈴木附麿 (n菜技術研死所).37.2.1受理

浴剤の柾斑と乳化剤の虫とを変えた四位の γ-BHC 乳剤をつくってポットに植えた稲に噴霧し,

その付前出と残田虫と句化学的に定立した. 乳化剤の多い乳剤は流れ易いために茄身への付着丑は

少なかつT:が, 粟蹄部 (内面を合やT=)への付着盃は多かっだ; 四経の乳剤の付着畳の旧任は菜身

と恭靴とでは丁度逆でみつた.菜身上のr-BHCは速かに消失した.中でも溶媒にキシレンを用い乳

化剤の少い乳剤では付着虫が多か1.1こにも拘らず残留畠は最 も低かった.染料部に句宕した γ-BHC
の残留率は可成 り高く.付着塁の多いほど残田虫も

Introduction

ltiswellknownthattheeffectivenessofa

pesticideinthe丘elddependsuponthesuitability

oftheformulation. Evenwithahighlytoxic

compound,satisfactory controlwouldnotbe

expectedunlessthetoxicantissuitablyformula-

tedforthecroptobeprotected,forthepestto

becontrolled,forthemethodandequlpmentOf

theapplication,forthemeteorologicalcircum･

stances,andforsomeotherfactor苧･

γ-B‖C (㍗-hexachlorocyclohexane) has been

recognizedtobeahighlyeffectiveinsecticide

whenusedagainstthericestem borer,ChiLo
suP♪ressa:isWalker. But,theapplicationofthe

toxicantinthefielddidnotalwaysgivesatisfac･

torycontrol. Itwasfound,Severalyearsagol

thattheunsatisfactorycontrolwasbroughtabout

bytheinsufficientcontactofthistoxicantwith

theinsectlarva,becausetheformulationwas

unsuitablefortheboringlarva. Thisfinding

stimulatedtheimprovementoftheformulation,
andemulsifiableconcentratesofnewtypeshave

nowbecomecommerciallyavailable. Thesenew

formulationsgenerallycontainsolventsofhigher

boilingrangesandsurfaceactiveagentsinhigher

contents,ascomparedwithpreviouslyusedones.

Withthesenewformulations,effectivecontrol

hasbeen reported,which isclaimedbythe

manufacturerstobeascribed mainly to the

abilityofreemulsificationandgreaterdepthof

entrybetweentheslleaths. Littlequantitative

workhasbeendone,however,onthebehavior

*) FormulationofPesticides.li

6

多かった.

ofthetoxiccompound,whichwouldsupportthe

claimedmechanism.

Thepresentpaperdealswithtilequantitative

studiescarriedoutin19570mthedepositionand

persistenceofγ-BHCsprayedonriceplantsin

differentformulations.

MAterialSand丸Iethod且

(1) γ-BHCSprayFormulations.

Fourdifferentformulationswerepreparedand

used. ThecompもSitionsoftheseemulsifiable

concentratesareshowninTable1.Priortothe

application,1.0g.ofeachconcentratewasdiluted

withwatertomakeupt0300m1.0faspray

emulsionundervigorousagitation.No.1wasprep･

aredasaconventionaltypeofemulsifiableconce･

ntraterwhileNo.4wasformulatedtorepresent

theabove･describednewmodel.Lindane,thesur･
'【▲.

Table1. Compositionsofr-BHCemulsifiable
concentratest

FormulationNo.
Components

1 1 2 1 3 1 4

Lindane

Xylene

KawakasoINo.3…

Cyclohexanone

Sorpo1600

SorpoIW 150

SorpoIAC531

15

8〇

一
t5

t
I

15

弘

1
1
27

4

1

一62
16

7

15

一娼
7

～) Figuresaregiveninw/wpercentages.

…) Technicalmethylnaphthalenewithaboiling

rangeof230-270oC.
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factants,andKawaka･Solwerekindlysuppliedby

B‖CChemicalTndustrialAssociation,TohoChem･

icaHndustryCo.,andKawasakiKaseiChemicals

Co.,respectively,to which the autl10rS are

即ateful.

(2) TheRicePlants.

Thericeplantsusedhadbeengrowninpots

andwereattheirheadingstage. Twoplants

hadbeenraisedineachpot,about18cm.inin･

乱erdiameter. Inordertomakethespraycon･

ditionsasuniform aspossible,thenumberof

stemsofeachplantwaslimitedtotenandthe

headswereremovedbeforethesprayapplication.

(3) MeasurementofPhysicalProperties･

SurfacetensionwasmeasuredbytheDuNoiiy

methodat21oC. Areaofspreadwasestimated

foreach0.10mLofaspraydropletonaparaf･

fin･coatedglassplate. Though suchalarge

dropletwasnotactuallyproducedinthespray

application,thevaluesobtainedwouldaidinthe

comparisonofthepropertiesofthefourformu･

lations. Measurementwasalsomadeforwater.

(4) SprayApplication.

Theemulsionsweresprayed from a glass

atomizerwithanairstream ejectedunderthe

pressuredifferenceof1.Okg.persquarecm.

Potswereplacedatadistanceof1.5m.from

thenozzle. ThebladeandthesheathofeachJJ
plantwereseparatelysprayedfromtwooさposite

sides,eachtimewith5m1.0femulsion.'Thus,
twoplantsineachpotreceived40mLofoneof

thefouremulsions.

(5) TheDeterminationofInitialDeposits.

Forthedeterminationoftheinitialdeposits,
Someofthesprayedplantsweresampledafter

beingleftintactforaboutanhouruntilthe

surfacewasdried. Eachsprayedplantwascut

atthelevelof5cm.from theground. The

aerialsidewasthendividedintotwopartt5,the

bladeandtheremainder. The.latterwillbe

referredtoasthestem andsheathhereinafter.

Eachpartwascutintopieces,andextractedin

aSoxhletapparatusafterbeingmaceratedwith

methylenechlorideandanhydroussodiumsulfate

inablendor. Themethylenechloridesolution

thusobtainedwasthentreatedwith fuming

sulfuricacidtoremoveinterferingsubstances.

Thevolumeofthesolutionwasmeasuredand

aliquotsweretakenforanalysis.

TheamountofT-BHCwasdeterminedbythe

Schechter-Hornstein metbodl). Two separate

sampleswere taken foreach treatmentand

duplicateanalysesweres鮮ぎie4 9utOn e-ach

sample. Averagerecoverieswere86percent

from bladesand91percentfrom stemsand

sheaths.bywhichthevalueswerecorrected.1
Thevalueswerethendecreasedbysubtracting

thoseobtainedontheextractoEunsprayedplants

determinedinthesameway二

(6) n eDeterminationofResidualAmounts.

Thesprayedplantswerekeptoutdoorsand

protectedfrom rain. TheplantsWereSampled,
someafter3daysandothersafter7days,for

thedeterminationoftheresidualamounts. The

extractionandthedeterminationofrBHCwere

carriedloutinthesamewayasthoseforthe

initialdeposits. Thetemperatureduringthe7

dayperiodaveraged19.1oC.,themaximum and

theminimum be'lng25.rC.and12.2oC.respec･

tively.

ReJtllt書

Thephysicalpropertiesmeasuredarerecorded

inTable2. Theresultsofthedetermination

oftheinitialdepositsareshowninTable3and

thoseoftheresidualamountsinTables4and5.

1mthesetables,averagevaluesarepresented.∫
Themeandeviationwas9percent.

I A

Table2. Physicalpropertiesofspray

emulsions.

Formulation
No. tension♯ l spread…

*) SurfacetensionwasmeasuredbytheDu

Nodymethodat21oC.

*') SpreadingareaofasprayemulsiorLdroplet,
0-10m1.0naparaffin-coatedplate.

7
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Table3. Initialdepositsofγ-BHConriceplants

Table4. Residuesofr-BHConthebladesofriceplants.

Table5. Residuesofγ-BHConthestemsandsheathsofriceplants

After3days
FormulationNo.

Amo,ulnatnStpertAuTiOtu:teSigPhetrITenacities

After7days

Am?,ulnatnStPerlAuTiOtuatesigPhetr･1Tenacities;

Di8CuSBion

Variousfactorsareknowntoaffectthedeposit

ofpesticidesontheplantsurface. Theymay

beclassifiedintotwogroups,thoseoperating

beforetheimpactontheonehand,andthose

atandaftertheimpactontheother.

Mostofthefactorsintheformergroup,such

astheparticlevelocityandthedistanceofthe

objectdo notseem tobeimportantin this

comparativestudyonformulation,sincethere

wasnodifferenceinthemethodandtheequip-

8

mentofapplicationamongthefourformulationsJ

Theevaporationofsolventsmayhaveoccurred

indifferentdegreesbeforetheimpact.No.1and

No.2containedxyleneindifferentpercentages,
whichismorevolatilethanKawakasolusedin

No.3andNo.4.Divisionofthesprayemulsion

intofineparticlesnaturallyenlargesthesurface

oftheliquid,whichmayacceleratetheevapora-

tion.Sincethesprayingwascarriedoutindbors

inaconsiderablylowtemperature/theevapora･

tionisunlikelytohavetaken-placeasrapidly

asinthefieldapplication.IItmay,therefore;
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tJeSaidthattheevaporationofthesolventdid

notinfluencethedepositsignificantly.

Theresultsshown inTable3indicatethat

thehigtleStinitialdepositonleafbladeswas

obtainedintheapplicationofNo.1andth.ltthe

amountdecreasedintheorderofNos.3.4and2.

Thetablea一so indicates that.on stemsand

sheaths,theorderisjusttheopposite. When

thefiguresarecomparedwiththoseinTable2,
itisfoundthattllereisanegativecorrelation

betweentheamountsofinitialdepositsonblades

andthe-areaofspreadofsprayemulsions,while,
orlStemsand sheaths,apositive correlation

existsbetween thedepositsand tlleareaOf

spread.

Tthasbeenpointedoutthatthereisareverse

relationshipbetweenthespreadingabilityofa

sprayliquidandtheamountofdepositonplant

leaves. Onthericeplant,however,therelation

wasreportedtobedifferentandcomplicated.

Hirotae)found thatsurfactantsolutionsgave

tmallerspreadingindexesonthesurfaceofthe

riceplantleafthanonthoseofotherplants

testedandparaffin･coatedplate,andthat,On

roughsurfacessuchasthoseofthericeplant

leaf,themaximum depositwasglVenWhenthe

COntaCtanglewasabout900.Thoughspreading

propertiesweremeasuredonlyonparaffin二coated

platesandnotonthericep一antleafparticularly

inthepresentstudies,thefourformulations

usedwerefoundtohavehighspreadingabilities

intheformerplates.･Itseems,therefore,that

thespreadingabilitiesofthefouremulsionson

thericeplantleaffellwithintherangewhichcould

givetheabove･mentionedreverse･relationship.

Severalfactorsmaybesuggestedtoexplain

thereverserelationship. Stabilityofasingle

dropletonainclinedsurfaceisknowntobe

dependentuponthespreadingabilityoftheliquid.

Withinacertainrange,thecriticalstableangle

decreasesasthespreading ability increases.

Thisfactsuggeststhatcomparativelyfewer

dropletswillremainonleafsurfacesinclining

atvariousangleswhenaliquidofhigherspread･

lng ability is sprayed. Hirota2)-measured

criticalstableanglesofaqueoussolutionsof

severalpolyethylenenonylphenolethersonsome

kindsofplantsurfacesandfoundthatonthe

riceplantleafbl.lde,thestabilityincreasedwith

theconcentrationupto0.01percent,alJovewhich

thestabilitydecreased. Thosevatucslwere,

however,me-asuredwithdropletsof0.01'td､1-rO

ml. S'mccthecriticalstableangleincr6ages･

withthedecreaseinthevolumeofthedroplet●

asshowninthatreport,thosevalueswouldnot

applytothefineparticlesbelow0.001ml.I'pro･

ducedbythesprayerinthepresentexperiment.

Itmaybesaidthatthefinedropletswerestable

irrepectiveòftheinclinationofthesurfaceas

longastheyremainedindividually.

Assumingthatsprayliquidsofequalvolume

givedropletsofaboutequalnumbers,thesurface

occupiedbyaglVenvolumeofliquidw()uldin-

creasewiththeincreaseinthespreadingability,
thuscauslngSaturationofaunitsurfacewitha

lowervolumeofthesprayliquid.Furtherspray･

ing would notincrease the amount-of the

deposit,butwouldcauserun･offoftheliquid･

F.vansandMartins)reportedthatthemaximum

initialdepositwasobtainedatthepointwhen 'ミ

the王ncipicntrun･oEEoccurreLd. Thisindicates- L､

thatrun･ofEbeginssoonerwithaemulsionof

higherspreading ability,and,therefore,the

maximum depositbecomeslower. Observation

ofsprayedsurfacessupportstheviewthatthis

explanationsllOuldbeapplied to the present

situation.

Theoppositerelationonthestemsandsheaths

wouldbeexplainedasfollows.Afterthesurface

ofthebladeswassaturatedwithasprayemulsion,

excessemulsionbegantorun･off,causlngthe

entranceofthisrun･offemulsionbetweenthe

sheaths,favoredbythelow surfacetension.

SimilarphenomenonwasobservedbySugimoto

and rlatai4)and by Fukuda5)with parathion

emulsionsoEhigherspreadingabilities. Run10ff

musthavebegunsoonerwithemulsionsofhigher

spreadingabilities,thusa一lowingmorevolume

toenterbetweenthesheaths.

Indiscusslngpesticidedepositsandresidues

ontheplantsurface,itispreferabletotakethe

amountperunitsurface into consideration.

Fukuda5)estimatedthesurfaceareaofriceplants

andobtainedthevaluesof140squarecm.and

24.5squarecm.perg.offreshweightofthe

blade､alldthesheathrespectively. Thoughno

9
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measurementwasmadeofthesurfaceareain

thepresentexperiment,approximatevaluesof

theamountsperunitSurfacemaybecalculatedl
uslngtheabove･citeddata･ Initialdepositsof

theinsecticideperunitsurfacecalculatedin

thiswaywereO･08,0105,0･08andO･9PFLg･per
squarecm･ofthebladeswithNos･1,2,3and4

respectively,andO･08,0･15,0･llandO･14FLg･Per

squarecm.ofthestemsandsheaths'inthe

sameorderoftheformulations.

Itisapparentfrom thesevaluesthat,-onthe

basisoftheamountperunitsurface,theinitial

depositonthestemsandsheathswasmllCh

higherthanthatofthebladeswithNo･2･The

differencebecomessmallerintheorderofNos.

4,3and1. Thesefactssupportthealready

suggestedtransferenceoftherun･offemulsion

ofhighsurfaceactivityfrom thebladesintothe

spacebetweenthesheaths.

Itmaybeconcludedthat,Withinthepresent

experimentalconditions,theamountoftheinitial

depositwasmainlyinfluencedbythespreading

property,thoseonbladesbeingnegativelycor-

relatedwiththeareaofspread,whilethoseon

stemsandsheathsbeingpositivelycorrelated.

Theloweramountsofinitialdepositsonthe

wholeplantwithemulsionsofhigherspreading

abilitiesmaybeascribedtothepossiblefalling

oftherun･offdropletstotheground.

Persistenceofpesticidedepositsaregenerally

influencedbymorecomplicatedfactors. They

includethepropertiesofthetoxiccompound,the

amountandthephysicalstateofthedeposit,

theamountandvariouspropertiesofeachadju･

van上intheformulation,thenatureoftheplant

surface,theactivityandthestageoftileplant,
andmeteorologicalfactors.Thosemeteorological

andplantfactorsmay,however,beexcluded

from thefollowingdiscussion,sincethepresent

studiesaremainlyconcernedwiththedifference

intheformulations.

Table4indicatesthatNos.2and4gavehigher

tenacitiesonthebladesthanNos.3and1.The

relation,Oppositetothatofinitialdeposits,

suggests that theremightbe チ.COrr.elation
betweenthetenacitiesandtheinitialdeposits.

FukudaS) reportedthatparathiondisappeared

from thericeplantleafmorerapidlywllenthe

lO

amountoftheinitialdepositwashigher.There

isnoreasontodenytheinfluenceofthediffe･

renceintheamountsofinitialdepositsonthe

tenacities. Preliminary experimentsshowed,
however,thatthepersistencewasconsiderably

higherwithNos.2and4thanwithNos.1and3,
when thesameamountsweredeposited. It

would,therefore,bedifficultto ascribe the

differenceintenacitiessimplytothedifference

intheamountsoftheinitialdeposits.

Oneoftheadvantagesofthenewformulations

hasbeenclaimedtobetheprolo.ngedpersistence
oftheinsecticideduetotheutilizationofsol･

ventswithhigherboilingranges. Theresults

obtainedhereshow adifferentfeature.No.2,
whichcontainedsurfactantsinahighercontent

andxyleneasthemainsolvent,gaveahigher

persistencethanNo.3,whichwasformulated

withKawakasolandwithasmallerpercentage

ofsurfactants. Thisfact,togetherwith the

above･mentionedresultsofpreliminaryexperi･

ments,suggeststhatthesolventwasnotthe

onlymajorfactorinthepersistence,butsurfac-

tantsmayalsohave.playedanimportantrole

init. Surfactantsusedwerepracticallynon･

volatile. Theymusthaveremainedontheplant

surfaceafterwaterandvolatilesolventshad

evaporatedoff,andhaveprotectedtheinsec･

ticidefrom evaporatin.goff･theSurfaceintothe

atmosphere.

Thetenacitiesonthestemsandsheathswere

generallyhigherthanthoseonthebladesand

oflittledifferenceamongthefourformulations.

BycomparlngOnlytheamountsperunitweight,

itmightbesuggestedthatthehighertenacities

beattributedtothelow声rinitialdeposits. This

suggestion wouldbedeniedwhen theinitial

depositsperunitareawerecompared. Aswere

calculatedearlierinthisdiscussion,theinitial

depositsperunitareaonthestemsandsheaths

werenearlyequaltoorhigherthanthoseonthe

blades.

Thehightenacitiesseem tobeattributedat

leastpartly to therun･offemulsion entered

betweenthesheaths. Oncetheemulsionhad

enteredintothisspace,theevaporationofthe

waterandthesolventwouldhavebeendepressed

andthevolatilizationofthe insecticidemust
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a一sohavebeenlimited.

Both theinitialdepositsandthetenacities

givenbyNos.3and4､rankedgenerallybetween

thosegivenbyNos.1and2,whichshouldbe

ascribedtothetwoextremedifferenceinthe

spreadingpropertiesandthesurfactantcontent

inthelattertwoformulations. Itmaybesaid

that.asfarasthechemicallydeterminedanlOuntS

areconcern占d,thesolventswith high boiling

rangesdidnotinfluencethepersistenceof㍗-B‖C

asmuchasthesurfactantsdid.

Variousfactorsareknowntoaffecttheavail･

abilityofinsecticidesappliedtoplants. Since

ttlepresentStudiesllaVedealtonlywiththe

amountsandlocationsoftheinitialdepositsand

residues,itisdifficu一ttogiveconclusiveexpla･

nationonthemechanismoftheellhancedeffec･

tivenessclairned with thenew formulations'.

Nevertheless,theamountsofresiduesdetermined

suggestthatthenewformulationsmaybechar･

acterizedasallowingmoreinsecticidetoenter

betweentheleafsheathsandpersistlongeron

thesurface. Furtherstudiesar°beingcarried

outonsomeindividualfactorsdiscussedinthis

paper. Theresultswillbepublishedatafuture

date.
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Summary

r-BHCemulsionsoffourdifferentformulations

weresprayedonriceplantsandinitialdeposits

andresiduesweredeterminedchemically. A

reverserelationshipwasfoundbetw?enthearea

ofspreadandtheinitia一depositsontheblades,
whilethedepositsonthestemsand sheaths

were positivelycorrelated with thearea of

spread. Thesefactswereascribedtothein-

creasedrun･offdropletsfrom thebladestothe

stemsand sheathswithformulationsofhigh

spreading abilities. Despitelower̀initialde･

posits,moreresidueswerefoundontheblades

incaseofemulsionsofhigherspreadingabilities

containingsurfactantsinhigheramounts. This

factwasattributedtotheeffectofsurfactants

protecting the insecticide from evaporation.

Thetenacitiesonthestemsandsheathswere

generally higher than thoseon the blades,

andwereoflittledifferenceamong thefour

formulations.
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