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AnlnhalantAtomizerDeviceand

theParticleSizeDistributionMeasurement＊

IsaoNARITA1）

Anewatomizinginstrumentforinhalationexperimentswasdesigned・Ｔｈｉｓnewtypedevice

namedwNebulizer，，whichhasbeenmadeglassblowing，cangenelateqUitefinepalticles、

Inaddition，specialtechniqUesweredevelopedformeasurementsofthesefineparticles・

Collectionmethodofthepalticlesampleswerecarriedout,byapplyingaprincipleofelectrostatic

precipitation・AndmeasuringaboutO､１micronindiameterwasestablished・

ConsiderablyusefUllesultshasbeenobtainedmtheapplicationofthenebulizerasaninhalant

equipmentforhumanbodies、

ＮＯＭＥＮＣＬＡＴＵＲＥ

Specialsymbolsarenotusedinthisrepolt．

１．ｌＮＴＲＯＤＵＣＴｌＯＮ

ＦｏｇｓａｎｄｃｌｏｕｄｓａｓｎａｔuralphenomenaandthoseinWilson，scloudchamberaregenerated

underthecircumstancesofadiabaticcoolingofsaturatedvapor・Thefogsofthisoriginare

generallychracterizedbythefinenessandthesizeuniformityoftheirparticles・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｔｈｅmechanicalmethodsofliquidatomizationarewidelyappliedtothe

fieldsofdailyworksandindustriesforvariouspurposesthroughtheinstallationsofsimple

sprayersorvariousatomizers・

Themechanismofthesesprayersoratomizersisprinciplybasedonthedifferenceofenelgyof

liqUidvibration，collisionandrelativemotionbetweenliquidandair・

Ｉｔｉｓｕｓｕａｌｔｈａｔｔｈｅｍｉｓｔｆｏｒｍｅｄｂｙｔｈｅｓｅｍｅｃｈａｎｉｓｍｓｉｓｎｏｔｓｏｓｍａｌｌａｎｄｕｎｉｆｏｒｍｉｎｓｉｚｅ

ａｓｃｏｍｐａｒｅｄｗｉｔｈｔｈｅｏｎesbycohesionofvapormentionedabove・

Afewtypessuchaspressuretype，air-streamtypeandrotationtype，etc、ａｒｅｗｅｌｌｋｎｏｗｎ

ａｓｔｈｅimportantequipmentsofsuchkinds・Ａｍｏｎｇｔｈｅｍ，theair-streamtypeatomizergives

thefinestparticles，comparatively．

Ｉｎｃａｓｅｏｆａｐｐｌｙｉｎｇａｎａｔｏｍｉｚｅｒｔｏｍｅｄicaltreatmenttointaketheminhumanbeingthrough

respiratorytract，however，mistpalticlesfrominhalatorsarerequiredtomakeasuniformly

aspossibleandtocontrolbelowabout5micronsintheirsizes・

Ａｎｅｗａｔｏｍｉｚｅｒｆｏｒｔｈｅｐｕｒｐｏｓｅｏｆｔｈｅstatedabovewasdevisedandtriallyproducedinglass

workscalled鰍Nebulizer”＊*･(Inthispaperitwillbehereafterdesignatedasnebulizer.）

Weusedthenebulizerforamedicalstudy-inhalationexperimentsonhumanbeing-

andobtainedsatisfactoryresults、

Ｉｎｔｈｅｎｅｘｔｐｌａｃｅ,ｉｎｒｅｇａｒｄｔｏｔｈｅｍｅｔｈｏｄｏｆｐａｒｔｉｃｌｅｍeasurements-thenumberofparticles

andmeasuringofpalticlesizedistribution-theyareprescribedinＪ１ＳＺ８８０８（Methodsof

MeasuringDustContentinStackGas）ａｎｄＪ１ＳＺ８８１０(SamplingMethodofAirborneDustby
ElectrostaticDustSamplerforGravimetry)，etc．

＊Received7thFebruary，1978.

1）TheDepartmentofLiberalArts,Osaka］ndustrialUniversity．
＊*ThewordwAtomizer.，meansaninstrumentwhichdispersesomevolumeofliqUidtofine

particｌｅｓａｓａｎａｔｏｍ・AsagainstwNebulizer”ｔｈｅｗｏｒｄｉｓｄｅｒｉｖｅｄｆｒｏｍ（『nebula，，meansan

instrumentofmistgeneratorwhoseparticlesarefinerandindiscenlibleasanebula．
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Besides，ａｌｏｔｏｆｗｏｌｋｈａｓｂｅｅｎｄｏｎｅｏｎｔｈｅｍｅａｓurementsofliquidparticles・PleaseIefer

tothebibliographyｇｉｖｅｎａｔｔｈｅｅｎｄｏｆｔｈｉｓｐａｐｅｒ・

Generallyspeaking，itrelativelyeasytomeasuresolidfineparticlesandnon-volatileoil

particles，whilespecialconsiderationisrequiredinmeasuringvolatileliquidpalticlessuchas

mistofwaterordilutedaqUeoussolutions・

Ｔｈａｔｉｓｔｏｓａｙ，ｉｔｉｓｎｅｃｅｓｓａｒｙｔｏｃｏｌｌｅｃｔａｌｌｔｈｅｐａｒｔｉｃｌｅｓｏｆｔｈｅｍｉｓｔａｎｄｔｏｋｅｅｐｔｈｅｍ

ｓtableinsizeandshapeduringthemeasurement、

Thewatermistgeneratedbythenebulizerconsistsofexceedinglyfineparticles-less

thanａｆｅｗｍｉｃｒｏｎｓｆｏｒｔｈｅｍｏｓｔｐａｒｔ－ｗｈｉｃhmakesitimpossibletocollecttheｍｉｓｔｂｙ

ｂｌｏｗｉｎｇｉｔａｇａｉｎｓｔｔｈｅｗａｌＬ

Ｓo，bypassingthemistthroughahighvoltageelectricfield，wechargedthepalticlesand

drivedthemintoacollectingfilmsetinfrontofangroundedoppositeelectrode・

Asthecollectingfilmwascoatedwithoil，thepalticleswerekeptstableintheoillayer

aftertheirdrivingintoｉｔ・

Inthiswaywesucceededincollectingthemistcompletelyandstabilizedmistpalticlesmade

uptoaplCparationformiclDscopy、Theparticlenumberandthesizedistributionwere

measuledwithamicroscopeusingcommonmethod．

2．ＭｌＳＴＧＥＮＥＲＡＴｌＯＮＢＹＤ１ＳＰＥＲＳｌＯＮＭＥＴＨＯＤ

Amongseveraltypesofmechanicalliquidatomization,ｗｅｓｅｌｅｃｔｅｄｔｈｅａｉｒｓｔｘｃａｍｔｙｐｅａtomizer

asthemostappropriateinthiscase・ｌｎｔｈｅｐｒｅｓｅｎｔｓｔｕｄｙｗｅａｉｍｅｄａｔｔｈｅｐloblemofmedical

inhalator，ｓｏｇｌａｓｓｉｓｃｏｎｓｉｄｅｒｅｄｔｏｂｅｔｈｅｍｏｓｔsuitablematerialforitstranspalency,sanitariness，

andsafetyagainstmostchemicals・Ｂｅｓｉｄｅｓｇｌａｓｓｉｓｔｈｅｍｏｓｔｈａｎｄｙａｎｄｗolkablematerialfor

usualexperiments．

２．１DeviceofaNebulizer

lnmedYcalinhalation，ｆｏｒexample，ａｓｅｄａｔｉｖｅｃａｎｂｅｔａｋｅｎｉｎａｐ

ｏｆａｓｔｈｅｍａ，alimitedqUantityofmedicinemustbeeffectivelyinhall

lungs（corpuscles)．ConseqUentlyitisnecessaryfortheinhalant

particlesmoIethan5micronsdiameter・

Ｔｈｅｎewnebulizerwasdevisedtofulfil

atientwhohadanattack

aｔｅｄｉｎｔｏｔｈｅｄｅｐｔｈｓｏｆｔｈｅ

generatewastefulnotｔｏ

theserequircments・Ｔｈｅｎwearetoexplain

itsdevelopingprocessbrieflyinanorderly

nlanner・

Inanordinarysimple-typespray（Fig.１)，

ｉｔｏｆｔｅｎｏｃｃｕｒｓｔｈａｔｓｏｍｅｏｆｌｉｑＵｉｄｃreepout

totheoutsideofthesuctioｎｐｉｐｅａｎｄｉｔｉｓ

ｆｌｙｉｎｇｏｕｔｊｕｓｔａｓｌａｒgepaIticlewithout

atomizing・Thenitgivees，sometimesthe

patternofwaterdropletsasindicatedin

Figl（b)．

（b）

eepingoutDrople

SprayerandthePatternof
Water-droplets

Ｆｉｇ．１

・・・●・￣、～'゛

Ａｉｒ

ｌｔｈｅｌｐｓｓｏｍｅｗｈａｔｅｆｆｅｃｔｉｖｅｔｏｇivewater

repellencybytreatmentwithsiliconeonthe

surfaceofpipeandnozzle・Topreventflying Fig2SketchofSplayNozzle
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outofthedropletscompletely，ｗｅｃａｎｍａｋｅｕｐｔｈｅｆｏｒｍａｔｉｏｎｏｆｓｐｒａｙbylayingthesuction

pipeintothecenteroftheairstreamnozzle．（seeFig.２）
’0,13ノ
〈い:;，
、…,ノ
OＧＤＯＯ００００００

１１:r Narrow

ａ、

(c）(b）(a）

Fig.３Nebulizels（madeofGlass）Fig.４SprayingScenebyNebulizer
Type(b)，（c）

ＳｈｏｗｎｉｎＦｉｇ､３ｍｃｓｏｍｅｏｆｖａｒｉａｎｔｔｙｐｅｓｏｆｉｍｐｒｏｖｅdspraysastriallymadeinhalators・Ａ

ｍｏｕｔｈ－ｐｉｅｃｅｏｎｔｈｅｂｕｌｂｉｓｐｕｔａｔｔｈｅｔｏｐｉｎ（a）ａｎｄ（b)，ａｎｄａｔｓｉｄｅｆａｃｅｉｎ（c)．ＩｎＦｉｇ３

ｐａｌｔｏｆｓｐｒａｙｉｎｇｎｏｚｚｌｅｏｆｔｈｅｔｙｐｅ（a）coincidewiththesectionsofeachtips,ｂｕｔｏｆ（b）ａｎｄ

(c）thetipofinnerpipeprojectslightlythatofouterpipe・Fig.４showsthesprayingnozzles

ofthetype（b）ａｎｄ（c）magnifyingitsprincipalportion、

Thisreconstnlctedatomizerenablesmolceffective＊dispersionofliqUidbymeansofusing

maximumvelocityoftheairStream、MolCover，ｔｈｅｌｅｉｓｎｏｆｅａｒｏｆｒｅｂｏｕｎｄｉｎｇａｎｄｆｌyingout

evenifgeneratebigpalticleswhichisdividedintosmalleronesduetocollisiongoingstraight

againstthesPhericalsuIface、

Asaresult，veryfineparticlesalonewiUflowoｕｔｌｉｋｅｓｍｏｋｅｒｉｄｉｎｇｏｎａｎａｉｒｓｔｘｅａｍ，

／Z/l〃/Ｉ 〃/ﾉﾝI/〃/｜ＩＣ
（c）（a）（b）

Ｆｉｇ．５ExperimentalApparatusforAtomization
PartofMistGeneration:－Ａ:Aircompressor,ＨＴｗｏ－ｗａｙ（glass）cock，
Ｃ:Washingbottle（water)，Ｄ:theｓａｍｅ（empty)，Ｅ:U-typeflowmeter，
Ｆ:Rotameter,Ｇ:Ｔｈｒｅｅｗａｙｃｏｃｋ（larger)，ＨＴｗｏｗａｙｃｏｃｋ,Ｉ:Nozzle，
J:Nebulizer,KHigh-voltageelectrode（Dischargepole)．
PartofMistCollection:－LRoundcnvex-typeelectrode，
Ｍ:Cellophaneshelter，Ｎ:Mistcollectingfilm，Ｏ:Ground・
Partofhigh-voltageGeneration:-Ｐ:High-tensiongenerator，
Ｑ:Highvoltageterminal，Ｒ,Ｒ，:Sourcesofelectricpower,０，:Ground．

l■■■■■■■■■■■■■

￣

￣

(a）

(b）

(c）

*Themechanismwhelcbythisconstructionxespondstodispelsionsinliquidatomization
effectively，isnotfUllyunderstood・Ｉｄｏｎｏｔｈａｖｅａｍｅｃｈａｎｉｓｍｅｘｃｅｐｔｔｏｓｕggestthatair
st１℃amandcontinuouslyithaveocculsexpansiveenlarginginvolumeofthewholefluid，
gradually．
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ＥｘｐｅｒｉｍｅｎｔａｌＡｐｐａｒａｔｕｓ

Ｇｅｎｅｒａｔｉｏｎｏｆｍｉｓｔ・TheexperimentalapparatusisshowninFi９．５

Ｍｉｓｔｉｓｇｅｎｅｒａｔｅｄｂｙｔｈｅｐａｒｔ（a）system、ＡｉｒｉｓｓｅｎｔｆｏｌｔｈｂｙａｎａｉｒｃｏｍｐｌｃｓｓｏｒＡ

(HITACHI，sRotaryType,RC-30,Psessure：０．２ｋｇ/cm2,Air-flow：４０１/ｍin）bywayofthe

gaswasherswhichcontrolthehumidityandthroughtheflowmeters（U-typeandRotameter)．

NebulizerJ（Ｔｙｐｅ（c）ｉｎFig.３ｉｓused）ａｎｄｔｈｅｒｅｉｓａｃｅｒｔａｉｎａｍｏｕｎｔｏｆｌｉｑｕidinits

reservoir・Ｔｈｅａｉｒｆｌｏｗｉｓｃｏｎｔｍｌｌｅｄｗｉｔｈｃｏｃｋｓｆｏｒｍｉｓｔｔｏｂｅｇｅｎｅｒａｔｅｄｕｎｄｅｒｔｈｅｏｐtimal

conditionsofthenebulizer、

２３Collectionofmist・

Ｔｈｉｓｎｅｂｕｌｉｚｅｒｈｉｇｈｐｅｒｆｏｒｍａｎｃｅａｓaninhalantpossesses・Thentheproblemishowto

collectandmeasurethemistgenerated・

Becausetheparticlesaretoofineandlighttocollideaccoxdingtoinertiagoingstraighton

thecollectiｎｇｆｉｌｍ,andeventhoughtheyaIecollecteｄｔｈｅｙｄｉeoutimmediatelybyevaporation・

Asaresultofmanyconsideration，wefoundthattheapplicationofeleclrostaticprecipi-

tationgivesasolutiontotheproblem・

Ametalicroundringasthehigh-voltageelectrodeK（chargingvoltagemax、70,000Ｖ）ｉｓ

ｓｅｔａｔｔｈｅｎｏｚｚｌｅｔｏｃｈａｒｇｅｔｈｅｍｉｓtpaxticles・Aconcavedcilcularplate槙(madeofaluminium）

ｏｆｄｉａｍｅｔｅｒａｂｏｕｔｌ５ｃｍｉｓｓｅｔ２０ｃｍａｗayastheoppositepole，beinggrounded

A50cmsqUarecellophane-ｃｏｖｅｌｅｄｇｌａｓｓｒｏｄｆｌａｍｅｉｓｓｅｔｕｐｖｅｒtically2centimetersin

frontoftheplate，whichhasinthecenteraroundopeniｎｇｗｉｔｈａｄｉａｍｅｔｅｒｏｆｌＯｃｍ、Ａｈｅａｄ

ｏｆｔｈｅｃｅｎｔｅｒ（itsopeningpalt）collectingfilmN（cellophane＆etc.）isfixedbyuniformly

coated*＊withawater-repellentoil(e,gliquidparaffine,siliconeoil,etc.)5～l0micronsthick・

Theinsulationofalldischalgingparts（J,Ｋ，Ｌ，Ｍ，etc.）iskeptbyfixingtheirlocation

beingsupportedwithglassstandsonawoodendeskforisolation・Furthermore，ａｌｌｏｆｔｈｅ

ａｐｐａｒａｔｕｓａｒｅｓｅｔｕｐｏｎａｗｏｏｄｅｎｄｅｓｋｗｈｉｃｈｉｓｐｌａｃｅｄｉｎｔｈｅｒｏｏｍcenter，keepingclearof

allthepiping、

ThedischargingelectrodeKisconnectedwithahigh-powergeneratorP（Fig.５（c))．Ｎｏｗ，

ｗｅａｒｅａｌｌｓｅｔｔｏｇｏａｌＴａｎｇｅｍｅｎｔｓｏｆtheexperiments．

3．ＣＯＵＮＴlＮＧＡＮＤＭＥＡＳＵＲＥＭＥＮＴＯＦＰＡＲＴｌＣＬＥＳ

３．１ＡｒｒａｎｇｅｍｅｎｔｓｏｆｔｈｅＥｘｐｅｒｉｍｅｎｔ

ＲｅｇulationoftheApparatus、StaltingthecompressorA，adjustthecocksB,ＧａｎｄＨ

Ｐｕｔａｎａｄｅｑｕａｔｅａｍｏｕｎｔｏｆｔｅｓｔsolutionintothenebulizer，ａｎｄｓｗｉｔｃｈｏｎｔｈｅｐｏｗｅｒｓｏｕｒｃｅ

ｆｏｒａｐplyingahighvoltageonthepole・ＰｕｔａｓｔｏｐｔｏｔｈｅｃｏｃｋＨ，ａｎｄｍｉｓｔｗｉｌｌｃｏｍｅｏｕｔ・

Then，ａｌｌparticlespassingthroughthemouth-piecearechargedintheelectricfieldof

K-pole，andflytowardL-poleandcollideagainstfilmN、Ａｎｄａｔｔｈｅｓａｍｅｔｉｍｅ，ｔｈｅｙｄｒｉｖｅ

ｔｏｔｈｅｏｉｌｌａｙｅｒｏｎｆｉｌｍＮａｎｄｔｈenparticlessmollerthanbelow5｣ｕｉｎｓｉｚｅａｒｅｂｕｒｉｅｄｉｎｔｈｅ

ｏｉｌｌａｙｅｒ（10/linthickness）perfectly．

＊Theapplyingoftheconcavedcircularplateisforcollectingthemistparticlesonthel5cm

circlealeaofthecollectingfilmtounifydistributionpossibly．

＊*lccofliquidparaffineissplcadeｄｏｎｔｈｅｓｕｒｆａｃｅｏｆｌ,Ｏ００ｃｍ２ｉｎａｒｅａｂｙｕｓｉｎｇＬ－ｓｈａpe

glassrodltiseasilydonebyanyonegrowingfamiliarｗｉｔｈｉｔ．
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Afterasuitableamount＊ofmistwasobtained，ｓｔｏｐｔｈｅｇｅｎｅｒａｔｉｏｎｏｆｔｈｅｍｉｓｔｂｙｓｗitching

offthepowersourceR，Ｒ，ａｎｄｏｐｅｎｔｈｅｃｏｃｋＨｂｅｌｏｗ、

３．２ＰｒｅｐａｒａｔｉｏｎｏｆＭｉｃｒｏｓｃｏｐｉｃＳａｍｐles・

Thecountingofparticlesandthemeasuringofparticlesizedistributionalecarriedout

withmicroscopy・Thesamplesareplepaｴｃｄａｓｆｏｌｌｏｗｓ：

ＡｓｓｈｏｗｎｉｎＦｉｇ６ａｐａｐｅｒｒｉｎｇ（０．５mmthick)isstuckonaslideglass・Ｏｎｔｈｅｔｏｐｏｆｉｔ

０．ｏＵ０●●.･･：．

鞍
、。.。，.．宛.・・・

わ．．．．。．●・・・．‐

(a）

ＲｉｎｇＰａｎｆ

’、

（b）

Cover

Celloph

（c）

affine皿

Ｒｉｎｇ｣ａＤＥ

（a):PlaneFigure￣
（b):LateralFigure Fig7Microscopic

（c):EnlargedFigure， Photograph

MiddlePartof（b）ｏｆＭｉｓｔ
Ｆｉｇ６ＰｒｅｐａｒｔｉｏｎｏｆＭｉｓｔｆｏｒＭicroscopy

liesapartofthecollectingfilmwiththeoiledfacedownward，fixingitwithcellophane-tape・

Microscopicsamplespreparedinthｉｓｗａｙｗｉｌｌｂｅｇｏｏｄｆｏｒｑｕｉｔｅａｌｏｎｇｔｉｍｅｗｉｔｈｏｕｔａｎｙ

ｃｈａｎｇｅｉｎｎｕｍｂｅｒｏｒｓｉzeofpalticles・InthelO-micronthickoillayer，ｔｈefinerparticles

(smallerthan5micronsindiameter）canbefloatinginthecompletesphericalshape・

TheyarechaIgedwithnegativeandeachparticle，sinteractionfOrceexperiencesnocohesion，

sothattheirstateofsuspensionax℃keptstable

Thismethodofpreparationenablestheobservationoｆｔｈｅｍｉｓｔｐａｌｔｉｃｌｅｓｊｕｓｔａｓｔｈｅｙａｒｅ

generatedbythenebulizer・Ｆｉｇ．７ｉｓｏｎｅｏｆｔｈｅｐｈｏｔｇｒａｐｈｓｏｆｔｈｅｓａｍｐles・

Atsuchadegreeofmagnificationitisneedlesstoconcernaboutfocalrangeintakingpictures、

３．３ＭｅａｓｕｒｅｍｅｎｔｏｆＰａｒｔｉｃｌｅｓ

Ｔｈｅｖｏｌｕｍｅｏｆａｉｒｇｏｉｎｇｏｕｔｆｒｏｍｔｈｅｃｏｍｐｒｅｓｓｏｒｉｓｓｅｔａｔｌ６～２０１/ｍin，consideringthe

requirementsofanother（describedlater）experimentofhumaninhalation、Thehighvoltage

forchargingparticlesisgenerallybe1ow50,000Ｖ（ＤＣ.，negativepole)．Themaximumvoltage

is70,O00Vinacomparativeexperimentmentionedlater，ｂｕｔｉｔｄｏｅｓｎｏｔａｌＴｉｖｅｔｈｅｍａｘｉｍｕｍ

ａｔwhichthecoronadischargebegins・

WepreparethemicroscopicalcoverglasscoatedwithoiLwhichisfixedwithcellophane

tapeatthefourcornersandsetonthesuitablepositioｎｆｏｒｔｈｅｃｏllectingfilmN，forthe

preservablesamples、

ＰａｒｔｉｃｌｅＮｕｍｂｅｒ・Inasuitablefieldofviewundermicroscopepickoutatrandomseveral

sectionsofthecrosssectionalgraduationplateineyepiece、Countuptheparticlenumbersin

thembyusingacounter・Ｉｔｉｓｄｉｆｆｉｃｕｌｔｔｏｃｏｕｎｔｔｈｅｑｕｉｔｅｆｉneparticlesunder０．１jzz，soneglect

themwiththeexceptionofsomespecialcases．

＊Ｔｈｅｔｉｍｅｏｆｔｈｅｆｉｌｍｅｘｐｏｓｕｒｅｔｏｔｈｅｍistshowerdeterminedinapreliminaryexperiment

withafocal-planeshutter，fOrcontmltosuitableconcentrationonthepreparationfilms．

－－－－
〆､

〆、

Ｌ Ｐａｐｅｒ

－１
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ParticleSize・Planediameterofparticlesofoursampleshaveallsphericalshape，Using

agraticule，itispossibletocountthenumberandmeasurethesizeofparticlesatthｅｓａｍｅｔｉｍｅ・

Ｂｕｔｉｎｔｈｅｐｒｅｓｅｎｔｃａｓｅｗｅｈａｖｅｍｅａｓｕredthesamedirectionaldiameterofeachparticle，using

aneqUalmagnifyingtranspaxentgaugeonanenlaI2ledphotographsillustratedinFi９．８provides

typicalfieldsofit．

Ａ

③①

Ｂ

① ③②

Fig.８MicroscopicPhotoglaphsofMists
UpperStepA：ＳolutionofLeadAcetate
LowerStepB：DiluteSolutionofRedlnk

①：CenterPortion②：2.5cmfromtheCenter③：5.0cmfromtheCenter

Thesamplesolutionsemployedinthisexperimenｔａｒｅｔｈｅｆｏｌｌｏｗｉｎｇｔｗｏ；oneisanaqUeous

solutionofleadacetate（２ｍｇ/ｍｌ）（Ａ）andtheotherisadilutesolutionofledink（anarticle

onthemarket，itspigmentconcentrationisunknown)．Theirviscositiesandthesurface

tensionsweremeasuIcd，respectively，

Table・Ishowsthedataofthebothsolutionscomparingwiththedalumofwater・Ｔｈｅｆａｃｔｓ

TablelDataofViscosityandSurfaceTension

ViscosityllA二:W(:鮭yOstw… Centipoise

1.0050Water

LeadAcetateSoln． 1.0050

ＲｅｄＩｎｋｄｉＬＳｏｌｎ． 1,0375

MeasuredbyDuNouy，s
TensionBalance Dyne/c、

Surface

Tension

72.75Water

72.75LeadAcetateSoln．
｡ （a)：50,000Ｖ（b):70,000Ｖ

Fig.９EffectofAppliedVoltageＲｅｄｌｎｋｄｉＬＳｏｌｎ． 69.47

Note：EachValueismeasuredat20oC．
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ｂｅｃｏｍｅｋｎｏｗｎｂｙ↑hisdataareasfollows：Comparingthered-inksolutionwiththewater

andleadacetatesolution，thefomerisslightlyhigherthanthelatterinviscosityandissome-

whatlowerinsurfacetension，butthediffcrencesareverysmallineverycase・Betweenthe

dataonleadacetatesolutionandwaternoremarkabledifferencesaleseen・

Forthepurposeofclarifyingtheeffectsofmistatomizationcausdbyappliedvoltage，two

casesofexperiment，ｏｎｅｕｓｉｎｇ５０,Ｏ００Ｖａｎｄｔｈｅｏｔｈｅｒｕｓｉｎｇ７0,000Ｖ，werepractisedonlead

acetatesolution・Ｆｉｇ．９showsthemicroscopicalphotographsofmists，andthediffelcnceboth

figuresmaｙｎｏｔａｐｐｅａｒｔｏｂｅｇｒｅａｔｏｎｔｈｅｅｆｆｅｃｔofatomizationbyelectricalcharging・All

otherconditionsexcepronlyelectricvoltageduringtheexpelimentwerekeptsimilar．

4．ＥＸＰＥＲｌＭＥＮＴＡＬＲＥＳＵＬＴＳ

４．１ＮｕｍｂｅｒｏｆＰａｒｔｉｃｌｅｓ

Ｔｈｅｍｉｓｔｐａｌｔｉｃlesgeneratedbythenebulizerhaveａｗｉｄｅｒａｎｇｅｏｆｓｉｚｅ・Ｓｏｍｅｏｆｔｈｅｆｉｎｅｒ

ｏｎｅｓａｌｅｂｅｙｏｎｄｔｈｅlesolvingpowerofthemicroscope，andcannotbecountedbymicroscopy・

Ｉｔｍａｙｂｅｄｉｆｆｉｃｕｌｔｔｏｃｏｕｎｔｔｈｅｎｕｍｂerofparticlesaccurately，ｅｖｅｎifadensitometerof

photo-scatteringorphoto-penelratingbasedontheopticalprinciplesisapplied・

Ｉｎｔｈｉｓｓｔｕｄｙｗｅｃａｎｓａｆｅｌｙｎｅｇｌｅｃｔｔhesuperfmeparticlessmallerthan0.1micron・Though，

thereareagleatmanyparticlessmallerthanO・lmicron，theirtotalquantityisverylittle

comparadwiththewholeamountofallparticles、Thelefore，ｎｏｃａＩｅｉｓｔａｋｅｎｆｏｒｔｈｅｐｕｌｐｏｓｅ

ｏｆthisinhalationexperiment、

４．２ParticleSizeDistribution

Thecollectedmistparticlesaredis征ibutedonthecollectionfilmalmostlmiformly,ａｎｄｉｔｉｓ

ｅｖｉｄｅｎｔｔｏｏｗｉｎｇｔｏａｐｐｌｉｃａtionofthespecialeleclrodementionedabove・

Forthesamplesofmicroscopicmeasurement，ａｓｓｈｏｗｎｉｎＦｉｇ、１０，２cmsquaresbeingcut

TableIParticleSizeDistributionｏｆＭｉｓｔｓ

Kａｎｐｅｃ

L:ﾄﾄ‘
４

～５
5～

Portic

ｅａｄｌ① ｊ１１ｆ ］

②Ｍｉｄ。 )０１６０１３０１１９１６１Ｃ

)’７８１３６１１８１８

５４１３０１６ Ⅱ０

ＲｅｄＩｎｋｌ②ＭｉｄＣ J’［

】ＪＩ上｡[

－－－－－一一一一一一１５．０－－－－－－－－－－－－－－

(1)CenterPortion（２）2.5cmfromtheCenter
(3)５ｃｍｆｒｏｍｔｈｅＣｅｎｔｅｒ
Ｆｉｇ・１０SamplingPositionofMicloscopy

onCollectingFilm（Ｕｎｉｔｉｓｃｍ）
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centeringaroundthepointsattheintervalof２．５cmonthediagonallinesareused、Similar

alTangementwasappliedtothemicroscopiccoverglass・

Table・Hshowstheparticlesizedistributionofleadacetatesolutionandlcdinksolution

mentionedabove・ Theresultssummarizedinthetableindicatethatnopalticleswitha

diameterofover5micronsoccurredineithersolution；andparticlesoflessthanonemicron

indiameterareontheaverage63％ｗｉｔｈleadacetatesolutionandasmuchas９０％withred

inksolution．

5．ＣＯＮＳ１ＤＥＲＡＴｌＯＮＳ－ＳｕｍｍａｒｙａｎｄＡｐｐｌｉcationExample

５．１ＰｒｅｖｉｏｕｓＳｔｕｄｉｅｓａｎｄＳｐｅｃｉａｌＦｅａｔｕｒｅｓｏｆＯｕｒＳｔｕｄｙ

ＬｉｑｕｉｄＡｔｏｍｉｚａｔｉｏｎ．Ａｎｕｍｂｅｒｏｆｓｔｕｄｉｅｓｈａｖｅｂｅｅｎｍａｄｅｏｎliquidatomizationfor

variouspracticalpurposes・Itiswidelyappliedto，ｆｏｒexample，householdsprays，medical

inhaler，sprayingofagriculturalchemicals，spraycoating（painting)，spraydrying，andfUel

injectionanenginecylinderoraboiler,etc・

lnmostcasesofapplicationsmistpalticlesarereqUiredtobemadelargeenoughtoineltia・

Ｔｈａｔｉｓ，ｔｈｅａｂｓｅｎｃｅｏｆｔｈｅｆｏｒｃｅｏｆｉｎｅｒｔｉａｉsnotanabsoluterequisiteformosttypesof

atomization，

Thepresentstudy，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ａttemptinginertialmotionwassuccessfulindevisinga

specialmedicalnebulizer・

Alotofmechanicalatomizingtechniqueshavebeendevelopedonthebasisofvarious

principles・Thetypicalofthemaredividedroughlyintothreetypes：pressure，airstreamand

rotationatomizations．Ａｍｏｎｇｔｈｅｍ，airstreamtypecanproducethefinestpalticleswith

arelativelysimpleapparatus・Theoretically,thenewnebulizermaycomeunderthistype・Its

atomizingmechanism，however，hasnotbeenwell-knownindetaiLThispointalso，hasnot

beeninquiredcloselythisstudy、

５．２MeasurementofMist．Ｖｅｒｙｆｅｗａｔｔｅｍｐｔｓｈａｖｅｂｅｅｎｍａｄｅｔｏｍeasureinfinite-

simallyfinepaltｉｃｌｅｓｏｆｍｉｓｔｗｉｔｈｔｈｅｄｉａｍｅｔｅｒｏｆｏｎemicron，althoughmanymeteological

papershavedealtwithonthesizeofwaterdroplets・

Thefollowingconditionsmustbesatisfiedforthesuperfineparticlestobemeasured:－

①Superfineparticlesshallbecollectedcompleteｌｙｗｈｉｃｈａｴeincapableofmovinginertly．

②Mistparticlesshallnotevaporatequicklyeveninanunsaturatedatmosphere．

③CoUectedpalticlesshallremainstableinasphericalshapeasaerosoL

④Collectadpalticlesshallbeevenlvdistributedoveramicroscopicspecimen．

⑤Inthisparticularstudy：ｔｈｅｎｅｂｕｌｉｚｅｒｓｈａｌｌｂｅｐｒｏｖｅｄｔｏｂｅｖalidformedical

inhalation・

Inthisstudy,conditions①，②，③ａｎｄ④werebasicallysatisfied，ｔｈｏｕｇｈｓｏｍｅｐｒｏｂｌｅｍｓ

ｒｅｍａｉｎｔｏｂｅsolved．Ｔｈｅｆｏｌｌｏｗｉｎｇｉｓａｎｅｘａｍｐｌｅｏｆａｐｐｌｉedstudyconcemingtothe

condition⑤、

AnAppIicationStudy-LivingBodylｎｈａｌａｔｉｏｎＴｅｓｔｂｙＵｓｅｏｆｔｈｅＮＥＢＵＬｌＺER

Inhalationofleadintotherespiratorysystemhasdrawnattentionasanimportantproblem

ofairpollutionandoccupationaldiseases・Inthisconnection，anexperimentwascaｪTiedout

ontheadministrationofparticlesintherespiratorysystem，usingthenebulizer・

ThisworkwasassistedbythecolleaguesofPublicHealth，OsakaCityUnivelsity．
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Theprocedureisasfollows:－Thenebulizer（ｉｎFig.５（a））ｗａｓｓｅｔｔｏｇｅｎｅｒａｔｅｔｈｅｍｉｓｔｏｆ

ｌｅａｄａcetatesolutionintermittently*，keepingtimewiththesubjectsinhaleditthroughthe

mouth（respiratorytract)．

Theexpiration（exhalation）isledintothlceimpingels,andthequantityofleadismeasu１℃d

Duringtheinhalation,thesubjectarereqUestednottoswallowthesolutionlemaininginthe

oralcavity・Attheendofeachinhalation,ｉｔｉｓｒｉｎｓｅｄｏｕｔ（tobemeasuxed）withlOOmlof

aceticacidsolutionwiththeconcentrationof0.5％・Thustheactualamountofinhaledleａｄ

ｗａｓｔｏｂｅｇｏｔｂｙｄｒａｗｉｎｇｔｈｅａｍｏｕｎｔｏｆｌｅａｄｒｉｎｓｅｄｏｕｔｅａｃｈｔｉｍｅ､Table・mshowsthelcsults

oftheinhalationexperimentonsevensubjects,whoseaimtoinhaleO､５，１（546αｇａｓlead)ｏｆ２

ｍｇ/mlleadacetatesolution．

TableHResultingDataonlnhalationExperiment

Ｈ
Ｎ
Ｋ
Ａ
Ｉ
Ｍ
Ｂ

６
６
８
２
４
９
２

８
０
３
５
５
６
６

４
６
７
５
６
７
５

５
０
５
０
５
６
４

●
●
●
●
●
●
●

７
３
４
８
１
９
８

１
３
１
１
２
１
１

８
７
７
７
７
０
４

●
●
●
●
●
●
●

３
９
８
０
９
０
３

１
２
６
４

464.7

563.3

704.8

513.3

622.8

689.4

500.2

３
３
８
７
８
４
８

●
●
●
●
●
●
●

１
７
８
２
６
３
５

８
１
５
３
７
４
４

１
１

９
２
１
０
１
３
４

●
●
●
●
●
●
●

４
３
９
６
４
６
８

１
２
１
２

＋
十

＋
＋

＋
＋

＋
＋

Ｔｈｏｕｇｈｉｔｉｓｖａｒｙｉｎｇｗｉｄｅｌｙｄｕｅｔｏｄｉｆｆｅｒｅｎｔｏｆｌｅａｄｉｎｔｈｅｏｒａｌｃａｖｉｔｙｉｓbelow４％onthe

average・Theproblemiswhatpercentageofthetargetamount（e､9.,546/Zgofleadinthis

experiment）canbeinhaledwithcertamty・

Thepresentexperimentleavessomeｔｈｉｎｇｔｏｂｅｓｏｌｖｅｄｉｎｔｈｅｖｉｅｗｐｏｉｎｔｔhatthevirtual

inhalationrateconsiderablyvariesfromsubjecttosubject・

Lastly，ｔｈｅａｍｏｕｎｔｏｆｔｈｅｓｏｌｕｔｉｏｎｔｏｂｅｉｎｈａledmaybeleguratedbychangingtheconcen-

trationofthesolutionandthenumberofinhalations・

ＴｈｅＮＥＢＵＬＩＺＥＲｃａｎｂｅｗｉｄｅｌｙａｐｐｌｉｅｄtoeverykindofliqUidatomization．

6．ＣＯＮＣＬＵＳｌＯＮ

Ｔｏｓｕｍｍａｒｉｚｅｔｈｅｍｅｒｉｔｓｏｆｏｕｒｓｔｕｄｙ，wecandescribethemasfollows:－

（１）Deviceandmakingoftheimproved1mNebulizer”forinhalation，whichpreventsbig

particlesfromcommingintobeingtobegenerate．

（２）ApplicationofhighpowerstaticalelectricfieldtoforsuccessfUlmistcollection．

（３）Ａdoptionofpeculierconvexroundplateasoppositeelectrodetoavoidunbalancein

densityoneachareaofcollectionfilm．

*Ａｓａｂｏｖｅｓｔａｔｅｄｔｈｅｆｌｏｗａｍｏｕｎｔｏｆｔｈｅｃｏｍｐｒｅｓｓｏｒｗａｓｓｅｔａｔｌ６～２０１/minforthereason

ofiTscoincidancewiththeusualrespirationofthesubjects（i､ｅ､，thesuctionbyeqUally

velocity)．
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（４）Applicationofhydrophobicoillayertopreservationofshapeandstabilityofcol-

lectedmistparticles．

（５）Applyingtothehumaninhalationexperiment，thisequipmenthasbeenusedwith

worthyresultsasweexpected、

７．ＡＦＴＥＲＷＯＲＤ

Ｉｎｒｅｃｅｎｔｙｅｍｓ，agreatmanyinvestigationshavebeeｎｍａｄｅｏｎｔｅchniqUesandprinciplesof

liqUidatomization，ｉｎｒｅｓｐｏｎｓｅｔｏａｇｒｏｗｉｎｇｄｅｍａndforvariousatomizingdevicesinindustry・

Ａｔｔｈｅｓａｍｅｔｉｍｅ，ulgentdevelopmentofnewmethodsformeasuringfineparticlesare

leqUestedbyarapidadvanceofcombustiontechniqUesandtheaggravationofairpollutions．

ThepresentstudyhasdevisedanewNeblizeranddevelopednewtechniqUesforcollection

andfixationoffineparticles、

１tisbelievedthattheyarenewcontributionstothetheoryandpracticeofliqUidatomization・

ＡｆｕｒｔｈｅｒｓｔｕｄｙｉｓｂｅｉｎｇｍａｄｅｏｎｔｈｅｐrinciplesandapplicationsoftheNebulizer・
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