
山田丸

博士（理学）

博甲第８２３号

平成１８年３月２２曰

課程博士（学位規則第４条第１項）

AerosolmixingstatesoverKOSAsourceregions：Singleparticleanalysis
offreetroposphericparticlescollectedwithaballoon-bornesamplerover

DunhuangChina

（黄砂発生源地域上空のエアロゾル混合状態：中国敦煙にて気球搭載型サンプ
ラーにより採集した自由対流圏粒子個々の分析）

岩坂泰信（自然計測応用研究センター・教授）
早川和一（自然科学研究科・教授），大谷吉生（自然科学研究科・教授），
柏谷健二（自然計測応用研究センター・教授），～

佐藤努（自然計測応用研究センター・助教授）

氏名

学位の種類

学位記Ⅶ番号

学位授与の日付

学位授与の要件

学位授与の題目

論文審査委員(主査）

論文審査委員|副査）

Abstract：FreetroposphericparticlesWerecollectedusmgaballOon-bomeaerosolsampleronAugust

29,Ｚ００２ａｎｄＭａｒｃｈ２４,Z003atDunhuang(40.00,Ｎ,94.30,E）mnorthwesternChina,morderto

mvestigatethemixingstatesofaerosolparticlesoverKOSAsourceregions・TT1emorphologD/and

elememalcompositionofthemdividualparticleswereanalyzedwithascanningelectronmicroscopeand

anenergydispersiveX-rayanalyzer，Thesingle-particleanalysisrevealedthatmmeraldustparticles

werema]orconstimentsmcoarsemoderange(｡>11ｍ),andsulfateparticleswerepredommantlypresent

mfinemoderange(0.2<d<１１L､)mtlle丘eetroposphereovertheTaklamakanDesertbothinspnngand

msunⅡner、However,theelementalcompositionoftheindividualdustparticlessignificantlydiffered

betweentheresuhsofAugust2002andMarch2003．Si-richparticlesweredominantmmineralduston

March2003，Ontheotherhand,evaporiteparticlessuchasCa-andNa-richdustparticlestoodoutat

theresultsofAugust2002，althoughSi-richparticleswereamamtypeofmineraldustasusuaL

Additionally,compansonoftheelementalcompositionsoftheparticlescollectedoverDunhuangwith

thoseofparticlescollectedoverJapanstronglysuggeststhattheseparticlesweresignificantlymodified

bysulfhrduringtheirlong-rangetransport．

１．１ntlUduction

Asiandustparticles(KOSAparticles,literallymean"yellowsand,，inJapanese)originated

inaridandsemi-aridregionsintheAsiancontinentarefi･equentlydispersedtoeastemChina,Korea

peninsula，Japan，theNortllPacificandeventoNorthAmerica・ACcordingtorecentmany

investigations,KOSAparticlesmakeimportantcontributiontoregionaland/orglobalclimateand

enviromnent,ｂｅcausetheparticlescanscatterand/Orabsorbsolarradiation,actaschemicalreaction

siteandplayascloudcondensationnucleioricenucleiintheatmosphere・Moreovenithasbeen

believedthatKOSAparticleswillfacilitateoceanicprimalyproductivities,scinceFecontainedin

KOSAfaUintoocean・Therefbrethelong-rangetransporｔｏｆＫＯＳＡｐａｒｔｉｃｌｅｓａｎｄｃｈｅｍｉｃａｌａｎｄ

physicalmodificationofKOSAparticlesduringtheirtransportbecomemattersofgreatconcemand
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consequentlyvanousresearchcampaignshavebeenmadetoclarifyenvironmentaIandclimate
effectsofKＯＳＡ・

HoweventherehavebeenveryfewobservationsfbrbehaviorofaerosolparticlesinthefTee

troposphereOverKOSAsourceareasowmgtotechnicaldifficulties・Wetherefbrehavestrongly

desiredobservationsofthechemicalandphysicalpropertiesfbrfreetroposphericparticlesandthe

particlenumbeI七sizedistributioninthefreetroposphereoverthesourceareas．

2．OlDservationandanalysis

KnowledgeaboutaerosolmixturestatesintheffeetroposphereoverKOSAsourceregionsis

essentialtoassesstheimpactonenvironmentchangecausｅｄｂｙＫＯＳＡ,becauseKOSAparticles

travellongdistancemainlythroughthefTeetropospheraForthatreason，ｗｅdevelopedthe

balloon-bomesamplertocollectffeetroposphericparticles,andwedesiredseveraladvantagepoints

tothesamplenThatis（１）weightsavingtoallowlaunchingthesamplerbyrubberballoon,(2)

cuttingofrtheropebetweenballooｎａｎｄｓａｍｐＩｅｒｂｙｔｈｅｒｏｐｅｃｕｔｔｅｒａｆｔｅrfinishingtlleparticle

collection,ａｎｄ（３）recovelyofthesampleonthebasisofGPSsignaLFigUrelshowsthe

balloon-trainfbrparticlecollectionintllefTeetroposphereandtheblockdiagramofthe

balloon-bomeaerosolsampleH

(b）
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WemadeelectronmicroscOpicanalysisofthefreetroposphericparticlesoverDunhuang，

Chma(40゜00,Ｎ,94.30,E),whichislocatedmtheeastempartoftheTaklamakanDesertandhas

beensuggestedtobeanimportantsourceofKOSAparticles､Theirparticleswerecollectedinthe

threedifTerentlayers-3-5km,５－７ｋｍ,ａｎｄ７－９ｋｍａｂｏＶｅｓｅａｌｅｖｅｌ－ｗｉｔｈａｂａｌloonborneaerosol

samplerequippedthreelow-volumeimpactOronAugust29,Z002andonMarch24,2003(Table.I)．

Therecovelysystemwolkedvelywellatthattime,ａｎｄittookonlyseveralhourstorecoverthe

samplesafterlandinglwhichseemstoavoidthecontaminationffomsurroundingairJThedistance

betweenballoonlaunchingandlandingpositionswasaboutl2kmonAugUst2002,ａｎｄ４８ｋｍｏｎ

Ｍａｒｃｈ２００，Thiskindofmeasurementisvelyeffectivetoknowthemixingstateoffiee

troposphericaerosolsandwillbeargoodrippleeffectintheatmosphericsciencefield,altlloughthe

handlingneedthetechnicalskill．

Table１．．Samplingtimeandweatherconditions．

Ｄate ＩＹｍｅ

(ＧＭT）

AUtimde

（a.s､1.）

Sampling
time

Ｗｉｎｄ weather

DireCtiOnSpeed(in/』

3:31:12-3:37:123.2-5.2ｋｍ６ｍｉｎＮＮＥ－ＷＮＷ ５

29-Aug-O2３:37:12-3:42:275.2-6.9ｋｍ５．２５ｍｉｎＮＷ Fｍｅ9.2

3:42:27-3:45:276.9-8.0ｋｍ３ｍｉｎＮＮＷ－ＷＮＷ１４．３

1:52:07-2:00:5２３－５ｋｍ７．７５ｍｍ Ｗ 11.6

24-Mar-O3２:00:52-2:07:0７５－７ｋｍａ２５ｍｉｎＷＮＷ￣Ｗ Fine16.8

2:07:07-2:１３:３７ ７－９ｋｍ６．５ｍｉｎＷＮＷ
－￣－＿

1８．６

Theparticlescollectedontocarbon-coatedcollodionfilmss叩portedbynickelgrids,ｗｈｉｃｈ

ｗｅｒｅｓｅｔｏｎｅａｃｈｓｔａｇｅｏｆｔｈｅｌｏwvolumeimpactors，wereanalyzedwithascanningelectron

microscopeandanenergydispersiveX-rayanalyzeLinordertoseetheparticlemorpholo部size，

andelementalcomposition・Thediameterofeachparticlewascalculatedasthearithmeticmeanof

thelongestwidthanditswidthorthogonaL

Wesimultaneouslyperfbrmedballoon-borneOPC(OpticalParticleCounteDmeasulements，

aerosolparticlecollectionnearthesurfaceatmosphere,andlidarmeasurementsinDunhuan9,china．

3．Ｒｅｓｕｌｔａｎｄｓｕｍｍｍｙ

３､LExistenceofmineraldustparticlesbothinthespringandthesummerf丁eetroposphere

Electronmicroscopicexperimentsrevealedtllatmostofthecoarseparticlescollectedin

theffeetroposphereoverDunhuanｇｉｎｓｐｎｎｇａｎｄｅｖｅｎｍｓｕｎｎｅｒｃｏｍｐｏｓｅｄofmmeraldust

particles・ＦｉgUre2showstherepresentativemineraldustparticlescollectedusingtlle

balloon-bornesampler、IY1eobservationsuggestSthatdustparticlesconstantlyexistinthefiee

troposphereoverDunhuang,althoughthenumberconcentrationsarehigherinspringthanin

summer6Balloon-borneOPCandlidarmeasurementsalSosuggestedtheexistenceofdust

particlesinthefiPeetropospherenotonlyinspringbutalsoinsummenMineraltypesofthe

individualparticlescoUectedinthelowerffeetroposphereshowedasignificantdifference

considemblybetweenthccasesofspringandthesummer・Ｔｈecomparisonwiththeprevious

resultsandthemeteorologicaldatasuggestedthattheaerosolparticlescollectedoverDunhuang
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onMarch22,Z003exhibitedthemixingstateofaerosolparticlesunderduslyconditionOn

theotherhand，theparticlescollectedonAugJlst２９，２００２showedrelativelyhighnumber

fiactionsofCa-andNa-richparticles,whichareconsideredtobeevaporite・Itseemsthatthe

relativeabundancｅｏｆＣａ－andNa-richparticlesincreaseswhenthemineraldustconcentrationiｓ
ｌｏｗ６

3.2. TheTaklamakanDesertasapossiblesourceofbackgroundKOSAobservedoverJapan

MineraldustparticleswerepredominantlyexistedincoarsｅｍｏｄｅｒａｎｇｅｉｎｔｈｅｆＴｅｅ
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Figure2Scanningelectronmicroscopicimages(lefDandX-rayspectra(right)onrepresentative

mineraldustparticlescollectedinthefreetroposphereoverDunhuang・Theparticlesof(a)and(b）

areexamplesofaluminosilicate,andcalcite(CaCO3)COntainingalittlealuminosilicate．

troposphereoverDunhuanginsumnenAccordingtoairmassfbrwardtrajectories,theairmasses

observedinthesunⅡnerpassedoverJapan(Figure3)．ItcanbesuggestedthattheTaklamakan

DesertisapossiblesourceregionofKOSAparticleswhichdiffUsetodownwindareassuchasJapan

islandsthroughtheffeetroposphereeveninsummerseasons、Theresultscouldsupportthe
previousresearchthatdiscUssedbackgroundKOSAonthebasisofaircraftbornemeasurements

madeoverJapa､．

3.3．MixingstateofthefineparticlesovertheKOSAsourcearea：

Weclassifiedthefineaerosolparticles(0.2＜ｄ＜１．０１１ｍ)collectedinthefiPeetroposphere

overDunhuangintofburtypes(sulfateparticles,biomassbumingparticles,mineraldustparticles，

heavymetalparticles)，accordingtodetectedelementsandsize、Figure3showsNumber

fractionsofparticletypesineachaltimdeonMarch24,2003andonAugust29,2002．Inthefree
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troposphere,sulfUrparticlesweremainparticlesinfinemoderanges(0.2<d<LO1un)．Inparticular

thistendencywasmoresignificantindiameterrangeof0.2-0.31｣ｍ，andthedominantnumber

ffactionsofsulfilrparticlescouldbeindependentonatmosphericcondition・Ontheotherhand,the

numberffactionsofsulfUrparticlesindiameterrangeof0.3-1.0}unshowedlalgevariationineach

sample・htllissizerange,themixingstateofaerosolsisafTectedrelativelystrongbydustparticles・

Balloon-borneOPCmeasurementsalsosupportedtheaboveresults、BesidessulfiJrparticlesand

mineraldustparticles,wealsofbundtheparticlesderivedｆｍｍｂｉｏｍａｓｓｂｕｍｉｎｇａｎｄｈｅａｖｙmetal

particlesinfinemoderangeintheffeetroposphereoverDunhuang．

2003/3/2４ 0.3-1.011ｍ 2003/3/2４ 0.2〒0311ｍ

7hｇｋｍ 7と９ｋｍ

5.7ｋｍ 5-7kｍ

3.51Kｍ 3.5ｋｍ

096２０％ ４０９６６０９６

Number丘action

0.3-1.01｣､

809610096 096２０％ ４０９６７．５０％

Number日泪ction

O2-0.31u、

809610096

2002/8/2９ 2002/8/2９

7.8ｍ、 7.8ｍ、

５－７ｋｍ ５－７ｋｍ

■■■■
3-5ｍ、

■■■■■■■■

3-5ｋｍ

0％２０％４０９６６０９６８０９６10096

NUmberfaption

0％２０％４０％６０％８０％100％

NUmberfaction

鬮Typcl■TypeⅡ□Type、

Figure3・NumberfiPactionsofparticletypesineachaltitudeonMarch24,Z003andonAugust29,

2002．Eachtypearerepresentsulfhteparticle(Typel),particlederivedfmmbiomassbur､ing

(Typell),andmmeraldustparticle(TypellI)．

3.4．ModificationofKOSAparticlesbysulfilr

Figure4showstherelativeweightratiosofAl,Ｓ,andCafbrtheindividualmineralparticles

ofsixcases・ThedashedlineinthescattelLplotshowstheweightratioofS/Cafbrgypsum

(CaSO4H20)(=0.8)．Iftherearemanypointsplottedtotherightofthedashedline,itcanbe

assumedthatconsiderableuptakeofSOxonmineralparticleshardlyoccurs、Mostofthedust

particlescollectedintheffeetroposphereandinthesurfaceatmosphereinDunhuang,ftomrelative

weightratiosofStoＣａｉｎFig.4.11,indicatedtllevalueoflowerthan0.8．Themineraldust

particlescollectedinthefreetroposphereoverKOSAsOurceregionsstronglysuggestthat
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significantuptakeofSOxbydustparticleshardlyOcculTed・A1sothemineraldustparticlesinthe

surfaceatmosphereinDunhuangdidnotrelatewithsulfilrnotonlyduringduststormbutalsonon

duststoml・IncontrastabouthalfofdustparticlescollectedintheffeetroposphereoverJaPanwas

seemedtobedustparticlessignificantlymodifiedbysulfULThefactisofconsiderableinterest

whendiscussmgthemodificationdUringtheirlong-rangetransportation・Theresultssuggestthat

theSignificantmodificationofKOSAparticleshavenotocculTedatleastinaninitialstageoftheir

long-rangetransport,andwillbeoccurinthehumidairalongwithhighconcentrationofsulfUr
dioxide．

ｂ釦 Ｃ
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Ｉ「ｌ「Ⅱ
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Figure4RelativeweightratiosofA1,sandCafOrmineralparticlescollected(a)３－５kmabovesea

leveloverDunhuangonMarch24,2003,(b)S-7kmabovesealeveloverDunhuangonMarch24,

2003,(c)３－５kmabovesealeveloverDunhuangonAugust29,(c)nearthesurfaceatmosphereat

DunhuangonApril29,2002,（e)nearthesurfaceatmosphereatDunhuang,ａｎｄ(f）intheffee

troposphereoverJapan．
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学位論文審査結果の要旨

平成１８年１月２６曰の第１回審査委員会で予備的な審査を行い審査方針を決定したｂ同年２月２曰に最

終発表を行い、引き続き第２回審査委員会を開いて以下の結論を得た。

本論文は、タクラマカン砂漠上空（自由大気圏高度）の大気エアロゾルの混合状態を明らかにし、それに

基づき「黄砂粒子への硫黄化合物の沈着が長距離輸送途中で生じている」こと、及び「タクラマカン砂漠が

バックグランド黄砂の有力な発生源である」ことを示した。

地球環境問題が社会的にも学問的にも大きな関心事となって以来、黄砂の変質過程の解明、東アジア西太

平洋域での硫黄や窒素の生物地球化学的循環の解明、地球温暖化予測の精度向上などのために、「黄砂発生

源の上空における黄砂粒子の混合状態」に関する知見は必須のものとみなされてきた。しかし、黄砂発生源

地域の上空での観測は、技術的難度が高く、長い間、実証的研究が皆無であった。申請者は、気球搭載型の

大気エアロゾル採集装置を開発（気球切り離し装置部分を担当）し、その成果をもとに中国の敦煙などで現

地観測を行った。現地の自由大気圏で採集した試料の分析に基づく上記の結果は、関係分野で長い間待たれ

ていたものであり、気象学や大気環境学の発展に大きな貢献をした。したがって、論文は博士（理学）を授

与するに充分値するものと認められた。
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