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Abstract

Inordertoclarifytheenvironmentalbehaviorandthecharacteristicsofregionalemission

ofdioxins，ImeasuredtheconcentratiOnofdioxinsintheambientair,soilandatmospheric
depositioninIshikawa-

AirsampleswereconsideredtobeinfluencedbybothsoiI/dustsuspensionand

combustion，becausetheContribUtionofeachtoxicisomertothetotaltoxicityequivalency

quantity(TEQ)intheairwasintermediatebetweentheircontributionsinthesoilandcinder

samplesGas/particlepartitioningofatmosphericdioxinsweredependonthetemperature・

Thegaseousphaseratioofeachhomologueinairsamples,generally,decreasedwithlevel

ofchlorination・However，ｍｏｓｔoftetrachlorodibenzo-p-dioxins（T巳CDDs)，tetrachloro

dibenzofurans（TCCDFs）andtetrachlorobiphenyIs(TbCBs)intheairsampleswereexisted

ingaseousphase(usually〉ア0％)regardlessofthetemperature・Furthermore,isomerswith

highervaporpressuretendtohavehighergaseousphaseratios，Atmosphericdioxins

depositionfluxinKanazawa,Japanwasthehighestinwinter・Moreover,differencebetween

ambientairandsoilinhomoIogueprofiIeswasconsideredtobeeffectofwashoutratio(a

measureofscavengingefficiencyfromair)onindividuaIhomologue・Depositionfluxeswere

significantIycorrelatedwithseveralmeteoroIogicalparameters(temperature,atmospheric
pressureandrainydaysratio)．
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Introduction

Dioxinshaveattractedmuchconcerninrecentyearsbecauseoftheirextremetoxicityb

persistenceintheenvironment，andbio-accumulationTbdaybdioxi､semissionfrom

combustionsources(O23kg-TEQ/Vearin2004)havebeendecreasedtoaboutone-thirtieth

oftheamount7yearsago(7.アkg-TEQ/Vearinl997).However,themaloremissionsource

duringlg60sandl9ｱOswasfromtwoherbicides,suChaspentachIorOphenoI（PCP)and

chloronitrofen(CNP),andtotalemissionsfromtheuseoftheseherbicidesinJapanduring

thepast40years(1955-1995)wereestimatedtobe690kg-TEQDioxinsfromnaturaland

anthropogenicsourceshavebeenwidelydistributedintheenvironment・AImosteveryliving

creature,includinghumans,hasbeenexposedtodioxins・OurdaiIyintakeamountofdioxins

wasestimatedtobe26pg-TEQ/kg/day，anddietaryintakeoCcupied93％（2.4

pg-TEQ/kg/day)ofthedaiIyintake,Especiallyjfisheryproducts(1.5ｐｇ会TEQ/kg/day)inthe

dietwerethemalorexposuresourceAsmentionedaboVe,dioxinspersistintheenvironment

andaccumulateeasilyinthefoodchainHowever,sourcecontributionofdioxinswilIdiffer

fromoneregiontoanother,Therefore,itisnecessarytoclarifytheenvironmentaIbehaviors

ofdioxinsemissionineachregion，

Inpresentthesis,Iexaminethehomologueandseveralisomerscompositionofdioxinsin

ambientair,soiIandatmosphericdeposition，anddiscusstherelativecontributionofthe

emissionsources・Moreover,thecausesoftheiryearIyorseasonalchangesaredescribed．

Resultsanddiscussion

ComparisonofCompositionsofPolychIorinateddibenzo-p回dioxins（PCDDs）and
PoIychIorodibenzofurans(PCDFs)inAirandSoiI

TheconcentrationsoｆｄｉｏｘｉｎｓｉｎａｍｂｉｅｎｔａｉｒａｎｄｓｏｉｌｉｎIshikawa，Japanwereboth

extremelylowbycomparisonwithenvironmentalqualitystandardsofJapamThesoilina

shrine，inwhichafirewasbuiItduringreIigiousceremonies，tendedtohavehigh
concentrationofdioxins

IsomersthatmainIycontributetothetotalTEQofthecombustion-originsampIesare

differentfromthoseoftheagrochemical-influencedsampIes、Therefore，itisusefulto

examinewhichisomerspredominantlycontributetotheTEQThecontributionofeachtoxic

isomertothetotalTEQintheairtendedtobeintermediatebetweentheircontributionstothe

TEQinthesoilandcindersampIes(Figurel).Theseresultsuggestedthattheairsamples
wereinfluencedbybothsoiI/dustsuspensionandcombustion
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Inwinter,thecontributionofsoil/dustsuspension,whichisthoughttocontaindioxinsfrom

agrochemicals，ｔotheatmosphericdioxinsdecrease｡，andthecontributionofcombustion

relativelyincreasedBecausesnowcoveredgroundsurface，soil/dustsuspensionwas

consideredtobesuppressed．

SeasonalChangeofGas/ParticIePartitioningofAtmosphericDioxins

ThegaseousphaseratioｓｏｆｂｏｔｈＴＣＣＤＤ/ＤＦｓａｎｄＴＣＣＢｓｉｎｔｈｅａｉｒｓａｍｐｌｅｓｒｅｍａined

highregardlessofthetemperatureHowever，theratiosofpenta-，hexa‐andhepta‐

chlorodibenzo-p-dioxinandchIorodibenzofuran(CDD/DF)homologuesvariedwidelywith

temperatureEachofthegaseousphaseratiosofpenta-heptachlorobiphenyls（CBS）

homologuesweremuchhigherthanthoseofpenta-heptaCDD/DRwhichhavethesame

numberofsubstitutedchIorines(Figure2)．

Thegaseousphaseratioofeachhomologueinairsamples，generally,decreasedwith

IevelofchlorinationFurthermore，amongofisomersinsamehomologue,thosewithshort

retentiontimeinchromatogramweretendedtobedistributedingaseousphaseIngeneral，

theelutabilityofisomersfromGＣｃｏｌumnreflectsmolecularpolarity,whichisrelatedvapor

pressure・Therefore,isomerswithhighervaporpressuretendtohavehighergaseousphase

ratiosThisphenomenonwasremarkableinthelowerchlorinatedDD/DFS，becausethe

reIativedifferenceinmoIecuIarpolaritybetweenisomerｓｉｓｓｍａｌｌforhigherchlorinated

DD/ＤＦＳ．

AtmosphericＤｅｐｏｓｉｔｉｏｎｏｆＰＣＤＤｓａｎｄＰＣＤＦｓ

ＹｅａｒｌyaverageofatmosphericPCDD/DFsdepositionfIuxinKanazawa，Japanwas

estimatedtobe77pg-TEQ/m2/day(360ｐｇ/､2/day),andtheseasonswiththehighestand

nexthighestdepositionfluxeswerewinterandspring，respectively.Ｔ巳CDDsisdominantly

congenerinambientairdominated,whileoctachlorodibenzo-Pdioxin(OCDD)dominatesin

soil、Differencebetweenambientairandsoilinhomologueprofileswasconsideredtobe

effectofwashoutratio（ameasureofscavengingefficiencyfromairtodeposition）on

individualhomologue，WashoutratiowasincreasedwithIevelofchlorination,thereforehigh

chlorinateddibenzo-p-dioxinsanddibenzofurans（ｉｅ，heptachlorodibenzo-pdioxins

(HpCDDs)，OCDD，heptachlorodibenzofurans（HpCDFs）andoctachlorodibenzofurans

(OCDF))wereremovedfromambientairefficiently・OCDDissecondarydominantcongener

inambientairbutitswashoutratioishigh・Thus,thisisconsistentwithsoilwhichdominates
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OCDDSuchasdepositionprocessexplainedoneofreasonsfordifferenceinhomologue

profilebetweentheairandsoil(Figures)．

Depositionfluxesweresignificantlycorrelatedwithseveralmeteorologicalparameters

(surfacetemperature,atmosphericpressureandrainydaysratio).Possibleexplanationsfor

theircorrelationsareachangeingas/particlepartitioningofatmospheｒｉｃＰＣＤＤ/ＤＦＳ，a

reducingdiIutionofpollutantduetothepresenceofaninverseIayerandadependenceof

scavengingefnciencyonfrequenCyofrainHowever,ＨｐＣＤＤｓａｎｄＯＣＤＤｈａｄｗｅａｋｌｙｏｒｎｏ

ｃｏｒｒeIatio、ｗｉｔｈmostofmeteorologicaIfactors，ｐｏｓｓｉｂｌｙｂｅｃａｕｓｅＨｐＣＤＤｓａｎｄＯＣＤＤａｒe

generatedbyphotochemicalreactｉｏｎｓｏｆＰＣＰｉｎｔｈｅａｉ［
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学位論文審査結果の要旨

［審査経過］審査方針従い基礎学力を確認し､各委員による面接と諮問を行った。２月１曰に口頭発表（最

終試験）を行い、終了後に開催した最終審査委員会において協議の結果、次のように判定した。

［審査結果］ダイオキシン類に汚染された環境の実態把握と浄化は、わが国の環境施策の大きな課題であ

る。これまでのダイオキシン類の動態研究は大都市域とその周辺など一部に限られ、地方における挙動につ

いては不明な点が多い。本研究は石川県を対象に、環境大気、土壌および大気降下物中のダイオキシン類を

分析してその挙動を解析し、次のことを明らかにした。（１）大気は燃焼由来のダイオキシン類だけではな

く、土壌巻き上げの影響も受けるが、冬季における後者の寄与は降雪により減少する。（２）ダイオキシン

類の大気中ガス状／粒子状存在比は気温に依存して増加し、蒸気圧の高い異性体ほどガス状の割合が大きい

傾向にある。（３）ダイオキシン類の大気降下フラックスは冬が最も大きい。その理由として、降下フラッ

クスは地表温度、大気圧および降雨曰数と相関が見られたことより、ガス状／粒子状存在比の低下、逆転層

形成による汚染物質の希釈効果の抑制、および降水・雪による洗い出し効果の増大を推定した。以上のよう

に、本論文は、降雪地方に特徴的なダイオキシン類の挙動の詳細を、石川県を対象として初めて明らかにし

ており、審査委員会は博士（薬学）に値すると判定した。
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