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Prefa（：e  

When we talk about the environment，the argument should be based upon  

precise data．However the pollutantsin atmosphere，insoiland water andin  

biospherearehardtodetectandtheconcentrationofpollutantsisusuallyverylow．  

Consequently，thechemicalanalysISOfthepollutantsinenvironmentsisamatterof  

difficulty．   

The second problem is to determine the appropriate place to monitor the 

environmentalpollutionontheearth．Inotherword，WeShouldfindtheplacewhere  

theenvironmentarenotcontaminatedbythehumanactivities，inordertofindthe  

backgroundlevelofpollutants．  

Thepollutantsemittedintotheenvironmentsstayandaccumulatealongtime  

when the substances are chemically stable．Consequentlyitis pointed that the  

po11ution ofthe earthis graduallyincreasing due to the world wideincrease of  

energyandmaterialconsumptioninrecentyears．  

Thespecialresearchprograrn“StudiesontheMethodsforLong－TermEnviron－  

mentalMonitoring”startedin1980aiming toinvestigatebettermethodsto soIve  

above problems．The paperSincludedinthis volume are results obtainedin the  

initialstageoftheprogram．  

Wehopethatthereportwi11stimulatediscussionamongscientistsinthefields  

ofenvironmentalresearchandtheresultswi11beusefulfortheprogramoftheglobal  

environmentalmonitorlng．  
JiroKondo，D．Eng，  

Director of the NationalInstitute  

for Environmental Studies 

ン ∴．．・一∴∴．∴：．＿．  
January 1985 ∠  
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Res．Rep．Natl，lnst．Environ．Stud．，JpnリNo，79，1985  

OutlineoftheResearchProject  

YoshinariAMBEland Keiichiro FUWAl   

Thechangeoftheenvironmentcausedbypollutionoccursinvarioustemporal  
andspatialscale・Thesurveyandmonitoringonenvironmentalpollutionsofarhave  
beenmainlyfocussedonratherlocaland shorttermvariationoftheenvironment■  
Itisfearedthatthelocalscaleofpollutionisexpandingtoreg10nalornationalsize  
COVeringallaTeaOfJapanIslandsandfurthertoglobalscale・Thewiderandthe  
longerthescaleofpollutionis，theharderbecomesthecountermeasureagainstit・  
Theneedtoassessaglobalscaleenvironmentalpollutionhasbeenwidelyrecognized  
andseveralinternationalactivitiesrelatingtothisproblemhavestartedrecentlyL   
Astotheglobalenvironrnentalmonitoring，theEarthWatchProgrambyUNEP  
cooperatedwithWHO，WMO，FAOandotherUNorganizationsandtheestablishL  
mer．tofMonitoringandAssessmentResearchCenterbySCOPEarenoticedamong  
theseactivities．InJapan，anadvisorycommitteewhichdiscussglobalscaleenviron－  
mentalproblemswassetupintheEnvironmentAgency・Basedontherecommend・  
ationofthiscommittee，aprOpOSaltoestablishaspecialcommitteeinUNonthe  
globalenvironmentalpolicyinthe21stcenturywaspresentedbyJapanatthespecial  
meeting of UNEP executive committee heldinMay1982・This proposat was  
adoptedandthefirstmeetingofthisnewcommitteewasheldinOctober1984・   
Inmanycasessofar，thesurveyandinvestigationofenvironmentalpollution  
havebeenperformedafterthephenomenonanditseffectoccurred，andbecauseof  
thedelayedsurveythecountermeasureswerealwaysinsufficient・Itisneedlessto  
saythattheforegoingsurveilanceandcarearethemostimportantarldeffective  
wayinthesolutionofenvironmentalproblems・However，atpreSent，informations  
onthenationalwideorworldwideenvironmentalchangeareveryrareaswellas  
monitoringsystem，and，aboveall，themethodologyformonitorlngOfthesescalesof  
environmentalpollutionisinsufficient．  
Undersuchsituation，aSpeCialresearchproiectwasprogrammedatourinsti・  
tute（NIES）aiming to develop the methodology forlong terrn environmental  
monitoringinnationalwidescalewhichisconsideredtobebasicallyimportantto  
understandandtomonitortheprocessofexpandinglocalpollutiontonationalscale  
and to the whole earth．   

Itisfundamentaltoknowthevalueofso－Calledbackgroundlevelofpollutants  
asabase－1ineto findoutthechangeofpo11utantconcentrationinlongterm and  
nationalwideenvironmentalmonitoringinJapanlslands．  
AstheenvironmentalmonitoringsystemsexistinginJapanarerestrictedinthe  
high1ypo11utedurbanandindustrialareas，theinformationonthe nationalwide  
backgroundlevelsofpollutantconcentrationsarequitelackingandtheestablish・  
mentofnationalwidebackgroundmonitoringsystemisneeded・  

1・ChemistryandPhysicsDivision．theNationalInstituteforEnvironmentalStudies・Yatabe・   
machi．Tsukuba．Ibaraki305Japan．  
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Y．Ambeand K．Fu＼lra  

Therefore，the methodology toset upa background region of nationalwide  
pollutionandtoknowthebackgroundlevelofpollutantconcentrationwasstudied  
inthefirststep．Secondly，prOblemsrelatingtoenvironmentalspecimenbanking  
Wereinvestigated，inwhichvariousenviromentalspecimensarestoredtobeusedin  
futurefortheretrospeCtiveanalysistodetectlongtermchangeofpollutantconcent－  
ration．Inthisrespect，theavailabilityofthebank andthepreservabilityofthe  
StOredsampleswerestudiedandasmallpilotspecimenbankwasbuiltandoperated  
to examine the problemsin practicaloperation．The se］ectjon ofenvjronmer）taJ  
indicestobemonitoredandthatofenvironmentalsamplestobestoredwerethe  
problemswhichshouldbestudiedprevioustothestudiesonbackgroundmonitoring  
andstoringofthesamples．  
Furtl杷r，in order to accompl励the studjes above mentjoJled more exact】y，  
SeVeralinvestigationsonchernicalanalysissuchasidentificationoftraceorganic  
COmpoundsinthe environment and developments ofinstrumentations for trace  
pollutantanalysiswereperformed．  
Theresearchprojectwascarriedoutwiththeparticlpationofthemembersof  
theDivisionofChemistryandPhysicsandseveralotherdivisionsintheinstitute，  
underthesubprogramsasfollows．   
1）Studiesrelatingtotheselectionofsamplesandsamplingmethodforlong  
termenvironmentaImonitorlng，   
2）Studiesonthemethodformonitoringbackgroundlevelofpollution．   
3）Studiesonthemethodforlongtermstorageofenvironmentalsamples．  
4）Surveyofunidentifiedorunknowntraceorganicsubstancesintheenviron－  
ment．   

5）Studiesonthehigh1ysensitivemethodsfortracepollutantanalysis．  
The first stage oftheprojectwas overin1982，a part Oftheresultsofthis  
researchprogramwaspublishedin1982（Res．Rep．Natl．Inst．Environ．Stud．No．  
36）andageneraloutlineoftheprojectwasreportedin1984（Res，Rep．Natl．Inst．  
Environ．Ssud．No．58）bothinJapanese．   
Thepresentvolumeisthecollectionofthepapersorltheresultscompiledafter  

that．Theresearchactivjtiesonthjs】jneissti】】goingor］，andthefinalresu】tswⅢ  
bereportedafterseveralyears．  

－ 2 一   



研究計画の概要  

安部書也1・不破敬一郎1   

汚染に基づく環境の変化には空間的・時間的にさまざまの規模のものがある。これまで環境汚  

染の状況に関する追跡はどちらかといえば，局地臥 短期的な変勤に注目して行われていたが，  

同時に日本全域，さらに地球全体にわたるより長期的規模の環境汚染が進行していることが予  

想される。汚染は規模が大きくなり長期的なものになるほど，対応は困難になる。   

地球的規模の汚染についても近年世界的な関心が高まり，国際的な各種の活動がはじまって  

いる。   

環境変化への対策をたてるには問題が起こる前にあらかじめ監視をしておくことが必要であ  
るが、国規模，地球規模の現象に対しては今のところモニタリングの体制がほとんどできてない  

のみならず，その方法論すら確立されていないといってよい。   

本研究は以上のような状況を踏まえて，国規模の長期的環境モニタリングの方法論を確立す  

ることを目指して計画された。   

国規模の汚染は，局地的な汚染が全地球的な汚染に拡大する中間の過程として重要な位置を  

占める。ここにおいて従来特に研究の欠けている二つの課題を中心にとりあげた。第一は，日本  

列島の長期的な環境汚染をモニターする際に変化を検出する基準となるベースラインとして，  

汚染物質に関するバックグラウンド値を明らかにすることを目標とした。すなわちバックグラ  

ウンドに相当する地域を設定する手法の確立，及び，そこにおけるバックグラウンド値を求める  

ための方法論の検討を行った。   

第二に，長期的環境汚染モニタリングの一つの手法としての環境試料バンクをとりあげ，試料  

の保存性，保存方法，その他関連する諸問題について検討するとともに，小規模のパンクを設置  

してその有効性を検討した。   

以上二つの課題と関連して，測定すべき環境指標項目及び保存すべき試料をいかに選定する  

かという問題が生じる。これについても長期モニタリングの観点から検討を加えた。   

さらに，上記の目的をより高度に達成するために，環境中に存在する各種の未確認物質をモニ  

ターするための分析方法を確立する研究，並びに，測定の高感度化，高精度化のため機器分析手  

法の開発を行った。   

本研究には計測技術部を中心として各部の研究者が参加した。成果の一部については既に中  

間報告として，また概要については総合報告として出版している。本報告書はその後の成果をま  

とめた論文集である。本特別研究の目的に沿った研究は引き続いて行われており，成果は順次ま  

とめられる予定である。  

1．国立公害研究所 計測技術部 〒305 茅≡城県筑波郡谷田郡町小野Jr116番2  
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Res．Rep．Natl．Inst．Environ．Stud．，Jpn・，No．79，1985．  

PrinciplesandScopeofEnvironmentalMonitoring  

Keiichiro FUWAl   

Theenvironmentalmonitoringinwiderterm hasbeencarried out fromthe  
beginningofthehistoryofmankind，aStheyhadtosurvivebyobservingtheir  
environment，OrtheweatherjndudingnaturaJdisasters，fuJJyutjJjzhgtheirinsthlCr  
tivecapabilities．Themodernenvironmentalmonitoringinnarrowtermhasessenti－  
allythesamepurpose，butdiffersentirelyfromtheoldone・aSthemethodsof  
observationoftheenvironmenthavevastlychanged．BesidessomerneteorologlCal  
observations，themonitoringofchemicalspeciesinthe environmentisthemost  
characteristic．TablelgivesabriefhistoTyDftheenvironmentalproblemsrelated  
to themonitorlng．  

Asian Research Center for EnvironmentalMonitoring（ARCEM）has been  
plannedandconsideredbythegroupofthenationalSCOPE／MABcommitteeand  
NIESwaspickedbythecommitteeforthelocationoftheorganizatiol一・ltisnotyet・  
however，realizedforanyconcretebase．   

Thebackgroundlevelsofenvironmentalmonitoringcanbetakenasthenormal  
rangeofvaluesofmeasurementofanyspeciesintheenvironment，andtheyaremost  
importantforboth）ongte｛mandshorttermofmonitorings・   
LakeMashuw甲Selectedbyourgroupasthemostunpollutedhydrospheric  
locationinJapanandtheanalysisofthelakewaterhasbeencarriedout、Someof  
thedetailedresults aredescribedinthisreport．A repeated measurement of the  

TablelBriefhistoryoftheenvironmentalproblems  

1962 Publicationりf“SilentSpring”byDT．R．Carson  
1964 1BP／ICSUIstmeeting（Paris）  
1965 MinamataDj父aSe，Auc上lAuchDi父aSe，reCOgni臼onoftわecauses．  
1969 SCOPE／ICSU，MARCChelsea，eStablishmentof．  
1970 EPA／USA；SpecialreseaTCh pTOiect“Human Survival”／Dept，Ed．，Japan．  

starts of．  

1971 EnvirorlmentAgency／Japan；PCBAct／Japan；MAI】／UNESCO，  
1972 UNStockholmConference；UNEP，EarthWatch，GEMS，StartSOf．  
1973 ActsrelatedtoChemicalSubstance／Japan  
1974  NIES／EA，Japan；ERDA／USA，eStablishmentof．  
1975 HESC／SCOpE，UNEP（Tokyo）  
1977 Speeja】researchproject“Environmenta］Scjence”／Dept．EdJapan，StartOf．  
19飢 ISMIED／MAB（TolくyO）  
1984 10thanniversaryofNIES；MICE／MAB（Tokyo）  

1・ChemistryandPhysicsDivision，theNationallnstituteforEnvironmentalstudies，Yatabe・   
rnachi，Tsukuba，Ibaraki305．Japan．  
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K．Fu＼～・a   

sampleobtainedfromthesamelocationinacertainintervalistheessenceofthe  
environmentalmonitoring，and，therefore，Weintendtocontinuetheobservationand  
investigationofthewaterofLakeMashuinthisprojectandinfutureproject・   

Somemethodologicalimprovementorinvestigationhavebeencarriedoutin  
relationtothisbackgroundmonitoringproject，aSarerepOrtedinthisvolume■   
Therequirernentsofthemethodfortheenvironmentalmonitoringofchemical  
speciesareneccessarily simi1ar，first ofall，tO those ofanalyticalchemistryin  
generaJ．Andtheyare：   

1．Accuracy  

2．Precision  

reproducibility  

repeatability  

3 Sensitivity  

4 Specificity  
5，Speed，eaSiness  
Thedefinitionofaccuracyinchemicalanalysisisexpressedbythedifference  
betweenthet†truevalue”andthefoundvalue，SincethelttrueValue’’ofasampleis  
notknownorcannotbeobtained，aCertainstatisticaltreatmentisusuallyrequired，  
such asinter－1aboratoriscalibration．Oneofthemostreliablewayof ascertaining  
accuracyistoobtainstandardreferencematirial，theanalyticalvaluesofwhichare  
already certified by fully designed statisticalmenthodL Therefore，We Started a  
projectofthepreparationofenvironmentalstandardreferencematerialsrightafter  
thelaboratiry・sstart■Theprocessofthepreparationincludinghomogenjzationof  
driedmaterialand that ofthe certificationwhich needs the cooperation ofmany  
expertsinvariedinstituteswerecompletedonthematerialssuchas，Pepperbush，  
PondSediment，Chlorella，HumanHair，HumanSerumandMussel，   
Electrochemicalanalyticalrnethodhasusuallyagoodrepeatabilityandrepro－  
ducibilityandprobablythemostsuitablemethodforhydrosphericmonitoring・   
Ionselectiveelectrodemaybethemostpromisingofall，aStheprocedureisthe  
simplestwithinsituinsertionintothesamplewater・Theresponsecanberecorded  
continuouslywithautomaticoperationsystem■lthas，however，adrawbackinthe  
property of specificity. The change of sensitivity at the active surface, i.e. the 
interferencebymicro－Organismgrowthonthesurfaceisanotherpointtobecon－  
sidered．ThefurtherdevelopmentisexpeCtedtoovercometheseshort－COmings・   
Inductivelycoupled plasmaemissionspectrometer，thenewest apparatus for  
metalicelementalanalysis，hasmadepossiblethesimultaneousanalysISOffortyto  
fiftyelementsatthelevelofppborless・Itismostpowerfulforelementalmonitor・  
jngofenvironmentalmaterials，butthecarefulpretreatmentofsarnplesisrequired，  
andthecostaswellasthesizeofthemachineisnotassmal1asbeingwantedfor  
somemonitorlngpurpOSe．   

Asemi・COnducterlaserlightsourcehasbeendevelopedandhasbecomeoneof  
mostpromisinglightsourcefortheabsorptionmeasurementatinfraredregionof  
some atmospheric compositions，including nitrogen oxides，Carbon dioxide and  
hydrocarbons・Thelinewidthisextremelynarrowfromthelaser，SOthatboththe  
sepcificitytowardsthechemicalspeciestobeobservedandtheresultingsensitivity  
canbeveryhigh．Themethodcouldbeanewoneforinsitueasymeasurementof  
backgroundlevelpollutinnsoftheatrnosphere・  

一 6 －   



環境モニタリンワの原理と展望  

不破敬一郎1   

広義の環境モニタリングは人類の歴史とともに行われてきた。しかし最近の急速な環境汚染  

に伴ったモニタリングでその様相を一変した。   

モニタリングに要求される条件としては  
1．正確さ   

2．精度   

3．感度   

4．特異性   

5．速度，実行の容易さ   

などがあげられ，これらを達成するために多くの研究が行われている。環境標準試料の調製，  

バックグラウンド値の測定等はその例である。さらに今後広くモニタリングのために利用され  

るべき手法として，各種の電気化学的分析法，ICP発光分光法，半導体レーザー光源による分光  

法の応用が考えられる。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野川16番2  
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Res・Rep・Natl・Inst・Environ・Stud．Jpn．，No．79，1985．  

ⅠⅠ－1  

BackgroundAirPollutantMeasurementsand   
SelectionofBackgroundSitesinJapan  

TsuguoMIZOGUCHIl，MasayukiKUNUGIl，  

and Masataka NISHIKAWAl  

ABSTRACT  

AtseveralcleanremotelocationsinJapanairpollutantssuchasSO2，NO．r，  

0，and other species were measured for determination of background air  

pollutionlevels，Main pollutants except ozone were barely detectable，SO  

backgroundlevelscould notbe directly estimated by these parameters．The  

relativestandarddeviation oEOヨCOnCentrationrnaywellbeamoreaccurate  

indicator of background air pollution levels because there are negligible 

amountsofsubstanceswhichreacttoozoneincleanremoteatmospheres．The  

concentration of certainelementsin aerosoIs and variationin the chemical  

COmpOSitionoiprecipitationweTeStudiedtodetermineiftheseiactorscould  

bequalifiedasreliableindicatorsofpollutionlevels・  

1．INTRODUCTION  

Fordetection of the concentration and variationinglobalair pollution，itis  
necessarytomonitorbackgroundairpollutionforalongperiodoftime・   
BackgroundairpollutionmonitoringhasbeencarriedoutbytheOrganization  
forEconomicCooperationandDevelopment（OECD）andtheWorldMeteorological  
Organization（WMO）since thelate1960sl・2）．At Mauna Loain Hawaii，the CO2  
concentrationinthe atmosphere has been measured for20years to detect the  
behaviorofairpollutantsoveraglobalrange3‾7）．lnJapan，airpollutionhasbeen  
rnonitoredfornearly20yearsoveranthropogenicpollutedareas．Variousdatahave  
beenanalyzedtoclarifybehaviorofairpollutionandsourcedofemission．Ofcourse，  
thevariationinairpollutantssuchasSO2，NOXandCOshouldbemonitoredover  
clean remote areas．   
Inthisstudy，the attemptsweremade tomeasure air pollutant concentration  
andselectasuitablesiteformonitoringairqualityinacleanatmosphere．  

1．ChemistryandPhysicsDivision，theNationalInstituteforEnvironmentalStudies．YatabeL   
machi，Tsukuba．1baraki305，Japan．  
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T．Mizoguchi，M．KurLugiandM．Nishikawa  

2．SITESELECTlON  

WMOl朋）definesthecriteriaforbaselineairpollutionstationsasfo1lows：   
1）Thestationshouldbelocatedinanareawherenosignificantchangesin  
land・uSepraCticesareanticlpatedforatleast50yearswithin100kminalldiretions  
from thestation．   
2）Itshouldbelocatedawayfrommajorpopulationcenters．majorhighways  
andairroutes，Preferablyanisolatedislandoronmountainsabovethetreeline，   
3）Thesiteshouldexperienceinfrequenteffectsfromnaturalphenomenasuch  
asvoIcanicactivity，forest fires，dustandsandstorms．   
TherearefewplaceswhichsatisfytheWMOcriteriainJapanexceptforan  
islandinthePacificOcean．Ifairqualitiesmustbemonitoredcontinuously，aStation  
withdifficult access，WOuld not be satisfactory．Thus，inJapan a remote clean  
StationfortermmonitoringwillnecessarilyhaveahigherpollutionlevelthanWMO  
backgroundstations．   
Thelocationofasitemaybeofcrucialimportancefordeterminingrep－reSenta・  
tivebackgroundairpollutantconcentration．   
ThecriteriaforsiteselectionincludesthefollowinglO）．   
1）Thesitemustbesituatedatasufficientdistancefromurbanareas，   
2）Thereshouldbenolocalemissionofanthropogenicairpollutantsnearthe  

site．   

3）Thesiteshouldbeasfarwayfrommainroadsaspossible．  

1．SanrikuIwate Pref．  

2．HaginariDam Site  

3，Mt．Yamizo  

4．Oga嶋raJbraakj Pref・  

5．Yagisawa Dam Site  

6．Lake Kurobe Dam Site  

7．T且k8nO Hiro5hima Pref．  

Fig．1Locationofnon・urbanstationsforthisstudy  
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Background Air Pollutanis 

Theremustbearoomforthemeasurementinstruments，andapowersupply  
available．Thesiteshouldbereasonablyaccessable．   
TherearesuchstationsontheMainIsland ofJapan（Fig．1）．Station No．1  
（Fig．1）islocatedinnortheastJapan．Thesiteisonasmallmountaintopabout450m  
above sealevel．The Pacific Oceanis about2km east of the station．There are  
mountainsonallsidesexcepttheeast．TheWMOregionalstationofJapan，Ryori，  
isabout15kmsoutheast．AirpollutantconcentrationsofstationNo．lwerepresum－  
edaslowasthoseofRyori．Therearefewanthropogenicsourcesinthearea，but  
alargeironworksisforwardaround15kmtothenorth．Thus，anOrthwindmay  
bringpollution．Thewinddirection wasusually from thewestwhen air pollutant  
measurements were made．  
Station，No．2is alsolocatedin northeastJapan．The siteis situated over  
lOOkmfromtheNo．1andtoitswest．TheSeaofJapanisabout30kmwestofthis  
Site．Akita citywith a population of about300thousandsis around30km to the  
SOuth．ThereareafewlocalemissionsourceslO20kmaway，andaspringareais  
situated aboutlOkm to the east．  
Dam sites are suitable for monitoring background air pollutioninJapan，  
becausethey aregenerallyinmountainreglOnSOrforestfarfrommajorpollution  
CenterS，andtheyhavebuildingsandpowerfacilities．Consequentlythreedarnsites  
WereChoseni，e，Haginari（No．2），Yagisawa（No．5）andKurobe（No．6）．  
Station No．3is Mt．Yamizolocated about130km northeast of the Tokyo  
metropolitanareaarldoverlOOOmabovesealevel．Thestationisnearamountain－  
top．Largeemissionsourcesaresituatedsome20－30kmaway．Thisstationisvery  
Suitableformonitoringbackgroundairpollution．  
Station No．4is a forest about50km south of Mt．Yamizo．This site at the  
northeastendoftheKantoPlainisthelargestinJapanandhasthelargestindustries  
inthesouthernarea．ThesiteisaroundlOOkmawayfromthelargestindustrialarea  
SO that effects may be slight．A few anthropogenic emission sources arelocated  
aboutseveraldozenkmaway．  
Station No．5is adam sitelocated about150km north of the Tokyo metro・  
politan area．Mountains are not too far from here．This stationis considered an  
unpollutedsite．   
StationN9．6isalsoadamsiteandlocatedincentralJapan・Thelargestdam  
inJapan，itisconsideredtobethecleanestareaontheMainIslandofJapan．In  

winter，howeveraccessisdifficult．  
StationNo．7istheonlyoneonthewestsideofJapansurroundedbyfarmland，  
itisover80kmfromawaylargeemissionsourced．  

3．RESULTSANDDISCUSSIONllr18）  

Tablelshowstheparametersandtechniquesemployedforallmeasurements．  
ElementsinaerosoIsweremeasuredbyX－rayflourescentspectrometryandneutron  
activationanalysis．   
Precipitationswasanalyzedbyelementalanalysis，inductivelycoupledplasma  
atomicemissionspectroscopyandionchromatography・Asummaryoftheresultsis  
ShowninTable2．Theresultsat stations No．4and No．5showslightly higher  
Valuesthan the others．  
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T．Mizoguchi．M．KunugiandM．Nishikawa  

Tab）el Measurement method  

Parameter  Instrument  

Sulfurdioxide（SO2）  
Nitrogenoxides（NO、NO2）  

Ozone（03）  
Carbonmonoxide（CO）  

Methane（CH．）  
Non－methanehydrocarbon（NMHC）  
TotaL suspended par亡icu】ate mat【er  

（TSP）  

Ultravi01etflurometricAnalyzer  
Chemiluminescent Analyzer 
Ultravioletabsorptionphotometer  

Nondispersiveinfraredspectrometer  
Flameionizationdetector  

Flame ionization detector 

High（low）volumesampler  

AjrpoIJutjonatstatjon No．4maybe affectedby emissionsources frornthe  
southKantoplain．PollutionatstationNo．5mustbeduetolocalsourcessuchas  
automobileandrestautantexhausts．Theotherresultsmaybegenerallyreliable．  
Majorairpollutantsexceptozonearebarelydetectableusingthemonitoring  
instrumentsindicatedinTable2．Thus，thelevelsofbackgroundairpollutionrnust  
notbeestimateddirectlybythesedata，Toestimatebackgroundairpollutionlevels，  
thefollowingindicatorsweretestedbyphysicalandchemicalprocedures．  

1）EvaluationbythevariationcoefficientofO3COnCentration．  
2）EstimatiorlmOdelbythetota】majorairpo】lutarltCOZICentratjon．  
3）Estimationbytotalsuspendedparticulates．  
4）EstimationbyratioofspecialcomponentsinaerosoIs．  
5）Estimationbycomponentvariationinprecipitation．  

1）03inanambientatmosphereisassumedtoissuefromboththetroposphere  
and the stratosphere．ln remote clean areas，Where O，is scarcely generated by  
photochemicalreactionprocessesandhardlytransportedfromanthropogenicpo11ut・  
eddistrictinthetroposphere，WhereO，injectedfrom the stratosphereisusually  
constantandthereisnocomponenttoreactwithit，CJearlythesmalZer亡hevaria亡ion  
inO3COncentration，thecleaneristhesite．Onthisbasis，thefollowingequationsis  
defined asanindicator：   

ORS＝志学（…）J  （1）  

where O,, is the average of the relative standard deviation indicating the back- 
groundairpolltionlevel；SmallORSindicatesahigherbackgroundpo11utionlevel；N  
is the number of measurement days；Sis the standarddeviation per hourinO3  
concentration；and文istheaveragevalueperhourofO3COncentration．   
Table3showsO3datameasuredandcalculatedat7backgroundand4anthro・  
pogenic polluted stations for comparison of background and polluted sites・ORS  
calculatedinTable3wouldappeartobeaveryeffectiveirldicatorofbackground  
airpo‖utionleve】s．   
2）Itis quite difficult to estimatebackground air pollutionlevelsby such  
pollutantsasSO2，NO，，COandHC，reSPeCtively・  
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Table2 Summaryofmeasurementresults  
unit：ppb  

Concentration  Average  
Site  Component  Range  Concentration  Periods  

0～9．g＃   

0～27．5＃   

0・～39，0＃  

12．5′－52  

1，62へノ1．71  

1．4  

2．5  

2．0  

36  

1．67●  

（0，03）■  

13．08＝  

SO2  

NO  

Sanriku  NO2  

Iwate  O3   

Pref．  CH4  

NMHC  

SPM  

8－110ct．1980  

1721Nov．  

17－21Nov，  

17－21Nov．  

17－21Nov，  

18－21Nov．  
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0
 
0
 
∧
U
 
O
 
O
 
ハ
U
 
∧
U
 
穴
U
 
8
 
8
 
8
 
R
U
 
O
U
 
史
U
 
9
 
9
 
g
 
9
 
9
 
9
 
9
 
 

0一－26  

0．9～7．0  

0．5～12．9   

2～33  

1．66～1．88  

0．18～0．55  

4．2  

1，83  

4．2  

12．9  

1．70◆  

0．30◆  

38．42＝  
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恥
N
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崎
‰
N
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Q
U
 
n
バ
▼
 
O
U
 
（
X
）
 
0
〇
火
）
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9
 
0
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9
 
9
 
9
 
9
 
 

0
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3
 
1
 
∧
U
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（
 
2
 
 

18－20Aug．  
1820Aug．  
18－20Aug．  
17－21Aug．  

C
 
 

弧
N
O
職
‰
N
M
“
S
P
M
 
 
 

0～15   

0～3   

0～1  

13～48  

1．6～1．75  

0．07～0，18  
b
e
 
m
 
O
 
a
 
u
r
D
 
K
 
 

1．64●  1720Aug，  

0．11－  17－20Aug．  

14．0‥  1721Aug．  

12．2  

3．6  

1．6  

28  

1．67◆  

0．10■  

9．55＝  
C
 
 

恥
N
。
職
‰
諾
 
 

3．6～28．8   

0～7．6   

0～6  

10～48  

1．63一－1，69  

0．06～0．15  

6－90ct．1981  

3．6  

6，5  

5．0  

26．3  

1．7－  

0．18－  

11．7＝  

SO2  
NO  
NO2  
03  
C札  
NMHC  
SPM  

0．6～9，5  

3．4～10．6  

2．0′、8，6  

7．0～44．0  

1．6～1．8  

0．1へ′0．4  

Yagisawa   
Dam  

26－30Jul．1982  

1Jul．－12Aug．1982  
1－16Jul．1982  
1－16Jul．1982  
1Jul．－12Aug．1982  
1Juト12Aug．1982  
1Juト12Aug．1982  
1Juト12Aug、1982  

SO2  0～11  

NO  O～3  

Takano  NO2  1～8  

2．1  

0．5  

2．2  

26，9  

1．74■  

0，12●  

2．3■  

Hiroshima  

Pref，  

03  2～74  

CH↓  1．60～2，20  

NMHC  O．07～0．24  

CO  O一－6  

31，4  29Jun．一6Jul．1981  

15．3＝  14－21May1981  
Mt Yamizo SPM 15～60  

＊＝ppm  ＊＊＝〟g／扉  

＃Itwouldseemthatthemaximumvalueswereaffectedbyspecificlocalemissions   
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T・Mizoguehi，M．KunugiandM．Nishikawa  

Table3 Summaryofozonemeasurementatselectedsites  

0ユmaXO。min O3aVe J Ors  
ea5Ureme雨perjds ppb ppb ppb  ppb  ％  

SanrikuIwatePref．  

OgawaIbarakiPref．  

Mt．Yamizo   

Kurobe DamSite   

HaginariDamSite  

YagisawaDamSite  

Takano Hiroshima Pref．   

T5ukubaJbarakj Pref．   

Osaka Pref．－1   

Mt，Daisetsu－2   

South Pole事ユ   

8－110ct．1980   

17－21Nov．1980   

29Jun．6Jul．1981  

17－21Aug．1981   

690ct．1981   

26－30Jul．1982  

52  12．5  36．1 5．80  16  
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・
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3
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2  13  8．42  65   

15   31．4  8．45  27  

48  13   28．9  8．57   

48  10   28．0 11．20   

44．0  7．0  26．3  8．67  

0
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2
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U
 
 
3
 
 

3
 
 
4
 
 
3
 
 
3
 
 
ど
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l
 
l
 
 

13Jul．－11Aug．1982 49  6  24．1 7．59  

27－30Sep．ユ981  

913Jun．1979  

1928Apr．1981  

1824Mar．1982  

39．0  2，0 18．0 12．40   

47．6  1．0 16，0 17，80   

87   35   55．5  5．2   

27   23   24．4  0．66  

＊1measuredbyOsaka Pref．  

＊2 measuredbyOkita et al．  

＊3 measuredb）・Cユ】Ubacムj．  

ThereEore，jnordeTtOeVa】uatec】ean】eve）s，thefoIJowjngequatjonjsproposed．   

Pr＝Si（PLPt・l）  （2）  

Where Pr（PoJJution Rosei．e．，pOl】utionJeve】sshowninarea）is theindjcator of  
backgroundairpollutionlevels，Thesma11erP．Ⅴalueis，thecleaner．   
PiisipollutantvalueperenVironmentalqualitystandardvalueofipollutant，If  
the environmentalquality standard value of a pollutantisnot defind，reaSOnable  
VaJuecanbegiven．Therefore，thevaluesofNOandNMHCweregiven20ppband  
500ppb，reSpeCtively，nis the number of pollutants．P，1evels measured at5  
backgroundand2pollutedstationsareshowninFig．2．  
3）Thepresentautomaticinstrumentsforrneasuringsuspendedpaticulatesare  
notsoeffectiveatcleanareas．Ahighvolumesampleroralowvolumesamplermay  
beeffectiveifthesamplerisusedto collect airborne particulates for asufficient  
periodoftime．   
Ifenoughsuspendedparticulatequantitiesarecollected，itshouldbepossibleto  
estimatebackgroundairpollutionlevelsdirectly．1tisverydifficulttouseahigh－  
volume orlow・VOlume samplerwithout precise and continuous operation．Hence，  
neitherissuitableforbackgroundsitemonitoring．  
4）Tabユes4ar）d5showtheresu】tsof element analysis ofsuspended parti・  
culates by neutron activation analysis and carbon ratio by elementalanalysis，  
respectively，Al，Zn and Cu，Which come from anthropogenic sources，may be  
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BackgroundAirPollutants  

NO対  
Kur6be t）am  
l．77×ユ0一】  

N演一SO2   

Sanriklllw8te Pre†．  
1．98×10▼2  

SPM  

N煎   
Ogawalb已rakiPref，  
13，4×102  

SPM  

NO女0∵爽02  
Haginari Dam 
6．56×10‾l  

Yagisawa Dam   
ユ乙0×102  

NO，  NO．   

Kojiya Tokyo   
298×ユ0⊇  

05aka  
273×10‾－  

Fig．2 Pollutionlevelsshowninarea  
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T．Mizoguchi，M．KunugiandM・Nishikawa  

Table4 AnalysisofelementsinaerosolbyNAA  
unitニ（ng／が）  

Site Sannku Koji）raTokyo Tsukuba HaglrLariDarn KurobeDam YagisawaI）am MtrYamilD  
lwafe Prpi marakiPref．  

Peri鵬s g－Ili領一9部銅－Z3Feb．エ9別 9－】7Apr．】脱 6βα【．19βユ廿21Aug，l汎露一3りul．川部2・－29加冊ユ  

＼’olume（d）  85．4  82．0  2888  69．38  101．2  106．6  748．8  

TSP （叩）  0．69  7．24  7．49  0．即  

TSP（〃g／d）  808  88．29  32・74  11・53  

48．  

88．  

120．  

140．  

20．   

0．020   

8．   

0．89  

1．2   

2－8  

61．   

0，72  

ごく  
260．  

910．   

0．46   

0．1   

0．77   

0，3  

＜0．02  

＜0．04  

1．3  

10．   

■1Jト   

0．42  

＜0．3  

＜2．   

0．055   

0．098   

0．0062  

＜0，002  

く0．007   

91．  95．  

140．  g9．  

＜20．  140．   

80．  dO，  

100．  200．   

0．O18  0．010  

＜9－  10，   

1，0  0．98   

30  4．1   

38  3．4  

110．  51．   

0．086  0．10  

10．  3．7  

＜4．  19．  

＜6．  20．   

D．68  ＜0．04   

0．25  0．礪   

1．5  l．7   

0．4  ＜0．Z  

く0．1  く0．06   

D．06  0．08  

＜0．3  0．4  

く3．  ＜9．   

0．28  0．46   

1．  0－7   

0．02  ＜0．01   

5．  ＜2．   

0－07  0，03   

0．1  ＜0．04   

8．0093  0．0065  

＜0．002  ＜0．004  

＜0．008  ＜0．01  

Na  980．  

Al  llO．  

C】  1100．  

K  200．  

Ca  300．  

Sc  O．022  

Ti  ＜10．  

＼†  1．O  

Cr  ＜1．  

九In  3，5  

Fe  98．  

C（）  0．17  

Nj  4．  

Cu  9．  

Zn  ＜7．  

As  O．92  

Se  ＜0．4  

Br  l．8  

Rb  ＜0，3  

1to  ＜0．2  

Ag  O36  

Cd  く0．7  

Sn  く8．  

Sb  O．24  

I  O．8  

Cs  O．02  

Ba  ＜3．  

La  O．0（〉  

Ce  O．1  

Sm  O．008  

Eu  ＜0．008  

1■b  ＜0－02  

Lu  ＜0．0000  

Hf  ＜0．01  

Ta  ＜0．03  

W  ＜0．09  

Hg  ＜0．09  

Th  【）．02  

420．  130．  

550．  100．  

220．  100．  

200．  100．  

罰0，  70．   

0．09  0．019  

50  ＜10．   

0．3  0．66  

1．6  3．3  

17．  2．6  

430．  83－   

0．22  0．093  

0
0
0
0
0
0
7
0
0
0
0
0
0
1
5
2
7
9
5
0
0
2
5
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5
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1
5
3
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2
0
5
4
0
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2
0
0
0
0
0
0
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＜2．  5．8  

20．  ＜6．．  

84．  ＜9．  

8  4－8  0．69  

8  0．95  0．26  

1．8  2．3  

1  1．2  0．4  

2  0．74  ＜0．1  

4  0．53  0．04  

1．3  ＜0，4  

＜7．  ＜3－  

6  l．4  0．18  

1  3．5  2．  

18  0．0（）8  0，02  

＜2．  ＜3．  

5  0．24  0．07  

5  0．46  0．23  

16  0，034  0．0067  

02  【）．008  0．005  

20  ＜0．001  くD．009  

016  0．002  ＜0．004  

04  ＜0．01  0．01  

63  ＜0．2  く0，005  

2  0．26  ＜0．0（）  

009  ＜0－003  0．O1  

24  0．㈹0  0，04  

く0，DO8  

く0．0（娼   

0．06   

0．01   

0．01  

0．01  く0．01  

＜0．00g  ＜D．01  

く0．04  0．04   

0．017  0．002   

0．055  0．02  

Table5 Ratio ofcarboninaerosol  

site  aerosoIconcentration ratioofCarbon  
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Table6 Analysisinprecipitation  

rainfallSO．2 Cl‾ NO，‾ Na＋ K＋ Mg2＋ Ca2＋ PH conductivity   
mm ppm ppm ppm ppb ppb ppb ppb  FLS／cm  

Lake   （0～1） 0．3 0，05 1，20   

Kurol）e（1～3）1．O N．D．1，0  

Tsukuba O～1 4．9 1．39 2，7  

1～3  2．5 0．20 0．8  

expectedtobegoodindicatorsforestimatingbackgroundairpollutionlevels．  
5）There aremany reports on the chemicalcomposition ofprecipitationin  
remote cleanareasforbackground air po11ution analysis．A direct estimation of  
backgroundJevelsoTlthebasisofprecipitationshou】dbeavojded，becausethera；n  
mechnismisnotclarified．Thus，inthisstudy，tWOSamplescollectedatthebeginning  
and endoiarainwere analyzedbyionchromatography andinductively coupled  
plasmaatomicemissionspectroscopy．Variationinthesampleswasexamined．  
Table6showschemicalcompositionsofprecipitationsampledatLakeKurobe  
and Tsukuba．  
Allmeasurementswerecarriedoutfordifferentshortterms．Thoughthebasis  
fortheestimationoithebackgroundairpo11utionlevels，WaSOnlytheresultsofthis  
investigation，it would appear that the coeffieient variation per hourin ozone  
concentrationisaverygoodindicatorofbackgroundlevels，judgingfromtheresuJts  
in Table2，Fig．2and the other data．The otherindicators proposed should be  
Subjectedtofurthertesting．  
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大気汚染成分の‖、ソつクラウンドレヘルの測定と   

パップクラウンド地点の評価手法の研究  

溝口次夫1・研刀正行1・西川雅高1   

我が国における大気汚染成分のバックグラウンド濃度レベルを明らかにすること及び大気域  
のバックグラウンドレベルを推定するための手法を検討することを目的として本研究を行った。   

本州内の人為的汚染の影響が極めて少ないと思われる山岳，林野地域に7地点を選定し，  

1粥0～1982年の3か年間に，それぞれ極めて短期間ではあったが大気成分の測定を行った。測定  

項目はSO2，NO，NO2，CO，03（Ox），Cfl．．NMHC及びTSPである．TSPはその中に含  

まれている主な元素成分の分析も行った。また，黒部ダムサイトでは降雨をサンプリングし，そ  

の成分分析も行った。測定項目のうち，0。，C軋以外の汚染成分は微量であるため，一般に用い  

られている大気汚染モニタリング装置では検出限界あるいはそれ以下であるため，これらの測  

定結果だけでは，正確なバックグラウンド値を求めるのは困難であった。   

非汚染地域7地点での測定の結果及びこれまでの文献値などから判断して，本州内での大気  

汚染成分のバックグラウンド濃度はそれぞれ次の範囲にあるものと推定される。   

SO2＜10ppb，NO＜5ppb．NO2＜8ppb，CH．1・5～1・8ppm，NMHCく0・3ppm，   

TSP＜15JJg／ポ   

非汚染地域のバックグラウンドレベルを推定するために，種々の手法を検討した結果，いくつ  

かの指標成分を選定したが，そのうち，オゾン濃度の変動係数が最も有効なバックグラウンドレ  

ベル評価指標の一つであることを明確にした。エアロゾル中の特定な元素成分，降雨成分の変動  

等もかなり有効な指標となりうる可能性があることを確認したが，サンプル数が少ないため，結  

論を得るには至っていない。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野川16番2  
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ⅠⅠ－2  

MeasurementsofPhysicalSizeDistributionof   
AtmosphericSubmicronAerosoIsinUrban，  

Suburban andRuralAreas  

YokoYOKOUCHIl，HitoshiMUKAIl，ToshihiroFUJIIl  

andYoshinaTiAMBEl  

ABSTRACT  

The aerosoIsize distribution was measured at Kiyosumi（ruralarea），  

Shinjuku（urban area）arld Tsukuba（suburban area）using a CNC and a dif－  

fusion battery，The number size－distributions with a maximumin the range  

smallerthanO．004JLmWereObservedatTsukubaandatKiyosumi，atnightand  

directlyaftertheaerosoIsprobablytransportedEromthepollutedareaswere  

reduced，reSpeCtively．These observationswere possibly explained by con－  

sideringthatnucleationexceededthecoagulationandcondensationgrowthof  

thelluCleic rnode when the concerltration of aerosoIs to be adsorbed was  

relativelylow and there were some gaseous pollutants or their reaction  

productslikelytonucleate，  

1．INTRODUCTION  

Atmospheric aerosols resulting from human activity have been increasing 
throughouttheworld．TheenvironmentaleffectoftheincreaseofaerosoIsshouldbe  
studiedimmediately，becauseaerosoIsarestronglyconcernedwithclimatethrough  
scatteringthesolarradiationorformationofclouddrops．Observationsonthesize  
distributionofatmospheric aerosoIshave been considered tobe valuable forthe  
understandingofthebehaviorofaerosoIs．   
ParticlesizesofatmosphericaerosoIsrangelO3J上mtOlOl〃m，andaregenerally  
distributedinthetrimodalmodeasshowninFig．1．ParticlesintheAitkennuclei  
mode，0・005－0・05JLmdia・areformedbycondensationofvaporsproducedeitherby  
hightemperatureorchemicalprocesses．Theaccumulationmode，Whichincludes  
particlesiromO．05to2／Lmdiaりisformedbycoagulationofparticlesinthenuclei  
modeandbygrowthofparticlesinthenucleimodethroughcondensationofvapors  
ontotheparticles．Coarse particles are formedbymechanicalprocessessuch as  

1．ChemislryandPhysicsDivision，theNationalInstituleforEnvironmeutalStudies▲Yatabe－   
machi，Ibaraki305，Japan．  
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■【CH▲‖C札L†6日【叫†【D   

▲t吋油．■lH；l  

Fig．1 SchematicofanatmosphericaerosoIsurfaceareadisributionshowing  
the three modes，main source of mass for each mode，the principal  
processesinvo］vedininsertingmassintoeachmode，andtheprincipal  
removalmechanismsl）  

grindingorrubbing（e．g．，SOil，Streetdustandrubbertirewear），andbyevaporation  
ofliquiddroplets．Thereisadistinctseparationbetween”fineparticles”（Dp＜2JLm）  
and■tcoarse particles”（Dp＞2JLm），Which originate separately，are tranSformed  
separately，andareremovedseparately・Asforthefineparticlefractioninwhich  
mostanthropogenicaerosoIsarefound・therearesomeunresoIvedproblemsinclud・  
lngthequestionwhythenucleiandaccumulationmodesareusual1yseparateinspite  
ofthefactthatbothofthemaretormeddirectJYOrindirectJybycondensation．   
Inthesubject ofltbackground atmosphere，”thefine particles areimportant  
becausetheyparticipateinlong－rangetranSpOrtOfanthropoger）icpo）1utants・How・  
ever，muChoftheirbehavior，includingthevariationoftheirconcentrationandsize・  
distribution，hasbeen unclear．The present study seeks to presentindetailthe  
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SizeDistributionofSubmicronAersoIs   

diurnalvariations of the number size distributionin the fine particle fraction  

measuredbyCNC（condensationnucleuscounter）atseveralareas，andtodetermine  

factorsaffectingthesizedistribution．Someproblemsofthemeasurlngmethodfor  

the sizedistributionofsub・micronaerosoIs are also discussed．  

2．EXPERIMENTAL  

2．1Instrumemtation  
Thesystemformeasuringthesizedistributionofsub－micronaerosoIsconsists  
Ofl）a multiple screen diffusion battery（Nihon Kagaku Kogyo Co．，Ltd．），2）a  
COntinuousflownon・Pulsingcondensationnucleuscounter（CNC），and3）aswitching  
ValvetoallowtheCNCtodetecttheconcentrationateachbatteryport，aSShown  
in Fig．2．The details of theJsystem have been described by Sem et al．2）．The  
diffusionbatteryconsistsof55four－Cm・diaL Stainlesssteelscreenswith250wiresper  
Cm，FourlminJlof airis drawn throughthe screensin series．The screens are  
mountedinlO groupsso that a CNC can measure the aerosoIconcentration up－  
Stream and downstream of each group．The CNC draws300cm3min10f air  
throughasaturationchamberwheretheairbecomesnearlysaturatedwithbutanol  
at350C．The nearly saturated air then passes throughalOOC condensation tube  
Whichcondensesbutanolontotheparticles，grOWingthemintosupermicrondroplets．  
The droplets then pass through the sensing zone of a forward scattering optical 
particledetector．ThevalvlngSyStemallowedasingleCNCtosample，insequence．   

NUCし亡US COUHT亡R  

COトID亡HSATlON   TSIMOt）Eし つ020   

FOR（：NC  

「‾ 
1  

1  1  1  

し  1  l  

－◆ l  

A亡ROSOL  
8UTしET   CY（：しIHG．TIMIHG．  

AND RESET  

CONTROL CIRCUITRY  

CNCS▲HPしE       EXCESS FしOW CONTl10  

l  l  

＝訂〟lTCHING VÅし∨∈  

＿＿＿＿－  
ST血GES－Q  

ROTヰRY VAしVE：  

－♪●∴－∵・」  

XC巳ミミ  

AIRIH  

EXCES5 FしOW：  

TO HA川TA州ヰし／爪InAEROSOL FしOW   

THROU（；H DIFFUSLON BATTER  ▲EROSOしIH   

ヰし／mh 

DIFFUS10トIBATTERY  

TSIMODEL30ヰO   

Fig・2 Schematic diagram of the diffusion battery，SWitching valve，and  
COndensationnucleuscounteraerosoIsizingsystem2）  
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eachofthesampleportsofadiffusionbattery．  
Forseveraldays′run，thesystemwasautomatica11ycontrolledbyapersonal  
computer，Thelengthoftimeoneachportwassettobe15s，WhilelOOmeasure・  
mentswererepeated，andtheaveragedataweretransferredontoamini・floppydisk  
withtheinformationonthemeasurementtimeandthestage．   

2．2 Data reduttioII  

Thedatareductionmethodusedforthediffusionbatterywasaslightlymodified  
versionofthenon・lineariterativeinversionsuggestedbyTwomey3）andadaptedfor  
use on diffu5ion battery data by Knutson and SincJajr4）ar）d Sem et a］，2〉．The  
programbySemetal．2）usedforthjsworkwass】jghtlymodjfiedastDtheformat  
ofinputdata．TheprogramusesthediffusionbatterycalibrationofSinclairetal．5I6）  
inamatrixdevelopedbyKapadia7）．1talsocorrectstheCNCdataforthedetection  
efficiency using the CNC efficiency data of Agarwaland SemB）．A test for the  
qualityoffitoftheexperimentaldatawiththecomputedsolutionwasincludedin  
theprogramL Theprogramstoppedwhenachisquaredvalueusingthesimulated  
raw data which would exactly result in the computed solution and the actual 
experimentalraw dataisless than O，0010rlO5cycles ofiteration have been  
COmpleted．  
Typicaloutput of the programis shownin Tableland Fig．3．Number  

（DNDLGD），Surface（DSDLGD）andvo】ume（DVDLGD）cor）Cer）tratio】10fparticlesat  
each sizeintervalarelistedin the form of dN／d（logD。），dS／d（logD。）and dV／d  
（logD。）andintheunitsofparticles／cm3，uLm）2／cm3andULm）3／cm3，reSpeCtively，and  
arepresentedinthelog－logforminFig．3．   

2．3 Measurementsofatmospheric aerosoIsiヱedistrib11tiom  
The measurements for aerosoIsize distribution were conductedin Kiyosumi  
（ruralarea）inChiba PrefectureinAugust，inShinjuku（urban area）inTokyoin  
October，andinTsukuba（suburbanarea＝nIbarakiPrefectureinDecemberof1982．  
Theinstrumentswerealwaysoperatedataheightoflmabovegroundlevel，During  
the measurements at Kiyosumiand Tsukuba，thelevels of other meteorological  
elementsandenvironmentalfactorssuchastemperature，humidityandtheconcent・  
rationsofozoneandnonLmethanehydrocarbons（NMHC）werealsoobserved．  

3．RESULTSAND DISCUSSION   

3．1AerosoIsi爪Tsu加ba（5ubqrba爪area）  
ThevariationoftheexperimentaltotalnumberconcentrationoftheaerosoIsat  
Tsukubais shownin Fig．4，With the data for the concentration of ozone and  
nitrogen oxides. The number concentration usually showed a significant diurnal 
patternwithmaximalateinthemorningandintheaftern00n，withminimaaround  
noonandduringthenight・timehours．Theminimumaroundnoonwasnotobserved  
oncloudydays，SuggeStingthat activemixinginthelowtroposphereatmid・day  
reducedthenumberconcentrationofaerosoIsresultinglnminimaaroundnoonon  
thefinedays．Thisdiurnalvariationwassimi1artothatforNOxandwas，inpart，  
inverselyreiatedtotheozoneconcentration．ThissuggeststhataerosoJsandNOxat  

一24一   



Size Distribution of Submicron Aersols 

Tablel Typicalcomputerprintoutforaparticlesizlng  
runofthediffusionbatteryandCNCsystem  

DATE＝804JIKOKU＝1350  
PORT NO．  

0  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

MID PT，  
DIA   

O．0042   

0．0075   

0．0133   

0．0237   

0．0422   

0．0750   

0．1333   

0，2371   

0．4217   

0，7498   

TOTALS  

CNCDATA  

6862．  

6318．  

5407，  

4440．  

3703．  

3023．  

2472．   

1975．   

1572．   

1179．  

950．  

DNDLGD   

O．162625916E＋03  

0．159196582E＋04  

0．390685156E＋04  

0．328070508E＋04  

0．437632422E＋04  

0．819394531E十04  

0．600846094E＋04  

0．185002148E十04  

0，495514160E＋03  

0．184160950E＋03  

0．751416406E＋04  

CALt）ATA  

6869．  

6281．  

5403．  

4508．  

3705．  

3014．  

2429．   

1939．   

1538，   

1213．  

955，  

DSDLGD  

O．907910615E02  

0．281052232E＋00  

0．218112659E十01  

0．579191113E十01  

0．244323273E＋02  

0．144660141E十03  

0，335443115E＋03  

0．326612549E十03  

0．276638672E＋03  

0，325128662E＋03  

0．368798096E＋03  

DVDLGD   

O．637642370E－U5  

0．351011287E－03  

0．484412163E－02  

0．228747539E01  

0．171593070E＋00  

0．180668926E＋01  

0．744996643E＋01  

0．128993626E＋02  

0．194289093E十02  

0．406060944E＋02  

0．224862518E＋02  

NO．OFITERATONS＝80  CHISQ＝0．495827943E－02  

Tsukubamighthavecommonsources．Thecorrelationcoefficientsofthecomputed  
totalnumberconcentration ofaerosoIs and NOx，and that of their surface area  

COnCentrationandNOxwerecalculatedtobeO・25andO．70，reSPeCtively，uSing200  
hourlydatathroughouttheobservationperiod，   

Thiscanbeaccountedforbythefollowingexplanations：（1）Theemissionof  
fineaerosoIsinthenucleimode，nOtdominatingsurfaceareasize・distributionin  
Spite ofweightingnumbersize－distribution，arenOt StrOnglycorrelated withthe  
emissionofNO，・（2）ThecoagulationoradsorptionoffineaerosoIswhiletravelling，  
andthenumberofparticlesontheemissionfrotnthesourcearereflectedinthe  

SurfaceareaoftheagedaerosoIsratherthanintheirnumber．（3）Or，theremaybe  
acorrelationbetweenthesurfaceareaconcentrationoftheaerosoIsandNOxonthe  
emission・Inthefirstcase，thecorrelationbetweenthenumberofthelargeraerosoIs  
thanO・01pmandNOxwouldbeexpectedtobelargerthanthatforalltheaerosoIs，  
anditwascalculatedtobeO．57．   

TypicaldiurnalvariationofaerosoIsize・distributionisshowrlinFig．5．The  
formlogdN／dlogD，VS．logD，isusuallydominatedbytheaerosoIwithD，＝0．05  
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DP（MI［RPN）  

Fig．3 Number，SurtaCeareaandvoJumedistribu亡ionsmeasuredbydjEfusion  

batteryofatmosphericaerosoIs  

～0・07FLm，andinsometimethenucJeicmodearoundO．01JLmWaSaIsoevident．Two  
distinctmodesusua11y observedinthedaytimecorrespondtothemodelfor ttthe  
backgroundagedurbanplumeinfluencedaerosoIs”presentedbyWhitbyetal．1｝．It  
isinterestingthatthesizedistributionsatnightoccasionalyexhibitedapronounced  
maximum atless than O．004JLm（thelowerlimit of the size measured with the  
presentdiffusionbatterymethod）．Onepossibleexplanationforthisisthatatnight  
the number oflarger particles was reduced due to their sedimentation etc．，in・  
CreaSingthereJativejmportar】CeoftheseuJtrafjr）eparticJesk＝血esizedjstributjon．  
However，insomecase，thenumbersoftheseultrafineparticlesatnightexceeded  
those observed during the daytime．Therefore，there should be a mechanism of  
increasingultrafineparticlesatnight．Itwouldbeprobablethatnucleationexceed・  
ed the coagulation and condensation growth of the nucleic mode at night when 
aerosoIconcentrationwasreducedbecause oflittleanthropogenicemission．This  
COnSiderationissupportedbythefactthataratherhighconcentrationofultrafine  
particleswasalsoobservedinthedaytimeofDec．19（Sunday）and Dec．23（after  
rainfall）whenthisareawasratherunpolluted．  
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鎗憎Il，0．HO．  
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Fig・4 VariationoftheexperimentalnumberconcentrationoftheaerosoIsin  
Tsukuba（Dec．14－Dec．24，1982）  

－－27－   



Y．YokouchigJαJ．  

一
三
 
 

、 －  iDec．】6  
18：00  

∴ ・・ －  ●
O
t
 
M
O
一
芸
t
 
 
▼
三
 
■
三
 
．
三
 
 

ー Dec．16  
一
、
こ
 
，
三
 
㌧
二
 
 

12：00  

① 「「杏  

ヤ
 
 

T
 

〓
㌢
・
 
 

¶
．
 
 

≒ち‾モT「   
▼   ‥、  ＝  
・  

も］ 」  
▼・→⊥＋二  

，  ○  
1010之10－－  

DP（MICRON）  も
t
 
T
O
t
 
7
0
－
T
ロ
ー
 
 

l －  － －・  

・  

103】0、ヱ10‾－100  

DP（M王CRON）  
．
－
－
・
d
 
 

100■10110】  

DP（MICRON）  

Fig．5 工）iurnaZ variation ofthe number size・distribution of the aerosoJsin  
Tsukuba（Dec．16，1982）  

ー28－   



Si乙e［）is両blユtiol10iS11bmicTO†tAeTSDIs  

Fromtheforegoing，itcanbeconcludedthataerosoIslargerthanO・01JLmare  
emittedintotheatmospherefromthesamesourcesforNOx；theyareprobablyfrom  
automobilespassing at adistance from this area，andthe smaller ones are not  
necessarilyconnectedwiththesesources・AsfortheoriginofthesmalleraerosoIs  
atthisarea，thenucleicaerosoIsproducedfromthecondensationofthelongrange  
transportedpollutantsortheirreactionproductsaremorelikelythanthoseemitted  
directlyfromautomobiles，COnSideringtheirsmallcorrelationwithNOxwhichisa  
typicalautomobilepollutant・   

3．2 AerosoIsinShinjuku（ul・banarea）  
Measurementswereconductednearaheavytravelledroadforoneday（Oct．6・  
Oct．7）．Thediurnalvariationofthenumberconcentrationandthesize－distribution  
ofaerosoIsareshowninFig．6and7．Althoughthesevariationsmightnotbetypical  
becauseoftherainfall（alldayonOct．6），thenumberconcentrationinthedaytime  
wasmuchlargerthanatnight．Thesignificanceofultrafineparticles（＜0・01JJm）  
wasalsoobservedinShinfuku，inthedaytimeratherthanatnight．Asmostofthe  
aerosoIsatthismeasuringsitewereconsideredtooriginatefromautomobiles，the  
observedsizedistributionoftheatmosphericaerosoIsinthedaytimeareconsidered  
to reflect that of the automobile exhaust．At night，decrease ofthe exhaust and  

derOSOIs  
xlO4／Cm3  

6  1Z  

Oct．丁  

Fig．6 VariationoftheexperimentalnumberconcentrationoftheaerosoIsin  
Shinjuku（Oct．6－Oct．7，1982）  

ー29－   



Y．YokouchigJβJ  

一
三
 
一
、
二
 
 

Oct．6  

14：・00  
戸 ■鉾  主L ゴ  。  

㌧
二
 
㌧
∴
 
 

も
ー
－
0
1
一
〇
t
 
 

Oct．7  
4：00  主j．㌍．吾  Oct．6  

20：00  

＼  

一
三
 
㌧
∑
 
－
三
 
こ
l
 
 

三¢＼ダe  
宣ユ」 
“ヨ  こ・  10110≧10‾】ユ0010】10⊇  

10‾110‾⊇101100  

DP（MICRON）  
10－10－  DP（MICRON）  

10】10‡  

DP（MICRON）  

Fig．7 Variationofthenumbersize－distributionoftheaerosoIsinShinjuku  
（Oct．6－Oct，7，1982）   

coagulationoftheaerosoIsinthenucleimodecausedthedominanceoftheaccumu－  
1ation mode．   

3．3 AerosoIsinKiyosllmi（ruralarea）   
Kiyosumiis50kmsouthofChibaCityandrepresentsaruralenvironment・The  

measurementwasconductedatanopenspacesurroundedbyforests．Fig．8and9  
showthevariationsofthenumberconcentrationofaerosoIsduringAug．3LAug．6  
andthediurnalvariationofthenumbersize・distributiononAug．5respectively．The  
numberconcentrationwasalmostonetenthofthoseinTsukubaandShinjuku．As  
for thenumbersizedistribution，theconcentrationinthe accumulationmodewas  
greaterthaninthenucleimodeatnight，Showingonemodaldistributioncalledthe  
＝cleanbackgroundnonucleimode”ofWhitby elal．1），Directlyafter sunrise，the  
smalleraerosoIsweremoreprominentthanatnight，reSultingintwomodaldistribu・  
tions．Thiscanbeexplainedbyconsideringthatnucleation ofthephotochemical  
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Fig，8 VariationoftheexperimentalnumberconcentrationoftheaerosoIsin  
Kiyosumi（Aug．4－Aug．6，1982）   

PrOductsofterpenesemjtted3ntDtheatJr）OSpherefromthesurroundingforestoccurs  
inthedaytime．AtlO：00－14：000nAug．5，aneXtremelylargenumberofaerosoIs  
whichwereprobablytransportedfromurbanarea，WaSObserved，anditisnoticeable  
thatsignificantincreaseoflユItrafineparticle（＜0．01〟m）wasobservedaround17：  
00after the numberconcentratic．n was reduced as before．Thisis con5istent with  
Tsukuba，scase，Where theultra fineaerosoIsincreased atnight afterthe anthro・  
pogenicaerosoIemissionwasreduced・ThesharpincreaseoftheaerosoIsfoundon  
Aug．6inFig．8wasduetothelocalpollutionofbonfirewhichsizedistributionis  
alsoshowninFig．10．   

3．4 Measurem（さnt errOrS  

Thepreserlt SyStem for the measurement of aerosoIsize－distributionusinga  
CNC，adiffusionbatteryandaswitchingvalve，requiresfiveminutesforonerun，  
Duringthetime，theremightbesomechangeintheaerosoIconcentrationinthe  
atmosphere．Fig．11showshowthesize・distributionasshownintheleftupperofthe  
figurewouldbeerroneouslycomputed，incasethereisalO％increaseinnumber  
concentrationbetweenthetwomeasurementsattheadjacentsampleportsofthe  
diffusionbatterypreservingthesamesize－distribution．Ascanbeseen，thecomputed  
numberconcentration ofnucleationmode particlesisverysensitive tothe errors  
resulting fromthe fluctuationofaerosoIconcentrationduringmeasurement・The  
bestwaytobefreefromtheseerrorsmightbetoprepareelevenCNCstocountthe  
numberofaerosoIsateachofthesampleportssimultaneously・However，itwould  
betooexpensiveandoccupytoomuchspace．Carefulselectionofthedatawouldbe  
another way requiring no rnodification of the present system・Thus，the data  
aquisitionrunshouldberepeatedcontinuously，andthesuccessivedatawithlarge  
differenceinthetotalnumbersand／orsize・distributionsshouldbeavoided．  
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Fig．10NumbersizedistributionoftheaerosoIsstronglyaffectedbyfiresat  
Kiyosumi（Aug，610：00a■m・，1982）  

4．CONCLUSION   

ThenumbersizedistributionofaerosoIswithamaximumatlessthanO．004JLm，  

which does not belong to any distribution for a variety oflocation categories  
reportedbyWhitby et al．1〉wasoftenobservedatnightinTsukuba，andinthe  
daytimeinShinjukuandKiyosumi．Apart fromthecaseinShinjuku，Wherethe  
aerosoIsdirectlyresultingfromautoexhausいhesesizedistributionofaerosoIswith  
a rnaximum at ultra fine range was considered to result from that nucleation  
exceededthecoagulationandcondensationgrowthofthenucleicmodeaerosoIs  
undertheconditionoflessanthropogenicaerosolemission・However，incasethere  
isalsolittlegastocondenseornucleate，1ikeatnightinKiyosumi，thenumbersize  
distributionshowed onemodaldistributionwith amaximuminthe accumulation  
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Asfor the origin of ultra fine aerosoIs（D，＜0．01JJm），the nucleic aerosoIs  
producedfromthecondensationofthegasesaremoreprobablesourcesthanthose  
emitteddirectlyfromautomobiles，COnSideringtheirlowcorrelationwithNOxwhich  
is typicalautomobile pollutant，and from the above－mentioned findings on size  
distribution．Inthevegetationarea，terpeneWaSCOnSideredtobeoneoriginofultra  
fine aerosoIs，   
ItcanbesaidthattheanthropogenicemissionofaerosoIspossibly affectsthe  
sizedistributionofatmosphericaerosoIsdrasticallythroughprovidingtheparticles  
onwhichgasescondenseinsteadofnucleation．  
FurtherstudiesforcorrelatingthesizedistributionandtheoriginofaerosoIsare  

neCeSSary．  
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都市及び非都市域におけるサブミプロンエーロソルの粒径分布の測定  

横内陽子1・向井人見1・藤井敏博1・安部書也1   

エーロゾルの粒径分布を汚染度の異なる地域（清澄，筑波，新宿）において測定し，その変動  

要因を解析することによって，エ⊥ロゾルの挙動に関する知見を得た。エーロゾル粒径分布の測  
定は，凝縮核測定器（CNC）とディフュージョンバッテリーの組合せによって行った。0．004／Jm  

以下に極大をもつような数濃度粒径分布が筑波で夜間に，また，清澄では，汚染地域からもたら  

されたと思われるエーロゾルが減少した直後に観測された。このことば，ガス→エーロゾル変換  

の際，吸着すべきエーロゾル洩度が低くて，核化しやすい凝縮性のガスあるいは反応生成物があ  

る場合には，核化による新しいエーロゾル生成の方が，核領域エーロゾルの凝集や凝縮による成  

長より優勢となるためとして説明された。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野川16番2  
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AProcedurefortheSelectionofLakesasBackground  
LevelMonitoringStationofPollutantsforNational  
and Global Environmental Monitoring 

AkiraOTSUKIl，YoshinariAMBEl，TakayoshiKAWAIl，   

HiroakiSHIRAISHIl，Yukihiro NOJIRIlandTakashiUEHIROl  

ABSTRACT  

Thirteenlakeswithasurfaceareaofmorethan4km2andameandepth  

Of more than20m were examined for nationaland globalenvironmental  

monitorlngStations，uSinglimnologlCalparameters，naturaland、simplydeterL  

minable socio－eCOnOmic Eactors．  

Limnologicalparametersinclude the ratiD Ofsurface area to watershed  

area．theratioofwatervolumetowatershedareaandhydraulicresidencetime．  

NaturalfactorsareinflowofhotsprlngWater，theefEectofvoIcanicactivities，  

forestfires，and geographicaland geologicalconsiderations，Socio－eCOnOmic  

factorsarepopulationdensity withinwatershed，number ofcitywith50，000  

populationwithin50kmaround．thepresenceofhighwaywithinwatershedand  

airportandairlinewithin10km，thepresenceofsightseeinglaunchandmotorL  

boat，agrlCulturaluse，fisheryactivitiesandothers．  

The results suggest that Lakes Mashu and Kuttara would be the most  

Suitablelorlg－termmOnitoringstationsfornationalandglobalenvironmental  

pollution．  

1．INTRODUCTION  

Manyrecentreportspointoutthatglobalenvironmentalpollutionisgradually  
progressing，includingtheincreaseincarbon dioxide concentrationin air．There－  
fore，a WOrld－Widelinkage of nationaland reglOnalenvironmentalmonitoring  
networksisneededtowatchtheglobalenvironmentalpollutionandalsotoprovide  
informationnecessarytoensurethepresentandfutureprotectionofhumanhealth  
andsafety andwisemanagementoftheenvironmentandtheresources．  

1・ChemistryandPhysicsDivision．theNationalInstituteforEnvironmentalStudies．Yatabe   
machi．Tsukuba．Ibaraki305，Japan．  
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Internationa】CounciJofScientificUrlions（ICSU）hasestablishedtheScient；tic  

CommitteeonProblemsoftheEnvironment（SCOPE）in1969，PrOVidingaGlobal  
EnvironmentalMonitoring System（GEMS）which was recommended to United  
NationsEnvironmentProgramme（UNEP）．GEMSreportedbySCOPEcoversthe  
monjtorjngoEtheatmosphere，OCeanS，rjvers，1akes，grOundwater，SOjls，Vegetations  
andforestsintheremote，intermediateandimpactareasl）．Fornationalandglobal  
environmentalmonitoring，GEMSrecommendsthatthebaselinemonitoringstations  
Shouldbelocatedintheremoteareawhichisthebestplacetoprovideearlywarnlng  
Ofsignifjcantenvironme由a】cぬnges，andwhereno5j卯jfjcantcムaれge3in】anduSe  
practicesareanticipatedforatleast50yearswithinlOOkminalldirectionsfromthe  
Station・LakesinvoIvedshouldhavehydraulicbasinswhicharenotupstreamofman  
－madesourcesofpollutantsarisingfromagricultural，industrialorurbanactivities．  
However，itisdjffjculttDmeetSl］ChcondjtionsjnJapan．   
Todeterminenationalandglobalenvironmentalpollutionthroughthemonitor・  
1ngOflakes，itisnecessay，aSthefirststep，tOdevelopaprocedurefortheselection  
Oflakesthatcanofferasuitalebackgroudlevelstationformonitoringpollutantsin  
inlandwaterbeforethepilotmonitoringwillbestarted，  

2．METHOD   

2・1Criteriaforbackgroundlevelmonitorlng8itesofinlandwater  
To monitor nationalandglobalenvironmentalpollution by means ofinland  
Water，Certaincriteriashouldbemet．Although1akes，reSerVOirs，riversandground・  
Water are pOSSible candidates，Onlylakes present advantages．Water qualityin  
riversandresevoirs，forexample，Showsarelativelylargeday－tO－dayvariability，  
dependingupontheamountofprecipitation．Ontheotherhand．groundwatercannot  
sensitively reflect the change in the concentration of pollutants because the 
pollutantsmaybeadsorbedonthesurfaceofsoilparticlesduringthepercolation  
processandthenbedecomposedbymicroorganismsinsoil．Therefore，alakewith  
awatervolumeofrnorethanacertainsizewouldbemostsuitableforbackground  
levelstationtomonitorinland water．   
ln the present study，the fo1lowing criteria rather than theInternational  
HydrologicalDecadeprogramcriteriausedbyGEMSareemployed：thelakeshould  
havemorethan4km2in surface areaandmorethan20minmeandepth．Con－  
Sequently，thirteenlakeswerelistedinTable12）．   

2．1．1Limnologicalparameters   
Waterqualityinlakesisstronglyinfluencedbyexternalinputfromwatershed，  
but the atmosphersisthe source of pollutants to watchinglobalenvironmental  
pollution．Therefore，thefollowingfactorsshouldbeconsidered：   
1）Thelowerthe concentrations of pollutantsin thelake water，the more  
Suitableisthelakeforabackgroundlevelmonitoringstation．   
2）The greater the ratio oflake surface area to watershed area，the more  
suitableis thelake．  
3）Thegreatertheratioo‖akevolumetowatershedarea，themoresuitable  
is thelake．   

4）Thelongerthe 
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5）Thehigherthelakelevelabovesealevel，themoresuitableisthelake■   
No．1，2and3wereconsideredtominirnizetheeffectofhumanactivitiesnear  
thelake，WhileNo．4wouldmeanthecumulativeeffectofinput；NoL5alsomeans  
thattheeffectofhumanactivitieswouldbereducedinamountainousarea．   

2．1．2 Naturalfactors   
TheoriginoflakesinJapanismostlyvoIcanicactivities・Thus，Whenconsider・  
ingchangeintheconcentrationofheavymetals，theeffectofahotspringwater  
享nputmaybeanimportantfactor．EffectsofthefollowlngmuStbeconsidered・   
a）Inputsofhotspringwaterandwastewaterfromminingcompanies・   
b）VoIcanicgases．  
c）Forest fires．   

d）Geographicalandgeologicalfactors・  
Mountain1akes sometimes receive theinflow of waste water from mining  
cornpanies．LakesTowadaandInawashiro，forexample，areknowntohavereceiv－  
edtheinflow ofwastewatersfrom a miningcompany．Thegeographicalfactor  
embrancesthegeographyofwatershed，Whichmeansthepresenceoth11manaCti・  
vities．   

2．1．3 Socio－eCOrlOmic factors   
Itisnecessarytoestimatethedegreeofhumanactivitiesfromsimplydetermin－  
ableitemswithinthewatershedandneighbouringarea．Thusthefollowingfactors  
shouldbeconsidered：  
a）Populatiorldensitywithinthewatershed・  
b）Thenumberofcitieswith50，000populationwithinaradiusof50km．  
c）ThenumberofcompanieswithmorethanlOOworkerswithinthewater－  
shed．  

d）Highwayswithinthewatershed・  
e）AirportsandAirtrafficwithinlOkm・  
f）SightseeinglaunchandmotorboatL  
g）Fishcultureactivity．  
h）Fisheryactivities．   
i）Agriculturalland－uSeWithinthewatershedand／orirrigation・  
j）Artificialwatercontrolactivities・  
k）GuaranteesthatnosignificantchangesinlandLuSepraCticeswi1loccurfor  
atleast50yearswithin10kminalldirections・  

3．RESULTS AND DISCUSSION   

3．1SelectioI10flakesaceordingtolimnologicalparameters   
AlllakeslistedinTablelwereoligotrophicbefore20years3），butnowLake  
Biwa，eSpeCiallythesouthbasin，andLakeAshinoko，arerepOrtedlyrnesotrophic・  
Sincealllakeshavealongerresidencetimethan3years，theyappeartobewithin  
thenecessarylimnolohgicalparameters・Fig・1showstheratioofsurfaceareato  
watershedareaandthatofwatervolumetowatershedareainthelistedlakes．The  
resultsuggeststhatLakesMashu，KuttaraandIkedawouldbesuitableforback・  
groundlevelmonitoringstation・LakesTowada andTazawa havebeengreatly  
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TablelLimnologicalparametersofselectedlakesinJapan（EnvironmentAgency，1980）  

Parameter Prefecture Surface Watershed Maximum Lake  Mean Residence PopulationHeightof S／W V／W  
area area3〉  depth volume depth time  within lakelevel  

WaterShed  
Lakes  S（krn2） W（km2） （m） V（km3） （rn） （year）（×103） （m）  

（m）  

Origin   

Biwa  Shiga   

Inawashiro Fukushima   

Kussharo Kushiro   

Shikotsu Ishikari   

Touya Iburi   

Towada Aomori，  
Akita  

Tazawa Akita   

Mashu  Kushiro   

Chuzerlji Tochigi   

Ikeda  Kagoshima   

Ashinoko Kanagawa   

Motosu Yamanashi   

Kuttara Iburi  

674   3126  

104  482  

77．5  136   

77．3  142   

69．4  107   

59．0   60  
（160）6）  

25．5   22，3  
（400）6〉  

19．6   12，95）  

103  27．5  41．2  4．8   850   

93，5   5．40  51．9  3，7  27．7   

120  2．20  28．4  12  2．96   

363  19．5  256  （3．3）1） 0．37   

179  8，19   117  9．3  7．08   

334  4．19  71．0  8．5  1，10   

423  7．20   280  7．9  0   

212  2．70  137  （－）2） 0   

8．5  0．216   

514  0．216   

121  0，570   

248  0．544   

84  0，648   

401  0．268  
（0．983）4）  

249  0，060  
（1．14）4）  

351  1，52  

8．79 Land  
elevation  

ll．2  Caldera   

16．1 Caldera   

137   Caldera  

76．5  Caldera   

19．O Caldera  
（69．8）4）  

17．O Caldera  
（322）4）  

209   Caldera   

18．8  Caldera   

l15   Caldera  

9，2  Caldera  

5．9  Caldera  

142   Caldera  

き
・
含
T
l
 
 

11．5   58．5  172  1．10  94．6  7．2  1，90 1269  0．196   

11．1 12  233  1．38   125  53  1064  66  0，925   

6．9  19  40．6  0．175  25．0  （4．5）l） 3．10  722  0．363   

5・1  61  133  0．360  65．3  6．5  0，80  900  0．084   

4・3  3・2  147  0．456 105  （－）2） 0．002  260   1，34  

1）Estimationfromoutflowrate  4）Calcu）ationfromoriginalwatershedarea  
2）Noinflowandoutflow  5）Horiuchi（1983）  
3）Lakesurfaceareaisnotcontained   6）Water－COnVeving   



Selectior10fLakesasBackgroundLevelMonitoringStatjor10fPo】1utants  

Fig．1Theratiosofsurfaceareatowatershedarea，  

and water volume to watershed area   

Changedbywater－COnVeyingconstructiontoprovidewaterforapowerplant．Thus  
bothweredisqualified，   

3．2 Selectionoflakesaecordingtomaturaland別）eio－eCOnOmicfactors  
Theoriginofthelistedlakesiscalderas，eXCeptforLakeBiwa，Whichisdueto  
land elevation．Therefore，it would be veryimportant to consider the effect of  
VOIcanicactivitieswhenmonitoringthechangeintheconcentrationofheavymetals，  
especiallyHg，iormorethan50years・LakesToyaandlnawashiroarenotonly  
Oligotrophic，butalsoacidiclakes．LakeToyahasbeeninfluencedbywater－COnVey・  
1ng COnStruCtion for a power plant and became acidiclake after1955．Itis also  
affected now byinput oflarge amounts of voIcanic ash from current voIcanic  
activity．LakeInawashiroisalsoinfluencedbyinputfromacidicstream．Thereis  
noinflow to Lakes Mashu，Ikeda，Motosu，arLd Kuttara，However，thereis no  
evidencethatinput，from thelakebottomduetovoIcanicactivitiesdonotexist．   
Table2showstheresultsoftheevaluationoflistedlakesbynaturalandsimply  

determinable，SOCio－eCOnOmic factors（Environment Agency，1972－1977）4）．Popula－  
tiondensitywithinthewatershedofLakesShikotsu，Mashu，andKuttarawaszero  
Orlessthan5．AlthoughLakesTazawaandTowada also have alowpopulation  
density，bothhadtobeexcludedbecausetheirwatershedhasbeengreatlychanged  
bywaterrconveylngCOnStrUCtion．Mostlakeslistedhavebeenusedasrecreational  
areas，Withsightseeinglauchandmotorboats．LakesMashuandKuttaraareexcept－  
ions・InalllakesinJapan，thereleaseoffryhasbeentried，butinLakeMashuitwas  
StOppedin1976・NetpencultureofcarpandeelinLakeIkedaisreportedtobe  
CauSingeutrophication．Ontheotherhand，insevera11akeslakewaterisrecycled  
forawaterpowerplant，andthesamethingoccursinirrigation．Anotherimportant  
pointisguaranteesthatnosignificantchangesinland－uSepraCticesareanticipated  
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Table2 Evaluationofselectedlakesbynaturalandsimplydeterminable，SOCio・eCOnOmicalfacters  

Items  Naturalfactor3）   Socio・eCOnOmicalfactor▲）  

Lakes  （a） （b） （C） （d）  （a）  （b）  （C）（d）（e）（f）（g）（h）（i）（j）（k）   

Biwa   ィ  ー  ー   nOt  272  11  many ＋  －  ＋  十  ＋  ＋  ＋  no  
（Osaka，Kyoto）2）   

Inawashiro  十   ±   一  nOt  57  8  many ＋  －   ＋  一  十  十  ＋  no  
（Fukushima，Koriyama）   

Kussharo   十  ±   一  yeS  22  2  
0  ±  一  ＋    ＋  －   ▼  yeS  

（Abashiri∴Kitami）   

Shikotsu   ±  ±   一  yeS  2，6  8  
0   ±  ±  十  一  十  －   】  yeS  

（Sapporo，Muroran）   

Touya   十  ＋  ±  yes  66  3  
0  ±    ＋  －  ＋  －   ±  yes  

（Muroran，Kucchan）   

Towada   ±   一  一  yeS  5．0  8  
1  ±  －  ＋  －  ＋  ＋  ±  yes  

（Aomori，Hirosaki）   

十   ‾  ‾   yeS  0  5  
0   ±    十  －   Tazawa  －  ＋  no  

（Akita，Morioka）   

Mashu   一  ±   一   yeS  0  0  
0  －   －   

±  －   ▼  yeS   

Chuzenji   十   ‾  ‾   yeS  32  9  
0  ±  －  ＋    ＋  －   ±  yes  

（Utsunomiya，Tochigi）   
Ikeda   一  ±   一   yeS  137  6  0  ±  一  ＋  ＋  ＋  ＋  ‾   nO  

（Kagoshima，Ibusuki）   

Ashinoko   ＋  ±   一  yeS  163  13  0  ＋  －  ＋  －  ＋  ‾  yeS  

（Mishima，Odawara）   

Motosu   一  ±   一  yeS  13  9  
0  ±    十  －  ＋  ±  yes  

（Numazu，Otsuki）   

Kuttara   一   ±   一  yeS  0．6  3  
0   ±  －   

－   －  ＋  yeS  

（Muroran，Tomakomai）   

－
 
－
に
 
－
 
 

1）EvaJuation ＋ Yes  3）See2．1．2  
± Yesorno  4）See2．1．3  
－ No  

2）NameofMajorcity  



SelectionofLakesasBal：kgrDundLevelMonitoringStationofPollutants  

foratleastlOOyearswithinlOkminalldirections．Itwasassumedthatnosuch  
developmentwouldbeallowedwithinanationalparkarea，forthisisEnvironment  
AgencyPolicy．   
Fromtheviewpointofnaturalandsimplydeterminable，SOCio－eCOnOmicfactors，  
theresultssuggesttahtLakesMashuandKuttaraarecandidatesforbackground  
levelmonitorlngStations，  

4．CONCLUS10N  

The authorsdeveloped aprocedurefor theselectionoflakes asbackground  
levelmonitoring stations to watch nationaland globalenvironmentalpollution  
throughthemonitoringofinlandwaters．Accordingtothisprocedure，LakesMashu  
and Kuttara would be candidates．However，Since the Muroran and Tomakomai  
industrialzone，Whichis30kmsouthofLakeKuttara，isdeveloping，LakeKuttara  
mayhavetobedisallowed．  
Thepresentprocedureshouldbeusedbeforepilotmonitoringisstarted，andthe  
feasibilityshouldbeexamined，aftertheselectionoflakes．  
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陸水城パップクラウンドモニタリンクステーションの選定方法  

一特に湖沼について－  

大槻 晃1・安部喜也1・河合崇欣1  
白石寛明1・野尻幸宏1・植弘崇嗣l   

全国的，地球的規模の環境汚染を陸水域のモニタリングを通して監視するためには，まず陸水  

域における汚染物質のバックグラウンドレベル（ベースライン）を知っておくことが不可欠であ  

る。   

本報告では，対象として湖沼を選び，汚染物質のバックグラウンドモニタリング地点としてど  

の湖沼を選定したら良いか，湖沼学的条件，自然条件，人文地理学的条件から検討した。   

その結果，それらの条件から判断すると，摩周湖，倶多楽湖がバックグラウンドモニタリング  

候補地として選定された。次のステップとして，本候補地における汚染物質の濃度の測定を行う  

ことにより，本方法による選定の妥当性を検証することが必要である。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野川16番2  
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ⅠⅠ－4  

MorphologicalandHydrologicalCharacteristics  

of Lake Mashu  

SeijiHORIUCHIl，YoshinariAMBE2andTakayoshiKAWAI2  

ABSTRACT   

Usinganecho－SOundingdeviceanewbathymetricmapofLakeMashu．  
WhichdescribesitsbasinforTninmoredetail，WaSprepared，andbasedonit，  
several morphometric parameters were calculated and some topographical 
characteristicsoEthelakeweredisclosed．   
Fromthe data ofwaterlevelgauge and precipitation，the hydrological  
balance oflake water was estimated as that rainfallsinJune to September  
contributetotheannualriseofwaterlevelandraiTlfallsinothermonthscause  
theriseofshorttermandtheincreasedwaterescapedgraduallyasaleakage  
inafewdaysandhard】yreseTVedjnthe］ake．Byanalyzingthewaterlevel  
records．twotypesofleakageweredistinguished．Onewastherapidleakage  
rightaftertherapidincreaseofwaterlevelcausedbyrainfallandtheotherwas  
thefollowingsIowleakagehavingl5mm／dayofleakagerate，Whichincreased  
athigherwaterstageanddecreasedbelowacriticallevelshowingthatleakage  
OCCurredmainly abovetheaveragewaterJevel．  

1．INTRODUCTION   

LakeMashuhasbeenstudied foritssuitabi】jtyasa representatjvebase－】jne  
laketomonitorthenationalscalepollutionofinlandwaterinJapan‖．Monitoring  
of water pollution of a lake can be performed based on the knowledge of 
hydrologicalconditions（e，g．Variationofwatermassandwaterbudget）whichare  
essentialto evaluate water quality data．Littlelimnologicalresearch has been  
reportedonLakeMashu，andavai】ab】edataonwaterstageareveryfew．   
Therefore，hydrologicalandmorphoIogicalstudieswerecarriedoutparallelto  
thehydrochemicalstudiesinthisresearchproject．Thepreviousmorphometryofthe  
lakebasinofLakeMashubyTanakadate2・3），Takayasuetal．4－andOkazakielal・5）  

1．Visiting FellowoftheNationaIInstitutefor EnvironmentalStudies（in1981，B2）・PreseIl亡   
Address：NihonUniversity，FacultyofHurnanitiesandSciences，Sakurajosui，Setagayaku，   
Tokyo．  
2・ChemistryandPhysicsDivision，theNationalInstituteforEnvironmentalStudies・Yatabe・   
machi，Tsukuba，1baraki305，Japan，  
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wereperformedusingasoundingleadandthemeasuredbottomtopographywasnot  
sufficientlydetailedtodiscusstheforrnationofthelakebasinortocalculatethe  
exact volume oflake water．   

Theprocessofleakageoflakewaterisconsideredtoplayaveryimportantrole  
inthehydrologyofthislake．Ashasbeenpointedout，themassivespringinthe  
Nishibetsu River comes from theleakage water of Lake Mashu．The annual  
leakageloss from Lake Mashu was estimated as about1200mm／y（Horiuchi＆  
AmbelO））andtherateofleakageisthoughttobeafunctionofthelakewaterlevel．  
Okazakietal．5）suggestedthatthewaterlevelfellseveralmetersinthepast，butit  
hasnotyetbeenconfirmed．   
The primary卑im of the present studyis to describe the topographical  
characteriscics ofthislakebasin，Whichisthe key toitslimnologicalstudy and  
calculation of the water budget．A bathymetric map was prepared frorn the  
measurement of the depth using an echoSOunding device，Based on this map，  
various morphometric parameters such as shore development，area and volume  
hypsometriccurvewereobtained．   
Thesecondaryaimistodisclose the hydrologicalcharacteristics ofthelake  
includingthewatercycleinthelakebasin．Awaterstagegaugewasinstalledon  
thelakeshore，andinterestingfactswerefoundfromtheanalysisoftherecordsof  
waterlevelso far available．  

2．GEOGRAPHICAL DESCRIPTION OFTHE LAKE  

The surface areaofLake Mashumeasures19．6km2asshownin Tablel．   
Themaximumdepthis212m，andsteepcalderawalls，about150－350mhigh  
abovewatersurface，SurrOundthelake．  
Thealtitudeofwatersurfaceabovethemeansealevelwas351．24matthetime  
ofmeasurement．Thelakeisaclosedlakehavingneitherinflowingnoroutflowing  

Tablel Morphometric charaeteristics of Lake Mashu  
basedonbathymetricmap  

Altitudeofwatersuface  
（Sept．11，1982）  

Intake area  
Surface area  
Maximum depth 

Mean depth 
Volume  
Lengthofshore  
Maximumlength  

Maximum breadth  
Shore development 

Volume development 
Volumeofcentralcone  

351，24m   

32．4kmZ  

19．6km2  

212．O m  

145．9m   

2．86km3  

20．O km   

6．7 km   

4．3 km   

l．27   

2．07   

0．077km3  

Area of bottnm central plane 7・2km2  
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rivers．Nearthelakeisa smallislandcalled Kamuishu，thearea oftheislandis  
O．0002km2andtheheightis34．9m．ThisislandisavoIcaniccone formedby the  
eruptionaftertheformationofMashucaldera．Thelakebasinisacalderaforrrled  
firstbyeruptionandthefotlowingdepressionintheeasteneIldofKussharocaldera．  
ThisintakeareaoccupyingonlytheMashucalderawalls，COVerS32・4km2including  
thelakesurface．ThegeohydrologicalsituationofthecraterofMt．Kamuinupuriis  
questionableatpresent．1fitisincludedintheintakearea，thewholeareacoversto  
33．8km2．Thedifference，however，isverysmallcomparedto thesurface area as  
Shownin Tablel．   
Astothegeologyofthisregion，MashulavaandtheweldedtuffofKussharo  
voIcanocanbeobservedasthebaserockonthecraterwallsinthenorthernpartof  
thelakewherecollapseisquiteconspicuous．Mashulavaisdenseandimpermeable，  
as pointed out by Konoya et al．6）and Katsui7JL9），While welded tuffis breakable．  
Kamuinupurilavacoversthecalderawallsintheeasternpartofthelake．   
ManyspringsappeararoundtheoutsideofthesommaofLakeMashucaldera  
andthebiggestoneisinNishibetsuarea．Thedischargefromitisaboutl．53m3／s・  
In the Kenebetsu River and the west part of Lake Mashu more springs are  
encountered．ThesesprlngShavealsobeenconsideredastheseepagewaterfromthe  
lake，thoughnoconfirmedevideneeisavailable，  
Asthetotalamountofspringwateristoomuchascomparedtotheestimated  
amountoftotalseepage，0．75m3／slO）from Lake Mashu，themiⅩing of water from  
another source shouldbeconsidered．   

Vegetation on the caldera wallsis dense．Subalpine deciduous broad veaf  
forest coversin the area west of thelake and quercus mongolia uar．gross－  
eserYataaCer mOnO forestis foundintheeastofthelake．11）AfteTStOrmyrain，  
SOmetimesmanytreesfellintothelakebycollapseandlandslidesofthecaldera  
wallls．  

3．METHODS   

3．1Batllymetriesoumding  
Forthebathymetryofthelakebasin，anultrasonicechorsoundingdevicewas  
usedonamotorboat．Thepositionwasdeterminedbymeasuringtheanglebetween  
thetwofixedpointsonthecalderawallsfromtheboat．  
Thismeasurementwasconductedevery singleminutealongsoundingtracks，  
Theintervalsofthetracks300m－1000mdoesnotalwaysseernsufficienttocompose  
acompletebathymetricmapofalakeoftl－issize・Consideringthefact・however，  
thatthebasinisnotsocomplicated，thisdoesnotcausemuchofaproblem．The  
SOundingwasconductedonSeptemberlland12，1982．   

3．2 Waterlevelehange  
Along－term（6months）recordingwaterlevelgaugehasbeeninstalledatthe  
point shownin Fig．lsinceJune1981to observe the change of waterlevel．To  
eliminatetheeffectofwindwave，thegaugewassetonawell（1mdeep）whichwas  
dugonlakeshoreandconnectedwiththelakethroughasmallchanneltokeepthe  
waterlevelsofboththe same．  
Thealtitudeofthewaterlevelwhichwasusedasthebaselineforsoundingwas  
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determinedfromthedistancebetweenthebenchmarksonthecalderawallandthe  
gauging station using alaser ranger・The waterlevelwas read every hour  
excludingcasesinwhichthereadingwasheavilyaffectedbywindgeneratedwaves・   
Becauseofthedifficultiesofinmaintainingtheinstrument，theobtainedrecords  
couldpartiallybeused．ThedataonhourlyprecipitationatTeshikaga，Whichisthe  
nearestmeteorologicalstation，10kmsouthfromLakeMashu，WereuSedforthe  
hydrologicalstudy．  

Fig．1BathymetricmapofLakeMashu  
l＝theareaofcentralcone（Kamuishu）2：theareaofcentralplain▲  
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Morpho］ogicalandHydroIogiealCharacteristicsofLakeMashu  

4．RESULTS AND DISCUSSIONS  

4．1Morph0logyoflakebasim   
Fig. 1 shows the bathymetric map of Lake Mashu measured in this study. 
Therewasnosignificantdifferenceinmajortopographicalfeaturesinthisstudyand  
theearlierreportedones2・4‾5）．Thecontinuousrecordsoftheecho－SOunding，however，  
madeitpossibletodetectmoredetailedbottomtopographysuchastheclearrcut  
linebetweenthesteepslopeofcalderawallandthecentralplaininthebasinwhich  
isveryflatandnearlyhorizontal，（197T212mdepth）．   
Inthemostofthelakeshore，thegradientofthesteepslopeOfthecalderawa11  
aboveandunderthewatersurfacewassimi1ar．Nothin度significantwasnotedin  
shoreprocess・AtUramashu，however，thenorthernareaofLakeMashu，theslope  
belowthewatersurfaceonlybecornessteepat25m・ltisconsideredtobecomposed  
offan1ikesedimentsduetothecollapseandlandslidesofthebreakableKussharo  
tuffinthe calderawall．Kamuishulsland，a V01canic conelocatedinthecentral  
plain，hasanellipticallyshapedbottomwhoselongaxisisfromNEtoSW・Ithas  
notbeenconfirmedyetwhetherornottheflatpartsoutheastofKamuishuIsland・  
75mdeep，WaSformedbythechangeofwaterlevelaspointedoutbyOkazaki・et，  
al．5）These detailed topographicalcharacteristics areindicated clearlyin the  
longitudalandsectionalprofilesasshowninFig．2and3（a，bandc）・  
Thesectionofthesteepslopeatthewesternandnorthernareaisstraight，but  
thatofsouthandwestofMt．Kamuinupuriisratherirregular，SuggeStingthatthe  
formerwasformedbythedepressionofcalderaandthelatterwascoveredbythe  
lavaofMt．Kamuinupuri．Atallusformisnoticedatthelowerpartoftheslopeas  
shownintheleftpartofFig．3a．  
ThevaluesofshoredevelopmentandothermorphometricparametersofLake  

A（HYdrolo91cQISt1  Kく他muishu）  Å  

0  】  2  3  4  5  6 Km  

1  2  3  4  5  も Km   

0  1  2  3 Km   

Fig．2 ProfilesofLakeMashu  
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ゝTT号m芯≠す  
ヒ吾’軸・‘ざ  

＿．＿一7・三、＼  

二腐葬了∴二、こ≡  

（b）  

r ぎ   

Fig．3（a，bandc）ProLiJesdrawnbyechogramsofLakeMashu：（a）showsthe  
tallus deposits near the bottom（←），（b）shows the roughcliff of  
Kamuinupuri（1eft）andsteepstraightcliffofcalderawal1（right）  
These figures show the detailed bottom topography，but verticaland  
horizontalscales are not so accurate．  
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Morphologica】andIlydro】ogicalCharacteristicsofLakeMashu   

Mashu were calculated based on the bathymetric map to compare with those of  
otherlakesasshowninTableland2，Wherethelakevolumeandintakeareaare  

somewhatdifferent frorn the previousdata3‾5）The ratio oftheintake area to the  
lakesurfacewasestimatedtobeonlyO．65：1inthislake．Thisfactevidentlymeans  
thatthedirectprecipitationonthelakesurfaceisadecisivefactorinwatersupply，  
whileinflowhasminimalimpact．ThevolurnedevelopmentofLakeMushuishigh  
comparedtothoseoftheothermajorlakesliketheratioofdepthtosurfacearea．   
Thus，1ittlewatersupplyandalargewatervolumeof2．86km3makealonger  
residenttimeoflakewater，aShas been estimated approximately aslOO yearslO）．  
Area and volume hypsometric curvesindicate that thislake has a concave form  
basin，aSOCalledbowIshapedtype（Fig．4－（a，b）andH左kansons12））．   

4．2 RelationshipbetweerLpreCipitationandwaterstage  
Changesofwaterlevelarecausedbythewatersupplyandwaterlossincluding  
Seepage and evaporation from thelake surface．The relationship between the  
precipitation and the water stage was analyzed for seven rainfalls of more than  
20mmtotalprecipitationascompiledinTable3，eXCeptforthoseduringthewinter  
SnOWSeaSOn．Thestageriseisdefinedasthedifferencebetweenthehigheststage  
andthestagebeforerain，Whilethestagefa11isthedifferencebetweenthehighest  
Stageandthestationarystage．   
Inmanycasesthestagerisewasl．25－1．52timesasmuchastheprecipitation．  
Evaporationlosswasregardedasnegligibleduringrainfall．  
Supposingallrainfallintheintakeareaflowsintothelake，theriseOfwater  
Stageisexpectedtobecomel．65timesasmuchasprecipitationfromtheratioofthe  
intakeareatothelakesurface．Fromtheratiooftherise／precipitation，1．25Ll．52，  
the runOff coefficient of theintake area was calculated as O．40．8，With a mean  
value ofO．59．  
Thefactthattheratioofrise／precipitationwasgreaterthanl．65indicatesthat  
theeffectofthepreviousrainfallmusthaveremained．  
Thedecreasefromthemaximumstagetonormalstationarystageisconsidered  
tobemostlyduetotheleakageofwaterfromthelakehavinga4．6mm／hdecreasing  
rate．Itisclearthatthisleakageoccursduringrislngtimeofthewaterstage as  
Wellasthedecreasingtime．Supposingfromthehydrographthatleakageoccursnot  
rightafterthebeginnlngOftheriseofwaterstagebutthreehoursthereafter，thenet  

Table2 Volume development and theLratio of maximum depth to the  
SurfaceoftheselectedmajorlakesinJapan  

Lake  Vo）u写譜器慧ment M讐：gS智t M慧u7L3epth 鷲昌n（訝h S昔怒一打ea  

TazaⅥ▼a  

ShiliOtEU 

Toll・ada  

Ikeda  

～lashu  

Kussharo  

Biヽl・a  

I【laWaShiro  

Sull，a  

Akan  
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Fig．4 Percentagearea（a）andvolume（b）hypsographiccurvesofLakeMashu  

change oflakelevelbyinflow should be adjusted by30％more than the values  
previouslycalculated■Thus，theratioofrise／precipitationbeco－TleSl・38－1・80andthe  
meanvalue ofrun－Offcoefficientis O．79asshowninTable3．   
Inwintertheratioisverysmallbecausesnowaccumulatesontheintakearea，  
andafurthersurveyisnecessaryfortheinflowsinwintersnowseason．  
Fig．5showssomeexamplesofstagehydrographofhourly changeofwater  
stageduringrainfall．Thecurvesaresmoothed，eliminatingtheeffectsofwindand  
wave．Rapidriseandfallofwaterstagecorrespondingtotherainfallarethemost  
characteristicfeatureofLakeMashu．Fig，5alsoshowsthatthelevelrisebegins  
two orthree hours after thebeginningof rain and rapidly reachesthemaximum  
Stage．  

Thestagefallisrelativelyslowandwatersettlesatthestationarystagewithin  
lOhoursaftertherainstops．Thispatternofchangeismorelikelyinanopenlake  
withsurface outflow thanina closedlake．   
Themajorpartoftheincreasedwaterislostbyleakagewithinseveralhours，  
andtherestisstoredinthelake，therebyraisingthewaterlevel．  
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Table3 ThechangeoflevelsofLakeMashu，reCeSSionrateandtheratioof  
Surfacerisetoprecipitationintheperiodswithheavyprecipitation，  
Adjustedvalueisestimatedontheassumptionthatleakagebegan  
threehoursafterthebeginnlngOftherise．  

Thecalculatedrun・Offcoefficientis（rise／precipitation－1）／0．65．  

Da【。  

∴T＝  

Prtion 
％監）認L）（，†慧謂デ Rise／アrecip．  

Jun・27・35l．050．080 1982  

Jul．12  ．080．090  

Jul．17  ．120－．140  

Aug．29  ．105．240  

Sepし12  ．270－．295  

0亡t．20  ．195．205  

N肌■．22  ．170－．170  

2．5  l．25  1．38  

Meanrun・Offc（腔用⊂ientO．59，adjustedmeanrunOfr⊂∝fficientO．79  
◆exc】udingl．80   

AsshowninFig．5a，5band5c，withplentifulrainfall，thewaterstagesdidnot  
dropbacktotheinitiallevelaftertheriseanddecreasefollowingtherainfallepisode  
and nearly30％ofwater supply remainedin thelake．Wherlrainfallwas not so  
plentiful，thewaterstagebefore andaftertherainwasnearlyequalasindicatedin  
Fig．5d．About70％oftheincreasedwaterbyrainwaslostwithinlOhoursafter  
therainstopped，andthisrapidseepagelossisthe reasonwhythewaterlevelof  
LakeMashuiskeptrelativelystationary．   

4．3 Leakageofw乱terfroml－akeMashu   

WaterescapesLakeMash。。nlythr。。gh1eakage乞nd。VapOrati。n．Asst。tedby  
Horiuchiet allD）．，thewaterofl．akeMashuiscontinuouslylostby seepagewhen  
precipitationexceedsevaporationandthewaterleveliskeptstationary，Thereare  
twotypes ofleakage from Lake Mashu，One Ofwhichisslowleakage duringthe  
nearlystationarystageofwaterandtheotherisrapidleakagefollowingrapidrise  
Ofwaterlevelcausedbyrainfallasshowninstagehydrographs．Toestimatethe  

lossbytheformertypeOfleakage，thechangeofwaterlevelsfrom Novemberto  
Februarywasselectedandanalyzedwhentheairandwatertemperaturewassolow  
that evaporation was negligibly sma11．In this period there was alsolittle  
precipitation．Thedailyfallofthewaterlevelintheselectedelevenperiodswithno  
precipitationwasl5mm，WhichisquitesmallcomparedtootherlakesinJapan13）L  
Therelationshipbetweenthedailyfallofwaterlevel，dailyleakagelossandwater  
stageisshowninFig．6．Theleakageincreasesathigherwaterstagesanddecreases  
atlowstages．Thecriticallevelisapproximately351・20m・Thedecreasingrateof  
thewaterlevelreducedtol2mm／daywhenthewaterlevelfellbelowthislevel・  
Thisvalueisconsideredtorepresenttheleakagelossonly．   
Thisleakageprocesscanbeexplainedbygeologicalfeaturesofthecaldara  
walls，Inthenorthofthecalderawalladjacenttothelakesurface，Weldedtuff，the  
base of Kussharo caldara，is observed，relatively greaterleakageloss from the  
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丁．13  （day）  

Fig．5 SimplifiedsmoothstagehydrographandhourlyprecipitationonLake  

Mashu，basedonselecteddatain1982  

Thestageofwatersurfacebeforeandafterrainfallsareequalin（d）andnot  

in（a），（b）and（C）．  

一54 －   



MorphologicalarldHydrologicalCharacteristi亡SOfLakeMashu  

℃2．！‖2 ，．13  

Fig，5（Continued）  
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Table 4 Monthly water balance of Lake Mashu from June in 1982 to 

Januaryin1983  

Iisamountofinflowfromtheintakeareawithrun－OEfcoefficient．079，Leakage  

lossincludesleakage andevaporation，dHisamountofriseorfallinleaveIs  

ofwater surface．Pismonthlypreclpltation．  

］t7ne ）LZ】y Aug．Sept．OcL Nov，Dec．）an． Totalfor8months  

250 ．210 ．230 ．165．095（Feb，1983）  Ⅵraterleve】on 351．040．070 ．130 ．300  
the first day of  
the month（m）  
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Fig．6 The relationship between the water stage andleakage from Lake  
Mashuinthecoldperiodswithnoprecipitation．（Thelenghthofline  
denotestherar】geOfloweriT）gOfwaterstageduringobservedperiod）  
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boundarybetweentuffandlavaofMashuislikelytooccur．   
Anothertype ofleakageisdueto the rapid rise ofwaterstagehavingthe  
leakagerate2・5LlO・Omm／h，aVeraging4．6mm／h．morethan30timesashighasthat  
OftheformertypeofleakageatthenormalwaterstageasshowninTable4．   
Theincrease of partialhydraulic gradient of the water seepage can be  
COnSidered for this type ofincreasedleakage．When the seepage water has a  
COnStant hydraulic gradient at the norrnalwaterlevel，thelatter rises with  

precipitationby50－100mm・Followingthis，thehydraulicgradienntincreasesonly  
nearthelakeshoreandtheleakagelossincreasestoo，   

4・4 Lomgtermchamgeofwater8t乱geandwaterbalamceofLakeMashu   
TheobserveddatafromNovember2，1981toFebruary15，1982andfromJune  
12，1982toFebruarylO，1983werereferred．Monthlywaterstageobservedonthe  
firstdayofeachmonthandmonthlytotalprecipitationareshowninFig・7・During  
theobservedperiod，thehigheststagewas351．43monNovember3，1981，andthe  
lowestwas351．04monJunelO；1982．Thedifferencebetweenthesetwowas390  
mm・Theannua1loweststageseemstohaveoccurredinthemiddleofFebruaryto  
Juneiftheobservationwasperformedcontinuously．Table4givesabriefsummary  
QfwaterbalancefTOrnlgg2to1983・Surfaceinflowiscalculatedbyth6following  
equation．  

1＝PxR．Ⅰ．×R．C  （1）  
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Fig・7 MonthlychangesofwaterstageandmonthlyprecipitationfromSept．  
1982toJan．1983  
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WhereIisinflow，Pismonthlyprecitationonlakesurface，andR．I．istheratio  
oftheintakearea，eXCludinglakesurface，tOthelakesurface．R．C．isO．79asrun  
－Offcoefficientoftheintakearea．ThemonthlychangeofthestageiscaJcuJatedas  
the difference between the stage on the first day of the month and that of the  
fo】1dwirlgmOl】tllS．  

Leakagelossiscalculated accordingtothefollowlngequation．  

L．L．＝Ⅰ＋P－dH  

Where L．L．isleakageloss from thelakeincluding evaporationloss，dHis  
monthlystagechange（unit：mm／month）  
AsshowninFig．7，thewaterstageroseinJune，July，Augustandslightlyin  
November and fellinSeptember，October1982andJanuary1983．Leakageloss  
duringthefallingmonthswasgreaterthanthatofrisingmonth．Calculatedleakage  
lossincludesbothslowleakageatthenearlystationarystageandleakagefollowing  
rajnsasweHasmonth）yevaporatjon（below5CImm／monthatthehjghest）．  
Thewaterstagefel）inSeptemberandOctoberjr）Spjteofagreatdeaユofincome，  
demonstrating thatleakagelossincreasesmaterially athigher waterstages．The  
grossriseofwaterstageof260mmfromJunetoAugustwasequivalen亡to50％ot  
the totalincome（529mm）．This260mm of wateris storedin thelake to slowly  
escape by seepage．From September toJanuary，prObably to May，theleakage  
predominatedtheincomeandthewaterstagelowered．Totalgrossriseof280mm  
frornJunetoJanuarywasequivalentto38％oftotalprecipitationand26％oftotal  
income．AtJeast38％ofannualtota】precipitationisstoredinthelakeduringthis  
period，andthe same amount waslost by slowleakage throughthe whole year．  
Consequently，thelakeremainedatitslevel．   
InthepreviousworkstheintakeareaofLakeMashuhasbeenestimatedas40  
－50km2．TheareashowninTablelis32Akm2inthisstudy．Theallowanceisdue  
towhetherornotthecraterofMt．Kamuinuprishouldbeincludedastheintakearea  
and also to thedifference ofthe methodto calculatetheintake area，thoughthe  
sametopographicalmapbytheGeographicalSurveyInstitutewasused．  
Thearea oftheeraterisl．3km2wjthanaltitudeofthebottomat369m，Which  
islOmhigherthanthesurfaceofLakeMashu．Fromthispoint，thecratermaybe  
includedintheintakearea．However，fromthegeologicalandtopographicalpoint  
Ofview，preClpitationonMt．Kamuinupurimaybemainlylosttotheeasternrivers  
anddoesnotremainasinflowtoLakeMashubyseepage．  

5．CONCLUSION  

Distinctivefeaturesofthebasintopographyofthelakearethesmoothsteep  
slopejnthewestforrnedbydepressionofthecalderaandtheroughslopeintheeast  
formedbyeruPtionofMt．Kamuirlupurj．Thevolumeofthe）akejs】argerthanthe  
previouslyreportedone4）andthemeandepthisbylOmdeeper．Theconfiguration  
ofthelakebasinisconcavewitharemarkableflatcentralplain197－200mdeep．  
Thesmallannualchangeoflakestageduringtheobservationperiodisdueto  
thesmallnessoftheintakeareaandtherelativelyheavyleakagecomparedwiththat  
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ofotherlakeswithout surface outflow．   
Themechanismofleakagecanbeclassifiedintotwotypes．   
Oneistheleakage，1L5mm／day．atthenearlystationarystage，Whichincreases  
athigherstageanddecreasesatthelowerstagehaving351・15masthecriticalpoint  
ofheight．Thisistheevidencethatleakageoccursmainlyaroundthelakesurface  
level．Theotheristherapidleakagerightafterrainhaving4・6mm／hofleakage  
rate，   

The water stagerises for a short time after raindue to theincreasein the  
hydraulicgradientoftheseepagewater．   
In this case the waterislost around the boundary between Mashulava and  
Kussharotuffwherepermeabilityishigh．Thus，theleakagelossandwaterstage  
correlate with each other．   
IthasbeendisclosedbythecalculatedlongTtermWaterbalancethatrainfallsin  
JunetoSeptembercontributetotheriseoflong－termWaterlevel，rainfallsinother  
months a shortLterm rise．Theincreasedwaterescapesgradually asleakagein a  
fewdaysandhardlyreservedinthelake．About5％ofthetotalinflowwasstored  
inthelakeforeightmonthfromJunetoJanuaryraisingthewaterlevelby55mm■  
Fromthesehydrologicalobservations，LakeMashuisconsideredmorelikelytobe  
anopenlakethanaclosedlakeinastrictsense．  
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摩周湖の地形学的・水文学的特性に関する研究  

堀内清司1・安部書也2・河合崇欣2   

摩周湖において音響測深機を用いて測深を行い，既存のものに比べて精密な湖盆図を作製し  

た。それに基づき，摩周湖の湖盆の計測を行い，湖盆に関する各種の諸元を求めた。また湖盆に  

関する形態的な特色を明らかにした。   

長期間にわたる水位及び降水量の記録から，摩周湖の長期水収支の推定を行った。その結果主  

として6月～9月までの降水が湖の水位上昇をもたらし，それ以外の期間の降水は湖水中には  

ほとんどとどまらないことが明らかとなった。   

水位記録の解析の結果，摩周湖からの湖水の溶出は降水に伴う水位上昇に引き続く急速な溶  

出と，長期にわたる緩やかな溶出（1～5mm／d）の二つに分けられる。さらに後者はある水位  

以上の時の比較的速やかな溶出と，それ以下の水位でのより遅い移出の二つに分けられること  

が明らかになった。  

1．1981，82年度，客員研究貞（日本大字文理学部 〒156東京都世田谷区桜上水325－40）  
2，国立公害研究所 計測技術部 〒305茨城県筑波郡谷田郡町小野川16番2  
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Determination ofTrace鳳Ietalsin the Water  

ofLakeMashuandTheirBackgroundLevels  

in Fresh Water Environment 

YukihiroJNOJIRIl，TakayoshiKAWAllandAkiraOTSUKIl  

ABSTRACT  

Tracemetals（Al，Ti，Ⅴ，Mn．Fe，Co，Ni，Cu，Zn，Cd．andPb）inthewater  

ofLakeMashuwereanalyzed．Preconcentrationwereperformedbyadsorpt－  

ionofthecomplexesofthesemetalsand8・hydroxyquinolinetoCIBChemica11y  

bondedsilicagel．Simultaneousmultielementanalysisoftheeluatewithinduct－  

ively coupled pJasma emission spoctrometry（ICPES）ensures the necessary  

sensitivitytomeasurethetracemetalsatconcentrationrangesfromJLgl1  

（ppb）tongl‾1（ppt）innaturalwatersamples．Thetracemetalconcentrations  

meas11Tedi11LakeMasllⅥWeTeeXtremelylow：Fe2，6；All，2；MnO．76；ZnO．63；  

VO．15；CuO．069；TiO．06；PbO．05；NiO．027；Cd〈0．006andCo〈0．004JLgl1  

1．1NTRODUCTION  

TheprocedureoftheselectionofLakeMashuasthebackgroundlevelmonitor－  
1ngStationwaspresentedinotherpaperinthisresearchreportl）．Forbackground  
levelmonitoringpurposes，aSenSitiveanalyticalmethodwithoutcontaminationand  
offeringthepossibilityofmultielementanalysismustbedeveloped・Recently，the  
application ofinductively coupled plasma emission spectrometry（1CPES）to the  
analysis of trace metalsin naturalwater has been developed with various pre－  
concentrationmethods2‾5）especiallyforseawateranalysis・TouseICPESeffecti・  
velyforwateranalysisandtakeadvantageofitssimultaneousmultielementcapabi・  
1ity，Simultaneouspreconcentationofasmanyaspossibleofthetargettracemetals  
isrequired．Inthisstudy，themethoddevelopedbyWatanabeetal5）．wasadapted  
for the analysis of tracelevels of metalsin alake water sample．Simultaneous  
multielementpreconcentrationandanalysisofelevenelementswaspossibleforthe  
WaterSampleofLakeMashu．   
ComparingtheanaJyticalresultswjthreEerencedatatorother】akesaroundthe  
world，thecompetenseofLakeMashuforabackgroundlevelmonitoringstationfor  

1・ChemistryandPhysics，Division．theNationalInstituteforEnvironmentalStudies・Yatabe・   
machi，Tsuk＼1balbaTaki305，Japan．  
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globalenvironmentalpollutionisdiscussed．  

2．METHODS   

2・1Apparatus  
AJarre11－AshPlasmaAtomcompIIdirect－readingICPemissionspectrometer  
WaSusedfortracemetalmeasurements．Anatomicabsorptionspectrometer（Mode1  
251byInstrumentationLaboratorylnc．）withagraphitefurnaceatomizer（Mode1  
555byInstrumentationLaboratoryInc．）wasusedforthecomparisonofanalytical  
ValuesofnaturaJwatersampJes．   

2．2 Reagent  
DistilledwaterwasfurtherdeionizedandfilteredbyMilli－Qwaterpurification  
SyStem（MilliporeCo．）．1nallanalyticalprocedure，Milli・Qwater（MQW）wasused．  
Concentratednitricacidfortheacidificationwaspreparedbysub－boilingdistillation  
inaquartzsti11fromelectricindustrygradereagentinacleanbench．Otherreagents  
Were analyticalgrade ones．8・Hydoroxyquinoline was dissoIvedin O．1N hydro・  
Chloric acid andl％solution wasprepared．Neutralred as a pHindicator was  
PreparedasaO．1％solutionin70％ethanol．Multielementstandardsolutionswere  
preparedfromsingleelementstocksoulutions（1000mgl‾1，foratomicabsorption  
grade，byKantoChem．Co．）byappropriatedilutions．   

2．3 FreshwaterandseawatersampliIlg  
FreshwatersampleswereobtainedfromLakeMashu．LakeMashuisadeep  
oligotrophiclake（max，212m；meandeppth，138m），COVeringanareaofi9．6km2at  
an altitude of351min Hokkaido，Japan．Thehighest Secchidisk transparency  
Valueof41．6mwasrecordedinAugust，1931byTakayasuandKondo6）．Recently，  
thetransparencyhasslightlydecreasedbutitisstillexceptionallyhigh，Theenvir・  
OnmentOfthewholecatchmentareaisprotectedaswildernessareaanddesignated  
asanationalpark．Noimgationwork，fishingboats，buildings or roadwaysare  
foundinitscatchmentarea．LakewaterwassampledusingaTefloncoatedlOIGo－  
Flosampler（Genera10ceanicCo．）．ThesamplingsitewasthecenterofLakeMashu，  
thedeepestpointinthelake（about210m）．Samples（81）wereimmediatelyacidified  
With quartz distilled nitric acid（30ml）．Surface coastalseawater sample was  
Obtajれedユ8kmoffthecoastofXasbjmafねrbor（Ibarakiprefecture，Japan，January  
1982）overlookingthePacifie，andsub－Surface（8mdepth）lakewatersamplewas  
ObtainedfromthecenterofLakeBiwa（Shiga，Japan，December1981）．   

2．4 Preconcelltratiomprocedure   
AboutlOOOgofacidifiedlakewaterwasweighedandtakeninaPyrexflask．  
It was evaporatedto aboutlOO g using rotary evaporator at50Cc．Sample and  
WaShingwaterweretransferedintoaPyrexbeaker．One mlof8・hydroxyquinoline  
SOlutionandO．03mlofneutralredsolutionwereadded．ThepHwasadjustedto7．O  
uslngammOniasolution．Afterstandingovemight，thesamplesolutionwastakenin  
aglasssyringeandpassedthroughaSep・PakC．8Cartridge（WatersScientificLtd．）．  
Thiscartrige wasthoroughlywashed withmethanoland MQW．Sample solution  
flowratewasabout50mlmin‾1．ThenthecolumnwaswashedtwicewithlOmlof  
MQW．Metalchelatesof8・hydroxyquinolineadsorbedtothecolumnwereelutedby  
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2ml（3timesthecolumnvolurne）ofmethanol．Theeluatewastakeninto a pre－  
WeightedTeflonPFAbottleandO．1mlofhydrochloricacidadded．Itwasevaporat－  
edslowlynealytodrymeSSOn ahot plate．Nitric acid（0．1rnl）was addedtothe  
residueandthesolutionwasagainevaporatedonthehotplate．Afterrepeatingthe  
additionofnitricacidandevaporationthreetimes，Organicmaterialwascompletely  
decomposed．TheresiduewasdissoIvedin2mLofO．1Nnitricacid．Thedigestion  
procedure was performed on a clean bench．Using亡his soJutiorl，SimuJtaneous  
multielement analysis was performedwith thelCP emission spoctrometer．The  
blankvalueswereobtainedbytaking20mlofMQWthroughthesameexperimental  
procedure．  

3．RESULTS ANDDISCUSS10N   

3．1Preconcentr乱tionefficiency  
8・Hydroxyquinolineformsstablemetalchelateswithmanymetalions．Inthis  

Study，reCOVerjesotAl（IIL），Ti（LV），Ⅴ（Ⅴ），Mn（IJ），Fe（III），CD（JJ），Ni（JJ），CuⅢ），Zn（Il），  

Mo（Vl），Cd（II），andPb（II）ions，Whichseemtobeprincipalexistingformsinafresh  
WaterSampleacidifiedandpreservedwithnitricacid，WereinvestigatedoverthepH  
range of4to9，FiveJLgOfeachofthese above・mentioned trace metals，4mg of  
magnesiumand8mgofcalciumwereaddedtolOOmlofacidifiedMQWandthe  
preconcentration procedure was carried out．Chelating and adsorption pH was  
adjustedwithammoniasolution．Forsimultaneousmultielementpreconcentration，a  
COmprOmiseadsorptionpfIwaschosentobe7，COnSjderingthehighrecoverjesof  
tracemetalsandlowrecoveryofmagnesium．AtpH7，quantitativeconcentration  
OVer90％recoverycanbecarriedoutforaboutnine（Al，Ti，Ⅴ，Fe，Co，Ni，Cu，Zn，  
andPb）oftheabove・mentionedtwelveelements．Inthefollowinganalyticaldatafor  
aluminum，titanium，Vanadium，iron，CObalt，nickel，COpPer，Zinc andlead，100％  
recoveriesofthemetalswereassumed．Formanganeseandcadmium，71and78％  
recoveries，reSpeCtively，WereuSedforthecalculationofconcentration．Formoly・  
bdenum，reCOVeryVariedfromlOto40％at thecompromise p札so anotherpre・  
CQnCentrationatlowerpH willbenecessary．  
Analyticalblanks of the eleven elements were obtained from the same pre－  
concer）trationprocedureasforfreshwatersampleusing20mlofMQWandallthe  
reagentsexceptforevaporationprocedurewithrotaryevaporator．WhenlOOOml  
ofsamplesolutionisused，thefinalconcentrationfactoris500．Thustheanalytical  
valuesoftheblanksamplearedividedby500，andshowninTablel，tOgetherwith  
thedetectionlimitsoflCPanalysis，aIsodividedbythefinalconcentrationfactor．  
Asmethodsensitivitydependsupontheblank reproducibility，twicethestandard  
deviationofblankvaluefromtenreplicatedeterminationsisshowninTablelasthe  
practicaJdetectjonljmit．For vanadjum，manganeSe，COba】t and cadmium，blank  
valuesarelowerthanlCPESdetectionlimits，andlCPESdetectiQnlimitsdividedby  
500representpracticaldetectionlimits．Blankvaluesforcopperandleadarenearly  
equaltoICPESdetectionlimits．Foraluminum，titanium，ironandzinc，themethod  
SenSitiviesdependontheblankdeviations．  
Toinvestigate the accuracy of this preconcentration method，four replicate  
preconcentrationsandanalysesoiasubsurfacewatersampleQfLakeBiwawer早  
Carriedout．Theresults，aVerge，StaIldarddev血Ionandrelativestandarddevjatjor）  
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Tablel Analyticalblank anddetectionlimitforlakewateranalysisat  
500・foldpreconcentration  

a）DL－1CP  b）Analyticalblank  C）DL－praCtical  

〟gノー1  ／′gJ‾1  J∠gJ1  

0．15  

0．036  

0．004  

、0．006  

0．031  

0．004  

0．012  

0．005  

0．28  

0，006  

0．034  

0．12  ± 0．08   

0．050 ± 0．018  

＜0．004  

＜0．006   

0．045 ± 0．016  

＜0．004  

＜0．012   

0，005 ± 0．003   

0．34  ± 0．14  

＜0．006   

0．051 ± 0．016  

A
I
T
～
V
M
n
F
e
C
O
N
I
C
u
Z
n
C
d
P
ト
 
 

0．04  

0．001  

0．004  

0．006  

0，004  

0．004  

0．012  

0，002  

0．008  

0．006  

0．04  

a）：detectionlimitofICPESisdividedbytheconcentrationfactor（500）．  
b）：averageandstandarddeviationoftenreplicateblankoperations  
C）：practicaldetectionlimit；twicetheblankdeviation  
a，b，C）：ForMnandCd，eaChvalueiscorrectedwiththerecoveryofeachelement・  

Table2 MethodprecisionbyreplicateanalysisofwatersampleofLakeBiwa  

Concentraition  RSD  
Element  
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（RSD），areShowninTable2whereblanksubtractionwasperformedforthe  
elementswithmeasurableblank values・Whentheconcentrationinlake water  
sampleishigherthantentimesthemethodsensitivity－RSDislessthan6％・Foriron  
andcopper，Whoseconcentrationsareonehundredtimeshigherthanmethodsensiti－  
vitylevels，RSDsarelessthan2％・Astheratiooftheconcentrationinthelake  
watersampletothemethodsensitivitybecomeslower・RSDincreases・  
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3．2 AnalysisofLakeMash11WaterSaIⅥple   
TheaverageconcentrationsofmajorandminorelementsinLakeMashuwere  
asfollows；Na13，Ca8．1，Si5．1，Mg3．5，KO・9，BO．11andSrO・02mglLl（analyzed  
bylCPES，flameemissionspeCtrOmetryOrflameatomicabsorptionspectrometry），  
chloride－C16，7andsulfate－S4．OmgLLl（analyzedbyionchromatography），pH4・8  
alkalinityO．80meqL－1（analyzedbytitration）・Thedistributionofthesecomponents  
wasthorough1yuniformfromthesurfacetothebottom・ThepHvalueofsurface  
water was about6．8and slightly decreased as depthincreased・The water was  
almost saturated with dissoIved oxygen from the surface to the bottom・Lake  
Mashuisatypicaloligotrophiclakeanditsnutrientconcentrationsareparticularly  
low；thetotaldissoIvedphosphorusandtotaldissoIvednitrogenwerelowerthan  
O．002mgl‾1andO．07mgl1，reSpeCtively（analyzedbycolorirnetry）・Thebiological  
activityislow，SOthesuspendedsubstances（SS）concentrationwasaboutO・3mgl‾1  
for surfacelake water．   

AnalysisofLakeMashuwaterwasperforrnedbytheproceduredescribed・and  
theresultsareshowninTable3．Inthiscase，filtrationwasnotnecessaryatall，  
becauseofthelowconcentrationofSS．Lakewateracidifiedforpreservationwas  
directlypresentedforanalysis．Samplesfromadepthof5andlOmwereco11ected  
withmetalfreepurnpsamplingdevice．Whentwobottlesof5msampleandthree  
oflOmwereanalyzed，theanalyticalvaluesofallfivesampleshadnosignificant  
difference．Thesevalueswere averaged andareshownwiththeirstandarddevi・  
ations．Othersamples（i．e．，2，50，100，150and200msamples）werecollectedwith  
theGo－Flo sampler．ConsideringtheICPES sensitivity，the concentration factor  
（about500）wassufficientforthedeterminationofalminum，Vanadium，manganeSe，  
ironandzinc．Forotherelements，itwasnotsufficientandrelativelylargeanalyti・  
calerrorsexisted．ThelargeanalyticalerrorsofzincandtitaTliumresultedfromthe  
analyticalblanks．Concentrationsofironandmanganeseforthesarnpleobtained  
close to the bottom were higher thanin other samples．For aluminum，nickel，  
copper，Zincandlead，Surfacewater（2m）concentrationswererelativelyhigher，but  

Table3 AnalyticalresultsoftraceelementsinLakeMashuwater  
sample（〃gl‾l）  

Depth（m）  

2  5－10  50  100  200  

0．97  1．04   

0．06  0，05   

0．15  0．15   

0．80  1．38   

2．81  8，89  

＜0．004  く0，004   

0．019  0．018   

0．045  0．065   

0．45  0．42  

＜0．006  0．006  

＜0．04  0．06   

1．04  1．11   

0．06  0．09   

0．16  0．16   

0．78  0．82   

2．67  2，94  

＜0．004  ＜0．004   

0．024  0．015   

D．050  0，052   

0．53  0．48   

0．008  ＜0．006   

0．06   ＜0．04  

Al  l，39  1．24 ± 0．16  

Ti  O．05  0．06 ± 0，04  

V  O．16  0．15 ± 0．02  

Mn  O．79  0．76 ± 0，01  

Fe  2．63  2．64 ± 0．24  

Co  ＜0．004  ＜0．004  

Ni  O．036  0．027 ± 0．006  

Cu  O，091  0．069± 0，028  

Zn  O，93  0．63 ± 0．06  

Cd  O．006   ＜0．006  

Pb  O．18  0．05 ± 0．03  
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thatmaybeduetotheeffectoffalloutorcontaminationfromtheboat，Forother  
depths，thedistributionsofthesetraceelementswerequiteuniform．   

3．3Ⅰ）irectanalysisofl」akeMashuw乱ter  
Manganese andironinLake Mashuwatersamples were determineddirectly  
withgraphitefurnaceatonicabsorptionspectrometry（GFAAS），becauseofthehigh  
SenSitivitiesofGFAASfortheseelementsandrelativelyhighconcentrationsinthe  
Samples．TenJLlofacidifiedlakewatersample（notfilteredone）wasin5ectedonto  
thecarbonatomizerrodandanalyzedwithbackgroundcorrectionusingadeutrium  
lamp．Forthesetwoelements，highashingtemperaturecanbeapplied（aboutlOOOOc）  
toevaporatethesaltmatrixandreducethebackgroundinterfence．Theconcent・  
rationsgivingl％absorptionpearkswereO．08JLgl1formanganeseandO．4JLgl1  
foriron，anddetectionlimitswerenearlyequaltothesevalues．Theresultswere  
ShowninTable4．Analyticalerrors ofmanganese andiron at average concent・  
rationswereaboutO，07andO．6FLgl▼l，reSpeCtively，Mostoftheresultswereingood  
agreementbetweenthetwoindependentmethodswithintherangeoferror．   
Since the cadmium concentrationin500－fold concentrated sample of Lake  
MashuwaterwasnearlyequaltothedetectionlimitofICPES，itwasanalyzedalso  
byGFAAS．ConcentrationofO．007±0．003JLgl‾1wasdeterminedasanaverageof5  
－10msamplesLItcorrespondstothepracticaldetectionlimitofICPESanalysisafter  
preconcentration（0．006FLglJJl）．Determinationofcadmiumforsampleconcentrated  
20・foldbyevaporationwastriedwithGFAAS，TheresultswasO．004±0．004JLg「1  
Reproducibilitywasnotgoodbecauseofthedepositionofsilicainpreconcentration  
procedure．  

Table 4 Analytical results obtained from GFAAS direct analysis and 
ICPES with 500-fold preconcentration 

COnCentration（〟glLl）  

depth（m）  10  50  100  
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Mn ICPES 

Fe GFAAS  

FeICPES  

3．4 Comparison tootherlakes   
Determinationoftracemetalsinunpollutednaturalwatershaspreviouslybeen  

hamperedbythe）ackofsensitjvityofana】ytjca】method5・Sincere）iab】eanalytjca】  
datafortracemetalsinnaturalfreshwatersarescarce，earlieranalyticaldatahave  
tobecloselyexaminedwithrespecttothesampling，PreCOnCentrationandanalytical  
methods．SelectedreferenceoftracemetalinvestigationsaresummarizedinTable  
5takingintoaccoun亡theaccuracyofana】ysis・Thesereterenceva】uesaremost】y  
totalmetalconcentrationwithaciddigestionorlabilemetalconcentrationwiththe  
determinationafterlongpreservationwiththeadditionofacid・   
Investigation of the HighSierra area，Where there are thousands oflakes  
coveringavastwi1derness，byBradEordelal・7）isoneoftheearJiestavajJab】ereports  
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Table5 Referencedataoftracemetalconcentration（JJgrl）inlakewaters  

ss  c。ce ps  s，r  
Bradford（1968）  Hegi（1976） Henriksen（1978）   Poldoski（1978）  

range median mean  range median range mean  

Al  ＜1540   ＜15  

Ti  

V  ＜0．3－1．7   ＜0．3  

Cr  ＜5  ＜5  

Mn  ＜0．3－21．7  ＜0．3  

Fe  O．5－30．0  1．3  

Co   ＜0ご30．9   ＜0．3  

Ni  ＜0．3－1．8   ＜0．3  

Cu  O，45．0  1．2  

二
〇
．
2
7
一
q
5
一
一
“
q
 
 

＜0．5－2．0  1  0．5－3．4  1．25   

0．512．0 5  

0．1－0．5  0．3  0，006－0．034 0．019  

＜0．5－2．0  1．5   0．10－0．30  0，18  

Zn  O．3－100，O  

Mo   ＜0，3100．O  

Ag ＜0．03－6．O  

Cd  ＜333  

Pb   ＜0，34．0  

1
 
0
 
∧
U
 
3
 
0
 
 

＜
 
 

Table5（Continued）  

Masurian  Lake  Lake  Lake   
LakeDistTict  WindeTmere  OntaTio  Mashu  
Wieclawski（1972）  Davisorl（1980） Nriagu（1981） thisstudy  

range median  mean  range  mean  
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with an estimation of naturalbackgroundleveJs of trace metalsinlake water．  
Surfaee water samples were collected bylowering a plastic container from a  
helicopter．3000・Fold preconcentration（evaporation and extraction with Ammo・  
nium pyrrolidlinedithiocarbamate（APDC）chelates）was performed，and trace  
metalsweremeasuredbyspark emissionspectrometricanalysis．Exceptforiron，  
Zinc，andcopper，COnCentrationsofothertracemetals（nickel，Vanadium，manganeSe，  
molybdenum，lead，and silver）were sometimeslower than the detectionlimits．  
Thoughthesparkemissionspectrometricanalysiswasnotsufficientlysensitive，it  
WaSfoundthatmostoftracemetalsexistatJLgl▲】orbeJowconcentrationlevelsin  
unpollutedlakesinmountainousdistricts．  
Hegi8）measuredmonthlyfluctuationsofseventracemetalsintheoligo・meSOt－  
rophic Obersee ofLakeConstancewithGFAAS．The concentrationsindicatedin  
Table5aretheaveragesotmondl】ydeterminatjonsforsurfacewater．Manganese，  
iron，andzincwereintheJLgl‾1rangebutotherswerebelowthanFEgl‾1．lnshallow  
Untersee of Lake Constance，the usualcyclicalfluctuations were observed for  
manganeseandirondependingonredoxconditionsinthehypolimnion．Highcon－  
centratiorlSWereObserved forbottom waterjnsummerandautumn，  
HenriksenandWright9）co11ectedsamplesat about200smallpristinelakesin  
Norwayanddeterminedtheconcentrationsofcopper，Zinc，Cadmium，andleadwith  
GFAAS．They selectedlakes without disturbance by agriculture，Silviculture，Or  
Jake－】eveJreguJation，From the zJeSults for thelakes jn centraland northem  
Norway，naturalbackgoundlevelswereestimated，includingtheglobal－SCaledepoit・  
ion oftraceheavy metalsfrom the atmosphere．Consideringthat thebackground  
levelconcentrationswerenearlyequaltotheanalyticaldetectionlimits，thesame  
authors co汀】meJlted亡hat tbese estjmates were the upperlimits for thel】atura】  
baekgroundlevels．  
PoldoskiandGlassIO）measuredwaterscollectedatwesternLakeSuperiorand  
StreamSOfSuperiorNationalForestinthewi1dernessareainMinnesota．Concent－  
rationdjfferenceswerenotobservedbetweenthetwo】ocatjons，andtherangeand  
mean values were reported．The detectionlimit of the analyticalmethod（anode  
Strippingvoltammetry）waslowenoughforthedetermination．  
Davisonll〉determinedthetotalsolubleconcentrationsofcopper，Zinc，Cadmium，  
andleadforfilteredwaterofWindermereLakewithanodestrippingvoJtammetry  
analysISafterultra－Violetradiationtreatment，Exceptforzinc，themeasuredconL  
Centrationswereverylow and nearlyequaltothedata from ttbackgroundlevel’’  
areas．Similar results were obtained by Wieclawski12）for selectedlakesin the  
MasurianLakeDistrict．Traceheavymetalsinsolubleionicformswerecollected  
Withadithizonecolumn，and polarographic determinationswere performed．The  
datashowninTable5aresummarizedfromWieclawski’smonthlydetermination．  
Theselakesarenotinanoligotrophicstate．   
In the Great Lakes，the concentration oflabile metals was measured by  
Nriagu13）withflameatomicabsorptionspetrometryafterCo－APDCcoprecipitation  
method．Dataindicatedin Table5are from three openlake stations，Where the  
distributions offourtracemetalswasuniform．Muhlbaier andTisue14）determined  
cadmiuminthewatersofLakeMichiganwithisotopedilutionmassspectrometry，  
whichappearstobethemostreliableanalyticaltechniqueatpresent、Theresults  
obtainedwereintherangefromO．012toO．046JLgl‾l．  
ThelastcolumnofTable5indicatestheanalyticaldataofLakeMashuforthe  
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Shallow water（average of5－10m samples）．The measured concentration of each  
elementin Lake Mashu wateris herewith discussed，Aluminumin naturalfresh  
WaterS has recently beenwidelyinvestigatedin relation tolake acidification by  
acidicprecipitation．butnodatacornparableto LakeMashuwereobtainedinthis  
Study．Veryfewdataontitaniumandvanadiumareavailableintheliterature．The  
manganeseandironconcentrationsofLakeMashuarenotespeciallylowcompared  
Withthoseofotherlakes．ThelevelsaretyplCalvaluesforunpollutedoligotrophic  
lakescontainingampledissoIvedoxygen．Thecobaltconcentrationinnaturalfresh  
Waterisusuallyverylow．Amoresensitiveanalyticalmethodshouldbedeveloped  
todiscussthenatureofcobalt．Sometimes，itmayberelatedtobioactivecompounds  
likevitamin B．2．Nickelisoneoftheindicesofpollutionform petroleum andits  
COmbustionprocesses．Thoughatmosphericfall・Outmaybeonepossiblesource，itis  
difficulttoiustifytheverticaldistributionofnickelinLakeMashu（Table3），Where  
theconcentration ofsha1lowlakewatersshoweda slightincrease overdeeplake  
WaterS，TheconcentrationofnickelinopenOCeanSeaWaterisratherhigherthanin  
LakeMashuwater（0．2－0．7JLgl．1afterBrulandetal，15））andtheeffectofpollution  
frompetroleumanditscombustionisnotsosevereinLakeMashu．  
Reference data oncopper and zinc are plentiful．because these elements are  
importantinbothbioIogicalandtoxicsenses．InHegi’smonthlymonitoringdatafor  
Lake Constance8〉，these elernents showed an unsystematic seasonalfluctuation．  
However，LakeMashudosenothave ariverwaterinflow，andthewaterlevelis  
SuStainedonlybyprecipitationinflow．Thewatervolumeisverylargecomparedto  
theannualprecipitation，Whichmeansalongwaterresidencetime（Calculatedtobe  
aboutabout117years）．Hencethefluctl】ationofconcentrationsseemstobeless．A  
lowcopperconcentrationwillbeevidenceoflowcontaminationfrompollution，but  
thiswi11notnecessarilybethecaseforzinc，Sincebiologicaltransportationcanbe  
alarge decisive factorin the zinc concentration．Data for Lake Biwa（Table2）  
showed thelowest concentration．  
Themolybdenum recovery obtained with our preconcentration methodis not  
entiresatisfactory，buttheconcentrationlevelinLakeMashucanbeestirnated．The  
value（0．3JLgl．1）wassimilartotheresultobtainedbyBradfordetal．7）．  
Thoughcadmiumandleadinlakewaterhavebeenwidelyinvestigated，natural  
backgroundlevels are especiallylow and difficult to analyze．Allof the above・  
mentioned studies dealwith these two elements，but some of them could not  
determinetheanalyticalvalue．CadmiumconcentrationsinNorweglanSmalllakes，  
LakeSuperior，LakeMichiganandLakeOntariowerereadilyanalyzedabovethe  
detectionlimits．The Norweglanlakes showed ratherhigh concentrations，Which  
appears to be a geologicaleffect．In the GTeat Lakes，Cadmium concentration  
increases alorlgthe flow of water（i．e．，Lake Superioris thelowest，and Lake  
Ontariothehighest）．OurresultsfromLakeMashuwaterreflectthelowestofany  
levelscitedintheliteratures，Leaddeterminationisalsodifficultandnotabletobe  
performedinsomeofthestudiesreported．TheNorwegianstudyagainshowedthe  
highest value，and that on Lake Mashu displayed thelowest．From the vertical  
distributioninLakeMashu，1eadseemstooriginatedmainlyfromatmosphericfall－  
Out．  

From this survey of trace metalsin naturallake waters，the concetltration  
determin占dinLakeMashuappearstobesimilartoapproximatethelowestreported  
valuesin theworld．  
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3・5 ApplicatiolltOSeaWateramalysis   

ThepresentmethodisaJsoapplicabletotheanaIysisoftracemetalsinsea・  
Water・Using200mlofseawatersample，thesamepreconcentrationprocedurewas  
Carriedoutexceptforevaporationwiththerotaryevaporator，Sinceseawaterhasa  
high salt concentration. Surface seawater sample was immediately brought to 
】aboratory，fiJteredthroughaO■4〟mNuc】eporemembranef揖er，aCidifiedwith14  
Nnitricacid（30mlto8lsarnple）andstoredforabouttwomonths．   
Astheconcentrationfactor（aboutlOO）wasdifferentfromthatoflakewater，  
theanalyticalblanksandsensitivitieswerealsodifferent・Therecoveriesof20pg  
Ofe】ementsadded to theseawater（chelatjng and adsorptjon pH was7．O），the  
PraCticaldetectionlimitsofthismethodasobtained from thedeviationofblank  
Values，andtheconQentrationsdeterminedinthiscoastalsurfaceseawateraresh。Wn  
in Table6．Additionalrecoveries were almost the same as for thelake water  
matrix，butrecoveriesofsomeelementsdecreased，eSpeCiallythoseoflead and  
nickel■OTltheotherhand，reCOVeriesofmanganeseandcadmiumincreased．Sensiti－  
vities・eXCeptforzinc，areaboutfivetimesIowerthanforiakewateranalysis，  
becauseofthedependenceontheratiosofconcentrationfact。rS．  

TabJe6 Additionalrecovery，praCtiealdetectionJimit，anddetermiTled  

concentrationforseawateranalysis  

DL・praCtical  Concentration  Recovery  
Element  
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4．CONCLUSIONS  

Satisfactory performance was confirmed for a preconcentration method for  
tracemetalsinnaturalwatersusingchelationto8．hydroxyqulnOline foIlowedby  
adsorptiontoC．BChemica11ybondedsilicagel・Thisprocedurehastheadvantagesof  
rapid sample treatment，few sample manipulations，low analyticalblanks and  
simuItaneous multielement preconcentration ability a［a slngle set of treatment  
conditions．Thecomb山1ation withICPES ana】ysjsgives suffjcjezlt SenSjtivityand  
reproducibilityformanyelementsinnaturalwatersamples・Fromtheresults，the  
competenceofLakeMashuasabackgroundlevelmonitorlngstationwasassessed  
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incomparisonwithotherreferencedatafortraceelernentsinlakewatersaroundthe  
WOrld・On－Sitepreconcentrationcouldbepossibleconsideringthestrongadsorption  
Of8Lhydroxyquinoline chelates on CLB ChemicallyLbonded silica gel．Exclusion of  
SarnplepreservationshouldresultiTllowercontaminationandanalyticalblank．  
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摩周湖水中の微量金属の定量とその陸水環簾における  
ノー、ソクワラウンドレヘルについて  

野尻 幸宏1・河合 崇欣1・大槻 晃1   

摩周湖水中の微量金属（Al，Tl，Ⅴ，Mn，Fe，Co，Ni，Cu，Zn，Cd，Pb）の定量を行っ  

た。前濃縮には，8一ヒドロキシキノリンの金属キレートをC．8化学結合塾シリカゲルに吸着させ  

る方法を用いた。溶髄液を高周波誘導結合プラズマ（1CPES）によって分析することにより，天  

然水中のppbからpptの濃度範軌こある多くの微量金属の定量が可能となった。摩周湖水中（深  

度5－10m）の微量金属の濃度（ppb）は次のとおりであった。Fe2・6：A11，2：Mn O．76：Zn  

O．63：VO、15：CuO．069：TiO．06：PbO，05：NiO．027：Cd＜0．006：Co＜0．004。このよう  

に摩周湖水中の微量金属濃度は著しく低く，これまでの世界各地の湖掛こ関する報告と比較し  

た結果，摩周湖がバックグラウンドレベルモニタリングステーションとして，適していると考え  

られた。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町′ト野川16番2  
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Ⅶ．Method for Long Term Storage of EnvironmerLtal  

Samples   



Res．Rep．Natl．lnst．Environ．Stud．，Jpn．．No．79，1985  

ⅠⅠⅠ－1  

APreliminaryStudyonthePreservability  

ofBenzo〔a〕pyreneinStoredAtmospheric  

ParticulateMatterSamples  

YoshinariAMBEl，HitoshiMUKAIl，AkioYASUHARAl  

and Yoko YOKOUCHIl  

ABSTRACT  

Toexaminethepreservabilityofbenzo〔a〕pyreneinthestoredsampleof  
atmosphericparticulatematter，aStOrageeXperimentwasdesigned．  
Atmospheric particulatematter collected on the quartz glass fiber filter  

wasstoredinthefollowingfourconditions；（1）＋200C，air，（2）＋200C，argOngaS．   
（3）－20．C，air．（4）－200C，argOngaS．Benzo〔a〕pyreneconcentrationineach  
Samplewasanalyzedafter6months，Oneyearand2yearsfromthestartto  
tracethechangeduringthestorage．  
Aftertwoyears，benzo〔a〕pyreneinthesamplesstoredin＋200Cdecreased  
by28％oftheinitialvalueandill－20凸Citdecreasedby12％showingtheeffect  
oftemperature．Thedifferenceoftheatmosphereinthestorageboxshowed  
noslgnificanteffectonstorage．  
TheexperimentisstillgolngOnandthefinalresultswi11beobtainedafter  
OneyearOrSO．Fromtheresultsobtainedsofar，however，itwasconcluded  
tentativelythatthestoragemethodappliedinthisstudycannotalwayskeep  
benzo〔a〕pyrenein the atmospheric particles samples unchanged．Other  
StOrageCOnditionsshouldbestudiedfurthermore．  

1．1NTRODUCT10N  

Theneedforaso・CalledenvironmentalspeCimenbankforretrospectivestudies  
tomonitorlongtermenvironmentalpo11utionhasbeendiscussedforseveralyears．  
In connection with PAH and other pollutants contents，atmOSpheric particulate  
matterhasbeenconsideredasoneoftheimportantspecimenstobestoredinsuch  
abank．However，theestablishmentoftheactualbankinvoIvesseveralproblems  
Which must be studied prior to start a full－SCale banking systemlT3）．The pre・  
SerVabilityofthesamplematerials andsubstancesinthebankisoneofthe key  

1・ChemistryandPhysicsDivision，theNationalInstituteforEnvironmentalStudies．Yatabe－   
machi，Tsukuba，Ibaraki305，Japan．  
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problemstobeinvestigatedaswellastheselectionofsamplestobestoredinthe  
bank asindicatorsofenvironmentalchanges．  
Theinformationonthepreservabilityofmostenvironmentalsamplesduringthe  
long term storage over monthsislimited，and thisis also true of atmospheric  
particulatematter．However，inregardtothestabilityofPAHintheatmospheric  
particulate matter on the filter during the sampling time，SeVeralstudies have  
indicatedthatsomedegradationofPAH occursonthefilterspresumablyaffected  
byUV－radiation，NOx，0，andotheroxidantsintheatmosphere＝）   
Tomingas4）reportedthatnearly50％ofbenzo〔a〕pyrenecollectedonglassfiber  
filterdiminishedafteroneyearstorageintheroomcondition．  
Theseresultssuggestthatprotectionfrom suchfactorsisnecessaryforlong  
term storage ofPAHinatmospheric particulate matter．The present experiment  
WaSdesignedtoinvestigatethepreservablityofbenzo〔a〕pyreneintheatmospheric  
particulatematteronthesamplingfilterstored foralongtimeinseveralstorage  
COnditionsasameanstofindamoresuitablemethodofstorage．  

2．EXPERIMENTAL   

2．1S乱mple5  
Atmospheric particulate matter was sampled at the roadside near Shinjuku  
GyoenPark，Tokyo，inJune1981．Theroadhadheavycartraffic，andhighparti－  
Culate matter content and PAH from vehicular exhaust gaswasexpectedin the  
Samples．Sampleswerecollectedonfoursheetsofquartzglassfiberfilter（Palliflex  
2500QAOT）throughwhichairpassedfor70hoursusingsimultaeouslyfoursetsof  
highvolumeairsamplerswhichweresetsidebyside．Samplingwasdonetwiceto  
preparetwoseriesofsamplefiltershavingdifferentparticulatematterandbenzo〔a〕  
pyrenecontents．  

Fromonesheetofsampledfilter（20cmX25cm），12piecesofsmalldiscs（5cm  
diameter）werecut out asanalyticalsamplesusingastainlesssteelpunch．   

2．2 AIlalyticalproeedllre  
Theanalyticalsamplefilterdiscwasfoldedanddissectedinto5mmwidestrips  
WithastainlesssteelscissorsandputintoalOmlcentrifuglngtube．Afteradding  
lOmlof acetonitriland ultra・SOnic extraction for15minutes，the soIvent was  
centrifugedfor7minutes（3000rpm）．Theextractedbenzo〔a〕pyreneinthesuper・  
natantsoIventwasanalyzedbyHPLCcoupledwithfluorescencedetectorunderthe  
followlngCOnditions9‾11〉   

Instrument：HPLC（Waters700A）  
Column： Micro・Bondapak（i．d．1／8in．×1ft）  

SoIvent： Acetonitril／water  80／20  
Flowrate：2．Oml／min   
Detector＝ Fluorescent detector（HitachilOLC）（excitation wavelength366  

nm，fluorescencewavelength403nm）  
Theanalyticalresultwasexpressedasbenzo〔a〕pyreneweightperweight（ppm）of  
atmospheric particulate matter which was keptin the room with50％relative  
humidityandtemperature200Cuntiltheweightbecomeconstant，  
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2．3 Storageexperiment   
Theexperimentwasdesignedtochecktheeffectsoftemperatureandoxgenon  
thestabilityofbenzo〔a〕pyreneinthesamplesduringstorage，uSingthefo1lowing  
fourconditions．  

（1）＋200C inair  
（2）＋20－C inargongas  
（3）－20■C inair  
（4）－20凸C inargongas   

Thesamplefilterswereplacedonthestainlesssteelplate（20×25cm）andsetin  
theairtightstainelesssteelboxes（30×30×50cm）fi11edwithairorargongasand  
storedinthe20つCor－20■Cstorageroom．   
Asufficientvolumeofargongastoreplaceairinthecontainerwasintroduced  
throughapipeCOnneCtedtothecontainerbox．Thereplacedairwasdischarged  
fromthepipeonthesideofthebox．Twelvepiecesofanalyticalsarnplefilterdiscs  
werestoredineachofthefourconditionsandtwoeachdiscswereprogrammedto  
betakenouttromeachcontainerstoanalyzethebenzo〔a〕pyrenecontentafter6  
months，1year，2yearsand3yearsfromthestartoftheexperiment・  
ThedeterminationwasdoneinduplicateforeachanalyticalsmaplediscL   
Twoseriesofsampleswithdifferentbenzo〔a〕pyrenecontentwhichhadbeen  
sarnpledatadifferenttime，WereuSedinthisexperiment・   
Sincethesimi1arityofthe stored samples atthe start ofthe experimentis  
essentialforcomparisonoftheanalyticalresultsafterthestoragetofindasecular  
changeofit，thehomogeneityofthedistributionofbenzo〔a〕pyreneinthesample  
filterswasexaminedpriortothestorageexperiment・  

3．RESULTSANDDISCUSSION   

3．1RecoYeryamdblamktest   
Therecovery9fbenzo〔a〕pyreneinthisanalyticalmethodwasdeterminedby  
adding 
． 

。Ver92％foreachrun．Theblankvalueofthefilterforbenzo〔a〕pyrenewasO・O  

ppm・  

Tablel Recovery test for benzo〔a〕pyrene on the  
atmosphericparticulatematteronthefilter  

present  added  observed recovery  

％
 
 

2
 
4
 
2
 
 

9
 
9
 
9
 
 

46，3ng  5l・6ng  93．9ng  

56．4  154．8  201．6  

56，4  154．8  199．8  

3．2 Distribution ofparticulate matter and benzo〔a〕pyrenc concentration on  
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Sampledfilters   
Themean coefficient ofvariance ofthe weights ofparticulate matter of12  
analyticalsamplediscscutfromonesheetoffilterwasIA％andthatofbenzo〔a〕  
pyrenewas4．5％，bothreflectingnearlyhomogenousdistributiononthefilter．The  
COnCentrationsofbenzo〔a〕pyreneoffoursheetsoffilterswereapproximatelyequal  
asshowninTable2・Thisalsoassuredareliablehomogeneityinthesamplesatthe  
Startoftheexperiment，  

Table2 Comparison of the concentrations of benzo〔a〕pyrenein the  
simultaneouslysampledfourfilters．Samplingwasperformedtwice（1st  
arld2ndrun）  

Sampling run 
Filter No．  

1st  2nd  

5．2ppm   8．4ppm  

5．2  8．6  

5，4  8．2  

5．2  8．7  

5．3  8．5  

2．9  2．2  

TabJe3 Changeofber）ZO【a〕pyreneconce】1tratjonintheatmospheric  

particulate matter after two years storagein various  

COnditions  

Temp・Atmosphere Fi】ter（1982先′25，（1982完2′17）（1983デ6ノ27‥198。デ6′27）響×100  
1  5・2ppm   4・4ppm   4・1ppm   3．9ppm  25％  

】Ⅰ  8．7  7．4  6．9  5．9  22  

Ⅰ  5．4  4．6  4．1  3．8   

I1  8．2  6．9  （ト3  5．g  

1  5．2  4．8  4．7  4．7   

ⅠⅠ  8．5  7．7  7，4  7．6  

Ⅰ  5．2  4．7  4．4  4．6   

I1  8．5  7，7  7．2  7．2  

3．3 Storageexperiment  
Table3showsthe analyticalresults ofbenzo〔a〕pyreneconcentrationinthe  
atmosphericparticuJatematteratthestartoftheexperiment，after6months，1year  
and2years，reSpeCtivelyforeachseriesofsamplesstoredineachofthefourstoring  
conditions．Theduplicateanalysisforeachdiscagreedwithin＋2％tolerance．The  
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temp． gas  filterNo，  initialva［ue  

1 －－○－   112ng 5．20ppnl  
Ar  

17  一－q－  71．8 8．35  
－200C  

Air   
3  ‾－  105  5．20  

19  －・・・堰－  72．2 8．46   

Ar   
4  ‾‾○‾‾   110  5．37  

200C  
20  －一口ーー   66．5 8．20  
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Air  106  5．23  
18  －一名－－   73．1 8．56  
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Fig・1Changeofbenzo〔a〕pyrenecontentsintheatmosphericparticulatematteron  

thefiltersduringthestorage  

trends of changes expressed as a percentasge of theinitialvalues（100％）are  
illustratedinFig．1．Thetwoseriesoftestedsamplesgavenearlysimi1arresults，  
bothevidencingdecreasedbenzo〔a〕pyreneconcentrationsaccordingtothestorage  
conditions．   
Theaveragerateotbenzo〔a〕pyrenedecreaseduringthe亡estperiod（2years）  
WaS higher forthesamplesstored at20’C，reaChing28％oftheinitialvalue．The  
Samplesin－200C，Ontheotherhand，Werebothreducedbyanaverageof12％ofthe  
initialvalue．Thus，theeffectofthedifferenceoftemperaturewassignificant．The  
differenceoftheatmosphereinthestorageboxdidnotshowanyremarkableeffect  
inthisexperiment．However，aprOblemremainsastowhethertheargongasinthe  
COntainerwascompletelyreservedduringthe experiment，and furtherstudies are  
needed．   
Thereasonsforthedecreaseofbenzo〔a〕pyreneinthisexperimentcannotbe  
exactlyexplainedasyet．Theboxwasclosedanddarkinside，nOeffectoflightcan  
beconsideredtooccur．Fromthesedifferencesinthebehaviorofbenzo〔a〕pyrenein  
thedifferenttemperatureconditions，itisestimatedthatsomeeffectsofbiochemical  
OrChemicalreactionsotherthanthedecompositionbythereactionwithoxidantor  
byphotochemicalreactionsmightoccur，prOVidedthatnoescapeofbenzo〔a〕pyrene  
OCCurS．   

Anotherpossibilityistheevaporationloss ofbezo〔a〕pyrene from the filters  
duringlong storage time．Considering，however，that the vapor pressure of this  
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Table 4 Rate of decrease of benzoIalpyrene concentration during the 
storage time 

Temp．Atmosphere Filter lst6months 2nd6months thenextlyear  

l  －15％  －7％  －5％  

ⅠⅠ  一15％  7％  －14％  

J  15％  －11％  一 7％  

ⅠⅠ  －16％  － 9％  －6％  

Ⅰ  －10％  －2％  0％  

ⅠⅠ  －9％  4％  十 3％  

Ⅰ  －8％  －6％  ＋4％  

Il  －9％  一6％  0％  

substancejsverylow，thjsexplanatjonseems）essprobable．Therateofdecrease  
duringthefirst6monthsandthatofthefollowingperiodsarecomparedinTable4，  
whichshowsthatinthefirst6monthsstoragethedecreasingratewasapproximn－  
telytwicethatinthenext6months，duringthefollowinglyearthedecreaserate  
bacame almost zeroin－200C condition andin20qCit stilldecreased byseveral  
percents．Thissuggeststhatbenzo〔a〕pyreneintheatmosphericparticulatematter  
consistsofcomparativeJychangeablepartandmorestablepart．   
Thoughit seems unlikely，a queStion remainsif a part of benzo〔a〕pyrene  
changeditsformtoanunextractabeoneandconsequentlytheapparentconcentra－  
tiondecreased afterthestorage．Anotherexperimentisnecessaryto answerthis  
problem．  

4．CONCLUSION  

Thisexperirnentisstillgoingonandthefinalresultswi11beobtainedafterone  
yearorso．Fromtheresultsobtainedsofar，however，itwasconcludedtentatively  
亡ha亡thestoragemethodapp】jedinthjsstudycannotalwaYSkeepbenzo〔a〕pyrer）ejn  
theatmosphericparticlessamplesunchangedLOtherstorageconditionsshouldbe  
studied furthermore，  
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大気浮遊粒子試料中のへンソ〔∂〕パイレンの  

長期保存性に関する予察的研究   

安部喜也1・向井人史1・安原昭夫1・横内陽子1   

将来の環境試料バンクのための基礎として大気浮遊粒子試料中のペンゾ〔α〕パイレンの長期  
保存性を検討する実験を開始した。   

石英ガラスファイバーフィルター上に採取した大気粒子試料を（1）＋200C，空気中（2）＋200C，  

アルゴンガス中（3卜200C，空気中（4ト200Cアルゴンガス中の4条件で保存し，6か月，1年，  

2年後の変化を測定した。2年間にべンゾ〔α〕パイレン濃度は＋20つCの場合28％，200Cでは  

12％ほぼ減少した。温度条件の差は明らかであったが，保存雰囲気の差は明瞭でなかった。   

実験はなお継続中であるが，少なくとも今までの結果では，ここで行った保存法は，かかる試  

料の長期的保存法としては完全なものとはいえず，さらに各種の条件での保存法の検討が必要  

であることがわかった。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷関都町小野川16番2  
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Ⅳ．Survey and Analysis of UnideIltified Trace  

Organic Substancesin the ErLVironment   



Res・Rep・Nat】・1nst・Environ・S亡ud．．Jpn．，N。．79，1985．  

ⅠⅤ－1  

ASurveyAnalysisofRe5istaれtOrganicChemicals  

inWaterbyHighResolutioIIGasChromatography／  
Mass Speetrometry 

HiroakiSHIRAISHIlandAkira OTSUKIl  

ABSTRACT  

Non－pOLarorganiccompondsin aneffIuentfromadomesticwastewater  

treatment plant were analysedbylligh resolution gas chromatograph／mass  

SpeCtrOmetry．About seventy cornpounds wereidentifed．The presence of  

halogenatedmethoxybenzenesanddimethoxybenzenes（fungicide）．oxadiazon  

（herbicide），methylated triclosan（disinfectant），alkylphenolethoxylates and  

diethoxylates（surfactant）wasindicated．  

1．INTRODUCTION  

Manysyntheticorganiccompoundshavebeendischargedintotheenvironment  
throughdisposal，Onlytocauselocalandglobalwaterpollutionproblems．Somany  
Syntheticorganiccompoundshavebeenmanufacturedthatitisnecessarytoselect  
Specificcompoundsformonitorlnginordertosafeguardwaterquality．TheEPA’s  
tpriority pollutants”1）are one example of alist of compounds for monitoring  
industrialwaste water discharge．Priority pollutants are129specific compounds  
includingl140rganic（with17pesticidesand7PCBs）and15inorganicmetalsorions．  
Among them71compounds are halogenated organic compounds．However，the  
priority pollutantsinthe EPAlist are only the beginning of the monitoring of  
industralwastewaterdischarges．1tisdesirabletoidentifyorganiccornpoundswhich  
aredischargedintothewaterenvironmentanddecidewhetheraddthosecompounds  
to thelist after consideration of thelevels present and thelikely environrnental  
impact，for monitoring not onlyindustrialwaste water but also naturalwater  
SyStemS．   

Theobjectofthepresentstudyistoidentifyunknownresistantorganicpollu－  
tantsinwater，inaso・Calledsurveyanalysisoforganiccompounds．Highpriority  
WaSgiventopersistentorganicchemicals，Whichwi11remaininthewaterenviron－  
mentforlongerperiods．Effluentfrombiologica11yactivatedsludgeplantscontains  

1・Chemistry and Physics Division，the NationalInstitute for Environmen（alStudies・   
Yatabe－maehiTsukuba，Ibaraki305Japan．  
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manypersistentorganicchemicals，becausethebiologicaldegradationprocessisone  
Oftheimportantroutesforremovalofdegradableorganicchemicalsfromthewater．  
Thus，effluentfrombiologicallyactivatedsludgewasexaminedinthisstudy．  

Sincemanycompoundsareexpectedtobepresentinaverylowconcentration  
OflessthanlOJ9gperliter，apreLCOncentrationwasrequiredbeforeanalysis．Many  
methodsforconcentrationofsolutesfromwaterattracelevelshavebeendeveJop・  
ed2）．Anextractiontechniqueisusuallyselectedfromamongliquid・1iquidextract・  
ion3）．reverseosmosis4），Closedloopstripping（CLS）5〉，headspacesampling6・7），OrreSin  
adsorptiontechniques8），dependjngupon theproperiesand coneentratjonsofcom・  
pounds to be analyzed．The XADr2resin adsorptiontechnique seems most con－  
Venienttohandleseveralhundredlitersofwater，andhasbeensuccessfullyapplied  
fowateraT）a）ysis，Butitissome丘mesreportedthatthepresenceofjmpuritiesin  
blanksfromtheXAD－2resinmakesitimpossibletolowerthedetectionlimit9・10）．A  
COntinuousliquidLliquidextractionmethodlト13），Oftenusedinpesticideanalysis，Can  
ConVenientlyhandleseveralhundredlitersofwaterandprovideanexsremelylow  
reagentblank，becauseit requiresonly one ortwohundredmilliliters of organic  
SOIvent．A continuousliquid－1iquid extractor ofthe kind wasusedin the present  
Study，With some modifications to extract non・pOlar organic compoundsin a  
domesticwastewatertreatmentplant．  
Hexaneextractswerestillaquitecomplexmixture，andtheconcentrationsof  
COmpOundswereextremelylow．Thepresentinvestigatorsusedfusedsilica capil・  
】aryGC／MSforiderltiLicatjonaTldsem；－quantifjcat；on．Morethanonehundredmass  
SpeCtraCanbemeasuredinoneGC／MSrun，buttheywerenotalwaysfoundinthe  
massspeetrumdatabase14）LIdentificationoftheexactmolecularstructuresofthe  
COmpOUr］ds，Ont上Iebasisoftheinterpritationofmassspectrum，isaccompaniedby  
SOmedifficulties．Co11ectionofadditionalinformationisrequired，SuChasliquidor  
gas chromatographic behavior，Or Classification of compounds based upon their  
acidity and polarity．Other spectroscopic studies，SuCh as nuclear magnetic re・  
SonanCe andinfra－red spectroscopy，Were nOt Sufficiently sensitive for diluted  
eomplexmixtures．Theknowledgeofsourcesonwhattypesofcompanydischarge  
into this water treatment plant，may be very helpful，but this plant treats only  
domestic water．   

The present study attempts to determine how GC／MS play a rolein the  
elucidationofmolecularstructures，andreportstheresultsofsomeeffortstofind  
IleWpOJlutarltSjntheeff）uentfromactjvatedsludgepJants．  

2．EXPERIMENTAL   

2．1Modification ofextractor   
As reported by Stachelet al】3），the decreasein waterJeveJwhich occurred  
duringextractionmadeoperationoftheAhnoffandJosefssonextractor11〉difficult．  
1n order to overcome this undesirable phenomenon，the continuousliquid－1iquid  
extracsor（see Fig．1）was modified to regulate the waterlevel．A commercial  
automaticwaterIeveIcontroHer（NissinRikaCo．，ModeZAL－66r）operatinginon－Off  
delaymodewasused．Thewaterlevelismonitoredbyaninfra－redsensoronthe  
sidearmoftheextractor．1fthewaterleveldrops，airispumpedoutthroughaone－  
waygJassvaJve，thuscausmgapartjaJvacuumhlSjdetheextractor・ThefJowrate  

－84－   



ASurveyAnalysisofResistantOrganicChemica】sinWaterbyGC／MS  

f Suction Pump 

Fig．1Amodifiedcontinuousliquid－1iquidextractor  

Ofwaterintotheextractorthenincreases．Thepumpingspeedanddelaytirnewere  
ad5ustedsoastopreverltChatteringofthewaterlevel．Tofacilitatechangingofthe  
extractorhead，atranSparentglass）Ointwasadoptedinsteadofthestainlesssteel  
flangeoriginallyusedll〉．   

2．2 Samplimg  
Twohundredlitersofeffluentwasextractedby150mLofhexaneonJuly6th  
8th，1983attheKasurnigauraKohokuRegionalSeweragePlant．TheflowTateOf  
theeffluentintheextractorwas68ml／min．RecoveryofhexanewasaboutO．141  
（morethan94％）．Thehexaneextractwasdriedbysodiumsulfate（about5g）and  
COnCentratedtoafewmi11ilitersonarotaryevaporator．andthentol．OmLuTldera  
nitrogenstreamatroomtemperature．AftertheconcentratewasanalyzedbyGC  
andGC／MS，itwasfurtherseparatedintothreefractionsbysilicagelchromato－  
graphy．Theextractwaselutedbyhexane，dichoromethane，andfinallyether．Each  
fractiongaveamuchrnoreresoIvedpeakinGCandGC／MS．  
Fig，2shows the sewer service area of the Kasumlgaura Kohoku regional  
SeWerage SyStem．Principalwater treatment facilities are grit chambers，pumpS，  
primarysettlingtanks，aerationtunks，SeCOndarysettlingtanks，dualmediafilters，  
anda chlorinationtank．  
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Fig・2 Sewer service area of Kasumigaura Kohoku regionalsewerage  
SyStem  

2．3 Apparatus  

ThegaschromatographwasaShimadzuGC7Awithflameionizationdetector  
and a universalcapfIlary Lnle亡SyStem（SGE，AustralIa）．Helium was used as the  
carriergas．Flexiblecapillarycolumns（25m），methylsilicone，（Hewlett－Packard）  
and CP Si15CB（Chrompak，Netherlands）were used．Mass spectrometry was  
performedonaDX300doublefocusingmassspectrometer（JEOL，Japan）fitted  
witha Hewlett－Packard5700modelGC．Thecolumnwasdirectlycoupledtothe  
massspectrometerL Thecolumntemperaturewassetat40BCfor4min，fo］Jowedby  
a∫1increaseto2500Catarateof8’C／min，andthenheldat250BC．Theinjector  
temperaturewas2500Candtheheadpressureofthecolumnwasl・Okg／cm2・The  
massspectrometricconditionswereasfollows‥aCCelaratingvoltage・3kV；ionizing  
current，300／‘A；ionizingvoltage，70V；SCanrange，m／zlOto400；SCaninterval，  
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2s．AJMS－3500rnass data analysis system（JEOL，Japan）was used．Chemical  
ionization（CI）massspectrometrywasperformedusingmethaneandisobutaneas  
thereagentgases．   

2．4 Materials  
Thehexanewaspesticidegrade（WakoPureChem，Ind．，Ltd）andrequiredno  

further purificationbefore use．Distilled water waspurified by a Milli・Q system  
（MilliporeCorp．）．   

4LChloro－1－（2，小dichlorophenoxy）－2－methoxybenzene（methyltriclosan）was  
prepared from triclosan（Irgasan DP300，Ciba・Geigy）by methylationwith diazo－  
methane．   

Styrenewaschlorinatedasfollows：Concentratedhydrogenchloridesolution  
wasaddedintoa20％sodiumhypochloridesolutionandchlorinewastrappedby  
Chloroform．Chloroformsolutionofchlorinewasaddedtothechloroformsolution  
（25ml）ofstyrene（2g）atOOC．ChlorinewasevaporatedandthereactionmiⅩture  
WaSanalyzedbyGC／MSwithoutanyfurthertreatment．  
TheotherchemicalsusedinthisstudywerepurchasedfromWakoPureChem．  
lnd．，LtdandTokyoChem．Ind．Co，，Ltd．   

2．5 Recoverytest  
TheextractorwasfittedwithasmallreservOirandaHershbergtypedropping  
funnel．Water（100ml）was pouredinto the funrleland then5JJlof a standard  
methanoIsolution（0，5mg／ml）ofPAHswasaddedtothewater．Thissolutionwas  
dynamicallydilutedbyaddingitdropwisetoaglassreservoirthroughwhichwater  
WaSflowingat55ml／min．Thedilutionfactorinthecellwas250，SOthatthenet  
COnCentrationflowingthroughtheextractorwaslOOng／lperCOmpOnent．Thetotal  
VOlume of water extracted was25l．Recoveries（％）of naphthalehe，fluorene，  
phenanthrene，andfluoranthenewere84，85，88and85，reSpeCtively，  

3．RESULTSANDDISCUSSION  

Fig．3showsareconstructedionchromatogram（RIC）oftheeffluentextract，  
andTablelliststhecompoundsidentified．Halogenatedorganiccompoundsfound  
inthe extractwere tetrachloroethylene，Chlorohexane，dichlorobenzene，hexachlo－  
rocyclohexaneisomer，Chlorinatedandbrominatedanisoles，Chlorinatedandbromi－  
nated dimethoxybenzenes，Chlorinated methoxytoluene，trichloroaniline，and mass  
SpeCtrahavingcharacteristicsofchlorinatedunknowncompoundsweremeasured．  
2，6－Di－t・butyl・benzoquinone，3－t－butyl・4－hydroxy anisole，2，6Ldi－t・butyl－4－methy－  

1phenolareantioxydizeranditsoxidationproduct．Thepresenceof3，3－dimethyl－1，  
5－di十butylbicyclo（4，1，0）hexane2－Oneinriverwaterwasalreadyreported15）．Poly・  
nuclear aromatic hydrocarbons（PAHs）foundin the extract were naphthalene，  
dibenzofuran，fluorene，phenanthrene，fluorantene，pyreneandchrysene．Thelevels  
OfthesePAHswerea11belowlOng／1．   
GC／MS analysisrevealedtherefairlylargeamountsofchlorinatedmethoxy  
benzene derivativesin the extract．Their mass spectra showed the presence of  
intensemolecularion（M）＋withchlorineisotopeion，andM r15（CH3），M－15－  
28（CO＝ons．Then（M）＋anditsisotopeionpeak（M十2）＋wereselectedfol－these  
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Table 1 List of 

No  Name  diagonostic ions 

Tetrachloroethylene  
Chlorohexane  

Dichlorobenzene，p  
Hexylether，i  

Hexylether，1  
Hexylether，i  

＋Naphthalene  
Dichloroanisole，1  

Hexylether，i  

HexyletheT，i  
Dich］oroanisole，i  

Dichloroanisole，i  
2－Methylnaphtalene  

Hexylether，n・  
Dichloromethylanisole，i  
＋1－Methylnaphthalene  

Dichloromethylanisole，i  
Trichloroanisole，1  

Dichlorodimethxybenzene，i  
Dibromoanisole，1  

Biphenyl  
Trichloroaniline，i  

Bromodichloroanisole，i  
Dichlorodimethoxybenzene，i  

Dichlorodimethoxybenzene，i  
Trichloroanisole，2，4，5－  

Bromodichloroanisole，i  
Trichloromethylanisole，i  

Chlorodimethoxyxylene，i  
2，6ditbutylbenzoqulnOne  

＋Acenapthene  
3tButyl4hydroxyanisole  

＋3，3－dimethyl－1，5－di－tLbutyト   

bicyclo（4，1，0）hexan－2－One  

Dibenzofuran  
＋Dibromochloroanisole，i  
2，6diLtLbutyl－4Lmethylphenol  

3’02  57，43，41，91，93  

5’26   146（M），148，111，113  

8’34  85，43，73，69  

8’40  85，43，73，69  

8’44  85，43，129，111  

128（M）  

8’58   176（M），161，178，163  

9’36  43，85，73，69  

9’42  43，85，129，57  

10’24   176（M），178，133，135  

10’32   176（M），161，178，163  

10’42   142（M），141  

10’48  85，43，56，57  

10’58   190（M），175，192，177  
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142（M），141  
190（M），192，  
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206（M），208，  
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2
 
1
 
2
 
 

）
 
1
 
0
0
 
 

伽
1
9
2
6
 
 

154（M），153，77  

195（M），197，199  

256（M），241，254，  
206（M），191，208，  

191，193，206（M），  
210（M），212，195，  

256，254（M），241，  
209，211，224（M），  

200（M），185，202，  
220（M），177，205  
154，153  

180（M），165  
221，236（M）  

9
 
3
 
0
0
 
7
 
D
O
 
6
 
7
 
 

3
 
9
 
0
 
9
 
5
 
2
 
5
 
 

14’00  

14’18   168（M），139  

300，302，285，298（M）  

14’34   205，220（M）  

imeansisomer．？indicatestentativeidentification．  
R，T．meansRetentionTime（min’sec）．Thecolumnwas25mCPSi15CB・  
M／zislistedintheorderofrelativeintensities・Mmeansmolecularion・  
op1and OP－2mean octylphenolethoxylate and octylphenoldiethoxylate・  

respeCtively■  

NP－1and NP－2mean nonylphenolethoxylate and nonylphenoldiethoxylate，  

respectively・  

Peak No，referstoFig．3－8．  
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compound identified 

R．T．  diagonosticions  No  Name  

246，244（M），248，231   

14◆48   256，254（M），241，258  
15●04   244（M），246  
15’18   166（M），167  

15’42   296，294（M），298，281  
15’4邑  344，346，329，331，342（M）  

15’50   281，296，279，283，294（M）  
15’58   105，77，182（M），135  

16，12   240（M），242  
16’30   246，244（M），248，231  

16’50   219，217，183，181，288（M）  
17’26   280，275，273，282，278（M）  
18タ04  178（M）  

19†24   179，135，215，250（M）  

20’10   179，135，264（M）  

20，24   208（M），1鋸，152  
20’34  207，165，221，264（M）  

20’40   149，223，205，278（M）  

20’56  193，165，107，235，264（M）  
21’06   207，193，107，264（M）  

21†14  207，165，107，264（M）  
21’30   139，107，103，141，245  
21’40   139，107，103，141，245  

22，32   302（M），304，252，254  
22’58  223，135，45，57，294（M）  
23’28   175，177，258，302，344（M）  

23’54  251，265，209，121，308（M）  
24’06   237，279，107，45，308（M）  

24’10   237，45，308（M）  
24’16  237，45，209，279，308（M）  
24’22  251，45，107，121，308（M）  

24，24   237，45，149，308（M）  
25’58   228（M）  

26’14  149  

26’40  149  

27’16   149，167，279  

＋Tetrachloroanisole，i  

＋unknown  

32  Bromodichloroanisole，i  

33  Brom（dimethoxyxylene，？  

34  FIuorene  

35  Dibromodimethoxybenzene，1  

36  Tribromoanisole，1  

37  Dibromodimethoxybenzene，1  

38  Benzophenorle  

39  TrichlorodinletOXybenzene．？  

40  Tetrathloroanisole，i  

41  （rBHC  

42  Pentachloroanisole  

43  Phenanthrene  

44  0P－1  

45  NP－1  

46  AnthraqulnOne  

47  NP－1  

48  Dibutylphthalate  

49  NP－1  

50  NP－1  

51  NP－1  

52  unknown  

53  unknown  

54  Methyl－tricIosan  

55  0P－2  

56  0ⅩadiazoT1  

57  NP－2  

58  NP－2  

59  NP2  

60  NP－2  

61  NP－2  

62  NP2  

63  Chrysene  

64  t｝hthalate  

65  Phthalate  

66  Diethylhexylphthalate  
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20  26  30  RT  

Fig．3 Thereconstructedionchromatogram（RIC）oftheeffluemextract  
（Thecolumnwas25mCPSi15CB．）  

halogenatedaromatics，andaqualitativesurveywasdoneonthemasschromato・  

graphy．   
Fig．4，5and6showmasschromatogramsofchlorinatedanisoles，dimethoxy  
benzenes，andmethylanisoles，reSPeCtively・Dichloroanisole，trichloroanisole，tetra－  
chloroanisole，andpentachloroanisole，dichloro－andtrichloro－derivativesofdime－  
thoxybenzeneandmethylanisolewerefound・Brominatedmethoxybenzenesfound  
intheextractswerebromodichloroanisole，Chlorodibromoanisole，dibromoanisole，  
tribromoanisole，bromodichlorodimethoxybenzene，anddibromodimethoxybenzene・  
ThemasschromatogramofbrominatedderivativesisshowninFig・7and8■The  
resultofsemi・quantificationofmethoxybenzenederivativesintheeffluentisshown  
inTable2．ItwasknownthatbiologicalmethylationofchlorophenoIstakesplace■  
Hence，Chlorinatedhydroxybenzenederivativeswerepresumedtoexistbutwerenot  
detectedin the extract by means of mass chromatography．This suggests that  
polyhalogenatedphenoIsmaybeeffectivelyremovedbytheactivatedsladgeplant・  
Miyazakielal・16）reportedthepresenceofpolyhalogenatedanisolesandphenoIsin  
oysterscollectedfromTokyoBay・Theyfoundtrichloroanisole，tetraChloroanisoles・  
pentachloroanisole，bromodichloroanisole・Chlorodibromoanisole，and tribror  
moanisoleintheoysters▲Allcompoundswerealsodetectedinthisstudy・Pentachlo－  

roanisolemaybederivedfrompentachlorophenol，Whichhasbeenwidelyusedasa  
herbicidein paddy fields untilabout twenty years ago，anditis stillused as a  
fungicideinwoodproducts・Di－，tri－，andtetrachloroanisolesmaybedegradation  
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280  

278  

248   

244   

212   

210   

178   

17¢  

8  10  12  14  1¢  18  

min  

Fig．4 Masschromatogramofchloroanisoles  
DichloroanisoIe（m／z176，178）：Trichloroanisole（m／z210，212）：  
Tetrachloroanisole（m／z244，246）：Pe11taChloroanisole（m／z278，280）  

1（〉  12  1ヰ  18  18  

mh  

Fig．5 Masschromatogra叩Ofdimethoxybenzenes  

Dichlorodimethoxybenzene（m／z206，208）  
Trichlorodimethoxybenzene（m／z240，242）  

l■I  

Fig．6 Masschromatogramofchloromethylanisoles  

Dichloromethylanisole（m／z190，192）  
Trichloromethylanisole（m／z224，226）  
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Fig・7 Masschromatogramofbromoanisoles  
Dibromoanisole（m／z264，266）  
TribromonisoJe（m／z342，344）  

Fig．8 Masschromatogramofbromochloroanisoles  

Bromodichloroanisole（m／z254，256）  
Chlorodibromoanisole（m／z298，300）  

Table2 Semi・quantification of Halogenatedmethoxybenzenederivativesinthe  
effluent（ng／l）（Based on relative peak area of molecularions to2，6  
dichloroanisole：Recoveryisnotcorrected，）  
a）HalogenatedAnisoles  
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 ND＝Not Detected．tr＝trace  
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products17）orimpuritiesofpentachlorophenolandotheragricultralchemicals，SuCh  
as2，4LD．Sincethepresenceofbrominatedderivativesinoysterswasreportedlthis  
typeofcompoundmaybecommonlypresentinwaterenvironmentLSourcesfor  
brominatedmethoxybenzenesareatpresentunclear・   
FigL9showsthemassspectrumofanotherchlorinatedorganiccompoundfound  
intheextract．CImassspectrumshowsintense（M＋H）＋ionatm／z345・Fragment  
ionshavingcharqcteristicsofchlorineisotopeionpeak were foundinElmass  
spectrum atrn／z302（M－42），258（Mp42－44），202，and175（basepeak），andinthe  
lowermassregionirltenSeionswereatm／z41，43and57・Themassspectraindicate  
thatmolecularweightwas344andthemoleculemaycontaintwochlorine，dichloro－  
phenoxy，Carboxygroup，butyl，andpropylgroups・Althoughthestructurecouldnot  
bededucedfromthemassspectrum，itwas foundbyconsultingwith alist of  
pesticides that2－butyl－2，4－dichloro－5－isopropoxyphenyl）rl，3，4－0Ⅹadiazolinr5▼One  
（0Ⅹadiazon，herbicide）consistedoftheaboveirlterpretations，andthisidentification  

Tlヽ  

10  

5  

0  

50  100  150  200M／Z  

Ttヽ  

10  

ら  

0  

250  300  8ら○  ■001d／Z   

Fig．9 MassspectrumOfoxadiazonextractedfromtheeffluent  

50  100  1引）  200u／ヱ  

280  き00  ユ50  ●001」／Z   

FigLlO Massspectrumofmethyl－triclosanextractedfromtheeffluent  
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WaSCOnfirmedbycomparisonofitsGCretentiontimeandmassspectrLLmWiththat  
Ofthestandard．0Ⅹadiazonhasbeenwidelyusedasapre－emergenCeherbicidein  
paddyfields18），andithasbeenreportedinsurfaceandtapwater．Therearepaddy  
fieldsinthesewerserviceareaofthisplant，SOOXadiazon，halogenatedanisolesand  
dimetoxybenzenes may derive from agriculturalrun・Off and can be carried by  
SeWerS．  

Fig．10showsmassspectumofanunknownhalogenatedcompoundfoundinthe  
extract．Ion clusters at m／z302were shifted by one mass unitin methane and  
isobutaneCImassspectrum．Thisindicatesthatmolecularionism／z302，andhas  
threechlorinespermolecule．Fragmentionat252maybedueto（M－Cl－CH3）or（M  
－CH2CトH），but no fragmentions due to（M－Cl）or（M－CH3）were found．Sma11  
fragmentionatm／z217andm／z232mayreflectthelossofthreeandtwochlorine  
atoms，reSpeCtively，fromamolecularion．lonatm／z189maybeinterpretedasthe  
lossofCOpluschlorineatomfromm／z252fragmention．Nosignificantionwas  
foundinthelowermassreglOn，SOthisunknowncompoundwasassumedtobean  
aromaticcompound，andtheCH2Chainrnaynotbeincludedinthemolecule．The  
lossofCOmayindicatethepresenceoEphenoxygroup．Thenapossiblemolecular  
formulaisC．3H9C1302．Nolossofchlorinefromthemolecularionwasobserved，SO  
theCH，Clgroupmaynotbepresent．Theionatm／z252maybeduetothelossof  
Clplus CH。．Then the unknown compound may have three chlorine atoms，One  
phenoxy，Onemethyl，Onephenyl，andoneoxygenatom．Manyisomersarepossible，  
but4Chloro1（2，4－dichloropheoxy）－2－methoxybenzenemaybethemostprobable，  
because unmethylated derivative（5－Chloro－2－（2，4Ldichorophenoxy）phenol，Triclo・  
San）is an antibacterialagent which has been widely used as a preservativein  
cosmetic and detergent preparations．This was confirmed by comparison of the  
massspectrumandGCretentiontimewiththatofsynthesizedauthenticstandard．  
Triclosanhasbeenfoundinindustrialwastewatersln，andveryrecentlymethylated  
tricosanwasdetectedinfreshwaterfishfromtheTamaRiverfeedingTokyoBay20）．  
However，thismaywellbethefirsttimemethylatedtricosanhasbeendemonstrated  
intheeffluent fromadomesticwastewatertreatmentplant．  
The other class of compoundsidentified was octylphenolethoxylates and  
nonylphenolethoxylates．Fig．11showsmassspectraofoctylphenolethoxylate（OP  
－1）andoctylphenoldiethoxylates（OP－2）．Alkylphenolethoxylateswereknownas  
degradationproductsofpoly（oxyethylene）alkylphenylether，nOnionic surfactant，  
Whichwerealreadydetectedinriverwater21）．Persistenceofalkylphenolethoxylate  
insewageeffluentwasreported22）．Massspectraofoctylphenolethoxylate（OP－1）  
and octylphenoldiethoxylate（OP－2）showed a base peak at m／z179and223，  
respectively．Theseionscancanbeexplainedbyaruptureofbenzylicbondinthe  
octylsidechainresultinginalossofC5Hl．fromthemolecularion．Hence，OP－1and  
OP－2haveα，α－dimethyl．structureinthealkylsidechain．Theremainingpartof  
thealkylgroupcouldnotbededucedfromthemassspectrum，butthemassspectra  
of OP－1and OP－2 are analogous to the mass spectrum of 4－（1，1，3，3，－tetra－  
methylbutyl）phenoltriethoxylatereportedbySheldonandHite23），Thoughnoother  
isomeric OP derivatives was detected，there were manyisomers of nonylphenol  
ethoxylates．TakingintoaccountthefactthatruptureOfbenzylicbondisfavored  
inalkylphenollethoxylate，itwasconcludedthatα，α－ethylmethylandα．α－diethyl  
（orα，α－prOpylmethyl）struCtureSWereabundantthanα，a－dimethylstructurein  
the nonylside chain（Tablel，Fig，12）．1t may be first time that alkylphenyl  
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ethoxylatewasfoundfromanitrifiedeffluentofbiologicalsewagetreatment．   
Massspectrahavingcharacteristicsofhalogenatedcompoundweresti11found・  
Fig．13shows one of the mass spectrum Of an unknown halogenated organic  
compound，Twosimilarspectrawereobtained，SOatleasttwoisomerswerepresent・  
Thefragrnentationpatternofthemassspectrumsuggeststhatthecompoundmay  
bechlorinatedaromatics．Ionsofthehighestm／zvaluewerefoundatm／z245and  
atm／z247（isotopeion）．Noadditionalionpeakwasfoundinthehighermassregion  
in methane andisobutane Clmass spectrum of the extract．Three significant  
fragmentionswereseenatm／z139，107，andlO3，Fragmentionsofm／z139and141  
mayhaveonebenzeneringandonechlorineatom・Apossibleformulaforthision  
maybeC7H．C100rC。HBCl．Absenceof139－28（CO）peaksuggeststhatthelatteris  
moreprobable，Fragmentionofm／zlO3maybeduetothelossofIiClfromm／z  
139，anditspossibleformulaisC，H，00rC8H，．Thisionalsosuggeststhatm／z139  
maybeduetoC。H島Cl，becauseitmaybemorelikelytoloseHCl・Apossibleformula  
forionatm／zlO7isC7H9NorC7H60．Ifm／z245isconsideredamolecularion，then  

Tlヽ   
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2ら0  300  350  ●001Jほ  

Fig．11Massspectraof（a）octylphenolmono・and（b）di・ethoxylate  
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Fig，13 MassspectrumOfunknowncompoundfoundintheeffluentextract  
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Fig．14 Reconstructedionchromatogramofchlorinationproductofstyrene  

unknowncompoundsshouldcontainodd－numberednitrogenatomandonechlorine  
atomandpossibleformulaisC．．H．3CINOorC15H．7CIN．Fromtheconsiderati。nOf  
thefragmentationpattern，N・methylphenyl・P－Chlorobenzamide，N・（4Lmethyphenyl）  
Ll－Chloromethylbenzylaminewerepreparedasauthenticstandards，butboththeir  
massspectrumandGCretentiontjmedjdnotmatchthoseoEuIlknowncompounds．  
Thus・it wasconsidered that m／z245is not molecularion and no nitrogenis  
COntained・becauseanevennumberoffragmentionswerenotfoundinthemass  
SpeCtrum・Fortunately・unknowncompoundswerefoundinthechlorinationproducts  
OfstyreneLFig・14showsanRICchromatogramofchlorinationproductsofstyrene．  
ChloroethenylberLZeneSandl，2Ldichloroethylbenzeneweremaiorproducts，andtrace  
amountsofby・prOductswerefoundfrom26to30minutes．Fig．15showsamass  
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Chromatogramofunknowncompoundsfoundintheextractsandby・prOductsonthe  
Chlorination reaction ofstyrene．It was found that GC retention times and mass  
SpeCtrumWereeXaCtlymatchedwitheachother．Buttheexactstructurecouldnot  
bedeterrninedatthisstage．  

4．CONCLUSION  

The analysis of hexane extractive organic compounds in the effluent of a 
SeWage treatment plantindicated the presence of many synthetic organic com－  
pounds．Alkylphenolmono－anddi・ethoxylatemaybedegradationproductsofpoly  
（0Ⅹyethylene）alkylphenylethers，Whichareusedforhouseholddetergentorpesticide  
emulsifier．Halogenatedmethoxybenzenederivativesandoxadiazon，Whichmaybe  
derived from agriculturalrun－Off，Were detected．Methylated triclosan may be  
derivedfromtriclosan，Whichisusedincosmeticsordetergents．  
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高分離能刀スフロマトクラブ／質量分析法による  
水中の未確認汚染物賞の検索  

白石 寛明1・大槻 晃l′   

連続液々抽出法により水中の有機化合物をヘキサン中に抽出した。抽出物をキャビラリーカ  

ラムを用いたガスタロマトグラフ質量分析法により分析した結果、ノ＼ログン化メトキシベンゼ  

ン，ジクロロベンゼン，ヘキサタロロシクロヘキサン，メチル化トリタロサンやオキサジアゾン  

などの多くのハロゲン化有機化合物が検出され，更に，非イオン界面活性剤てして使用されてい  

るポリオキンエ■テレンアルキルフェニルエーテルの分解物と考えられる教程のアルキルフェ  
ノールエトキシレートの存在が明らかとなった。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野州16番2  
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ⅠⅤ一2  

AnalysisofOrganicSubstancesinSoot  

Akio YASUHARAland MasatoshiMORITAl  

ABSTRACT  

Sootisoneofimportantconstituentsinairbomeparticulate汀Iatter．lnthis  

Study，naPhthonaphthacene and nitropyrene derivativein soot wereinvesti・  

gatedfromviewpointofcarcinogenicityormutagenicity．   

Naphtho［2，1，8qn］naphthacene（1），a higher homologue of benzo［a］－  

pyrene，Whichi占knowtobecarcinogenic，WaSdetectedinthesootfromapublic  

garbagefurnace（14．9JLg／g）andfromahomefurnace（0，15／Jg／g），bothbygas  

Chromatography－maSS SpeCtrOmetry and highperformanceliquid chromato－  

graphy－fluorescencespectrometry．   

トNitropyrene（1I），Whichisfoundinfairlylargeamountsindieselexhaust，  

isverymutagenicandunstableinlightorheat．1twasverifiedthatastructure  

Of a photolysis product（III）fromIIwaslnitro－2－pyrenOlon the basis of  

Various spectrometric data，ⅠIIhas not beendetectedin the environment to  

date．  

1．INTRODUCTION  

Althoughmuchinformation and many analyticalmethods on organic compo・  
nentsin airbome particulatematter，SOOt and exhaust have already been report－  
edl‾◆），they are very complex and not fully understood．There also remain many  
problemsastothetoxicityoftheseorganicmaterials．Muchattentionhasbeenpaid  
tothecarcinogenicormutagenic compounds，but resultshavebeen clearonly for  
SeVeralcmpOundsincludingbenzo［a］pyreeandbenzo［a］anthracene・Therefore・  
itseemslmpOrtanttOSearChandcllaraCterlZeunknowncompoundsinthesemater・  
ialsinordertoassessthedangertohumanhealth andtoestablisha monitoring  
SyStemfortheenvironment．  
Sootis one ofimportant constituentsinairborne particulate matter．Many  
interestingcompoundsmightexistinsoot，Sincesootisformedduringcombustion  
processofvariouskindsoforganicmaterials．Thepresentresearchwasundertaken  
OntWOCOmpOunds，naphtho［2，1，8－qra］naphthacene（l）andaderivativeofl・nitro・  
pyrene．ItwasofinteresttodeterminewhetherI，ahigherhomologueofbenzo［a］r  
pyrene，Whose alternate name are naphtho［2，3－a］pyrene and2，3－naphtho－1，2－  

1・ChemistryandPhysicsDivision，theNationalInstituteforEnvironmentalStudies▲Yatabe・   
machi，Tsukuba．1baraki305Japan．  
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pyrene，is carcinogenic．l，PreparedbyCook and Hewett5）firstly，Showedclear  
CarCinogenicity6JB〉．ThepossibilityofIinairborneparticulatematterwasshownby  
Sawickietal．9・10），Recently，PierceandKatz川detectedIinatmosphericaeros01sby  
acombinationofthin一1ayerchromatographyandfluorescencespectrometry．   
Itiswellknownthatstronglycarcinogenic andmutageniclnitropyrene（ⅠⅠ）  
existsindieselexhaustandairborneparticulatematter12－16），Itwasconfirmedthat  
lIisformedfrompyrenebynitrationwithNOxlト19）．Someanalyticaltechniques  
havebeen developed fordetermination ofIl2022）．SinceIIis fairly unstable and  
reactiveagalnStheatorlight，itisimportanttoknowwhatoccursbythermolysisor  
photolysisandwhetherthereactionproductsarecarcinogenicormutagenic．  
ThisreportdestribesthedeterminationofIinsootandtheelucidationofthe  
productfromIlbyphotolysis．  

2．EXPERIMENTAL   

2．1Syれthe虞sofmaphtllO［2，1，8－q伯］maphthaceIle（Ⅰ）   
1，2一（0－Phthaloyl）pyrene（3．59g），Whichwaspreparedfrompyreneaccordingto  
theliterature2〉，WaSeXtraCtedfromaSoxhletapparatusintoasuspendedsolutionof  
LiAIH．（4．95g）inboilingtetrahydrofuran（350ml）for17h．Theexcesshydridewas  
decomposedwjthmoistether（5Oml），aLldthen6MHC】so］utior）（50ml）wasadded．  
After the mixture was refluxed for30min to complete the decomposition，the  
aqueouslayerwasseparatedfromtheorganiconeandextractedseveraltimeswith  
benzene．Thecombined organiclayer wasconcentrated to drynessunderreduced  

て中将  
Naphtho【2．1，8－qra］naphthacene（Ⅰ）  

Scheme 1 

pressureafterdrYingonanhydrouspo亡assiumcarbonate．DeepredcrystaJsofI（2．  

63g）wereobtainedbyarecrystallizationofthecrudeproductfrombenzene，yield  

80．4％．ThesecrystalsweredissoIvedinboilingxyleneandrapidlypassedthrough  

ashortcolumnofalumina（Merck）withheatinordertoeliminatetraceamountsof  

contaminants．The filtrate was recrystallized from xylene togive deep orange  

王eafletsofl：mp273－2750C（1i亡．rnp5）2730C）；IR（KBrdisk）3040，900，880，840，825，745，  
740，690，480cmJl．Anal．Calcd．forC24Hl．：C，95．33；H，4．67．Found：C，95．12；H．4．71，   

2．21王ⅩtraCtionofPAHsin sootsamples  

Sootwascollectedfromthelowerpart ofapublicgarbage furnacechimney  

whereaheavyoilhadbeenused．SoJubLematterwasextractedwithboilingbenzene  
（200rnL）for24h from the soot（1．83g），the extractswere concentrated and the  
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precipitatedmatterwasfiltered．Thefiltratewasdirectlyanalyzedwithoutseparat・  

ion．Anothersoot samplewasobtainedatthebottom ofahomefurnacechimney  

wherefirewoodwasburnteveryday．Organicmaterialswereextractedbythesame  

method asdescribed above from thissoot（13．57g）．Theextractswere chromato－  

graphedonalumina（Merck，30g）．Thefirstfraction，elutedwithhexane（300ml），  

contained main1y aliphatic hydrocarbons．AllPAHs wereinvoIvedin the second  

fraction，Whichwaselutedwithbenzene（500mE）．Thesecondfractionwasconcentr  

ratedandseparatedfurtherbypreparativethin－1ayerchromatographyusingsilica  

gelplate and al：1benzene／hexane soIvent．The part corresponding toIwas  
scratchedoffandPAHswereextractedwithethylether．AllsoIventsusedwereof  

pesticidegradeandredistilledbeforeuse．   

2．3 Gaschromatography－maSSSpeCtrOmetry（GC／MS）  

MassspectraweremeasuredbyusingaJEOLModelJMS－DX300massspectro－  

meter connectedwith a Hewlett Packard5710A gas chromatograph and aJEOL  

JMA－3500mass data analysis system．GasLChromatographic conditions were as  

follows：COlumn，1％0V－1（1m x3mmi．d．）；COlumntemperature，2000Cfor2min  

followedbyanincreaseto310凸Catarateof8BC／min；injectiontemperature，350BC；  
helium flowrate，18ml／min．Mass－SpeCtrC．metricconditionswereasiollowsこion・  

SOurCetemperature，3100C；ionrsourcepressure，1×10L6Torr；ionizingcurrent，300  

FEA；ionizingenergy，70ev；aCCeleratingvoltage，3kV；SCanrange，m／zlOO－400；SCarl  

speed，1，5s／scan；repetitiontime，3．Os．   

2．4 HighperformanceliquidchromatographyイIuorescence  

spectrometry（HPLC／FLS）  
AWatersMode17000Ahighperformanceliquidchromatographwasusedwith  

a HITACHI650－10LC fluorescence detector，The operating conditions were as  

follows：COlumn，／rBondapakC18（1／8in Xlft）；SOIvent，80：20acetonitrile／water；  

flowrate，2．Oml／min：eXCitationwavelength，294．40r335．Onm（slitwidth，10nm）；  

emissionwavelength，463．2nm（slitwidth，10nm）．   

2．5 Photolysisofトnitropyrene（11）   

II（0．490g），preparedaccordingtotheliterature23），WaSdissoIvedinacetonitrile   

薗  
1－Nltro－2－hydroxypyrene川l）  

Scheme 2 
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（1000ml）andthesolutionwasirradiatedwitha400．Whigh－PreSSuremerCurylamp，  
whichemitsthelightofwavelengthover250nm，underexposuretoairfor5h・   

2．6Isolationofphotolysisproduct（ⅠⅠⅠ）  
Reactionproductswere checked withthin－layer silica－gelchromatography・  
wherethesoIventwascarbontetrachloride．Two spotswere observed．Thespot  
withtheRfvalueofO．42coincidedwiththereferencespotofII．AnewcoIllpOund  
（III）withtheRfvalueofO．53wasseparated frornlIbycolumnchromatography  
usingsilica－gel（Merck，140g），Wherecarbontetrachloridewasusedasanelution  
soIvent．TheamountofrecoveredIIwasO．282g．DeepredneedlesoflII（0．167g），  
whichwereeasilysublimated，WereObtainedbyrecrystallizationfrombenzene：mp  
227－2290C．Anal．Found：C，72．86；H，3．48；N，5．20．IR，UV，maSSandNMRspectra  
were measuredwith HITACHIMode1285GratingInfrared Spectrophotometer，  
HITACHIMode1323RecordingSpectrophotometer，JEOLModelJMS－DX300Mass  
SpectrometerandJEOLModelJNM－GX400FTNMRSpectrometer，reSpeCtively・  

3．RESULTS AND DISCUSSION  

GC／MSorHPLC／FLSisexpectedtobebetterthanthepreviousmethodll）to  
analizenaphtho［2・1，8AqYa］naphthacene（Ⅰ）・ThemチSSSPeCtrumOfIisshowninFig・  
1．Molecularanddouble－Chargedionswerepromlnentlyobserved，beingacharac－  
teristicpatternofPAHs．CombinationofseparationtechniquebyGCandselective  
detection by MSis extremely effective for the determination ofIevenin the  
presenceofvarious PAHs．Masschromatographyat m／z392，300and151was  
performed foridentification．Typicalmass chromatograms are shownin Fig・2・  
The peak due toIappeared strongly at retention time12・14minin the mass  
chromatogramofm／z302．Itwasconfirmedwithpeakenhancementbyspikinga  
standardsampleLAIso，maSSSpeCtraattheretentiontimecorrespondingtothatof  

＞
ト
ー
S
N
山
ト
N
－
 
山
）
－
「
く
」
山
∝
 
 

100  150  200   

300  350  400  

MASS NUH【＝ER  

Fig．1MassspeCtrumOfnaphtho［2，1，8－qra］naphthacene（I）  
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Fig．2 Masschromatogramsoftheextractsfromsootsamples  
㈹soot fromthe publicgarbage furnace：（B）soot from the home furnace．  
Peaksindicatedwitharrowcorrespondtot．  
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Fig．3 UltravioletandvisibleabsorptionspectrumofIintetrahydrofuran  
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Fig・4 Fluorescenceemissionspectrum（A；eXCitationwavelengthof294．4nm）  
andexcitationspectrum（B；emissionwavelengthof463．2nm）ofI   

5  

TIMEJmin  
5  10  

TIM E／min  

Fig．5 Highperformanceliquid chromatograms of soot extractsfrom the  
publicgarbagefurnaCeWithafluorescencedetectionof463nm  
㈹excitationwavelengthof294nm：（B）excitationwavelength of335nm・  
PeaksindicatedwitharrowcorrespondtoI・  
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5  

TIH EJmin  

5  

TIM亡／mln  

Fig．6 Highperformaceliquidchromatogramsofsootextractsfromthehome  
furnacewiththefluorescencedetectionof463nm  
㈹excitationwavelengthof294nm：（B）excitationwavelength of335Tlm・  
Peaksindicatedwitharrowcorrespondtol．   

Iagreedwiththemassspectrumofastandardsample・   
Anionofm／z302cancomefromC24H1．（mol．wt302）andC2．H．2（mol．wt300）  
species．InordertodistinguishC2．H．．fromC2。H12，amaSSChromatogramatm／z  
300was needed．The major peakin the mass chromatogram at m／z300was  
assignedtocoronene・Therefore，thepeak ofthesameretentiontimeasthatof  
coroneneinthemasschromatogramatm／z302wasascribedtocoronene，Another  
smallpeakinthem／z302masschromatogramwasthoughttobeoneoftheequal  
molecularweightisomersofI．Pierce andKatzll）detectedfourhexacycliccom・  
poundshavingthesamemolecularformulasofC24H14，includingI・intheextracts  
fromairborneparticulatematter．ThedetectionlimitofIbyGC／MSwassubnano・  
gramsinthestandardsample．   

Further confirmation was carried out by HPLC／FLS where reverserphase  
columnshowshighresolutionandfluorescencespectrometryprovideshighselecti・  
vityandsensitivityfortheanalysisofPAHs・Ultravioletandvisibleabsorption  
spectrumandfluorescenceemissionandexcitationspectrao‖＝ntetrahydrofuran  
areshowninFig．3and4．Thedetectionlimitwasestimatedtobelpgforpure  
standardsamplewithS／N＝2byusing294Or335nmeXCitationwavelengthand  
463－nm emission wavelength・Figs・5and6show the chromatograms of soot  
samplesobtainedwith294－and335－nrn eXCitationwavelength・Peak assignment  
andquantificationweremadebythestandardadditionmethod・Itisnoteworthy  
thatthechromatogramisnotsimpleevenwiththehighresolution（N＝4500）by  
HPLCandselectivefluorescencespectrometricdetection．  

Contaminationin extraction and fractionation processes was not observed・  
Recoveryfromairborneparticulatematterwasquantitative（100．9％）・Theexist－  
enceofIinsootwasverifiedbothbyGC／MSandHPLC／FLSmethods．Analytical  
resultsbyHPLC／FLS（excitationwavelength，335nm）were14，9FLg／gforsootfrom  
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Fig．7 Massspectrumofphotolysisproduct（ⅠⅠⅠ）  

Fig．8 UltravioletandvisibleabsorptionspectrurnofIIIintetrahydrofuran  
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Fig，9InfraredabsorptionspectrumofIIl（KBrdisk）  
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Fig・10400MHzIH－NMRspectrumOfIIIintetrahydrofuran－dB   
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Fig．11InterpretationoffragmentationinmassspeCtrumOfIII  

thepublicgarbagefurnaceandO．15FLg／gforsootfromthehomefurnace・Iwasnot  
detectedinairborneparticulatemattersamplednearabypassatOhomiyanorin  
dust accumulated on a filter of the air-conditioner at the National Institute for 
EnvironmeJltaユStudjes．Shcesootisonesourceofenvjrorlmentalcontaminationby  
PAIis，furtherinvestigationisnecessarytoestablisharoutineanalyticalprocedure  
andtoestimateitsconcentrationinthe environment．   
PhotolysisprQduct（1Il）oflLnitropyrene（Il）wasfairlystableinlight，buteasily  
decomposedjTISOJutjonbyheatjng・IIIwasconvertedtoadarktar－1ikesubstance  
by contactwith active alumina・Figs■7，8，9andlO show mass，ultraviolet and  
visible，infrared and400MHzIH－NMR spectra，reSpeCtively・The molecular  

－111－   



A．Yasuhara and M．Morita  

200  

MASS NUHBER  

Fig．．12 MassspectrurnofreductiorlprOductofIII   

formula of11lwas suggested to be C．6H9NO，based on element analysis．This  
estimation was assured byinterpretation of mass spectrum．Molecularion was  
observed at m／z263，and the number ofcarbon atomsin a molecule ofIIIwas  
calculatedtobe16，basedonisotopicratioatm／z264vs．263．Themassspectrum  
wasinterpretedasshowninFig．11．ThepresenceofnitrogroupwasalsodemonL  
Stratedbyinfraredspectrum．   
ItwasverysignificantforthestructuralelucidationthattheRfvalueofIIIwas  
higherthanthat ofIIinthin－1ayerchromatography andthattherewasabatho・  
chromicshiftintheUVspectrumofIII．Thesefactsagreedwithvicinalpositionof  
thenitroandhydroxylgroups．ThelH－NMRspectrumwasinterpretedasshownin  
thescheme．FurtherconfirmationwascarriedoutbymeansofreductionofIIIwith  
hydrogen and palladium／charcoalat room temperature forlOmin．The mass  
spectrumofthereductionproductisshowninFigure12．Isotopicratioofpeaksat  
m／z234vs．233andfairlystrongpeakatm／z232indicatedthatthisproductwasト  
aminor2pyrenOl．Onthebasisoftheseresultsandestimations，Il［wasdetermined  
tobel－nitro－2－pyrenOl．  

A few trials to detectIIlin airborne particulate matter and soot were un・  
successfulbecause no suitable analyticaL method was available、Adsorption or  
thermaldecompositionofIIIinGC／MSwasobservedandIIIdidnotshowstrong  
fluorescenceinHPLC／FLS．  
SinceintropyrenoIsareanticipatedtoshowgreatercarcinogenicitythannitroL  
pyrene24），itisofgreatinteresttostudyIIIforitspossiblemutagenicity・According  
totheexperimentsbyL8frothetal・25），mutagenicityofIIIhasbeensimilartothat  
ofbenzo［a］pyrene．ThedeterminationofIIIintheenvironmentwillbethenext  
subjectforstudy．  
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すす中の有機物質の分析  

安原昭夫1・森田昌敏1   

大気粉じんの重要なひとつであるすすに関連して，発がん性あるいは変異原性を有するナフ  

トナフタセン及びニトロビレンを研究した。   

ベンゾ［α］ビレンの高級同族体であるナフト〔2，1，8一即Ⅵ〕ナフタセン（1）は発がん性を有す  

ることが既に確かめられている。この研究ではガスクロマトグラフィー質量分析法及び高速液  
体クロマトグラフィーけい光分光法を用いて㌧ゴミ焼却場及び家庭のかまどの煙突から採取し  
たすすから，14．9及び0．15／Jg／gのⅠを検出した。   

ディーゼルエンジンの排ガス中にかなり含まれている1一ニトロビレン（ⅠⅠ）は強い変異原性  

を有する化合物で，光や熱に対して不安定であると言われている。この研究ではアセトニトリル  

中，11に光を照射したときの生成物が1ニトロー2－ビレノール（ⅠⅠⅠ）であることを機器分析に  

より決定した。現在，環境中からⅠIlは検出されていない。  

1・国立公害研究所 計測技術部 〒305 茨城県筑波郡谷田部町小野川16番2  
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V．High1y Sensitive Methods for Trace  

Pollution Analysis   



ResLRepLNa［1・Inst・Environ・Stud・・Jpn・，No．79．1985．  

Ⅴ－1  

I）eterminationofUltratracePolycyclicAromatic  
HydrocarbonsintheWaterofLakeMashuwith  

IIPLC／Time・reSOIvedFluorometry  

NaokiFURUTAlandAkiraOTSUKIl  

ABSTRACT  

ByreplaclngtheXelampofaconventinalfluorometerwithaN2］aser－  
pumped dyelaser as an excitation source，a time－reSOIved fluoresceIICe  
measuremelltSyStemWaSdeveloped，ThemeasuremetltSyStemWaSuSedasa  
detectorforhighperformanceliquidchromatography（HPLC）．   
Adetectionlimit．whichisdefinedastheamounttoproduceasignalthree  
timesthestandarddeviationofthebackgroundnoise，Of180fgwasachieved  
forbenzo［a］pyrene．Themeasurement precision was3．9％．The deve）oped  
instrumentwasappliedtothedeterminationofultratracepolycyclicaromatic  
hydrocarbons（PAHs）inthewaterofLakeMashu．   
AfterallowingforextractioneEficiency，analyticalresultsofO，009ng／l，  
0・007ng／l，andO．014ng／lwereobtainedforbenzo［k］fluoranthene，benzo［a］L  
pyrence，andbenzo［ght］perylene，reSpeCtively．  

1．INTRODUCTION  

Somepolycyclicaromatichydrocarbons（PAHs）areknowntobemutagenicand  
CarCinogenicl）・Biosynthesizedbyplantsandsoilbacteria，theyarealsoproducedin  
hightemperaturereactionsofforestfiresandvoIcanicactivities．Ontheotherhand，  
fargreaterquatitiesofPAHsoriginatingfromman－inducedcombustionprocesses  
arereleasedtotheatmosphere．AsignificantproportionofPAHs，formedbyeither  
naturalsourcesorhumanactivities，isdecomposedbyphoto－OXidation．However，  
SOmePAHs，Whicharenotdecornposed，COntaminatetheupperlayersoftheearth，  
WherefalloutofPAHsoccurs．Someofth皐sfalloutwillbecarriedtorivers，1akes，  
and，eVentually，OCeanS2l・Untilthe beginning of the present century，a natural  
balancebetweenformationanddegradationofPAHsensuredalowandconstant  
naturalbackground concentration．However，Withincreasingindustrialdevelop－  
ment，the PAHs originatlng from human activities have disturbed the balance，  

1・ChemistryandPhysicsDivision．theNationallnstituteforEnvironrnentalStudies．Yatabe   
machi，Tsukuba，lbaraki305，Japan．  

－117－   



N．Furuta andA－Otsuki  

leadinggraduallytoincreased environmentalconcentrations3）．The PAH concent－  
rationscanbeusedasanindicationofthepollutionexistinginagivendistrict．In  
SuChcases，theconcentrationsofPAHsexistingundernaturalconditionsareusedas  
thebackgroundJeveJofPAHs．AccordingtorecentreviewsconcerningPAfIsinthe  
aquaticenvironment4・5），thePAHconcentrationinunpollutedwatercanbeestimated  
tobelessthanlng／l（ppt）．TodeteminesuchlowPAHlevels，improvedanalytical  
methodsarenecessary6）．  
Afluorescencemeasurementsystemutilizlngapulsedlaserhasbeendeveloped  
forextremelysensitivedetectionofPAHs．Thereisnodoubtthatlaserfluorometry  
hasabigadvantagewithrespectto sensitivityinthedetermination of PAHs at  
ultratracelevels．However，eVenmOreSelectivityisnecessarywhenthelaserfluoro－  
metryis applied to measure PAHsin environmentalsamples．In recent years，  
togetherwithgaschromatography（GC），thetechniqueforseparationofPAHswith  
high・performanceliquidchromatography（HPLC）hasbeenirnproved7），andseparat・  
jollWjtbHPLChasbee】1Wideユyapp】iedtotl】edetermjnationoff■AIJsjntbeaquatjc  
environmentB・9）．The use oflasers as a detection system for HPLCis generating  
greatinterestlO・川，DieboldandZare12）havesucceededinobtainingadetectionlimit  
（S／N＝2）of750fgforaflatoxin，andFolestadelal．13）haveestablishedaminimum  
detectionlimit（S／N＝10）oE20fgforfluoranthene byutiZizimgHPLCseparation  
followedbyCWlaser・inducedfluorescencedetection．Amajorshortcomingofthese  
fluorometersislessflexibilityinwavelengthselectionduetoaCWlaser．Tunability  
is muchlarger with a pulsedlaser through a wider selection of both dyes and  
doublingcrystals．Inthisstudy，time・reSOIved fluorometrybasedon apulsedlaser  
WaSuSedasadetectionsystem forHPLC．  

2．EXPERIMENTAL SECTION  

2，1IrLStrumentation  

AblockdiagramoftheinstrumentisshowninFig．1，Thepumpingsourceof  
thedyelaserwasaMolectronModelUV・14nitrogenlaser．Thepeakpowerandthe  
pulsedurationoftheN2laserwere425kWandlOns，reSpeCtively，Itwasoperated  
atarepetitionrateof16Hz．ThedyelaserusedwasaMolectronModelDL14．The  
twodyesused tortunjngtheJaserwerePBD［2・（1，1’Lbiphenyl）・4・Y）－5rphenyJ・1，3，4・  
0Ⅹadiazole］andBBQ［4，4”’－bis［（2・butyloctyl）0Ⅹy］quaterphenyl］，reSpeCtively，forthe  

360・386nm and373・399nm wavelength regions．The energy of the dyelaser  
measured with a MolectronJ3pyroelecric joulmeter was O．4mJat366nm and  
O．96mJat386nm．A smallportion of the N21aser beam was detected by a  
photodiodetoprovideatriggerpulseforadigitalboxcarintegrator（ModelBXr531，  
NFCircuitDesignBlockCo．，Japan）．Thelaser・inducedfluorescencewascollected  
atrightanglesto thelaserbeamandwasdispersedby amonochromatorwith a  
Rowland circle of15cm diameter．A side－On photomultiplier（Hamamatsu R446）  
withbasewiringmodification‖）wasemployedatanappliedvoltageoflkV with  
aModelPH・7A（Japan Electronic MeasuringInstrument Co．，Japan）power su・  
pply．The fluorescencesignalwasde】ayedfor150nsbyaTektronix ModeJ7Mll  
delaylineto circumventtheinherentboxcargatepulsedelay（150nsforthedigital  
boxcarused），andthenfedintothedigitalboxcar．Thedigitalboxcarenables me．  
asurementofthe fluoreseencesignalduring the gatewidthwithan appropriate  
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N2 LaSBr Dye Laser 円uorom如r  HPLC   

Fig．1Laser・induced fluorescencemeasurement systemin conjunctionwith  
HPLC  

Ml，mirrorlor N2laser；M2，mirTOr for dyelaser；M3and M。，tDTOidal  
mirrors；M，，plainmirror；M6，Sphericalmirror；Lland L2，Cylindrical  

lenses；G．，ruledgrating；G，，COnCaVegrating；PM，photomultiplier；PD，  
photodiode．   

delaytimeafterthe triggerpulseisacquired・Therearetwogateunits＝aTektro－  
nixS－5samplingheadunitwhichhasafixedgatewidthoflns，andaNFCircuit  
DesignBlockvariablegateunitwhosegate widthrangeislOnsto5ms・Inthis  
experiment，the、quantitativemeasurementOfPAHswascarriedoutwithagate  
width oflO ns．   

The HPLCconsisted ofaWatersAssociatesModelM－60001iquid chromato－  
graphpumpandModelU6Kinjector．ThecolumnusedwasaWatersAssociates  
Radialpak A（8mmXlO cm）and FLBondapak C18（4mmX30cm）L The sample  
chamberconsistedofaModelFP－1030（JapanSpectroscopicCo．，Japan）flowcell  
system．Theactivevolumoftheflowcellwas15ylL   

2．2 Samplimg  
LakeMashuissituatedinthenorthernpartofJapan；ithasthehighestrecorded  
valueoftransparencydepth（41．6m）intheworld．Thereisnoriverflowingintoit  
andnoroadnearthelake，SOitislittleexposedtotheeffectsofhumanactivies・A  
specialdevicewasconstructedtocollectwatersamplesofLakeMashudirectlyinto  
a3lseparatingfunnel．Thewatersamplewascollectedatadepthof5minthe  
centerofthelakeonSept，9，1982．   

2．3 Extractionprocedures   
Thewatersampleof2lwasplacedina3lseparatingfunnel，andlOOmlof  
redistilledcyclohexanewasaddedasanextractionsoIvent，attheshoreofLake  
Mashu．Theseparatingfunnelwasfixedinarugged，lighttightbox，andbrought  
backtothelaboratorybycar．Infact，thefunrlelhadbeenthorough1yshakenduring  
transport for6days untilthe extraction procedure could be conductedin the  
laboratory．Aftertheseparatingfunnelwasshakenfor30minby ashaker，the  
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emulsionwasallowedtostandforlday．Thecyclohexanelayerwasco11ectedinto  
a200mldistillingfIaskthroughaprewasheda血ydroussodjumsu】fatelayer■After  
thecyclohexanelayerwasseparated，theseparatingfunnelwasrinsedwith20mlof  
redistilledcyclohexane．Thecombinedcyclohexanesolutionswere evaporatedto  
smallvolumebydisti11ationinarotatingevaporator・Theconcentratedsolutionwas  
transferredtoalOmlKuderna・Danishtube，Afterthesolutionwastransferred，  
the200mldistillingflask wasrinsedwith5mL ofredistilledcyclohexane・The  
COmbinedcyclohexanesolutionswereevaporatedtodrynessandO・5mL oface・  
tonitrile was added．For the extraction procedure blank，100mlof redistilled  
cyclohexanewasaddedtoa3lseparatingfunnelwithoutawatersample，andthe  
sarneextractionproceduresasdescribedabovewereconducted．Fortheextraction  
procedure，125mlofredistilledcyclohexanewasused・Therefore，inordertocheck  
thesoIventblank，125mlofredistilledcyclohexanewasevaporatedtodrynessand  
dissoIvedin O．5mlofacetonitrile、   

2．4 RecoYery  
For the recovery experiment of PAIIs atultratracelevels，Organica11y free  
waterwasprepared．Distilledwaterwas purifiedbytheMillipore CorpLMilli・Q  
systernequippedwithtwoion－eXChangeresincartridges（Ion・Ex）andoneactivated  
carboncartridge（Organex－Q）．Thewatersocollectedwaspassedthroughatrace  
organic rernovalcartridge（Millipore Norganic）and then filtered under vacuum  
throughaNucleoporelFLmfilter．TheNBSStandardReferenceMaterial（SRM  

1647），Whichcontained16PAHsatJLg／m11evelsinacetonitrile，WaSuSed forthe  
recoveryexperiment．TwolitersoftheorganicalJyfreewaterwastakenin a3l  
Separatingfunnel，andalmlportionofSRM1647acetonitrilesolutiorldilutedby  
afactorof25000wasadded．Theseparatingfunnelwasthenshakencontinuously  
forldaytomiⅩthoroughly．Inordertoreproducetheanalyticalconditionsusedfor  
theLakeMashuwatersamp】e，theseparatingfunnelwasallowedtostandfor6days  
aftertheadditionoflOOmlofredisti11edcyclohexane．Thesubsequentextraction  
procedureswerealsothesameasthoseusedfortheLakeMashuwatersample．   

2．5 Reagentsandglassware   
Ethanoland acetonitrileusedinthisexperimentwerepurchased from Wako  
PureCllemicalIndustries，Ltd．Theformerwasguaranteedreagentgradeandthe  
latterwasaguaranteedgradefortheanalysisofpesticides．Theywereusedwithout  
further purification．Cyclohexane WaS ultraviolet spectrometric grade obtained  
from WakoPureChemicaJhdustrjes，Ltd．azld wasdjstjJled twjceat260C under  
VaCuuminarotatingevaporator．Anhydroussodiumsulfatewasalsoobtainedfrom  
WakoPureChemicalIndustries，Ltd．，andwasfluorescencespectrometricgrade．All  
PAHcompoundswereobtainedfromcommercialsourcesandusedwithoutfurther  
purification；naphthalene，phenathrene，aCenaphthene，aCenaphthylene，anthracene，  
pyrene，benz［a］anthracene，benzo［a］pyrene，anddibenz［a，h］anthracene（allfrorn  
Wako Pure ChemicalIndustries，Ltd．），fluorene，fluoranthene，triphenylene，Chry－  
sene，and perylene（allfrom NakaraiChemicals，Ltd．），beふzo［b］fluoranthene，  
benzo［j］fluoranthne，and benzo［k］fluoranthene（allfrom P．K．Chemical，Ltd．），  
benzo［e］pyreneandbenzo［ghi］perylene（allfromAldrichChemicaJCo．，Ltd．），and  
indeno［1，2，3－Cd］pyrene（TokyoKaseiKogyoCo．，Ltd．），   
Allglasswarewascleanedwithacetoneanddetergents，andthenthorough1y  
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rinsed with disti11ed water．The cleaned glassware remainedin contact with a  

SOlutionofpotassiumdichromateformorethanlweek，andpriortousewasrinsed  

withdeionized andredistilled water．  

3．RESULTSANDDISCSS10N   

3．1Time・reSOIvedfluoromctryasadetectioIISyStem fl）rIIPLC   
TimeLreSOIved fluorescencechromatogramsobtained atdifferentdelay times  
areshowninFig，2．TheNBSs亡andard（SRM1647）wasdi】utedwithacetonitrjJeby  
afactorof250，and25JLlofthesolutionwasirljectedintotheHPLCcolumn．The  
separation of PAHs was performed by a Radialpak A column with the use of  
isocraticelution（80％acetonitrileinwater）ataflowrateof3．OmE／min．Byuseof  
a PBD dye，a tuned dyelaserirradiated the eluent at366nm，and theinduced  
fluorescencewasmeasuredat403nm，Withadelaytime from OnstolOnsafter  
excitation，StrOngbaselinedriftresultsfromdriftofstraylight，Ramanscattering．  
andshort・1ivedfluorescencefromtheHPLCeluent，Withadelaytimefrom20nsto  
30ns′thebaselinedriftdecreased，andthechromatogramwiththebestS／N ratio  
WaSObtained．After40nsdelay．theS／N ratiodecreasedbecausethefluorescence  
intensitydecreased．With adelaytimeadjustedfromOnsto20ns，thechrornato・  
grampeakobservedatareter）tjor）tjmeof3′8minisassignedtoanthracene．Since  
anthracenehasarelativelyshortfluorescencelifetimeof4．9ns15），thefluorescence  

isgreatlyreducedinmagnitudeaftera30nsdelay．ItisclearfrornFig．2thateven  
withthemoderategatewidthoflOns，Short－1ivedPAHscanbedistinguishedtrom  
longLlivedPAHs．However，mOrepreCiseseparationofPAHsbyuslngthelifetime  
differencerequirestheimprovementoftimeresolutionofthet（）talsystem．lmasaka  

叫●p hl叫＝●（M●  

lox＝808r■叫入研一＝ヰ○；I－州   ○・8‾  
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0    6   10  1d  

R■t■ntlo¶Tln■tm仙l  

0    8    10   18  

R●t●nll011Tlm●lnl軋l  

Fig．2 Liquidchromatogramsforamixtureof16PAHs（SRM1647）withtime・  
resoIvedfluorometry  

ChromatographicconditiDnSWeTeaSfo1lows‥RadialpakAcolumn；80＝20  
（V／v）acetonitrile・Water；flow rate，3・O ml／min・Fluorescence detection  
conditionswereasfollows：bandwidth，5run；timeconstant・1s・  
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et al・16）construCted a transversely excited atmosphericLpreSSure N21aser and  
achievedatimeresolutionoflAnsbyusingasubnanosecondtunabledyelaseras  
anexcjtation50urCe・aSubrlanOSeCOndresporlSephotomu】tjpller，anda sampling  
OSCilloscopewithabandwidthoflGHz．  

OptimumoperatingconditionsforthedeterminationofB（a）Pweredetermined  
by changlng ParameterS SuCh as thedelay time，the column，the dye，the time  
COnStant Of the boxcarintegrator，and the bandwidth of the monochromator．  
ComparedwjthaRadialpakAcolumn，JLBondapakC18COZumngavepoorerseparat－  
ionperformancefor B（a）PandB（k）F，butitwasneverthelessused forthe PAH  
Separationbecausethefluorescencesignalwastwiceaslargeduetoalowerflow  
rate・Asthepulseenergyofa BBQdyeishigherthanthat ofa PBDdye，the  
detectioncapabilitywasimprovedbyusingaBBQdye．DetectionlimitsofB（a）P  
WereObtainedbyoptjmjzjr）gthetjmeconstar）tOftheboxcarintegratorandthe  
bandwidthofthemonochromator．Tablelsummarizesthedetectionlimitsobtained  
byacuvettece11andaflowcell，reSpectively・Thedetectionlimitswereimproved  
byincreasingthe bandwidth from5nm tolO nrn，and were almostinversely  
proportionaltothesquarerootofthetimeconstants．Whenacuvettecellisused，  
afastrespoT）Seism）trequjredbecausethesamp】eeoncezltratjondoesnotchange  
rapidlywithtime・Therefore，lowerdetectionlimitscanbeobtainedbyincreasing  
thetimeconstantsL DetectionofO，003ng／mlofB（a）PcouldbeachievedwithaS／N  

ratio of better than2L The detectionlimit wasimproved bylto20rders of  
magnitudeascomparedwiththatofaconventionalfluorometerequippedwithaXe  
lamp17）・Ontheotherhand，Whenaflowcellisused，reaSOrlabユyfastrespor）Sejs  
requiredtofollowthesamplechange．Whenisocraticelutionwasusedataflowrate  

OfO．8ml／min，theflourescenceresponsewastooslowwiththetimeconstantof16s．  
Therefore，thetimeconstantof4swasused．Althoughlowerdetectionlimitscanbe  
achievedbyincreasingtheiniectionvolume，eXCeSSiveinjectionresultsindecreased  

COlumnefficiency・ComparisonofthedetectionlimitsobtainedbythecuvettecelJ  
Withthoseobtainedbytheflowcellindicatesthatthesampledilutionfactordueto  

TablelComparisonofdetectionlimits（S／N＝2）ofB（a）Pobtained  

byusingacuvettece11andaflowcell（ng／ml）  

cuvette cell  flow cell  

50／JJ  injection volume 

bandwidth（nm）  

んmり03nm）  

timeconstants（S）  

0，25  

1  

．書  

16   

5  10  5  10  10  

0，043   0．033  0．168  
（4．2pg）8）  

0．020   0，014  0，065  
（1．6pg）8）  

0．009   0，005  0．035  
（0．9pg）且）  

0，008  0．003  －b）  

0．100  0，055  
（2．5pg）且） （2．7pg）射  

0．045  0．030  
（1，1pg）8） （1．5pg）且）  

0．033  0．015  
（0．8pg）8） （0．75pg）8〉  
＿ い  ト、  

a）ValuesinparenthesesrepresenttheinjectedamountofB（a）P．  

b）Fluorescenceresponsewastooslowwiththetimeconstantof16s．  
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themobilephaseis4to5withaninjectionvolume of25JLl，and2to3with an  
injectionvolumeof50／‘l．  
Underoptimunoperatingconditionsfor B（a）P，thelinearity oftheinstrument  
WaS Checked．As shownirlFig．3，alinear dependence between fluorescence  
intensityandconcentrationextendsover2ordersofmagnitude．Thechromatogram  
Obtained at thelowest concentrationis shownin Fig．4．If the detectionlimitis  
definedastheamountwhichproducesasignalequivalenttotwicethenoise（S／N＝  

Concontrat弓On01B（a）P（ppb）   

Fig．3 LinearityofHPLC／time・reSOIvedfluorometry  

Chromatographicconditionswereasfollows：FLBondapakC．BCOlumn；80：20  
（V／v）acetonitrile・Water；flow rate，0．8ml／min．Fluorescence detection  
COnditionswere asfollows：bandwidth，10nm；timeconstant，4s．  
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Fig・4 Time－reSOIvedfluorescencechromatogramfortheinjectionof50JLlof  
O・0088ng／mlB（a）P（440fg）  
Chromatographicandfluorescencedetectionconditionswerethesameasin  
Fig．3．  
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2），adetectionlimitis750fgfor B（a）P，While adetectionlimit of180fgcan be  
achievedifitisdefined as the amount which produces a slgnalthree times the  
Standard deviation of the background noise（30・）．Richardson et al．18）obtained  
detectionlimits（S／N＝2）oflOpgand4pgforfluorantheneandpyrene，reSpeCtively．  
Thedetectionlimitsarealmostthesameasthoseobtainedinthisworkwhenrnolar  
absorptivitiesandquantumyieldsofthePAHsareconsidered．Themeasurementof  
2．65pgofB（a）PbyHPLCwasrepeatedseventimes．Themeasurementprecisions  
expressedby％relativestandarddeviations（RSD）were O．37％and3．9％for the  
retentiontimeandthefluorescenceintensity，reSpeCtively．   

3．2 DeterminationofB（α）PintlleNBSstamdard  
The16PAHsintheSRM1647andtheother4PAHscommonlyencounteredin  
theaquaticenvironment19〉werechosenandstandardsolutionsofthe20PAHswere  
prepared by dissoIving the PAHsin acetonitrile．Excitation and fluorescence  
SpeCtraforthe20PAHsweremeasuredbyaXelamp，andoptimumexcitationand  
fluorescencewavelengthsweredeterminedforeachPAH．Table2showsretention  
times and relative fluorescenceintensities for the20 PAHs together with the  

Table2 Retentiontimeandrelativefluorescenceintensity  
obtainedunderoptimumconditionsforeachPAH  

n   

nuoresc．  
intens  

retentio   

time  

（min）   

No．  compound  abbreviation  ＾ex  ＾em  

（nm） （nm）  

1naphthalene8）  

2 fluorene且）  

3 phenanthrene8）  
4 acenaphtheneR）  
5 acenphthylenea）  

6 anthracenea）  

7 fluoranthene8）  
8 pyrene8）  

9 triphenylene  
lO chryseneB）  

11benz［a］anthracenea）  
12 benzo［b］fluoranthenea）  

13 benzo［e］pyrene  
14 perylene  
15 benzo［j］fluoranthene  

16 benzo［k］fluoranthene8〉  
17 benzo［a］pyrenea）  

18 dibenz［a，h〕anthrancene8〉  
19indeno［1，2，3rcd］pyreneB）  

20 benzo［ghi］perylenea）  

Nph  
FI  

Phe  

Ace  
Act  
An  

FI  

Py  
Tr  

Chy  
B（α）A  

B（∂）F  

B（e）P  

Per  

B（′）F  

B（烏）F  

B（α）P  

D（〃，ゐ）A  

IP  

B（g／lざ）P  

276，4  334．7  5．68  

266．0  303．0   6．70  

268．6  304．0  6．72  
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a）Represents16PAHscontainedintheNBSstandard（SRM1647）．  
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abbreviationsusedinthepresentstudyandtheoptimumwavelengths．Therelative  
tluorescenceintensitieslistedinthelast columnwere calculated by reference to  
B（a）P and obtained without correction for the wavelength dependence of the Xe  
】ampirltenSjtyand thephotomultjp】iersensi亡jvjty■There】atjvefluoresce11Cedata  
implythatPerandB（k）Fwillgivelowerdetectionlimitsthan B（a）Pduetohigh  
molar absorptivities and highquantum yields．The excitation and fluorescence  
spectraandretentiontimeslistedinTable2providedusefulinformationforthe  
assignmentofchromatogrampeaks．   
Inordertoevaluatetheaccuracyoftheinstrument，SRM1647wasdilutedwith  
acetonitrilebyafactorof12500，250OO，and5OOOO，andB（a）Pinthosesampleswas  
quantitativelyanalyzedasunknownsamples，Fig．5showsthetime・reSOIvedfluore・  
scence chromatograms obtained byiniecting50JLlof the diluted NBS standard  
（SRM1647）intotheHPLCcolumn．TheconcentrationofB（a）PinthedilutedNBS  
standard was determined using theanalyticalcurve shownin Fig．3．The data  
SummarizedinTable3attesttotheaccuracyofthedevelopedinstrument．Thereis  
excellentagreementofthedeterminedvalueswiththecertifiedNBSvalues．  
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Fig．5 Time－reSOIved fluorescence chromatograms for the diluted NBS  
standard（SRM1647）  
Chromatographicandfluorescencedetectioncondi〔ionswerethesamea5irl  
Fig．3．  

Table3 B（a）PconcentrationoftheNBSstandard  

COnCentration（ng／rnl）  

SRM 1647 
1／12500  

1／25000  
1／50000  
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3．3 DetermiJtation of PAHsin water of Lake Mashu  
Time－reSOIvedfluorescencechromatogramsforthesamp】eextractedfromthe  
WaterOfLakeMashuwereobtainedbyinjecting50／JloftheextractintotheHPLC  
COlumn．Themeasurement ofthechromatogramswas performedunder optimum  
Operating conditions for B（a）P，Four extraction experments were carried outin－  
dependently，andthechromatogramsobtainedareshowninFig．6aswe11asthose  
Obtained by bJank experjments．Thechromatogram peak observed at a retention  
timeof5．42minisduetoimpurityfoundinanhydroussodiumsulfate．Assignment  
of the other peaks was performed by means of the excitation and fluorescence 
SpeCtra，andretentiontimesforthe20PAHslistedinTable2．Theconcentrationof  
B（a）PwasdeterfninedusingtheanalyticalcurveshowninFig．3，andtheconcentL  
ratjon50fB（k）Fand8（ghi）PwerederivedtromchromatogramsforthedilutedNBS  
Standard shownin Fig．5．Table4summarizesthe analyticalresults for3PAHs  
presentin the water of Lake Mashu，aS Wellas the retention times for each  
Chromatogrampeak．Thesetimesareshorterthanthoseobtainedearlier（Table2）  
due to slight deterioration of column performance with time．The％ relative  
Standarddevia亡ionofthefourextractionexperimentswere32％，18％，and32％for  
B（k）F，B（a）P，and B（ghi）P，reSpeCtively．The blank of extraction proceduresis  
equivalenttotheconcentrationofO．004ng／l，0．003ng／l，andO．010ng／lforB（k）F，  
B（a）P，arldB（ghi）P，reSpeCtively，Therefore，theconcentrationofPAHsdetermined  
inthewaterofLakeMashucorrespondstoabouttwicetheblank．   
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Fig. 6 Time-resolved fluorescence chromatograms for the samples extracted 
form LakeMashu andtheblanks  

Chrornatographicandfluorescencedetectionconditionswerethesameasin  

Fig，3．  
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Table4 AnalyticalresultsofPAHsinwaterofLakeMashu  
（withoutcorrectionforextractionefficiency）  

B（k）F retentiQn B（a）P retention  
（ng／l） time（mln）（ng／l） time（min）  

retention  
time（min）  

Standards  12．6±0．07  13．36±0．20  17，05±0．06  

13．35  0．0064  17，02   

13．36  0．0049  17．08   

13．4S  O．0074  17．17   

13．34  0．0056  17，10  

0．0061  

18％  

1
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0．020  

0．013  

0．015  

0．009   

0．014   

32％  

12．64  0．0078  

12．66  0．0鵬8  

12．70  0．012  

12，56  0．0055  

0．0085  

32％  

Table5 ExtractionefficiencyofPAHsspikedin2lwater  

0．20ngB（k）Fspiked  O・21ngB（a）Pspiked  Or16ngB（ghi）Pspiked  

yield（％） found（ng） yieId（％）  found（ng） yield（％） found（ng）  
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0．028  0．020  0．130  

Thereliabilityofanalyticalresultsatultratracelevelsdependsontheextra・  
ctionefficiency．TheextractionefficiencyhasbeendeterminedataboutlOOtimes  
higherconcentrationthantheanalyticalvaluebecauseitisverydifficulttoremove  
traceorganicsfromwater20）・Extractionefficienciesobtainedbyusingtheorgani－  
caIlyfreewateraresummarizedinTable5．Therecoveryexperimentwasconduct・  
edataboutlOtimeshigherconcentrationthantheanalyticalvalueofLakeMashu・  
Four recovery experiments were carried outindependently，and the％relative  
standarddeviationsof9．2％，9．7％，and33％were obtained for B（k）F，B（a）P，and  

B（ghi）P，reSpeCtively．Thepoorer relativestandarddeviation for B（ghi）P results  
fromtheblankcontainedintheorganicallyfreewater．  
Table6summarizesliterature values for B（a）P measuredin variouslake  
waters．B（a）Ppresentinlakewaterhasseldombeendetermined，SOfewdatahave  
beenpublishedtodate．LakeErieisoneoftheGreatintheU．S．A．andiscontami－  
natedwithindustrialdischarge．AconcentrationofO，3ng／lofB（a）Phasbeenfound  
initswaters21〉．BasuandSaxena21）consideredthatthelowlevelofB（a）Pobtained  
maybe traced to the fact that sampling was undertakenin a severe snowstorm  
period．LakeConstance，WhichissituatedbetweenWestGermanyandSwitzerland，  
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Table6 ConcentrationrangesofB（a）Pinvariouslakewaters  

g  

date  

LakeErie8），  
at Buffalo，USA  

LakeBodenb），GFR  
（LakeConstance）  

LakeZtlrichC），  
Switzerland  
lake surface   
30－mdepth  
Zhizhitskoe Lakesd〉  
atPskov，USSR  

LakeMashue），Japan  

0．3  30  ユ2－1976  

1．3  500  5－1964  

0．5－5．4  1970－1976  
0．41．5  19701979   

0．01－0．1  1971  

0，007  2  9－1982  

a）CitedfromRef．21，b）CitedfromRef．22，C）CitedfromRef，23，d）Cited  

fromRef，24，e）Thiswork  

isfamousforsightseeing．Thelake waterhasbeen found to containl，3ng／lof  
B（a）P22），Borneffand Kunte23）investigated Lake Zurichatweeklyintervals from  
1970to1979・TheconcentrationofB（a）PrangedfromO．5to5．4ng／lforthelake  
Surface and from OA tol．5ng／lfor the30・m depth．The highest concentrations  
alwaysoccurredinthefirstmonthsoftheyear，preSumablyduetothesnowmelting  
intheAJps．   
Pskov，Whichislocated160milessouthfromLeningrad，istheleastpolluted  
regionintheUSSR．LessthanO．01－0．1ng／lofB（a）PhasbeenreportedbyRussian  
WOrkers24）asthebackgroundlevelofB（a）P．ThedataofLakeMashu（0．007ng／l）  
are analyticalresults obtained frorn this study after correction for extraction  
efficiency．Itshouldbenotedthatthesamplingvolumehasabiginfluence．Analy・  
ticalproceduresforthedataofPskovwerenotdescribedindetail，butfortheothers  
the data were obtained with conventionalfluorometry except for Lake Mashu．  
Whenconventionalfluorometrywasused，alargesamplevolumeof300r500lwas  
necessary to extract a detectable amount of B（a）P．h this work，the detection  
Capabilityisimprovedbylto20rdersofmagnitudebyreplacingtheXelampwith  
the pulsedlaser，SO that the required samplevolumeis reduced to2l，A small  

Sample volume makes the analyticalprocedures simple and enables PAHs at  
U】traけace】eve】5tObe由term血edmoreprecjse】y．  

4．CONCLUS10NS  

lthasbeenverifiedthattime・reSOIvedfluorometrybasedonapulsedlaserin  
conjunctionwithHPLCprovidesnotonlyhighsensitivitybutalsohighselectivity  
forthedetermination of PAHs．By utilizing HPLC／time－reSOIved fluorometry．a  
detectionlimitof180fgcouldbeachievedforB（a）P．Withevenmorepowerfuldye  
lasersYStemS（someofwhichprovidemorethan20rdersofmagnitudegreaterpulse  
energythanthelaserusedinthiswork）andmoreefficientflowcellswithasmaller  
activevolume13I25），OneShouldbeabletoimprovethedetectionlimit．Ideally，PAH  
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in naturalwater should be determined directly without preconcentration，but  
becausethesensitivityisinsufficientatthepresentstage，aneXtraCtionprocedure  
isnecessary・hthisstudy，LakeMashuwaschosenasalakefreefrompollutionby  
humanactivitiesinJapan．ByextractingPAHsfrom2lofthewatersample，and  
takinginto account the extraction efficiency，analyticalresults of O．009ng／l，  
0・007ng／l，and O・014ng／lobtained for B（k）F，B（a）P，and B（ghi）P，reSpeCtively．  
ThesevaluesestablishthebackgroundlevelofPAHsexistinginnaturallakewater．  
Thedegreeofpollutionofagivenlakewatercanbeestimatedbyreferencetothese  
Values．  
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HPJC／時間分解けい光法による摩周湖の水の中に含まれる  

超微量多環芳香族炭化水素の測定  

古田直紀1・大槻 晃1  

．従来のけい光分光光度計で，光源として用いられているⅩeランプを，チッ素レーザー励起の  

パルス色素レーザーに置き換えて，時間分解けい光測定系を開発し，その測定系を，高速液体ク  

ロマトグラフィー（HPLC）の検出器として用いた。本システムの検出限界は，検出限界を，バッ  

クグラウンドノイズの標準偏差の3倍のシグナルを与える濃度と定義すると，180fgで，検出限  

界の100倍程度の濃度のサンプルを測定した際の繰り返し精度は，3，9％であった。   

本システムを，摩周湖の水の中に含まれる超微量多額芳香族炭化水素の測定に応用した。摩周  

湖の水2Jを採水し，溶媒抽出の抽出効率を考慮した結果，ベンゾ［烏］フルオランテン，ベンゾ  

［α1ビレン，ベンゾ［gゐf］ペリレンに対し，それぞれ，＝09ng几0．007ng〃，0．014ng／Jの分析  

結果を得た。   
摩周湖は，人間活動によって汚染されていない湖として考えられるので，これらの分析結果  

は，今後，湖水の汚染の程度を推測する際の参照値として用いられるであろう。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田郡町小野川16番2  
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Ⅴ－2  

RamanSpectroscopicAnalysisofCoalFly  

AsIIParticl（！S  

YukoSOMAlandMitsuyukiSOMAl  

ABSTRACT  

RamanSpectrscopyhasbeenappliedtotheanalysisoEcoalflyashintwo  
difEerentmodes．Firstly，RamanspeCtraOfindividualparticles（Ramanmicro－  
analysis）have shown tllat mOSt Oiparticles consist of Lrq11aTtZ，alumino・  
silicateglassoramorphouscarbon．Secondly，quantitativetotalanalysisofα  
LquartZin coalfly ash has been attempted．The results agree with those  
obtainedbytheX－raydiffractionmethod．Accordingly．Ramanspectroscopy  
hasbeendemonstrated tobe a usefulmethodin characterizingthe chemical  
COmpOSitionofenvironmentalparticlesamples，  

l．INTRODUCTION  

Recently，1aser Raman spectroscopy has been employed as animportant  
techniqueforthestructuraldeterminationofmoleculesincludingbiologicallyinter－  
estingmoleculesoradsorbedspeciesonmetalsl）．Theimportantpracticalanalytical  
applicationoflaserRarnanspectroscopymayinclude：   
（1）ReplacingtheabsorptionphotometricdetectionbyuseofresonanceRaman  
effectwithmuchmorestructuralinformation．   
（2）Analysisofsolidsamples（oftenpowder），Ramanmethodbeingfreefrom  
thedifficultiesinherentintheopticalabsorptionspectrometry．   
（3）Analysisofindividualfineparticlesusingasmalllaserspot．oftenreferred  
toasRamanmicro－analysisorRamanrnicroprobe．   
Atpresent，however，itsanalyticalapplicationhasbeenquitelimited，eSpeCially  

in the quantitative analysis of solid samples2）．In environmentalproblems，SOlid  
samplesaregenerallythemixtureofseveralkindsofparticles，thenqualitativeand  
quantiative determinatic．ns oieach compDnentwithout pretreatment are highly  
desirable．LaserRamanspectroscopyshouldcertainlybeanattractiveapproachas  
SuggeSted byits applicability mentioned above．After the Mount St．Helens ash  
eruptionin1980，therehasbeenagreatdealofconcernintheU．S．A．regardingthe  
content ofcrystalline silica ofthe ash，because crystalline silica，if significantly  
COntainedinrespirable・Sizeairboneparticles（1essthanlOJJm），Caninduce respi－  

1・Chemistry and Phy5ics Division，the NationalInstitute for EnvironmentalStudies・   
Yatabe・maChiTsukuba，Ibaraki305，Japan．  
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ratory disease・However，the ana】yses bylR or X－ray djffractjon techniques by  
SeVeralgroups revealed conflicting results3）．Therefore，a neW analyticalmethod  
without the sample pretreatment procedure was sought and analytical Raman 
SpeCtrOSCOpyWaSreCOgnizedasacandidate2・4）．   
Ramanmicro－analysi三isthemethodtoobservetheRamanspectrumOfindi・  
Vidualfineparticles・MeasurementsofparticlesassmallasIFLmarepOSSible5－7）  
Recently，SeVeralkinds ofmicroprobe analysIS are aVailable，but most ofthese  
techniquesofferinformationonelementalcomposition．Ramanmicroprnbe（Raman  
micro・analysis）ischaracteristicallycapableofprovidinginformationonmolecular  
COmpOnentS．Intheanalysisofpowderedsoildenvironmentalsamples，mOStanalysIS  
hasbeenconducted onbulk samplesorgrosscollectionofparticles．From single  
particlestudiestheheterogeneityinthepowderisascertainedatthemicroscopic  
level．Theresultsmaygiveamoreprecisedefinitionofthechemicalspeciespresent，  
while offering a more conclusive identification of sources and particle transfor- 
mationprocessesintheenvironment．   
lnthis report，uSingcoalfly ash as anexample ofenvironrnentalparticulate  
Samples，Studies concerning aboveitems（2）and（3）are described．Quantitative  
determiIlation ofα－quartZ jn coa】fly a511uSinglaser Raman spectroscopy was  
atternpted，andsomeproblemsinthequantitativemeasurementforcolouredsoild  
Samples，Oftenencounteredinenvironmentalsamples，WereCOnSidered．AIsoRaman  
micro・analysISWaSattemptedforindividualparticlesofcoalflyashusingaconvent－  
ioT）aJRaman spectrophDtOmeter．Raman spectra ofiJ】djvjdua］particles whose  
morphologieswerecharacterizedbyscanningelectronmicrographwereobtained．  

2．EXPERIMENTAL  

Coalfly ashes measured were those sampled from an electric power plant，  
whoseportionssievedthrougha200mesh（74JLm）standardsieveweredistributed  
byJapanEnvironmentalAgencyforthequalitysurveyofinstitutionsforenviron・  
mentalanalysis（EA－S57＆EALS56），andUSNationalBureauofStandards（NBS）  
standardreferencematerialforenvironmentalanalysis（NBS－1633a）．Commercial  
quartz（Wako ChemicalIndustries Ltd．）was crushed and powderdin an agate  
mortarandparticlesofdiameterlessthanO．044mmwereobtained．  
TheJaser Raman spectrophotometer usedis aJRS400T spectrophotometer  
withaNECModelGLG3300argonionlaser，Allspectraweremeasuredusingthe  
514．5nmlineofargonionlaserwiththenonlasingplasmalinesremovedbyanarrow  
band－paSSinterferencefilter．Thelaserpowermeasuredatthesamplewas50mW  
arlds】jt wjdtbwa55cm‾1．  
Thesamplepe11etwasorientedata600angletotheincidentbeamandRaman  
scatteredlight was viewed at an angle of90d to thelaser beam．During the  
measurementthesamplewaskeptfixedorspinnlrlginthelaserbeampath．lnthe  
spinningmethod，theashsamplewasspreadonaKBrdiscandpressedtoprevtnt  
thebreakdownduringthespinningatlOOOrpm．   
Ramanspect；afortheanalysisofanindividualparticlewererneasuredusing  
thesameconventionalRamanspectrometer，andthelaserbeamwasfocusedonto  
thesamplehavingdiameterof20L50JJm．Ramanlightfromtheparticlelessthan20  
JLmWaStOOWeaktodetectbecauseofthedispersionofscatteredlight・  
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Fig・1SchematicdiagramofaRamanspectrometerformicro－analysis  

Aschematicdiagramofthesamplecompartmentofthespectrometerisshown  
inFig．1．Asinglecrystalofhighpuritysapphire（α－Al203）orlithiumfluoridewas  
usedasasubstratematerialofsampleholder，Whichwaschosenbecause ofweak  
backgroundscattering．Theincidentbeamwasatanangleof60’tothesample．The  
Orientationofsampleholderwasrestrictedtotheverticalduetothearrangement  
inthecompartment，andthepoorcohesionofsampleparticlestothesubstrategave  
alimitationtothemeasurernent．Thusparticleslargerthan50JLmWOuldbeheldon  
theverticalsubstrateplaneonlywithdifficulty．XYmechanicalstagewasusedto  
adjustthepositionofaparticleonthelaserbearnspotbytheviewingmicroscope  
（magnification，50Ⅹ）whichwasarrangedinsideaslitofthespectrophotometer（Fig．  
1）．  
ARigakuX－raydiffractometerRAD・IIA，equippedwithacopper－anOdeX・ray  
tubeandaNi・filterwasusedforthequantitativeX－raydiffractionanalysis，Allthe  
experimentswerecarriedoutwithatubepowerof40kV，20mA，andtheintensities  
were recorded at a rate of O．010（2e）min▲1withlO divergence slit and O．3mm  
receivingslit．Theamount ofα－quartZinthe coalfly ash wasdetermined from  
integratedintensity measurents of（100）1ine ofthe sample spiked with a known  
amount ofcommercialα－quartZ，nOrmalizedby mullite（110）1ine as theinternal  
standard．Mullite，an alumino・Silicate mineral，is known to be formed during the  
combustionofcoal且）．  

3．RESULTS ANDDISCUSSION   

3．1Analysisofindividuall）articlesbyRamanspectroscopy   
Mostfly ashparticlesaresphericalasshowninthescanningelectronmicro－  
graphofFig．2，eSpeCiallyinthe finer fractions．Irregularlyshapedparticles and  
Spherespackedwithsmallerspheresarealsoobserved．Theobservationbypolarized  
lightmicroscopedemonstratesthatmostsphericalparticlesareglassyandcrystals  
arepresentasangularparticlesorasembeddedwithinglassspheres・Blacklacy  
Carboncoatstheparticles．   
RamanspectrumtypicalforasphericalparticleisshowninFig．3（a）・Such  
broadspectrumischaracteristicofalumino・Silicateglasswhichisratheralumina  
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Fig．2 ScanningelectronmicrographofcoalflyashEALS57  

rich（SiO，／A120。＝2－4）andcontainsCa2＋orFe3＋ion9・10）．Ramanbandsobservedin  
the frequency range of800tollOO cm．1are considered due to Al－O and Si－O  
stretching，andthebandsobservedlowerthan500cm1canbeassignedtoO－Si・00r  
O・Al・O deformation vibration．   

The spectrum of a crystalline angular particle is consistent with that of a 
－quartZ aS Shownin Fig．3（b）．Anintense band at465cmLlis due to O・Si・O  
deformationbelongingtotheAISpeCiesofD3SymmetrygrOup，andotherbandsare  
alsoassignedtoAl（358，190）orE（400，120）symmesryspecies川．   
TheblackcarbonaceouspartwhichcoatstheparticleglVeSaSpeCtrumShown  
in（c），thatischaracteristicofamorphouscarbon12〉．TheRamanbandat1575cm▼1  
ispresentinasinglecrystalofgraphite，andabandat1355cm‾1appearswhenthe  
graphitestructurebecomesdisordered．Thesizeoforderedgraphitenetworkinthe  
carbonaceous materialcan be estimated from theintensity ratio of these two  
bands12）．Fromtheircalibrationcurvethesizeofthegraphitepartofcarboninour  
coalflyashEAS56isestimatedtobelessthan4nm，SOthecarbononthiscoalfly  
ashisessentia11yamorphous．   

3．2 Calibration methodandsomeproblemsiIltheqllantitativeanalysis  
bylaserIモamanspectroseopy  
ThebandatlO75cm‾10fcalciumcarbonate（calcite）wasusedastheinternal  
standard for thequantitative analysis ofα－quartZ COntainedin coalfly ashL To  
obtain the calibration curve，the speCtra Ofα－quartZ and calcium carbonate，  
mechanicallymixedinanagatemortaroravibratingblender，WeremeaSuredand  
theratioofintegratedintensitiesofthebandatlO75cm‾1（CO32‾）andthatat465  
cm1（SiO2）wasplottedagainstthecomposition・Theintensityratiomeasuredbythe  
fixed method gave about70％uncertainty from point to point on the sample，  
indicatingthat the composition of mechanically rnixed sample measured micro－  
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（8）  
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Fig・3 RamanspectraofindividualparticlesincoalflyashEA－S56  
（a）silicateglass（b）α一quartZ（C）amorphouscarbon  

SCOpicallybythesizeoflaserspotwasnotsufficientlyhomogeneous．Thereforethe  
spinningmethodwasappliedtodeterminetheintensityratioofCO，2▲anda－quartZ  
bands，Wherethedivergencewaslessthan6％inonesample，   
Theeffectofthecoexistenceofstronglylighトabsorbingmateriallikecarbonon  
Ramanbandintensitiesofα－quartZOrCalcium carbonatewasstudied，byadding  
graphite powder or activated charcoalto the samplemixture．The effect of the  
COntentOfgraphitepowderontheRamanbandintensityofα－quartZ（465cm‾1）is  
showninFig．4，Wherethemeasurementwasperformedurlderthesameexperimental  
condition；thelaserpowerwas50mWatthesample，Slitwidthwas5cmlえndthe  
spinningratewaslOOOrpm．TheintensityoftheRamanbanddecreasesdrastically  
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02 1 8 8tO  

γ（C十Si02十C∂CO。）  

Fig．4 TheeffectofcarboncontentontheRamanbandintensityofαquartZ  
at465cm‾1  

withadditionofgraphite，Sincethecontentofcarbonincoalflyashisabout3wt％，  
the observed Ramanbandintensityisconsideredtobelessthan5％ofthesame  
materialwithoutcarbon．InthefixedmethodtheintensityoftheRamanbandalso  
decreasesinthepresenceofcarbon，bu亡becomesconstantwhencarboncontentjs  
greaterthan2wt％．Thiswouldbeduetothebuming・Offofcarbonunderthelaser  
i11uminationwhichisnoticedbythedecolorationofthespot．  
TheintensityratioofαrquartZandcarbonatebandsasafunctionofthecontent  
ofgraphitepowderisshowninlFig．5．AsfarastheSiO2／CaCO。ratioisconstant，  
the observed jntensjty ratjo js kept a】most cor）Star）t despite the decrease of the  
intensityofeachbandwiththecarboncontent．Whenactivatedcharcoalwasadded  
instead of graphite，the remarkableline broadening occurredinα－quartZ and  
carbonatebands．Thiswouldbeduetotheinteractionbetweena－quartZOrCalcium  
carbonateandactivatedcharcoalwhichhasalargesurfacearea．  
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Fig、5 Theeffectofcarboncontentontheintensityratioofα－quart乙bandat  

465cm▼1and calcium carbonateband atlO75cmrl  

3．3 Quantitativeanalysisofα－quartZincoalflyash   
Accordingtotheelementalcompositionofcoalflyashwhichwasusedforthe  
Ramanmeasurement，Carboncontentis3．37wt％inEA－S57．SiO2andA120，are  
61・18，27．15％inEALS57and48．9，26．4％inNBS－1633a13）．LargepartsoftheseSi  
andAlelementsexistintheformofaluminosilicateglassasshowninFig．3（a）．   
RamanspectrumofuntreatedEAS57isshowninFig．6（a）．Thesharpbandof  
aJquartZat465cm‾1andweakbroadbandsat1580and1350cm－1assigneddueto  
Carbonareobserved・However，Otherspeciesarepotidentifiedduetotheoverlapof  
broadsilicateglassspectrum．TheRamanbandsascribabletothemulliteevidentin  
theX・raydiffractionanalysisareonlyoccasiona11yrecognizedandnotclearly・Fig，  
6（b）is the spectrum of EA－S57treatedwith nitric acid and perchloric acid，a  

1000 1■00  1200 10（〉0  800   800   ■00   200  

wav●numbor cm－1  

Fig■6 RamanspectraofcoalflyashEALS57  

（a）untreated（b）treatedwithHNO3rHClO．．  
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treatmentwhichremovescarbonfrorntheashanddecolorsthe ash．The Raman  
SpeCtrumdoesnotshowanysignificantdifferencefrom（a）exceptfortheabsenceof  
the carbon bands．  
QuantitativeanalysesofαLquartZincoalflyash，EA－57，NBSL1633aandEA－  

S57treated withnitricacid・perChloricacid，WereperformedusingtheRamanband  
at465cmLlbythespjTmiT7gmethod．Calciumcarbona亡ewasaddedasanirl亡ernaJ  
Standard，andtheweightofcalciumcarbonateaddedwasabouthalfoftheflyash．  
Theintensityratioof465cm‾1（α－quartZ）andlO75cm1（carbonate）bandswere  
determined，thenthethequartz／carbonateratiowascalculatedaccordingtothe  
Calibrationproceduresdescribedintheprevioussection．Theresultsarepresentedin  
Tablel，Where those obtained by the fixed method for EA－S57after the acid  
treatment are also shown．  

Tablel Thecontentofα・quartZincoalflyashes（wt．％）  

Raman■  Raman事  XRD事事  
（fixed）  （spinning）  

EA－S57  12±1  11．2±0．6  

EA－S57  （1）  ユ7±1  13±1  

（HNO3‾ 
。。t） （2）  

10±2  

（3） 11±1  lli-22 

NBS－1633a  7±4  7．5±0．7  

■CaCO，WaSaddedastheinternalstandard．  
…αquartZWaSSpikedand（110）peakofmulliteinasheswassed   

asthestandardreferencepeak．  

Fig・7 Ⅹ－raypOWderdjffractjonpattemofcoa川YaShEA－S57  
M：Mullite，Q：q－quartZ．  
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TheX・raypOWderdiffraction pattern ofEA－S57isshownin Fig．7，Where a  
－quartZ and mullite peaks areindentified14）．NBS－1633a ash shows the similar  
diffraction patternwith the content of mullite slightly higher thanin EAS57．  
Quantitative analysis ofαLquartZWaSperformed using（100）peak ofthe samples  
spikedwithaknownamountofcommercialα－quartZ，Wherebyamu11ite（110）peak  
wasusedastheinternalstandardforthediffractionintensity．  
AsshowninTablel，quantitativeanalysisby Ramanspectroscopy andXRD  
agreesatisfactorily，αLQuartzincoalflyashisllwt％inEA－S57andtheamount  
inNBS－1633aisalittlelessthanthatinEAS57，SO about one－fifth ofthe silica  
existsasquartz．Thecontentofα一quartZinflyashtreatedwithHNO，HClO．does  
notshowanysignificantdifference，inaccordancewiththefactthatonlyasmall  
partofcoalflyashisdissoIvedby HNO3－HClO．treatment．  
Thewhiteash，EA－S57fromwhichcarbonwasremoved，Showsthesamevalue  
inthespinningandfixedmethods．Therefore，thefixedmethodisalsoapplicablefor  
thequantitativemeasurementofcolourlesscompounds．  

4．CONCLUSION  

Ramanmicro－analysisofindividualparticlesofsolidenvironmentalsampleshas  
been demonstrated to be usefulfor the qualitative analysIS Of each particles，  
althoughtherearesomelimitations；dispersionofRamanlightbecauseofvarious  
particleshapesmakestheintensityinsufficienttothemeasurementoffineparticles，  
Orthestronglightabsorptionbycolouredspeciessuchascarbonmaycausemelting  
OrVapOrizationofsamplebylaserlight．Intheanalysisofparticleswhichcontain  
amorphousnoncrystalli11eSOlids，theincreaseofbackgroundlevelmakestheXRD  
measurementdifficult．Ontheotherhand，Ramanspectroscopyiscapabletodisting・  
uishbetweencrystalsandglass，aSShowninFig．3．   
Quantitative analysis ofα－quartZin coalfly ash using Raman spectroscopy  
ShowedthesimilarsensitivitylevelwiththatbyX－raydiffractionmethod，although  
itmaydependonsamples．FinecrystalslessthanlOnmshowlinebroadeningin  
XRDandthoselessthan3nmareinefficienttoXRD，WhileRamanspectrawillnot  
Showlittleparticlesizeeffect，ThereforeconflictsbetweenIRandXRDdataonSt．  
Helens voIcano ash are attributable to the presence of very smallparticlesin  
CrySta11inesilica3）．  
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ラマン分光法による石炭フライアッシュ粒子の分析  

相馬悠子1・相馬光之1   

ラマン分光法により石炭フライアッシュの分析を粉末回転測定法とマイクロアナリシス法を  
応用して行なった。個々の粒子を観測するラマンスペクトル（ラマンマイクロアナリシス法）に  

より、フライアッシュ粒子は，α一石英，ガラス状シリカアルミナや無定形炭素が多い事を見た。  

次に石炭フライアッシュ中のα一石英のラマンスペクトルによる定量分析を試み，Ⅹ繰回折法に  

よる結果と一致する値を得た。   

以上の結果から，ラマン分光法が環境中の粒子状試料の化学組成を決定するのに有用な方法  

である事が示された。  

1．国立公害研究所 計測技術部 〒305茨城県筑波郡谷田部町小野川16番2  

一143－   



国立公害研究所特別研究成果報告   

第】号 陸水域の富栄射ヒに関する総合研究一霞ケ浦を対象域として一昭和5】年度．（1977）   

第2 号 陸上植物による大気汚染環境の評価と改善に関する基礎的研究一昭和51．52年度 研究報告  

（1978）  

（改 称）  

国立公害研究所研究報告  
肇第3号 A comparatiY8Study oradults andimmaturestagesornineJapanese speciesorthegenu5  

C抽OnOm混ざ（Diptela，ChiTO－－Omidae）・（1978）  

（日本産ユスリカ科（動ね碑m付 眉9種の成虫，サナギ，幼虫の形態の比較）   

第 4 号 スモッグチャンパーによる炭化水素一望葉酸化物系光化学反応の研究一昭和52年皮 中間報  

告．（1978）   

第 5 号 芳香族炭化水素一窒素酸化物系の光酸化反応機構と光酸化二次生成物の培養細胞に及ぼす影  

響に関する研究一昭和5l，52年皮 研究報告．（1978）   

第 6 号 陸水域の富栄養化に関する総合研究（Ⅱ）一霞ケ浦を中心として．一昭和53年皮。（1979）  

※第7号 ＾morphologicalstudyofadultsandimmaturestagesof20Japanesespeciesoftllefami1y  

ChiJOnOmidae（Diptera）．（1979）  

（日本産ユスリカ科20種の成血 サナギ，幼虫の形態学的研究）  

・※ 第 8 号 大気汚染物質の単一および複合汚染の生体に対する影響に関する実験的研究一昭和52，53年  

度 研究報告．（1979）   

第 9号 スモッグチャンパーによる炭化水素一窒素酸化物系光化学反応の研究一昭和53年庭 中問報  

告．（1979）   

第10号 陸上植物による大気汚染環境の評価と改善に関する基礎的研究一昭和5い〉53年度 特別研究  

報告．（1979）   

第11号 studiesontheeflectsofairpouutantsonplantsandmechanismsofphytotoxicity．（1980）  

（大気汚染物質の植物影響およぴその植物毒性の機掛こ関する研究）   

第12号 MultielemcntanalysisstudicsbyflameandinductiYelycoupledplasmaspectroscopyutilizing  

COmputCr・COntrOllcdinstrumentation．（1980）  

（コ／ピュータ制御装置を利用したフレームおよび誘導結合プラズマ分光法による多元素同時  

分析）   

第13号 StudiesonchironomidmidgcsofthcTamaRiYer．（1980）  

Partl・medistrlbution ofcbironomidsp¢Cieshat‡ib11t包丁yin代18tiontothedモgleeO†poト  

1utionwith58Wag¢Water．  

Part2．Descrlptjonof20speciesofChifOnOminaerecoveEedfIOmatributary，  

（多摩川に発生するユスリカの研究  

一策1報 その一支流に見出されたユスリカ各種の分布と下水による汚染度との関係－  

一第2報 その一支流に見出されたChlrOnOmin紙亜科の20種について－）   

凛14号 有機廃棄牧舎成有機化合軌垂金展等の土壌生態系に及ばす影響と浄化に関する研究－⊥昭  

和53，朗年度 特別研究報告．（1980）  

洋第15号 大気汚染物質の単一および複合汚染の生体に対する影軌こ関する実験的研究一昭和54年皮  

特別研究報告．（1980）   

第16号 計御車レーザーレーダーによる大気汚染遠隔計創．（1％0）  

・光第17号 流体の連動および輸送過程に及ぼす浮力効果一臨海地域の気象特性と大気拡散現象の研究  

一昭和53．封年度 特別研究報告．（1980）   



第18号 Preparation，amlysisandcertincationofPEPPERBUSHstandaTdrefeleneematerial■（1980）  

（環境標準試料「リョウプ」の調製．分析および保証債）  

薫第19号 陸水域の富栄養化に関する総合研究（Ⅲ）一霞ヶ浦（西浦）の潮流一昭和53，封年度■  

（1981）   

第20号 陸水域の富栄養化に関する総合研究（Ⅳ）－霞ケ浦流域の地形．気象水文特性およぴその湖  

水環境に及ぼす影響一昭和53．54年鼠（1981）   

第21号 陸水域の富栄養化に関する総合研究（Ⅴ）一一国ケ補流入河川の流出負荷量変化とその評価一  

昭和53，朗年度．（1981）   

第22号 陸水域の富栄養化に関する総合研究（Ⅵ）一一霞ケ浦の生態系の構造と生物現存量一昭和53，  

舅年度．（1躯1）   

第23号 陸水域の富栄養化に関する総合研究（Ⅶ）一湖沼の富栄養化状態指標に関する基礎的研究一  

昭和53，別年度．（1981）   

第24号 陸水域の富無毒化に関する総合研究（Ⅶ）一言栄養化が湖利用に及ぼす影響の定量化に関す  

る研究一昭和53，餌年度．（1鴇1）   

第25号 陸水域の富栄養化に関する総合研究（Ⅸ）一［腑c′∝ツざめ（藍藻類）の増殖特性一昭和53・  

鋸年度．（1舗1）   

第26号 陸水域の富栄養化に関する総合研究（Ⅹ）一藻頬培養試験法によるAGPの測定一昭和53，  

54年鹿．（1981）   

第27号 陸水域の富栄養化に関する総合研究（刀）一研究総括一昭和53，弘年度．（1981）   

第28号 複合大気汚染の植物影響に関する研究一昭和54；55年度 特別研究報彗．（1981）   

第29号 StudiesonchironomidmidgesoftheTamaRiYer．（1981）  

Pa∫t3．SpeCiesofthesubfamilyOrthocladiinaerecordedatthesummersurveyandtheirdistrl－  

bu壬jonj刀∫e】atjoJltOtbepl）1山tion扇Ihsewagew8！e乃．  

Part4．ChironomidaerecoldedatawinteTSun・ey．  

（多摩川に発生するユスリカ頬の研究  

一第3報 夏期の調査で見出されたエリユスリカ亜科Orthocladiinae各種の記載と，その分  

布の下水汚染度との関係について一－  

一策4報 南浅川の冬期の調査で見出された各種の分布と記載上－）  

※ 第30号 海域における富栄尉ヒと赤潮の発生機構に関する基礎的研究一昭和舅，55年度 特別研究報  

告，（1粥2）   

第31号 大気汚染物質の単一および複合汚染の生体に対する影軌こ関する実験的研究一一曜和55年鹿  

特別研究報告．（1％1）   

第32号 スモッグチャンバーによる炭化水素一望葉酸化物系光化学反応の研究一環填大気中における  

光化学二次汚染物質生成機機の研究（フィールド研究1）一昭和54年度 特別研究報告．（1982）   

第幻号 臨海地域の気象特性と大気拡散現象の研究一大気運勤と大気拡散過程のシミュレーション  
一昭和55年皮 特別研究報告．（1982）   

帯封号 環境汚染の遠隔計測・評価手法の開発に関する研究一昭和55年度 特別研究報告．（1泌2）   

第35号 環境面よりみた地域交通体系の評価叱関する総合解析研究．（19紀）   

第詭号 環境試料による汚染の長期モニタリング手法に関する研究一昭和55，56年度 特別研究報告．  

（1982）   

第37号 環境施策のシステム分析支援技術の開発に関する研究．（1982）   

第38号 PrepaIation，analysisandcertincationofPONDSEDIMENTcertinedrcferencematerial．（1982）  

（環境標準試料「地底質」の調製．分析及び保証値）   

第39号 環境汚染の遠隔計測・評価手法の開発に関する研究一昭和56年度 特別研究報告．（1982）   



第40号 大気汚染物質の単一及び複合汚染の生体に対する影響に関する実験的研究一昭和5（jll  

別研究報告．（1983）   

第41号 土壌環境の遠隔計測と評価に関する統書十学的研究．（1983）  

淡窮42号 底泥の物性及び流送特性に関する実験的研究．（19沿）  

浮上第43号 StudiesonchironomidmidgesoftheTamaRiYer，（1983）  
Part5．AnobservationonthedistributiorLOfChiroI10minaealongthemainstreaminJunい、t  

descliptionor15new5peCies・  

Part6．Descriptionofspeciesofthesubfami1yOrthocladiinaerecoveTedfrornthemainstrean：  

htheJunesuⅣey．  

PaTt7．AdditionalspeciescollectedinwinterfromthemainstreaTTl，  

（多摩川に発生するユスリカ額の研究  

一第5軸 木流に発生するユスリカ頬の分布に関する6月の調査成繚とユスリカ亜科に属す  

る15新種等の記録－  

一策6報 多産本流より6月に採集されたエリユスリカ亜手斗の各種について－  

¶一軍7雑 多摩本流より3月に採集されたユスリカ科の各種について－）   

第胡号 スモッグチャンパーによる炭化水素一窒素酸化物系光化学反応の研究 一環墳大気中におけ  
る光化学二次汚染物質生成機構の研究（フィールド研究2）一昭和54年度特矧榊問告．  

（1983）  

顎45号 有機廃棄物．  

和53－55年度  

第46号 有機廃棄物，  

和54，55年度  

第47 弓・有機廃棄軌  

和54，55年度  

合成有機化合物，   

特別研究報告．  

合成有機化合物．   

特別研究報告  
会成有機化合物，   

特別研究報告  

重金属等の土壌生態系に及ばす影撃と浄化に関する研究一昭  
（1983）  

重金属等の土壌生態系に及ばす影響と酬ヒに関する研究一昭  
第1分冊．（1983）  

重金属等の土壌生態系に及ぼす影啓と浄化に関する研究一昭  
第2分冊．（1983）  

第亜号 水質観測点の適正配置に関するシステム解析．（1983）  

第49号 環境汚染の遠隔計測・評価手法の開発に関する研究一昭和57年度 特別研究報告．（1984）  

第弧号 陸水域の富栄養化防止に関する絵合研究（l）一霞ケ補の流入負荷量の算定と評価一昭和  

55－57年度 特別研究報告．（1984）  

箱51号 陸水域の富栄養化防止に関する総合研究（Ⅱ）一霞ケ浦の湖内物質循環とそれを支配する凶  

子一昭和55－57年鹿 特別研究報告．（1984）  

第52雪◆ 陸水域の富栄養化防止に関する総合研究（Ⅲ）一霞ケ浦高浜入における隔離水界を利用した  

富栄養化防止手法の研究一昭和55－57年皮 特別研究報告：（1劉）  

第53号 陸水域の富栄養化防止に関する総合研究（Ⅳ）一霞ケ浦の魚類及び甲殻煩現存量の季節変化  

と富栄養化一昭和55－57年度 特別研究報告．（1984）  

第弱号 陸水域の富栄養化防止に関する絵合研究（Ⅴ）一層ケ浦の富栄養化現象のモデル化一昭和  

55－57年皮 特別研究報告．（1984）  

第55号 陸水域の富栄養化防止に関する総合研究（Ⅵ）－一竃栄養化防止対策一昭和55－57年度 特  

別研究報告．（1粥4）  

第班号 陸水域の富栄養化防止に関する総合研究（Ⅶ）－一視ノ湖における富栄養化とその防止対策一  

昭和55－57年皮 特別研究報告．（1髄4）  

弟57号 陸水域の富栄養化防止に関する絵合研究（Ⅶ）一総括報告一昭和55－57年皮 特別研究報  
告．（1984）  

第盟号 環境試料による汚染の長期的モニタリング手法に関する研究一昭和55－57年皮 特別研究総  

合報告．（1984）   



第労号 炭化水素一室葉酸化物一硫黄酸化物系光化学反応の研究一光化学スモック小チャンパーによる  
オゾン生成機横の研究一大気中における有機化合物の光酸化反応機構の研究一昭和55～57  

年度 特別研究報告（弟1分冊）．（1984）  

第60号 炭化水素一重葉酸イヒ物一硫黄酸化物系光化学反応の研究一光化学エアロゾル生成機構の研究  

－一昭和55－57年皮 特別研究報告（第2分冊）．（1984）  

第61号 炭化水素一筆葉酸化物一硫黄酸化物系光化学反応の研究一環墳大気中における光化学二次汚  

染物質生成機機の研究（フィールド研究1）一昭和55－57年皮 特別研究報告（第3分冊）．  

（1984）  

第62号 有害汚染物質による水界生態系のかく乱と回復過程に関する研究一昭和56～58年度 特別研  

究中間報告．（1984）  

第63号 海域における富栄養化と赤潮の発生機構に関する基礎的研究一一昨沌椚6年鹿 特別研究報告．  

（1984）  

第朗号 複合大気汚染の植物影響に関する研究一昭和訓～56年度 特別研究総合報告．（1984）  

第65号 StudiesoneffectsofairpollutantmixturesonplantsrPartl．（1984）  

（複合大気汚染の植物に及ばす影響一第1分冊）  

第66号 StudiesorLeffectsofairpollutantmixturesonplants－Part2．（1984）  

（複合大気汚染の植物に及ぼす影響一第2分冊）  

第67号 環境中の有害物質による人の慢性影響に関する基礎的研究一昭和54－56年度 特別研究総合  

報告．（1強4）  

第鴨号 汚泥の土壌還元とその環境に関する研究一昭和56～57年度 特別研究総合報告．（1984）  

第69号 中禅寺湖の富栄養化現象に関する基礎的研究．（】閑4）  

第70号 StudiesonchironomidmidgesirL血kesoftheNikkoNationalPaLk（1984）  

PaTtI．EcologlCalstudiesorLCNironomidsinlakesoftheNikkoNationalPark．  

PartIl．Taxonomicalandmorphologicalstudiesonthechironomidspeciescouectedfromlakes  

intheNikkoNatiomalI〉ark．  

（日光国立公園の湖沼のユスリカに関する研究  

一第1郡 日光国立公園の湖のユスリカの生態学的研究－  
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