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Prゆce   

MeasurementofthephysicalandchemicalpIOpertiesofsubstancesisfbndamentaltothe  
鮎1d ofMaterialscience．Inordertounderstandthechemicalpropertiesandbehaviourof  
material，knowledgeofelementalcomposition享ntermsofaccuracyandprecisionisrequired・  
Withthelatterobjectiveinmind，Standardreferencematerialsofdiversecategorieshave  
beenpreparedandissuedbyinstitutionsinanumberofcountriesformanyyears・   
WhenoufinstltuteWaSinauguratedin1974，thepreparationofenvironmentalstandard  
referencematerialswaschosenasoneofthelong．temlreSearChprqjectsfortheDivisionof  
ChemistryandPhysics．Itismygreatpleasure，therefore，tOWritethlSintroductorynoteon  
“Pepperbush”，thefirststandardreferencematerlal，tObeissuedbytheinstitute・   
Dr．K．Okamoto，Ofthe BiochemicalAnalysis seetion，WaS Chiefinvestigator ofthe  
prq）eCt tOgeth9rwithDr．Y．Ambe，head ofthe AirQualityandBiochemicalAnalysis  
SeCtions・Dr・C・McLeod，visiting reseaICher from山e United Kindgom，undertook［CP  
analysisofPepperbushwhileDT．T．Takamatsu，amemberoftheDivisionofWaterandSoil  
Environrnent，PrOVidedresultsbyX・rayfluorescencespectrometry．Dr．Murozumi，Professor  
ofMuroranInstitute ofTechnology，gaVe aSPeCialcontributioninprovidlngreSultsby  
isotopedilut10nmaSSSPeCtrometry・TheisotopedilutlOnteChniqueisindispensableforthlS  
kindofworkandwearemostgratefu1fortheeffortsofDr・Murozumi・AspecialtharLksis  
alsoduetoProfessorT．KibaandhlSreSearChgroupforincludingPepperbushasoneoftheir  
Samplematerialswithinthespecialenvironmentalresearchprogrammewhichwassupported  
bytheMinistryofEducatlOn．   

鮎ptember，1粥0．  

KeiichiroFuwa   

Chlef，Divisionof  

Chemistry＆Physics．   
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CHAIyrERI   

STANDARD REFERENCE MATERIALSIN  

ENVIRONMENTAL ANAl」YSIS  

Y．Ambe   

♪汀rod〟CJわ〃   

hrecentyears，anincreasingnurnberofchemicalanalysesofvarlOuSklndsofenviron－  
mentalsamples，SuCh asthe atmosphere，Water，SOilandbiologicalmaterials，havebeen  
carriedoutinlaboratoriesofuniversities，nationalandlocalgoveTrmentalorganiヱatlOnS，and  
independentinstitutions・ThemainpurposeofsuchanalysesaretoindlCatetheactualstate  
ofenvlrOnmentalpo11ution，detecttheonsetofadversechangesintheenvironmentandto  
understanddle Origlnandmechanismsofthephenomena・Thepollutantstakenasobjects  
forenvironmentalrnomitoringincludenotonlythosecontIOuedlegal1yastoxicsubstances  
butalsosuchchemicalsthatarepotentlalhazards．Inordertocharactedzethedistribution  
ofpollutantsintheenvironment，and／ortodetectabnormalvaluesinatimeseriesovera  
longperiod，alargenumberandawidevarletyOfenvironmentalsamplesareco11ectedand  
andyzed・Unfortunatelythe reliabilityofdataprovidedbylaboratoriesengagedinsuch  
prqectsisopentoquestionsincethereisalacknotonlyofappropriatestandardIeference  
materials butalso reference methods ofanalysis．lnmanyinstance＄，therefore，itis not  

possibletoproperlyassesstheaJlalyticaldataandtodecidewhetherthedataconstitutesan  
environmentalproblem・ItismainlyforthisreasonthattheNatlOnalhstituteforEnviron・  
mentalStudies（NIES）has recentlyinstigated a standard reference materlarS（SRM）  
progfamme・Thisintroductorychapterdescribesdle ChemicalcharacteristlCSOfenviron・  
mentalsamplesanddlSCuSSeStheconceptoftheSRMwithinthe丘ameworkofenviron・  
mentalanalysis・ThestatusoftheSRMprogrammeatNIESisalsosummarlZed・  

仇踊腑血血げ助血洲W血愉明血   

First，WeShouldconsiderthecharacteristicpropertiesofenvironmentalsamplesfrornthe  
vleWpOintofchemicalanalysIS・＝ere，environmentalsamplesincludeair・Water・SOil・plant  
andanimaltissue，COntainingornotcontmiiTlgPOllutantsdlreCtlyhazardoustoourhealth，  
andincludethosemoughtofasindicatorsformonitoringenvironmentalpdLl11tion・   

1）MulticompoTlentSyStemS   

Environmentalsamplesarecomposedofmanyelementsandcompounds・andsometimes  
differentphasesco－eXist・Thecomplexcompositionofthematerialsmayinl1ibitaccurate  
analysisoftheobjectlVeeOmpOnentS．Forexample，theco－eXIStenCeOfmaJOrelementsmay  
sometimescausematrixinterference，increasingordecreasingthevalueundermeasurement・  
Alsothechemicalcompositionofenvironmentalsamplesdiffergreatlysothattheappro－  
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prlate analyticalmethod dlOuldbe selectedconsideringthe matrix ofthe analyte．Very  
OftentheanalyticalpTOCedurerequlreSaChemicalscpaIat10nOfdleCOmpOnentOfinterest  
たom仇eor噛n山mate血．   

2）HeterogeneouscompositionaJlddistributionofpollutaJltS   

Biologicaland geolo由Calsamples，Characteristical1y，areheterogeneousin composition  
and pollutants may be distrib11ted heterogeneously accordlng tOtheir physico．chemical  
propertleS．Inanlmalbody，halogenatedpesticideslikeBHChaveatendencytoconcentrate  
inthe fatty part ofthebody，and，therefore，COnCentrationsdlfferaccordingtothesites  
analysed．Itisalsoin1pOrtanttOSpeCifywhedlerleSultsareexpressedona“total”oT”fat”  
basis．Inthiscase，the umitstoexpresstheconcentrationsdlOuldbecarefu11yselectedto  
PrOVidethemostmeaningLhlresults．   
Whenweintendtoexpressconcentrationsonatotalbasis，COmpletehomog印atlOnOfthe  
Sampleisnecessarypr10rtOa叫ysis・ItisradlerdlmCult，however，tOPreParehomogenous  
SamplesforsometypesofmaterialsuchashumanhairoI丘sh．   

3）Wideramgeofcomcemtratioms   

Concentrationsofpollutantsmayvaryfrompptlevelstosevefalhundredsofppmsothat  
theselectionofanappropriateanalyticalmethodfortheconcentrationlevelexpectedisan  
essentialpoi山．   

Forthe detemlination oflowlevelconcentratlOnS，thehandlingandpretreatmentof  
Samplemustbe carefu11y performed takingcaIetOpreVentCOntaminationorloss．Special  
fac山tiessuchasacleanlaboratoryareofYaluetominimizecontaminationfromalrParticu－  
1ates．Referencemethodsofanalysisfordeterminationsattheppborpptlevelarerequired  
and，inspiteofmanyefforts，fewsuchmethodshaYebeenestablished．   

4）Complexchemicalfomsofcompomemts  

Itiswellknownthattheessentialityandtoxicityofaelementarecloselyrelatedtonot  
Onlythetotalamountofametalbutalsothechemicalfbrmsoftheelement．Animportant  
requlrement，dlerefore，isthatanalysisinvoIvingchemicalspeciationshouldbeperformedto  
evaluatethequalityofourenvironmentcorfeCtly．   
ThechemicalfomlS Ofanelementmay beexceedinglycomplex，andtheexistenceof  
yadousoxjda出on5ta旭，肌dche血cdb加血相暮0】owmolecu】arWeiかCOmpOund55UCh且Sa  
metallo・OrganlcsubstaJICeand／orhighmolecularYeightcompoundssuchasametalloprotein  
Shouldbeconsidered．Theidentincationanddeterminationofeachchemicalspeciesinvari－  
ablyrequlreSaPrellminaJySeparationofthecomponentofinterestpr10rtOdetemination．   
The detemlination oftotalamounts ofelementshasbeenextensively cardedout for  
enYironmentalstudies，butitismuchmore dimcult to determinethe chemicalfomlSOf  

elements．The developmentandimprovementofseparation techniqueswhichcauselittle  
denaturationoftheLnvivocomponentsarerequired・   
ThissituationisalsotrueOforganiccompoundswhichhavemanyderiYatives．   

5）Stab払ityo一組mples   

During tranSpOrtation ofthe sample fromthe collectlOn pOint tothelaboratory  
substantialchangesintheamountsandchemicalfomlSOfpo11utantsandsamplemediamay  
occur．care mustbetakentoselectthe appropriatesampler，COntainerandpreservatlOn  
procedure・Generallyenvironmentalsamplescanreadilyundergophysiolodcalandchemical  

chaLlgeSduetomicrobialactivity・Thercfore，themostsuitablepreservationmethodssuchas  
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acidi鮎ation，freezlngOrSterilizationshouldbeappuedtothesample・   
AshlentlOned above，many featuresofenYironmentalsamplesmake accurateanalysis  
difficult and the proper selection oftheanalytlCalmedlOdsandtechnlqueSisrequired・  
Analyticalmethods血ouldbeselectedconsideringnotonlythenatureofthesamplebut  
alsosensitlVityandinl1ererLtaCCuraCyOfthe analytlCaltechnique・Thefacilityandinstru・  
mentsoflaboratoryandtheexperlenCeOfascientistarealsofactorswhichdetemlinethe  
analyticalmethodsandtechniquestobeused．   

仇eo／∫ね〃（お′d月e陶′e〃Ce肋Je血JJ   

The various application areas ofSRMsin measurement systemshavebeen discussed  
extensIVelyinaNBSbookletl）andarebrie爪ysummarizedbelow：  
（1）TheSRMcanbeusedasastandardtocalibrateameasurementsystem．Namely，by   
analysingaSRMusingaspecifiedmethodortechnique，theaccu－aCyOftheanalytical  
medlOdcanbechecked．  

（2）Indevelopinganewanalyticalmethodtheaccuracy且ndprecisionofthernethodhave   
tobejudged．SRMscan，therefore，SerVetOeStabli血thereliabilityofthenewmethod・  
（3）The SRMcan beusedtoassurelong－temqualitycontrolparticuladyforroutineand   
鮎1dappucationsbyanalyslngtheSRMatappropriateandregulartimeintervals・Inthis   
case，thepreservationoftheSRMshouldbeguaranteed，Inthe鮎IdoferlVironmental   
弧旭n00，甲山吋COntTOlforgovernmentalandloc血1e由或ationisofvit止血poftanCe、As   
mentionedearlielalargenumbefOfdataonawidevarletyOfenYironmentalsamples   
havebeenreported frommanylaboratories，butthesedata somctmeslackanassur－  
anceofaccuracysincedatahavebeenobtalnedbydifferentanalystsofdiverseexperi－   
ence andby diffeTentanalyticalmethods．Thus，thevalue oftheSRMirLthlSareais  
Cleadyreco騨ized．  

舶画血頼再臨血刷叫加附加血融   

nefollowingitemsaTeCOnSideTedtobeIe中1isitesfo一也eSRM－   

（1）Certi爪edmater餌   

Itis a fundamentalpointthat theanalyticalYaluesofthe components areweu・  
characterized and certl鮎d．Such numerlCalvalues are temled”certi鮎d values”and  
areconsideredtobethemostaccuratewithlnthelimitationsimposedbyequlPment   
andmethodology・AdequatcinformatlOnOn thecertifiedvalues，dleunCertaintiesof  
thevaluesandinstrucdonsonsample preparationshouldbespecined・Detai1softhe  
CertincationprocessforPepperbusharegiYeninChapterVIJI・   

¢）Demandft〉Tmatedd   
SRMswereorignia11ymadeinfieldsofindustryandcommerce・forexample・tOaSSist   
inmeasurementandexchangeofgoodsl）．lnrecentyearsseveralcategoriesofenYiron－   
mentalSRMshave beenprepaIedinordertoimprovethe qualityofenvironmental   
analysis．1tisnotunreasonable，therefore，thatbiologicalarLdenvironmentalSRMs   
havebeenissuedbytheNationalBuIeauOfStandards，U・S・A・PBS）andothergovcm－   
mentalorgarLIZationssucethe1970，stomeetthegrowingdemandsofenvironmental  
scientists．   

（3）Homogeneous弧dstablemate血1   
Thehomogeneityofcompositionandstabilityofeachaliquotorbotdeofsample  
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must be guaraJlteed．By de餌Iition the SRMis ahomogeneousandstable materlal．   
Liquid orpowderedsamplesare favorable forthe preparationofa homogeneous  
material．In prepanng a SRM，preCipitates orlarge particles which causeinl10mO－  
geneityofthematerialshouldbe removedby filtrationorsleVing・Jtisalsoessential  
thatthestruCture，COmPOSitionandpropertiesoftheSRMwi11notchangeoYeralong  
Period sothatthe certinedvalues，OnCe detemined，Wu bevalid fbrmorethanten  
years・Varioustreatmentsorstoragemethodssuchassterilizationby －rayradiation，  
germieide addition，Or COld storage，etC・Shouldbeutilizedforlong－termStOrage Of  
SRMsoflowpreservability・ContalnerSforSRMsalsoshouldbecarefh11ychosenso  
thatchangesofcontentbycontaminationoradsorptionlossdonotoccur．  

（4）SRMcomposition  
Itispref如ablethatthecompositionoftheSRMshouldbeclosetothatofthesample  
beingarlalysed，0therwiseitmaynotbepossibletomakejudgementsonthereliability  
OfanalysIS・The potentialerrors on trace element determinationscaused bymqjoT  
matrixcomponentsisoneaTeaWhichshouldbeconsideredwhenassesslngdata・  

（5）bng・tem飢Ipply  

AsumcientquantityortheSRMshouldbepreparedtosupplyusers’needsforatleast  
5・10years・SpeedydlStributionthTOughanappropriateorganizationisalsorequired  
forend・uSerStOreCeiveSRMsassoonaspossible．  

¢）Av姐ab山野at10WCOStalldsa食中伽h弧甲Or也tion   

〟如orお〟J助cたgm〃〃如〃d伽Je〝J∫ね血相（げ   

g郡わ〃me〃JαJぷ尺〟丹0ダ伊乃meαJ〟郡   

SRMswere鮎stpreparedin1904byNBS；themetalsamplesbeingissuedinchipfom．  
Muchlater，irL1955，theU．S．Geolo由CalSurvey（USGS）preparedstandardrocksamples，  
G－1andW－1，WhichweredistributedtoaJlalyticallaboratoriesthroughouttheworld．Inthe  
1960’s some studies concemed with“soft’’standardswere perfc，rmed，in addltion to  
COntinuedis＄ueOf“hard”sRMssuchassteels，由ass，andcement，etC，Bowen’sstudyonKale  
POWderbeganin1960andinthisinvestigation，42elementsweredeterminedatmany  
laboratories usinglldifferent analyticalmethods2），The metalcontentofabone－aSh  
standardwasstudledbyVallee3）．since1970aseriesofbiologicalandenvironmentalSRMs  
have beenissued by NBS・ne NationalBuTeau OrStandards SRM categoriesinclude  
“OrchardLeaves”，■“BovmeLiver’’，“TomatoLeaves”，“Spinach”，”PineNeedles”，‘‘Oyster  
Tissue”，“RiverSedlment”，“AlrParticulateMatters”，“Trace ElementsinWater”andso  

forth・TheIntematlOnalAtomicEllergyAgencyhasalsodistributedsomecertinedrefeTenCe  
materials or－eference mat¢血1s such as“So封’’，“bke Sedim即が’，“加ed Cop叩Oda”，  
L’HomogenizedFishFlesh”andetc．  

InJapan，0nly twokindsorstandardsamplehave beenutilizedinthe environmental  

science neld，Olleisaseawatersampleforsalinitymeasurementandthestandardiscalib・  

ratedversustheInternationalStandard SeaWaterpreparedbytheInstitute ofOceano・  
graphicSciencesatWorrrdey，England，Whnetheotherisstandardrocksamples，JB－1，JG・l  
preparedbydleGeologicalSurveyofJapan・Researchmaterlalssuchastealeavei，Shark  
rneat，bamboo，andfungalmycelia，haverecentlybeenstudiedascandidatesfoTSRMs4，5）・   
NIEShasrecendyinstigatedaSRMprogramme，theobjectivebeingthepreparationand  
ceT11ficationofenvi10nmentaistanda通，tOSelVetheneedsofenvuonmentalscientistsand  

laboratorleS．Vario11SCategOriesofSRMscanbeconsidered，forexample・elements，gaSeS，  
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Organic compounds・At present，OuISRMpIOgrammeisrestricted tothe pIeParation of  

environment山samplesandcerti丘cationofelementalcompositlQn．  

Tablel  

NIES SRMs 

Pepperbush  

Pond Sediment 

Chlorella  

Human Serum 

Halr  

（Bota山c叫  

（Geolo辞Cd）  

（BiologlCal）  

（Clinical）  

（Clinical）  

Cer也丘ed  

Analysisinprogress  
AnalysisinprogIeSS  
Analysisinprogress  
Analysis in progress 

TablelshowsdlCpreSentStatuSOftheSRMprograTrmeatNIES・ThefirstSRMtobe  
completedisabotarLicdsample，Pepperbush，thepreparatlOn，analysisandcertificationof  
whicharedescribedinthisbook・ReportsontheremainingSRMswi11alsobeissuedindue  
course．ThemosttypicalcharacteristicsofPepperbushrelativetothebotanlCalSRMsissued  
byNBSarethehighconcentrationsofmanganeSe，Zinc，CObalt，nickelandcadmium・   
The seeondissueisageolo如alsample，PoJldSed血ent，thecertincationofwhichis  
presendybeingperformed・SanshlrOpOndwithinthegroundsoftheUniversityofTokyo，  
wasselectedasthesiteforcollectlngthesedlment・InMay1977，Whenthepondwasbeing  
dredgeddurlngaCleaningoperation，1argeamountsofsalvagedsedlment（about500kg，Wet  
wt．）weretakenandtransportedto山einstitute，Afterremovalofcoarsemate血11argerthan  
2mm，thesedlmentSamplewascolleetedonⅢterpaperandwasair－driedforabouttwo  
weeks．The procedurea鮎rthisstepwasalmostthesame asthat foTPepperbushSRM・  
exceptforthemeshsizesusedinsieving．Thesedimentsampleshavingbeenpasscdthrougha  
200．mesh（71pm）nylonsievewerehomogenizedinarlf11esampleramdthenpackagedin  
2000glassbottles・（20geach）・Thesamplesinpackagedformweresterilizedby60co  
radlationat2Mega－RadattheJapaJIAtomicEnergyResearchInstitute（Takasaki）・The  
Yariationofmetalcontentamongbottles（estimatedbyAASandXRFdeterminations）was  
negli由blysmal1，indicatingthatthepreparedporLdsedimentsamplesarehomogeneousand  
practicallyusehdasaSRM・Also，thecomparisonofmetalcontentsbetweenPondSediment  
andPalaceMoatSediment（Tokyo）6）showsthatthecompositionsaresimdarand，therefore，  
PondSedimentSRMmaybeconsideredasatypicalsedimentsample・   
ThethirdSRMisabiolodcalsample，ChloTella，thepreparationofwhichhasjustbeen  
completed・ChloreuaisatypicalgreenalgaewhichiswidelydlStributedinlakes・riversand  
ponds．Inrecentyears，enVironmentalpouutionoftheaquasystembyheavymetalsand  
organiccompoundsishavingadverseeffectsorlanimals，Plants，tish，and血soonhuman  
health・Ånurgentrequlrement，therefore，istoidentifyandmonitorsuchsubstancesinthe  
hydrosphere・BesidesitsvalueformonltOringwaterpollution，Chlore11aSRMwi11alsobeof  
useinbasicstudleSSincechlorellahasalreadybeenusedextensiYelyasaresearchmaterial・  
Itis we11knownthatcertaininorganicelementsarerequiredfornormalgrowthand  
developmentofthehumanbodyand，atpreSent，about26elementsareconsideredtobe  
essentialor benencialforlife．Diseases have been related to abnormalconcentrat10nS  
（dencienciesandexcesses）ofmaJOr，minorandtraceelementsinnuidortissue・Itisclear  
thatthereisagreatneedforhumanfluidandtissueSRMsand，therefore，ahumanblood  
serumSRMhasbeenpreparedandanalysisisirlprOgreSS・Humanhairisalsoanimportant  
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SamPle for monitorlngm¢talaccumulationin dle human body and such a standardis  
presently be血Ig prePared．1t should be realizedthat concentrationslevels for many  
essential／nonLeSSentialelementsinclinicalsamplesareextremelylowandreliablemethodsof  
analysISarenotaSyeteStablished，andthustheceEtificationofclinicalSRMsisbynomeans  
an¢aSytaSk，   

Asmentionedearlier，theSRMprogrammeatNIEShasbeenorientedtothepreparation  
Ofdiverseenvironmentalsamplesandcertincationofelementalcomposltion・CleaIlythereis  
a paranelneed for SRMs wherethe contents ofvanous organiccompoundshavebeen  
Certifieq・Although there exist many difnculties with respect to 血e preparation，  
homogeneity，PreSerVatlOn，andanalysisofthe”organic’’SRM，rCSearChformakingsuch  
SRMsistobecarriedout．  
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CHAPTERIl  

NATUREOFPEPPERBUSHPLANT  

K．Okamoto   

血けα九Jぐrわ〃   

Pepperbush（C7ethnbarbinervisSieb・etZucc），adeciduoustreeof3－7minheight，is  
widelydlStributedinforestedreg10nSOfJapan．Fromthebiogeochemicalandbiochemical  
pointsofview，rt，Pperbu血hastwoanomalouspropertieswhichcharacterizethistreefrom  
Othernomlalplantspecies．First，theabilityoftheplanttoaccumulatecertainheavymetals  
intheleaveshasbeenestablishedl－3）．AnalytlCaldataonthemetalcontentsoftheplant  
andotherspeciesarepresentedinsectionl．Thechemicalformsofthemetalsinpepperbush  
leavesandthemolecularweightsofthespecieshavealsobeeninvestigatedandaredlSCuSSed  
insection2．1nparticular，thechemicalformofcopper，andthepurificationandpropertleS  
Ofacopperprotehisolatedfrompepperbushleaveshavebeenstudledandtheresultsare  
descdbedinsectlOn3．TheunusualabnityoftheplanttoaccumulatecertainheaYymetals  
also posesthequestionofwhetherhlghlevelsofcertainmetalsarerequiredfornormal  
growthofthe plant．TheessentialityaJldtoxicityofcobaltforpepperbushandthehter－  
Ce11ularmetalinteractionsbetweencobaltandotherelementshavebeenexaminedandpart  
Oftheresultsarepresentedbrienyinsection4．   
Theaccumulat10nOfheavymetalsinpepPerbushhasnutritionalsignincanccsincefre血  
1eavesareedlble2，4）．lnoldentimes，yOungleaveswerestockpiledbyorderofthelawasa  
PreCautionagalnStfamine．Theplantalsoprovidesasourceoffoodforwildanimals，These  
factsindicatethat pepperbushleaves can supply cobalt and other essentialtrace metals  
WhicharerequiredfofnOmlalgrowthanddevelopment．   
Further，itiskJlOWnthatpepperbushplantgrOWSwe11inareasofvoIcanlCaCtivityand  
alsonearore re鮎Ieries，SuggeStingthat pepperbushplantistoleranttoexposuIetOSulfbr  
COmPOunds．Biochemical research to clarify the mechanismof adaptation has been  
performedintheEnvironmentalBiologyDivisionoftheinstitute5）．Theresultsindicate  
that pepperbush plaJlt OCCupies aunique positioninthe plantkingdomwithrespect to  
envlrOnmentalpollutionbysulphurcompounds．   
So farthe botanicalSRMswhichhavebeenissuedarecharacterizedonlyintermsfor  
elementalcomposition．Thereisaneed，however，rOrkJ10wingnotonlythetotalamountof  
aparticularelementbutalsothechemicalfbml．Itisanticipatedthattherewillbeademand  
intheneal餌tureforrangesofSRMswhichprovideinformationonthechemicalformof  
elemelltS．  
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Some plantSwhichselectively accumulateelementssuchascopper，Zincandselemium  
havebeenextensivelystudied6），butlittleisknownabouttheaccumulationofcobaltby  
higherplants・CTethTYlbarbine血（pepperbush）wasfoundbyYamagataandMuIakamil）to  
accumulatecobaltininvestigationsonthevariationintheheavymetalcontentofvegeta－  
tion．Morethan one hundredtlmeSaSmuChcobaltandseveraltimesasmuchnickelweIe  

detectedintheleavesofCbabinervisasinotherplantspeciesl，2）．   
Tablel血owstheanalyticaldataondleheavymetalcontentofnvenativeplantspecies  
growingatthesamesite3），ThemanganesecontentoftheleavesofCba，bineTVisranged  
froml190to2600ppm（pg／gdryweight），beingmarkedlyhlgherthanthoseofother  
plants・ThezinccontentofCbarbb7erVisrangedfrom360to440ppm，WheIeaSthoseof  
Otherplantswerebetween28aJld72ppm・Thezinccontentoflandplantsgrownonnomlal  
SOilisseldominexcessoflOOppm，SOthatthevalueforCbarbineTViswasexceptional1y  
high・C barbine”ishadanextremelyhighcobaltcontent，randngftom8to32ppm．In  
COntraSt，thoseoftheotherfourplantswerelessthanO・5ppm・Fromthreetoseventimes  
asmuchnickelwerealsofoundinCbarbinerpiscomparedtootherspecies・Itisnoteworthy  
thatC barbinerviscontalnedextremelyhlgh1evelsofcadmium，rangingfrom6．6to8．O  
ppm・hthesamplesco11ected丘omGinzandaira，C barbLnerviscontainedbetween about  
thirtyandeightytimesa軍muChcadmiumasQ，SerrataandQ．mongoticavar．grosseselrata，  
respectively．   

Onthe otherhand，theamountsofiron，COpPerandleadinC bwbinerviswerenot  
SigllEicantlydlffbrentfromthoseoftheotherfourspecies，aSShowninTableI．Thedataon  
the heavy metalcontentin various plant speciesshowsthatC barbinervisaccumulates  
manganese，Zinc，CObalt，nickelandcadmlumintheleaves，Whereasthereisnoparticular  
amnltyforiron，COpperaJldlead．  

2．αemfcαJ凡〉mJO／5b∽e〟eね加ゎ乃押erム〟ざわ飽〃r  

ltisofinteresttostudythechemicalformsofthemetalsaccumulatedbypeppeIbush  
pl且ntbuta5yetl加eisbowれaboutめeざ11坤Ct．50ねーぬepresenceora両肌1in812－1ike  
cobalt－POrphyrincomplexhasbeenindicatedbybioassayusingmicrobes2），Thepu亜cation  
Ofvariousmetal－bindcompounds丘ompepperbushleaves，therefoTe，hasbeenperformedin  
Ourlaboratoryoverthepastfewyears．  

1nordertoexaminethechemcialformsofmetalsinpepperbush，thebufferextractfrom  

pepp即bu血1eaveswasappliedtoagelc九romatographicco】umlli几Ordertoes止mateappro・  

Ximate molecular weights ofmetalcompounds，Fresh pepperbushleaves（250g）were  
groundwith50mM phosphatebuffer（pH6．8）in amechanlCalmortarfor30min．The  

SlurTyWaSCentrihlgedat18，000xgfor20minandthenthesupematantwaslyophilized▲  
ThelyophilizedpowderwasdissoIved（100mg／nl）inlOmMMgC12andthenlrnlofthe  
5amp】egolutjonwasapp】iedtoa8jo・Ge】PJcdumn（】・6x40cm）w九1Chwasequ班brated  
with50mMphosphatebuffer（pH6．8）comtalninglOmMMgC12．   
ThegelchfOmatOgraPhlCelutionpattem（fractionrange： 

． 

indicatestheelutionpatternsofBlueDextran（voidvolume，m．W．2xlO6），VitaminB12  
（m．w．り50），Zn2十andCo2＋血ichwere那edaざCdibrat血5加dardg．For仏emjddle  
graph，the proteinconcerLtrationwasdeteminedat280nmandalsobythemethodof  
Ij）Wry；the concentrations of Cu，Co and Cd for each fraction were determined  

by atomic absorptlOn・Thelower graph showsthe elution pattem ofZn，Mn and Fe  
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TableI．  

HeaYyMetalContentsoftheLeavesofVariousPlantSCollectedfromThreeSites3）  

Metalcontemt hg／gdけW¢iか）  

Site  Sp¢Cies  Mn Zn Co Ni Cd Fc C11  
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Fig．1，Elution pattem ofthe buffer extIaCt frompePperbushleaves on a Bio・GelP4  
COlumn（1・6x40cm）equnibratedwith50mMphosphatebuffer（pH6．8）containing  
lOmM MgC12・HighproteinconcentrationsmeasuredbyLowry’smethod（middle，  
fraction No．30－5q）are duetothe reactlOnbetweenFolin’sreagent andthelow  
molecularpigments．BlueDextranyitaminB12，SOlutionabsorption．Metals，atOmic  
absorption．Solidline，280nm；Brokenline，650nm，  
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extractedfrompepperbushleavesonthecolumn・Fig・1indicatesthatpossiblemetalsbound  
tohighrr101ecules（moleculeswhichhavemolecularweightmorethan．4000areelutedat  
YOidvolume）includeCuandZn，thoughrnostofthemetalsweredetectedattheelution  
volumeoflowmolecularweightspecies．AsforCo，CdandMJl，theelutionvolumeofthe  
metdswasalmostthesameasthoseofCopandZnions，SuggeStingthatCo，CdandMnh  
pepperbushleavesarepresentaslowmolecularcompoundsorions・   
Furtherpuri爪cationofcobaltLCOntainingcompound（S）wasperformedbyionexchange  
chromatographyonaDEAEandaCMce11ulosecolumnbutthepresenceofasinglecobalt  
SpeCieshasyet to be demonstrated・Fromtheelutionpattemsofgelfiltrationandion  
exchange chromatography，CObaltin pepperbushleaves appears tobe present as alow  
molecularweightcompound（s），POSSiblyacobalt・pigmentcomplex，and／orascdbaltions・  
Furtherstudiesarerequiredtoidentifythechemicalformsofcobaltinpepperbushleaves・   

ヱAα押er伽Je加／蝕わ叩α′血ノ血加ed伽∽♪申Per如力⊥e〃？e∫   

AsshowninFig．1，partOrthecopperinpepperbushleavesisboundtohighmolecular  
Weightcompounds．Thepurification ofthecopperproteinwas，therefore，perfomedand  
SOmePrOpertiesoftheisolatedcopperproteinaredescribed・   

Plan（material．LeavesofpepperbushwerecollectedinAngust，1977，atMikouchiinthe  
AshlOdistrict，Tochi由Prefecture，WherelargeamOuntSOftheleavesarereadilyavailable7）．  
Theleaveswerewashedwithdeionizedwaterandstoredat・20Cunt山required，   

hJr押ation．Unlessstatedotherwiseallstepswereperfomedirlthecold，  
Stepl・＆tTqCtion・FfOZenleavesofpepperbudl（200g）weeCutintosmallpiecesand  
groundinamechanicalmortarfor30minwith50gofpolyvlnylpyrrolidone（insoluble），  
200gofsandand700mlof25mMTri・HClbuffer（pH8．0）containinglmMdithiothreitol．  
The homogenate wascentrifuged forlOrnin at3000xgand the sedimentwas hlrther  
groundfor30minwith700miofthesamebuffer．AftefCentrifugationofthehomogenate，  
thesupelnatantSOlutionwascombinedwiththatobtainedbythenrstcentrlfugation．Four－  
teenadditionalbatches oftheleaveswere similarly treatedandthesupernatantsolutions  
werepooled（151iters）．  

Step2．Ammonium su埴tef相C（ioTZation．The supernatant solutionwasbroughtto30％  
Saturation withsolid ammonlum Sulfate．After standlng forlhr，the preclpitate was  
removedbycentrifugationfor15minatlO，000xg二Thesupematantsolutionwasbrought  
to90％saturationby山rtheraddition ofsolid ammonium sulfate andle丘standingover－  
night・Theprecipitatewascollectedbycentrifugationfor15minat10，000xg，SuSpendedin  
anddialyzedagainst25mMTris－HClbuffer，pH8．0．Thedialyzatewasclarifiedbycentrifu－  
gation and brought againto90％saturationwithammonium sulfate．Theprecipitatewas  
COllectedbycentrifugatlOn，dissoIvedinanddialyzedagalnSt25mMTris・HClbuffer，PH8．0・  
Step3．St甲WtSeDEAE・CeL）uLose chTOma（OgnPhy．The dialyzedsolution（370mi）was  
appliedtoacolumn（2・6x35cm）ofDEAE－Ce11ulose（WhatmanDE－23），previouslyequili・  
bratedwith25mMTris・HClbuffer，pH8，0．Thecolumnwaswashedwlththesamebufferto  
由VeaneluateabsorbancevalueoflessthanO．1absorbanceunitsat280nm・Subsequently，  
也ecd11mnWaSelⅥtedwi也400mlorユ5mMTIis－HClb甘汀由，pt18．0，COntalnin各0．4M  
NaCl・The protein fractions whose Cu concentratlOnSWeregreaterthanO・lJ］g／mlwere  
pooledanddialyzedagalnSt25mMTris・HClbuffer，pH8・0・  
岳tep4．Lineargndien［DEAE－CeLLulosech′OmatOgTaPhy（Fig．2）．Thedialyzedsolution  
（180ml）waschargedtoacolumn（1．6x30cm）ofDEAE・Ce11ulose（WhatmanDE・32），  
PreVlOuSly equilibratedwith25mM Tris・HClbuffer，PH8．0・Elution oftheproteinwas  
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Cu，  
刃g／mt  

Fig・2・ChromatogIaphyonDEAE－Cellulose（DE－32）．Fordetai1s．seetext．   

，aeat28 ▲‾・ ，COpper（atomic  
abs。，， c。nCent，a．i  

Fig・3・SecondChromatographyonSephadex G・75・Fordetails，SeeteXt．  
0－0，a♭50rb且mCeat280几m； △－△  ，absorbancea【600nm；  
・L－一一，COpper（atomicabsorption）．  
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accomplishedwithalineargradientpreparedbymixingl00miof25mMTris－HClbuffer  
bH8・0）contalningO・04MNaClwiththesamevolumeof25mMTris・HClbuffbr（pH8．0）  
eontainingO・4MNaCl・AsshowninFig．2，thecopperprotehwaselutedataconcentration  

Ofabout O・2MNaCl・The fractionsindicatedbythehorizontal1ine（CuconcentratlOnS  
greaterthanO．］pg／ml）werepooledanddialyzedagainstdlSti11edwater．  

Step5・GetPtntiononSephodexG－75（Fig．3）．Thedlalyzedsolutionwaslyophilized  
andtheresultantyellow－gree血血powderwasdissoIvedinlOmlof25mMTris－HClbuffer，  
pH8・0・Thesolutionwasappliedtoacolumn（2．6x65cm）ofSephadexG・75，previously  
equilibratedwiththesamebuffer・Duringelutionwiththebuffer，afhlntbluebandwas  
Observedunderanorange・COlouredbandandthisbluebandcorrespondedtothepeakofthe  
COPperprOtein・Inthisp－OCedurethecopperprOteinwasnotcompletelyseparatedfromthe  
Orange・COloured pigment・ThefractionscontainingmorethanO．1rFLg／mlofcopperwere，  
therefore，againappliedtothecolumnofSephadexG－75andelutedwiththesamebu胎一．  

AsshowninFig・3，theabsorptionpeaks，A280andA600，andthecopperpeakwerecoinci－  
dent・The fractionsindicated by the horizontal1inewerepooledandusedforanalyses  
describedbelow，  

1bmogeneiO，・Polyacrylamidediscgelelectrophoresisgaveasingleproteinband（Fig．4）．   

舶油肌血Ⅷ頑姉川血虻血抑姉ノ．  

1・Themin血ummolecularweightwascalculatedfrom山ecoppercontent．Theprotein   
COntainedO・75％copper，WhichgaveaminlmummOlecAnrweightof8500．  
2・Themolecular weight wasestimatedbygelnltratlOnOnaSephadex G・75column  
（1・6x95cm）equilibratedwith50mMTris－HClbuffeI，pH8．0．Thestandardsusedfor   
Calibration were cytochromec，ribonulease，myOglobin，Chymotrypsinogen and oval－   
bumin・Themolecularweightofthecopperproteinwasestlmatedtobeapproximately  
17，000（Fig．5）．  
3・ThemolecularweightofthesubunitsoftheproteinwasestimatedbyacTylamidegel   
electrophoresisinthepresenceofsodiumdodecylsulfate，withandwithout2－merCaptO・   
edlanOl（1％wv－1）．AsshowninFig．6，theproteinwasnotdissociatedbysodium   
dodecylsulfateunlessmercaptoethanoIwaspresent．Theprotein，incontrast，WaSdissoci－   
atedintotwosubunitsofequalsizeinthepresenceofmercaptoethaTLOl・Usingcyto－   
Chromec，myOglobin，ChymOtryPSinogen andovalbuminasthe molecular weight   
Standards，the molecularweightsofthe proteinandthesubunlt WereeStmlatedtobe   
about20，000andlO，000，reSpeCtively．   

Absorption甲eCtrum・TheproteinisolatedbytheproceduredescribedaboYeWaSfhintly  
blueincolor・Theproteinturnedmoreintensebluebytheadditionofafewcrystalsof  
fe’rrlCyanide，Thebluecolorwasbleachedcompletelybyfurtheraddltionofsodiumascor・  

bateandawater．clearsolutlOnWaSObtalned・AsshowninFig・7，inthevisiblerange，the  
PrOteinintheoxldlZedformhadabroadpeakmaximumat600nm・］ntheultravioletrange  
itshowed，besldesthemainabsorptionpeakat278nm，thecharacteristicpeaksat259，265  
and269rLmCOrreSPOndingtothe血estruCturebandsofphenylalanine，andashoulderat  
284rLmCOrreSpOndingtothatoftyrosine；thespectrumWaSVerySimnartothoseforspinach  
plastocyanin8）andtobaccoplastocyaJlin9）．TheA600／A278ratioofthiscopperPrOteinwas  
O・25andismuchlowerdlanthoseforspinachandtobaccoplastocyanln（A597／A278ratio  
Ofthepurinedplastocyaninareaboutl．0）．   

Me（alcontents．Thecoppercontent ofthe purinedproteinwasdeterminedby non・  

flameatomicabsorptionspectrophotometrywithaPerkln－Elmer503speCtrOmeterntted  
WithaHGA2000atomizer・Sin1ilarlyzinc，manganeSeandironweredeterminedbyflame  

－13－   



一  － ■、－  

ご  
こ；去ぶ、  

－  

一
顧
 
 

●
 
 
 
＋
 
 

●こ一  

Fig．4  

Fig・4，Polyacrylamldediscgelelectrophoresisofthepurinedcopperprotein・Theprotein   
・（50pg）wassubjectedtogelelectrophoresis（ge17・5％，PH9．5）for40minat4mA  
pertube．Thegelwasstainedwith1％amidoblacklOBin7％aceticacidand  
dest血edin7％aceticacid．  

Fig・6．Sodlum dodecylsulfatepolyacrylamidegelelectrophoresisofthepurinedcopper  
protein．Theprotein（1qLLgeaCh）wassubjectedtoelectrophoresisonpolyacrylamide  
gel（1昭）inthepresenceofsodlumdodecylsulfate，with（right）andwithout（1eft）   
1％2－merCaPtOethanol，aSdescrlbedbyWeberandOsbomll）．Thegelswerestained  
with0．1％CoomassiebrilliaJltblue（aeeticacid，1：methanol，5：distnledwater，4）foI  
60minandexcessstainwasremovedusing7％aceticacid．Itisapparentthatdissoci・  
ationintosubunitswasachievedonlyinthepresenceof2－merCaptOethanol，  
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Fig．5．Estimationofthemolecularweightofthecopperprotein丘ompepperbushleavesby  
gel瓜1trationonaSephadexG－75column（l．6Ⅹ9．5cm）．Themolecularweight  
Standardsusedwere：1．cytochromec（12，400），2．rlbonuclease（13，700），3．myo・  
globin（17，000），4．chymotrlpSinogen（25，800），5．ovalbumin（43，000）．Theclosed  
Symbol（theelutionvolumeofthecopperprotein）correspondstoamolecularweight  
Of17，000．  
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Fig・7・UltravlOlet and Yisible absorption spectrum oftheisolated and purined copper  
proteh・The protein concentration was O．69mg／mlin25mM Tris－HClbuffer，  
pH8・OLTheabsorptionspectrumwasrecordedonaHitachi323spectrophotometer・  
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atomic absorption spectrophotometry withaHitach1508Aspectrometer・TheresultsiTI  
TableIIindlCatedthattheproteincontairLedtwoatomsofcopperPermOleculesuggesting  
thatoneatomofcopperwaspresentperOneSubunit・NosignificantamountofzirLCCOuld  
bedetectedintheprotein・Thecontentsofironandmanganesewerebelowthedetection  
近mit50ト血ere5匹C加eatomicabsorpt血tec血jques・   

EnzymLcactivio，．SupefOXidedismutase（ECl，15．1，1）activitywasassayedaccordingto  
themethodofMcCordandFridovich10）buttheproteindidnotexhibitenzymicactivity．   

Amlnoacidan（砂Sis．ThecopperproteinwasdialyzedagairLStdlStilledwateTforaweek．  

TriplicatesamplesofO・7mgoftheproteinwerelyophilizedinaeid・WaShedtubes，dissoIved  
inlmlofconstant．bo揖ngtlClandsealedundervacuum．Hydrolysiswasaccomplishedat  
llO℃for24，48and72hr・AminoacidanalysiswasperformedwithaHitachi835amino  
acidanalyzer・Therecoveriesofserineandthreoninewereextrapolatedtozerotime．Ⅴaline  
andisoleucineweredeterminedfromtheYaluesat72hrofhydrolysis・TablellIpresentsthe  
resulton amiJlOaCidanalysisofthecopperprotein丘ompepperbush，andcornparesthe  
resultwiththoseofspinachplastocyaninbyKatoheta］8），Theaminoacidcomposition  
Showed considerable similarity to that ofspinach plastocyanln，thoughthecontentsof  
asparticacid，glutamicacid，glycine，medlionineandlysinewerelower．  

乃bleII．  

MetalContentoftheCopperProteinIsolatedfromPepperbushLeaves．   

AftertheproteinwasdialyzedagalnStdlSti11edwaterfor2days，themetalcontentswere  
determinedbyatomicabsorptlOnSPeCtrOmetryandtheproteinconcentrationwasdeter－  
minedbythemethodofLowryetaL12）usingbo血eserum山bumin且SthesfandBId．The  
mole／moleratiowasobtainedonthebasisofamolecularweightof17，000．  

Metal content 

Metal  Flg／gprotein  g・atOmSmetd／moleprotein  
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TableIll．  

Amino Acid Composition 

TheamlnOaCidcompositiorlbfthecopperproteinandcomparisontothedataforspinach  
Plastocyanln・Al1calculationswerebasedonamoleculaTWeightof17，000forthecopper  
prote血．  

Pepperbushcopperprotein  Spinachplastocyanin8）  
AJnil】O aCid  

Residuespermoleculeofprotein  

Aspartic acid 

nreonin（〉  

Se血e  
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a）notdetem血ed．  

〃．用γJわわg加J尺oJeo／CbわαJrわ′タ甲pe′毎ざ力月如上・   

An0therinterestingphysiolo由CalaspectrevealediJITablelisthepossiblenutritional  
sigmincanceofthehighcobaltcontentinpePperbu血plant．Ageneralrequirementforcobalt  
byhigherplantshasnotbeenestablished，eXCeptわrnitrogen爪xationbythesymbiotic  
root・nOdulebacteria13，14）．ItisofinteIeSt，therefore，tOStudywhethercobaltisessential  
払rpepPerbu血plantornot．Wetestedfortheessentiality，tOXICityanduptakeofcobaltby  
varyingthe amounts ofcobalt added（none added to10ppm）toculture solutions・h  
addltion，CObaltwasaddedaseithercobaltsulfateorvitamineB12tOeXarrunetheefftctof  
chemlCalfomsofcobalt．PepperbushplantsgrownfrolnCuttingswerecultivatedinsolution  
inatemperature＜OntrOlledgreenl10uSe・Fig・8showsthephotoofpepperbu血plantsafter  
about6weeks，cultivation．ItwasfoundthatdleCObaltuptakebytheplantremarkably  
dependedonthechemicalfomofcobaltadded，andthatthecontentsofironandmanga－  
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nese¢裏11bitedamarkeddependenceonthecobaltconcentTations肌d仙echemicalfomsof  
CObaltintheculturesolutions．Thisworkwillberepoftedindetailelsewhere，  

肇行李賛  

‘  
．  こ・   1こニー  丁  ′－  

寮狩  

None  
Added－  

0 
．ニ‥．、  

Fig．8′Pepperbushplantsinsolutioncultureafterabout6weeks’cultivatlOn・Pepperbush  
plantSgTOWnfromcuttingswer¢Cultivatedintheculturesolutions15）towhich  
co♭altw且Sadded且SeidleTCObaZtsu）Eate（upperserjes）orvltaminB12（Jowerseries）  
withCoconcentlatiollSran痩ngfromヱerOtOlOppm・  
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CHAFrERI‡1   

PREPARATIONOFPEPPERBUSH  

K．Okamoto   

ThepreparationofPepperbushconsistedofthefollowingsteps．   

助叩血勘抑㍑吋極   

Theleavesofpepperbu血wereco11ectedinSeptembeT，1975，atMiko11ChiintheAshio  
distrlCtWherelargeamountsoftheplantarereadilyavai1able，Theleaves，freefromstems，  
WereWaShedwithdeionizedwaterarlddrledinanairovenat80℃ovemight．About30kg  
OfthedryleavesweretlSedinthiswork．  

Grl円d如g¢円dぶfe血g   

med∫yleaves（about700g）weregroundforaboutonehourinabal1－mnl（95％A12O3，  
71iters）whichhadbeenpleviousbgTO11ndwellwiththeleavestominimizecontamination  
bymetal・Thepulverizedsampleswereplacedonasetofsieves－a50－meSh（297LLm）nylon  
SieYe（top），a80・meSh（177JLm）nylonsieveOT）iddle）・BndaTeSerVOjTmadeofvinYIchloride  
（bottom），andthenvibratedmechanical1yfor15min．   

Jい・r・ト・ごご叫・ご，～fl、・J′∫・バい一′ト′バ．ト・仙川J・い′トJい・いり・、いじ、   

Todeterminethedistributionandvariationofmetalcontentforthesamplesdiv］ded加O  
the叫eepa－tS（above50－rne血，fTOm50to80－me血，below8D－meSh），nVelotsoftheleaves  
（about700geach）wereindependentlygroundandpassedthroughasetofthesieves．Three  
portions（lgeach）were taken fromeachofthethreepartsinfiYelots，dry・aShedand  
analyzed・Zn＞FeandMnweredetemlinedbyatomicabsorptionspectrometryusinganair－  
acefy】el】8鮎me．  

Tat）1eI．  

DistributionandValiationofZn，FeandMnわrVariousMeshSizes（LotNo．3）  

Contemtd，〃g／gdけWt．，  Rel．std．dev．，％  

Zn  Fe  Mn  Zn  Fe  Mn  

2．6  3．2  1．2  

1．5  2．3  0．3  

0．5  0．5  0．5  

Above50・me血  335  87  1950  

50to80－meSh  331  97  2030  

Below80－meSh  301   152  1950  

αaVerageV  
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TableIshows，forexample，theandyticaldataonLotNo．3（theanalyticaldataonthe  
otherfourlotswerealmostthesame）．The爪mestpart（below80－meSh）containedlessZn  
andmoreFethantheothertwoparts．Mnlevelswerealmostthesameforthethreeparts．  
Thesedifferencesinthemetalcontentsofthevariousfractionsmaybeeonnectedwiththe  
biochemicalrolesofthemetals．   

Therelative standarddeviations forthemetaldeterminationsarealsoglVeninTableI・  
Thefinestpartshowedthelowestvalues，indicatingthebesthomogeneity，thoughthevalue  
ofMnisalittlehlgherthanthatforthe50to 80・meShThesamplespassedthrougha  
80・meShsievewere，therefore，Selectedforfurtherprocesslng，   

．け血†lg   

Thepowderhavingpassedthroughan80－meShsievewasdividedintotwopチrtSWitha  
rifflesampler（JISNo，2）madeofvinylchloride．ThepowdeTWaSPiledupintwolayersand  
againdividedbypassingthrbughtherifnesampler．Pepperbushsampleswerehomogenized  
byrepeatingthisproceduretentimes．  

現厨川／〟加ゎgw油α尺脚e5b椚〆er   

Thehomogeneity ofthe samplesobtainedbymixlngwitharifnesamplerwastested・  
Beforemixing，threeportions（1geach）weretakenfromeachofthe丘velots（320，210，420，  
320and320由，dry－aShedandanalyzed．＾fterthenvelotsweremixedbypassingthrough  
therifnesamplertentimes，nineportions（1geach）weretakenfromthemixedpowder，dry．  
ashedandanalyzed．   
Tablellshowsthe analytlCaldataonthepepperbushsamplesbeforeandaftermixlng・  
Beforemixing，therelativestandarddeviationsofZn，FeandMndeterminationsinthenve  
lotswere6．2，12and13％，reSpeCtlVely，After mixing，those ofZn，Fe andMngreatly  
decrea，Sedtol．0，3．1andO．7％，reSpeCtively．Goodhomogeneitywas，therefore，aChleVedby  
mixingwiththerlmeSampler．  

TableII．  

EffectofMixingwithaRlffleSampler  

Before miving After mixing 

Zm  Fe  Mn  Zn  Fe  Mn  

FJg／gdrywt．  FLg／gdrywt．  

MaxlmumValue  340  

Minimumvalue  290  

Average  309  

Rel．std．dev．，％  6．2  
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〟0椚0邸〝e砂qげ申pe′ム〟∫わ助椚〆eJO〝α上α堵e∫c〃Je   

Sevenlots（total14，4kg）ofthepeppeTbushsamples（below80－meSh）weremixedinthe  
rime sampler（ten times）andthepowderwasrandomlypackagedinl150glassbottles  
（about14geach）．Tochecktheho血ogeneityofthepepperbushsamples，38sampleswere  
taken fromeachof30bottles，dry－aShedandanalyzed・Homogeneitywasestimatedfrom  
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therelativestandarddeviationsofZn，FeandMndeterminationsofthepeppeTbushsamples・   
TableITIshowsthattherelativestandarddeviationsforZn，FearldMninthe38samples  
Werel．5，2．2andl．0％，reSpeCtlYely．WhenstandardsolutionsofZn．FeandMnatthesame  
COnCentratioIISaSthesamplesweremeasuredtentimesundersimilarconditions，therelatlVe  
Standarddeviationswerel．4，2．7andl．0％，reSpeCtively．mevariationofthemetalcontents  
of the pepperbush samples were almost the same as the corresponding results for the 
Standardsollltions，indicatingthatthepreparedpepperbushsamplesarehomogeneousand  
pTaCtlC劇yusef山asastandardreferencematedd．  

TableIII．  

Homogeneity of Pepperbush Samples 
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（5td．5dutjoJ110time5）  

Reねremces   

Okamoto，KリYamamoto，Y．＆Fuwa，K・（1978）：Pepperbushpowder，aneWStandard   
referencematerial．d〃〃J．αe椚．50：1950・1951．  

Okamoto，K．＆Fuwa，K．（1979）：PreparationofenviroIlmentalstandardreferencematerlals．   
∬〟〃砂∂5b血血iG陶助6（4）：1・6（inJapanese）．  
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Aluminaba山一m山  

Sieving apparatus 
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鮎mesmpleT  

凝議燦綬鷲オ  

紛漆涙   

：、 ・  
＼（！．1  

i－Ⅰ汗IJiこtミIit：Sl王  
l．1ヽLち   

ヽ＼加ヽtlらヽ、lけ  
、 r l■、、  

√ ■ 、  ■  
jliンl｝  

PepperbushStandardReferenceMateIial  
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CHAPTERIV   

ANALYSISOFPEPPERBUSHBYATOMICABSORPTIONAND  

FLAMEEMISSIONSPECTROMETRY  

K．Okamoto  

加古タロducJわ〃   

Atomic absorpdon spectrometry（ÅAS）is a uniqeanalyticaltechniqueforthe  
determinatlOnOfmetal1icelementsandisusedinmanysclentific鮎1ds・Theacceptanceof  
AASisattributedmainlytothefo1lowingfactors＝1）highsensitivityforalargenumberof  
elements，2）abilitytocontrolandovefCOmematrixinterference，ifpresent，3）speedof  
analyses，raPidimprovementininstrumentatiorl，andsofor止L   

TheatomicabsorptlOnteChniquecanbegroupedintocategories＝（a）爪ameAAS，（b）non・  
flameAAS，Withrespecttothemodeofproducingtheatomicvapor．rllStOrica11y，aname  
hasbeenthemeansofatomizatlOnforAASarldissti11thebasicsourceforthevastma」0rity  
OfAASmeasurements，becauseoftheadvantagesindicatedabove．However，disadvarltageS  
arethat arelativelylargequantityofsaJnPleisrequiredandsensitivitylSlimitedformany  
elements．   

A relatively new techique for producingtheatomicvaporisthenon・鮎medevices・  
Thesedevicescanbegroupedintocategoriessuchas（a）thecathodicsputteringtechnique  
（b）8raphlte fuTnaCe Or CaTbon rod devICeS（e）tantalum rlbbonand（d）thecdldvapor  
method，Thesemethodsdifferfromflamesinthattheatomisationsourceismoreconducive  
to the productlOn Ofground state atomsin contrast tothe chemical1y reactlVe name  
environment・Also，forthegraphitefumaceorcarbonrodonlyarelatlVelysmal1volumeof  
thesample（1to50FLl）isnecessaryforanalysiswhich辞VeSthesemethodsimprovedsensi－  
tivityoYernamemethods・However，thenon．鮎memethodshavetheinl1erentdlSadvantage  
inthathigl1PreCisionismoredimculttoattain．   
ThesamplessuitableforAASanalysiscoverawiderangeofmaterialsandconcentrations．  
The procedureforsamplepreparationdependsonthetypeofsamples，theelementstobe  
measuredandtheprecisiorlandaccuracyrequired，therefore，thereisnogeneralmethodfor  
thepreparationofal1samples・Solutionsamplesarenebulizeddirectlytothenamebutfor  
SOlidsamplesadissolutioninhydrochloric，nitricorpercllloricacidsisfirstrequired・Proper  
pretreatmentofsamplesismost血portanttoperforlTLAAanalysis．Thesamplepreparation  
forPepperbushis，therefore，descdbedhereandalsotheanalyticalvaluesforpepperbushare  
presented．   

J・助叩血伽御閥触りれ伽血血加ゎ（オ∬，仇，   
〟g，〃〃，ZJ†，魚，〟α，月∂，（b，仇，朗α〃d（U．   

Thefo1lowlngprOCedure＊hasbeenappliedfordissolutionofPepperbushpowder．Aone  

暮 AdaptedfromT．Rainsl）．  
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OltWO gram Sample，pIevioudy drled at85 ℃for4hrsinanoven，WaStIanSferredtoa  
tenonbeaker・Next，HNO3（20ml，l：1）wasaddedandthesystemwaslenstandingover・  
night．Thebe独erwasheatedonahotplate（200 ℃）foraboutanhour，COOledandthe  
SidesofthebeakerweTerinsedwithdistil1edwateI．AfterhlrtheradditlOnOfHNO3（10rnl）  
andHF（5ml），仏esolutionwasevaporatedtoapprox皿ate】ylOmlby九ea血g．Wheれblack  
Particlesofunreactedcarbonsti11remained，theaddjtionofHNO3（10ml）andheatingwere  
repeated・AftertheadditionofHClO4（10ml），thesolutionwasheatedtostrongfumesof  
peTCh］oJjcacjd，COOledandthesidesofthebeakerwerewa血edwithdistilledwater．Heating  
WaSContlnueduntilthesamplevolumewasreducedtoapproximately2mi．Thebeakerwas  
leftstandingforaboutonehouraftertheadditionofapproximatelylOmlofdlSti11edwater・  
Thedigestwastransferredtoal00mlvolumetricflaskanddilutedtovolumewithdist山ed  
Water．ThesamplesolutionwasstoredinalOOnlpolyethylenebottle．   

2∴弘椚pお丹印α和め〃舟r   

Jゐeβeナビ〝〝およわ〝β′乃．   

Acloseddigestionsystemi11ustratedinFig．lwasadoptedforthedetenTunationofPb．  
This systemis preferred when dealingwith volat址e elemeTltS．OnegramofPepperbush  
powder（れOt driedin an oven）wasplacedina鮎sk（A）contai血g5mlofconcentrated  
HNO3andleftoYemight，Thenaskwasnttedwithacondenser（B）andanacid－trap（C）to  
Which5mloflMfTNO3WaSadded．Onemlof30％H202WaSaddedtotheflask（A）each  
dayfor4consecutivedaysandgentleheatingonagasburnerwascontlnueduntnthedlgeSt  
becameclear．ThedigestandtheHNO3inthetrapwerequantitatlVelytransferTedtoa100  
mlvolumetric tlaskand the solutionwasmadeupto dlemarkwithdlSti11edwater．The  
Samplesolutionwassubsequently丘1teredthroughaMi111pOrenlter（25mm，0．45FL）which  
血adbeenple扇ouslycleanedinO．1MHNO3．   

j．伽re〝乃加〃rわ〃（げ〟，GJ，埴，肋，ZJl，爪，，肋，尺占，Cb，   

Cわ，」Ⅵβ〃d（ガわ′dJo朋ねd如p甲fわ〝勘）eC加∽efワ   

乙ねわgAfrrAce伊Je〝e月αme．  

PreparationofStandardStockSolutions   

Standardstocksolutions（1000ppmofeachelement）werepreparedeitherbydlSSOIving  
highpuritymetalpowdersin appropriateacidsorbydissoIvlnghighpmitymetal－Saltsh  
distilledwater，aSShowninTableI．  

Standard Working Solutions 

AseriesofindividualstandardworkingsolutionsforMn，Zn，Fe，Co，Cu，NiandCdwere  
preparedbyapproprlatedilutioTISOfthe1000ppmstocksolutjonswithO－1Nf†C］04．  
rangesofthestandardworkingsolutionwerechosentoencompasstheconcentrationsinthe  
Pepperbushsolution．ForNaandRbdetemlinations，Kwasadded（nnalconcentrationofK  
was150ppmwhichcorrespondedtotheKleYelinthesamplesolutions）toeachofstandard  
workingsolutionstocompensateforionizationinterferenceeffects・Forthedeterminations  
ofK，CaandMg，thedigestswerefurtherdilutedfiftyt血eswith0・1MHClO4・Aseriesof  
mixedK，CaandMgsolutionswereusedforstandardlSation・  
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TableI．  

StandardStockSolutionsforAtomicAbsorptionSpectrometry■  
1000FLg／mi（ppm）astheelementina丘nalvolumeof500ml．  

Ⅲement  Procedure  

DissoIveO．9534gKCl（99．999％）indlStnledwateranddilutetovolume，  
Transferl・2487g CaCO3（99．999％）in500mlvolumetric・naSkwith  
100爪Iwater，add5mlHCl，afterCO2isreleased，dilutetovolume，  
DissoIve500mgMg（99．9％）inHClanddilutetovolume．  
DissoIve500mgMn（99．8％）irLHNO3＋HClandd山tetovolume．  
DissoIve500mgZn（99．99％）inHNO3anddilutetovolume．  
DissoIve500mgFe（99．98％）inHNO3十HClanddilutetovolume．  
DissoIvel・271gNaCl（99，999％）indistilledwateranddilutetovolume．  
DissoIveO・7074gRbCl（99．99％）indistilledwateranddilutetovolume．  
DissoIve500mgCo（99．99％）inHNO3＋HClanddilutetovolume．  
DissoIve500mgCu（99．99％）inHNO3anddilutetovolume．  
DissoIve500mgNi（99．99％）inHNO3anddilutetovolume．  
DissoIve500mgCd（99．99％）inHNO3anddilutetovolume．  
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ExperimentalConditions  

TablelI．  

ExperimentalConditionsforDeterminationsofK，Ca，Mg，Mn，Zn，Fe，Rb，Co，Cu，Ni  
andCdinPepperbushSRMbyAtomicAbsorptionSpectrometry  

UsingAir－AcetyleneFlame  

Element Analytical  hmp  FlowRate Bumer Background  
llne  Current Slit Width Air－Acetylene Height Correttion  
（m）  （mA）  （Å）   （1／min）  （mm）  
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Spectrometer：ShlmadzuAA・640－12atomicabsorptionandnameemissionspectrophoto・  
m声ter・  

l・amP  ：Ho1lowcathodelamp（HamamatsuTV．）  
Flame  ：Air－aCetylenename．  

■ AdaptedfromJ．DeansandT．Rains2）．  
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Fig・1・CloseddigestionsystemforthedeterminatlOnOfleadandvolatileelemerLtS・  
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Resldts   

Onegram（trlplicate，bottleNo・75）andtwogram（triplicate，bottleNo．100）samples，  
driedat85℃for4hoursinaJ”Ven，WeredigestedwithHNO3，＝F，and＝NO3inteflon  
beakersasdescribedinChapterIV－1・Blanksolutions（two）werepreparedinthesame  
manner・Thedigestedandblanksolutionsweremadeupto100mlwithdlSti11edwater．  

TableI札  

AnalyticalResultsforPepperbushbyAtomicAbsorptionSpectrometry  

Element  BottleNo．75  BottleNo．100  Average土Std．Dev．  

1  2  3  1  2  3  

K■（％）  

Ca＊（％）  

Mg蠣ら〟由  

Mn＊  
Zn  
Fe  
Na＊事  

Rb  
Co  
Cu  
Ni  
Cd  

L5 

L
3
 

7
 

4
1
 

1
0
0
0
4
1
2
4
∩
8
1
7
つ
‘
 
 

5
 l
・
1
・
3
4
1
8
3
4
2
。
1
。
7
9
 

つ
ん
0
0
0
1
つ
▲
1
0
q
ノ
′
b
4
8
 
 

・
5
ト
3
 

1
 

7
 

4
 

つ
‘
1
0
0
1
1
q
ノ
5
7
つ
▲
O
I
 
 

ト
5
ト
3
4
1
3
2
1
1
3
5
2
0
9
7
5
．
2
3
．
1
2
．
8
・
6
6
・
6
 
 

31   1．32 1．33  1．31士0．01  

4160士30  
2100士20  
340士7   

205土7  

101士1  

75．0士2．6  

23．7土0．4  

12．1上0．3  

8．72士0．43  

6．67士0．05  

6 
1 

4 331  333  

1 204  198  

9 101 102  

3． 71．7  74，5  

4． 

m 
1 

7  

Thevaluesarebasedonthematerialdriedat85℃for4hrsinanoven．  

＊ 50timesdilutedwithO．1NHClO4．  

■＊ AftersubtractionoftheNavaluefortheblanksolution．  

イ．伽Je仰血αJわ〃qr用わ′肋〃－飽椚e  

．右い′′血、．小ゴ（－甲J山〃敬一ビ（・〝川川廿甘  

SamplePreparationandStandardSolutions   

ForthedeteminationofPb，OnegTam（triplicateeachbottle，botdeNos．75andlOO）of  
PepperbushwastranSferred to anask arLddigestedwithIINO3and H202inthesystem  
ShowninFig，1．ThedigestionprocedurehasalsobeendescribedinChapterIV－2．   
Thestandardstocksolution（1000ppmofPb）waspreparedbydlSSOIvingO．7994gofPb  
（NO3）2（99．9999％）inasmal1volumeofO．1MtJNO3anddilutingto500miwith0，1M  
HNO3・TheworkingsolutionswerepreparedbyappropriatedilutionofthelOOOppmstock  
SOlut10nWithO．1MHNO3．  

Expe血entalConditions   

Pbwasdeterminedbynon－flameatomicabsorptionspectrometrywithanIL－251atomic  
absorptionspeCtrOphotometerequlppedwithanIL・555atomizer・Backgroundcorrection  

WaSPerfomeduslngadeuteriumhollowcathodelamp・TablelVshowstheexperimental  
COnditionsforPbdeteminatlOninPepperbush・  
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Tat）1e Ⅳ．  

ExperimentalCondltionsforDeterminationofPb  

：1L－25latomicabsorptionspectrometerequlpPedwithIL－555atomizeL  
：Pbhollowcathodelamp（HamamatsuTV．），De11terlumhollowcathode  
lamp（Westinghouse）forbackgroundcorrection．  
：5mAforPbH．C．L．，25mAfordeuteriumlamp，  
：283，3nm．  
：1nm．  

：75℃ror15sec．，100℃ねr15sec．  
：400℃bTユOsec，，5SO℃払TユOsec．  
：1900℃forlOsec．  

Sp8CtrOmeter  

Lmp   

hmpCurrent  

Analyticalune  

Spect血Bandpa血  

Dry  
Ash  

Atomize  

Re凱11ts  

Table V．  

PbContentorPepperbush．   

neandyticalvduesareexpleS班dbasedonadryweiかtat85℃ねf4llrS．  

BottleNo，  SampleNo．  Pbcontenthg／g）  

75  

100  

Average土S．D．  

エ・伽re〝乃血αJわ〃0／∬，Cb，∧b，月占，〃〃d  

．ヾI・∫・■JナノりりJりふぃり、1卜lゾ′・申い亘■   

SamplePreparationandStandardSolutions  

・The dlgeStion ofpepperbush sampleswasperfomedwithHNO3，HFandHClO4aS  
describedinChapterlV－1・One伊江mS卸Ipleswe托心野Stedandd血tedtol00ml・Fo一也e  
deteminatioJ10fKandCa，thesolutionswerediluted50timeswith0．1MHC104．Tothe  
standardworkingsolutionsofNaandRb，KwasaddedtoglVe150ppmofKwhichcorres－  
pondedtotheKlevelinthesamplesolutions・CawasaddedtoeachoftheworklngSOlutions  
ofSrtoprovidethebalconcentrationof150ppmCa・  
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ExperimemhlConditions  

TableⅥ．  

ExperimentalCondltionsfortheDeterminationof  
K，Ca，Na，RbandSrbyFlameEmissionSpectrometry  

h
 
 

鋸
W
i
。
t
曲
 
 
 

Flow Rate 
Air・Acetylene  

（1／min）  

AnalyticalLine   
（nm）  

Elem（！nt  

766．5  

422．7  

589．0  

780．0  

460．7  

q
ノ
 
q
／
 
Q
ノ
 
q
ノ
 
9
 
 

5
 
5
 
3
 
3
一
斗
 
つ
ム
 
▲
ソ
】
 
へ
∠
「
－
つ
］
 
 

0
 
0
 
0
 
0
 
0
 
 

a
N
a
 

K
C
馳
S
r
 
 
Spectrometer：ShimadzuAA－640－12atomicabsorptionandnameemisslOnSPeCtrOPhoto－  

meter．  

Flame  ：Air・aCetylenename．  

Results  

Tabl（さ ⅥⅠ．  

AnalyticalResultsforPepperbushbyFlameEmissionSpectrometry  

Bottle 75  Bottle 100 Average±S・D・  

Element  1  2  2  3  

K（％）  

Ca（％）  

Naレg／g）  

Rb  

Sr  

5
4
朋
0
6
6
・
2
‖
 
 

．
 
l
 
l
 
1
 
7
 
つ
】
 
 

3
 
5
 ．．
3
 

5
4
 

．
一
2
 

3
 
5
 ．．
3
 

1．53虹）．01  

1．32土0．04  

106土3  

74，7士2．6  

30，1土1．6  

4
 5
0
2
9
・
0
 
 

．
ぷ
‖
 
1
 
1
 
1
 
7
 
2
 
 

2
 
～
 ．．
3
 

Theanalyticalvaluesareexpressedbasedonadryweightat85℃for4hrs・  
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CHAPTER V  

ELEMENTALANALYSISOFPEPPERBUSHBYICP  

EMISSIONSPECTROMETRY■  

C．W．M．McLeod，N．FurutaandM．Nishikawa  

‘血gr（X7〟CJわ〝   

Thestandardreferencematerial（SRM）certifiedforelementalcompositionisindispensa－  
bletoanalyticalme血odsifaccuracyandprecisionaretobeachleVedandmaintained・To  
meettheever・increaslngdemandfromthemanyareasofscienceandindustry，gOVemment－  
supportedbodiesinanumberofcountriesareactivelyinvoIvedin仙eissuanceofvarious  
categoriesofSRM，s．1nJapan，theNationalInstituteforEnvironmentalStudies（NIES）  
recentlyinstigatedanSRMprogrammetoservetheneedsofenYironmentalscientistsandthe  
botamicalrefeTenCelnaterlal，Pepperbu血，isthenrststandardtobeissued・Areportonthe  
preparationofPepperbudlandcomparisonofelementalcontentwlthotheTbotaruCalSRM’s  
hasbeenpubllShedl）．0thprcategorleSOfenvlrOnmentalSRM’salreadypreparedinclude  
PondSedimentandChloreuaandanalysisisunderway，   
Thecertincationprocess，inthenrstinstance，requlreSanalyticaldatafortheelementsto  
beobtainedflomindependentandestablishedanalyticaltechniques・Inductivelycoupled  
plasma（ICP）emission sp占ctrometry，a relatiYely newtechnique，hasmadeasignincant  
impactintheelementalanalysis鮎1d2）anditisconsideredthatitcanmakeanimportant  
contributiontotheSRM certificationprocess・NoteworthyfeaturesoftheICPtechnique  
havebeendlSCuSSedintheliterature2，3）andincludetheapplicabilitytometalsandnon－  
metals，ahighsensitivityforal1elementswithaslnglesetofplasmaoperatingcondltions，a  
simultaneousmultielementcapability，awidedynamicrangeandarelativefreedomfrom  
interelementmatrixinterference．Thepr血ary objectiveinthecertincat10nprOCeSSisthe  
attainmentofaccuracy且ndfromthispointofviewtherelativeabsenceofmatrixinter－  
ferenceisaparticuladyslgnlnCantfeature・  

Inthisreport，adescriptionoftheplasmaemissiontechniqueandinstrumentationatan  
elemeTltarylevelisfirstpresentedandthenconsiderationlSglVentOtheselectionofplasma  
operatingcondltions forsimultaneousmultielementanalysis（SMA）・ThevarlOuSfactors  
whichmayinfluencetheaccuracyandprecisionoflCPmeasurementaredlSCuSSed・The  
analyticalmethodisdescribedindetai1andthereliabilityoftheresultsforPepperbushis  
assessedbyreferTingtothecorrespondingdataforOrchardLeavesSRM（NadonalBuIeauOf  
Standards，U．S．A）．  

＊ PresentedinpartatJointUS－JapanSymposiumonStandardReferenceMaterials，Kori－   
yama，Japan．  
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飽馴最知叫血肌肌用勅W酬棚肋   

Theinductively coupled argonplasrna（1CP），ahightemperatureexcitationsource，is  
fomedbythecouphgofionizedargoIIWlthapowerfulradiofrequency（RF）鮎1d．When  
Sample，uSuallyin1iquidform，isintroducedtotheplasma，aSanaerOSOlmistviapneumatic  
nebullZation，theaeIOSOlparticlesundergovariousprocessessuchasdesoIYation，decomposi・  
tion，atOmization／excitation andionization／excitation．The atomic andionic emission  
Characteristicofanalyteelementsisreceivedbyaspectrometerandthemultielementslgnals  
arepfOCeSSedbyadedlCatedcomputer．   
Theexpe血Ientalarrangement forplasmapIOductionconsists，typically，Ofa3－Wal1ed  
qua∫tZtube coupledtoaspIay Chamberand nebulizer，AcopperiJlductioncoil，through  
dlich codant Wateris passed，SurrOuIldsthe top endofthequartztube・Aschematic  
diagram ofaconventionalsystemis騨VeninFig・1■TwomalnargOngaSflows，namely  
COOlant（outemlOSt～151／min）andnebulizer（innemostflow－11／min）servctosustainthe  
Plasma（andpTeVentOVeheatlngOfthetorch）andtotransportthesampleaerosoltothe  
Plasma・UseoftheauxiliaryaTgOngaSflowisoptional・ForimitiatlOnOftheplasma，ateSla  
CO止isusedtoionizetheargongasstreamandprovidea“s声ed”ofelectronswhichbecomc  

thermany excitedinthealtemating RF neld．ArapiddseinelectronenefgyPrOmOteS  
furtherionization ofthe argonandthecouisionalexcitalユOnPrOCeSSeSthatensuedevelop  
andmaintalntheflame－1ikedischarge，ThesampleaerosolgasstreampenetrateSthecentreof  
the plasmaand■passesupthroughanarrow centralaxialchannel．Thehightcmperaturcs  
WhichtheanalytcexpeJiencesintheinertargonabosphereandtherelativelylonganalyte  
resldence times TendeTthelCP an exceptionalexcitation source for analytlCalemission  
SPeCtrOmetZy・  

lnth1SStudy，tWOindependentICPinstrumentsareutilized，aCOnVent10naldirectreader  
andaprogrammablemonochromatorsystemincorporatingasiliconintensifiedtarget（SIT）  
detector・Abriefdescription ofequlPment andoperatingconditionsforbothsystemsare  
giveninTableI．Thedirectreadersystemisacommerciauyavanableinstrument（Jarrell－Ash  
Atomcomp，Mode1975）andhasthe capabilityofthe simultaneousdetermination of26  
elementsatsensitivity1eYelswhlCharetypicaJJyatthepartperbiuionorder．Aschematic  
diagramofthemaincomponentsoftheinstrumentisgiveninFig・2・Thepolychromator， 
O．75mPaschen－Rungeunit，COntalnSpr¢al1gnedphotomultlPliertube（PMT）detectoISand  
respectlVeeXltSlitssituatedalongthefocalcurveatappropriatewavelengthpositions・The  
Opti叫con免guTationis essentially触edbutextendingelementcapat血ityis．possibleby  
instalIingadditionalPMT’satthedesiredwavelengdlpOSitions．Theemissionwavelengthsfor  
elementsprogIammedintothe system areglVenlater．TheinstrumentatlOnalsofねturesa  
Single channelmonochromator to provide forvarlable wavelengthmonltOrlngandwaYe・  
1eng仙scammg．   

Sy5tem OperatlOn，undercomputer control，is perfonned via thehlgh．speedteletype  
device，1nputcommandsareenteredasaseriesoflettersinordertoperforrnstandardisation  
andto血plementtheanalysissequence・Themultielementemissionsignalsafterdetection  
andprocessingaredisplayedontheteletypeusuauyinunitsofconcentration・   
Novelresearchinstfumentationincorporating a siliconintensified target（SIT）asthe  
primaryradiationdetectorhasrecentlybeendeveloped4），Thecomputer・COrLtrO11edsystem  
employs血eslew・SCanteChni甲eWheTe坤themonochromatoTispTOgrmmedtoaddress，血  
SequenCe，0nlythe desiredemiss10n WユVelengths（wavelengdlreg10nS Ofnointerestare  
rapidly bypassed）to provide a rapid岳equentialmultlelement analysis capability・The  
expe血erLtalsystemisdepictedinFig・3・Analysisproceduresthroughappropriatesoftware  
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Ptasma  
Obs．Ht．  

15－20mm  
abovecoil）  （  

ヽ川■ 一叫  lnduction  
Coil  

Torch   
Diam．   

20nl…  

R．F．R）Wer  
くq．7－2．0仰〟  
2了．12MHz）  

Co0lant  
Ar（181∧Tlin）  

lgniti6nCoiJ  
▼Auxiliary  

Ar  
（OPtionaり  

】■ISpray  Chamber  

saL、Ple（。Ptakerate，0．3－2．Oml／min）   

Fig・1・ICPtorchassemblyandcrossflownebulizer・  
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areagaincontronedentirelyfromtheteletype・   
The StT detectoTisone ofanumbeTOfsdlidstatemultichanneldevicesthathasbeeJ】  
血dingincreasinguseinspectroscopicmeasuremcntsystems5），Thedetectorisplacedatthe  
exitportofthemonochromator（exltSlitremoved）andprovidesasirrlultaAeOuSmOnitorlng  
CaPabilityoveraspeci伍cwaYelengthrangewhichisdeterrninedprimari1ybythereciprocal  
1ineardispersionofthemonochromatol，FoTtheptesentsystema5LmSPeCtraZwlndow，  
＄ubdlVidedinto500electronicchannels，isdisplayedacrossthetubeface．TheSITconsists  
OfanarrayofllghtsensltiYeelementswhichdevelopachangepattemonexposuretouv／vis  
radiation・Thechangepatte－nisaddIeSSedbyascanningelectTOnbeamandthTOuglthe  
Op出ca】multicム肌ne】皿dy5er（OMA）controIuI出血esj卯山c弧bedゆIayedinrealt血eon  
anoscnloscopeorstoredinmemoryforfurtherprocesslng，e・g・SigrLalaccumulat10n・The  
OMAunithastwoseparatememoryareas（memoryAandmemoryB）forsignalstorageso  
that plasma backgIOund・COrreCted spectra（A・B mode）caJlreadny be affoJded．Such  
emiss10nSPeCtraareOfpar臼Cularvalueforthestudy，Classlficationandcorrectionofplasma  
interference effects anditisinthis respectthat SITdetectlOnofferscertain adYantageS  
relativetoPMTdetectionforplasmaappucations・ThequantumefRciencyoftheSITis  
relativelypoorindlelowuvbutforanalyteemissionwavelengthsgreaterthanaPPrOX皿ate－  
1y250nm，detectionl血itsforSITandPPTdetectionarecomparable6）．   
ForPepperbushanalysisbothinstrumentsarcusedtoprovidequantitativedatabutin  
additionforqtlalitativestudiessuchascheckingforpotential函smainterferenceeffects，the  
SITinstrumentisemployed・FurtherdetailsregardingtheperLbrmance chaT8Cteristjcsof  
bothinstrumentSaTeindicatedinlatersections．  

Tablel  

De5CdptlO∫10f血5tru汀－e地点o乃andOper且血gCo‡通日0れS  

Jarrell・AshAtomcomp  PurposeBuilt  
（Compuf釘・C珊‡一曲ed）  

Polychromator  

DisperslOn，0．53rlm／mm   

hlstorder．  

PMT（Multic血相el）  

nasmaThem  

27 

4 tums 

Spectrometer  Monoch【OmatOr（Jobin YYOn）  

Dispersion，0．4nm／mm  

inlstorder．  

SIT（Singlechannel）  

Shimadzu  

27  

2 tums 

Detection   

GenelatOr  

FlequenCy（MHz）  
badCoil  

NormalOperatingConditlOnS  
FoⅣ征dPoweT（Kw）  
Cool∽f仰mjn）  
Ca血eT（りmin）  

Auxiliary（1／min）  

．
 J
8
 
 

1
 
1
⊥
 
l
▲
 
（
U
 
 

．
6
0
 
 
6
 
 

ObservationHeight（mm）  19  17  

Nebulizer and Cross－nOWtype  Concentric type 

UptakeRate（mi／min）  ～1・3  ～2・5  
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l●  
SAMPL【  

Fjg・2・M血componeれ捷Of血ectrea血glCP餌血5im5匹CtrOmeter．  

Fig・3・MaincomponentsofSIT・basedICPemiss10nSPeCtrOmeter・  
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加叫漉励払血如叫刑  

1．htroduetoけRemaTks  

Inthis sectlon，features and operationalcharacteristics oftheICP technique are  
introducedandattentionisdrawntovarioysfhctorswhichmaycontrlbutetoaccuracyand  
precisionofICPmeasurement，Ofconcemarefactorssuchassampledissolution，．StarLdard  
SOlution composition and callbTation，Physicaland spectralinterference andinstrument  
Stability・At nrst，the principalplasrpa operatlngparaJneterSareCOnSideredsincethey  
detemlinetoagreatextentanalyticalperEormancechaTaCteristics・  

2．PrhcipalPlasmaOpera血gConditioI漬   

Fors血ultancousmultielementanalysis（SMA）abasicrequirementforal1techniquesis  
山eselectionofa血如setofope∫血gpar抑e血；jM－叩Cおe5C叩rOjざSa托made  
betweensensitivity，interferenceandapplicability・FortunatelyinplasmaemlSSlOnSPeCtrO－  
metryasinglesetofoperatm％COnditionscanbefoundto由VehlghsensitivityfoTmany  
elements and this contrasts with other techniques such as flame spectrometrywhere 
opthumconditionsforelementsarevelydependentonnameconditions4，7）．  
InlCP emission spectrometJy3plasmaopelatJJ）gPa（NneteTS，namelyrad10丘equency  
（RF）p？Wer，Carriergasnowrateandtheplasmaobservationzone・havebeenfoundtoplay  
adecisIVerOleindetemllningdetectionperLbmlanCeforaparticularelemerLt8）．Toobtain  
血e optimum plasma operating conditions for a particdar element one approachis to  
maximizethesignaltobackgroundratio（S／B）fortheelement，itbeingassumedthatthe  
majumumS／Bcorrespondstothemaximumsigrlaltonoiseratio（S／N）andhencethelowest  
detectionlimit．Thisapproachisvalld forthc．sesystemswhosenoiseis5011rCe－dominated  
andwherethestandarddeviation ofthebackgroundnoiseisdirectlyproportionaltothe  
backgroundleve19，10，11）．肘ore血eTeS山sfo一山eS／Bop血kation血曲Sare叩駅nted，  
SOme basIC COmmerLtS COnCerrLingthe role ofthe principaloperating parameters are  
necessary・Firstletusconsidertheuv／visspectrumOftheplasmawhichis血owninFig．4．  
The spectrumiscomplexwithmanyArlinessuperimposedonthecontinuumbackground  
and spectralfeaturescharacteristic ofspecies such asH，OH，NH，NO，CandCNcanbe  
identined・The r碩On丘om200－350nmispartlCularlysuitableforanalysissirLCePlasma  
backgrdundisrelativelylow andalsobecauseintense atomicandionlC emissionlinesof  
elementsarelocatedin血isTegion（seeTablelI）．   
Atpositionsneartotheloadcoil（observatlOnregionapprox．0・10rnmabovethecoil），  
dle plasmatemperatureishigh（7000・8000K）andtheargoncontinuumbackgroundis  
intense，ThlSredonisnotusuallyfavourableforobsefVlnganalyteemisslOnOnaCCOuntnOt  
Onlyofthehlghback騨OuIldbutalsobecausetherelatlVelysho［tanalytet8Sidencetimeis  
insufncienttovaporizeandexcitetheanalyte．Onmovinguptheplasmathetemperature  
graduallydecreasesandobservationzoneshighintheplasma，e．g．30－60mmaTealsonot  
㌣SuallyfavourablewheretemperaturesapproachiJlgthatofchemicalcombustionnamesare  
obtained．Anintermediatere辞On，15－20mm，Whichcorrespohdstoanalyteresidencetin1eS  
ofthemillisecondorderisfavourablefofanalyticalmeasur¢ment．  

1ncreaseof血eRFenergyresultsinarisehplasmatemperatureandacorrespondingnse  

intheplasmabackground（theplasmavolumeandluminosityarealsoincreased）・Although  
for most el印IerltS maXmum emisslOnintensityis favoured by ahightemperature，the  

magnitude ofthebackgroundintensityleveldeterminestoagreatextenttheopt血um  
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300  400  

WJNELENGTH（nm）  

Fig・4・W・ⅤISspectrumora柑OnICP  
plasmaoperatugconditions，R・F・POWerl・5kw；Observationheight・11mm；SamPle  
uptakerat¢～1．Oml／min・   



powerlevel．   
The3rdirnportantvariable，theargoncarrlergaSnOWrate，SerVeStOnebulizethesample  
andtotransporttheaerosoldropletstotheplasma・Forsumcientlyhighcarriergasflow  
rates，the姐mplepenetratestheplasmaandtravelsupthenarrowcentralaxialchannel．At  

Veryhlghflowratesperformanceis，however，impairedduetocoolirlgOftheplasmaandalso  

Table tl  

Op血umValuesofPrincipalICPOperatlngParameterSandDetectionL如Iits  

Power  Obser．Ht  Sample Uptake DL．＊  

Waveleng血  above coil Rate  

（nm）  （Kw）   （mm）  （mi／min）  b）Pm）  

Bement  

32臥1  1．1  

308．2  1．1  

193．7  0．9  

249．8  0．9－1，0  

313．0（ⅠⅠ）   1．7  

317．9（Ⅰり   1．1－1．2  

22臥2＊事  1．0．1．1  

22乱6（11）   1．1  

267．7（Ⅰり   1．2・1．3  

324．8  0．95  

259．9（Ⅰり  0．9－1．0  

253．6  1．1  

766．5  0．85  

279．6（1Ⅰ）   1，1  

257．6（叫   1．6  

202．0（Il）   1．3  

589．0  0．8■．9  

231．6＊＊（Il） 0．85  

214．9＊＊  1．2  

（ⅠⅠ）  5  

196．0  1．0  

288，2  1．1  

24  1．1  

20－22  1．0－1．1  

18．20  0．9．1．0  

19－21  1，1  

16．18  0．95  

0．001  

0．017  

0．020  

0．001  

0．000き  
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g
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n
T
i
V
Z
n
 
 

1，0－1．1  0．005  

0．9．1．0  0．001  

0．9－1．0  0．002  
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0．005  

0．0008  

0．002  

0．014  

0．008  

0．00007  

0．0006  

0．005  

0．0008  

0．006  

0．04  

0．011  

0．00（i  

O．022  

0．010  

23  1．2  

16．18  1．1  

12  ＞1．6  

17  0．95  

17－柑  1．0  

18－19  1．0－1．1  

14－15  1．1・1．4  

18  0．9．1．1  

16．18  1．2  

19  1．1  

19－20  1．1  

17．18  1．0．1．1  

21  1．0－1．1  

18丸9（Il）  

334．9（ⅠⅠ）  

292．4（ⅠⅠ）  

213．9  

18  0．85－0．95  0．021  

19・20  0．95  0．0008  

20  1．1  0．003  

16・18  0．9  0．002  

1．1－1．2  

1．0  

1．1  

1．l  

＊ PlasmaoperatingcondltiollS：POWer，l・1Kw；Observationheight，19mm；flowrate，  

1．Oml／min．  
（Il）referstoiomicliJle．  
＊● refersto2ndorder，  
1datawereobtainedbymonochromatordetection．  
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becauseofareducedanalyteresldetlCetin1e・PooraJlalytlCalperfc．rmanceisalsoobtainedat  
lowcarriergasnowrateswheretheaerosoldropletvelocityisnotsumcienttopenetratethe  
plasmaandinsteadtheparticlespassthroughtheouterregiorlSOftheplasma2），It血ouldbe  
mentionedthatnebulizationemciencyisabout5％．   
TodeteminetheoptnlumOPeratingconditionsforsimultaneousmultlelementdetermi－  
nations fhe maxin1um S／BforelementsprogrammedintothedlreCtreaderwasobtained，  
Experlmentauy，thisinvoIvedlocation ofthemaximum S／B fortheindivid11alelements  
when one plasma parameter was varied whilethe other two were nxed（e．g．stepwise  
increm？ntSOfpowerforfixedobservationheightandsampleuptakerate）・lnthisway，it  
wasposslbletoobtainasetofplasmaoperat山一gCOnditionswhichyieldedthemaximumS／B  
fortheeachelement．Graphicalpresentationofthesignal（S）andbackground（B）behaviour  
for4elements（Na，Cu・Zn，Ca）asafunctlOnOftheplasmaoperatingconditionsSgivenin  
Fig．5（1，2，3），TheekmeTltSNa，Cu，ZTlandCawerechosellfor山ustratlOrISlnCethejr  
emissionbehaviourwasconslderedtoencompassthat oftheelementsinvestigatedinthis  
Study（seeTableII）．   

Forthe power variation study（Fig．5．1），element emissionintensityincreaseswith  
increasingpower（not cont血10uSly up to2・Okw fortheatomlinesofNaandCuwhere  
levening－Offoccurs）aJldmamainthqrespectiveScurvesdonotoccur・Theaccompanyやg  
ICreaSeOfplasmabackground（withpower）atal1wavelengthscounteIaCtStheemisslOn  
mcreaseandtheoptimumS／Btendstooccuratlowpowerlevelsforthe4elements（l，1  
kw）．ItshouldbenotedthatthebehaviouroftheZnatomiclineissimi1aTtOthatoftheCa  
ionicIjLteandnottotheCuatomicline，de丘nltem批iIllaOCCurriJlgfortheS／Bcurvesofthe  
fomertwoelements．Thisisinagreementwiththe鮎dlngSOfBemanandMcLBren8）who  
COnSlderedthattherelatlVelyhlghexcitationenergyoftheZnatomline（5．8eVcf．3．8eV  
forCu）isresponsibleforemiss10nbehavlOurSimilartothatofioniclines．Thebehaviourof  
theotherelementsinvestigated（seeTablelI）utilizingeitherionlCOratOmicemissionwas  
slmilartothatofCa．   

hexplainingtheemissiondependenceonplasmaobservationheight（seeFig．5．2），the  
important fhctors to considerare（l）theprogressivedecreaseinplasThatemperaturewith  
lCreaSingobservationheightand（2）theanalyteresidencetuneappropriatetothemeasur一  
皿gPOSlt10n．Na（alsoK）beinganeasilyionizedelementfaYO11TSalowobservationheight  
COrreSpOndingtoashortplasmaresidencetimetoprovidethemaximumatomicemission・  
HlgherobservationheightsarenecessaryinthecaseofCu，Zn，CatonSureCOmpletevapori－  
Zation／excitat10nandincontrasttothatforNawell－prOnOunCedmaxlmaCentredaroundthe  
15mmregionwere obtalnedfromthe respectiveScurves．The continuumplasmaback－  
grounddecreaseswithincreasingobservationheightsothatthema氾mumintheS／Bcurves  
are dllftedtosllghtlyhigherheightsrelative tothat fortheScurves．Znisanexception  
wherebecauseofthepresenceofNO，thebackgroundcommencestoincreasewithincreas－  
ing observation height beyondabout17mm・Thatis，the NO populationinFreaSeS  
progressivelywithobserYationheightbeyondapproximately17mmduetoairmtralnment  
and consequently the background emission at213．9nm alsoincreases．This effectis  
responsibleforthecoincidenceoftheZnSandS／Bcurves（Cf．Cu，Ca）．  
lnde血Iiteincreaseofthesampleuptakeratealthoughcausingareductioninbackground  
intensityduetocoolingoftheplasmaalsoresultsinadecreaseinemissionintensity・Peaklng  
OftheindividualSandS／Bcurves（notcoincident）occurredforZn，CaandCuincontrastto  
thatforNa．Itcanbeseen（Fig．5．3）thatarelatlVelyhighsampleuptakerateisfavourable  
foratomicemiss10nOfCuandNa（particularlythelatter）whileinthecaseofCa（II）and  
Zn（Ⅰ），theoptimumsampleuptakeTateisaboutl．Oml／min．  
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Na  Cu  

589．Onm  
・．324．9nm  

正  

5  

】l－・つ  ／・・t   

0．了 1．11．5 1．9  0．了 1．11．5 1．9  

Po叫er（KW）  

Fig．5．1．Signal（S），background（B）andS／BfoISelectedelementsasaRlnCtionofpower・  
ElementconcentratlOnS，1JLg／ml：Observationheight，19mm；Sampleuptakerate，  
－1．Oml／min．。…。，S；×－× ，B；・刑・・…・・ ，S／B・  
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Fig．5．2．Signal（S），background（B），and S／B for selected elements as a hlnCtion of  
Obsenrationheiかt．  

ElementconcentratlOnS，1FLg／ml；pOWer，1．1kw；Sampleuptakerate，～1・Oml／min・  
。＿。，S； ×－×，B； トーー・－・－－● ，S仲．  
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Fig．5．3，SigrLal（S），background（B），indS／Bforselcctedelementsa5afunctionofsample  
uptakerate・  

Element concentrations，1FLg／ml．power，1．1kw；Observationheight，19mm．  
。＿－－ぺ ，S；×＿×，B： ト▼▼－●，S／B．  
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TheoptimumYaluesoftheplasmaoperatingparametersfortheindividualelementsare  
presentedin TableII．Clearlyasl卯incantfeatureofthe dataisthatthespreadinthe  
individualvaluesfortheelementsisquitenarrow，butatypicalbehaviourasindlCatedinthe  
S／B cuTVeS Can benoted fortheeasilyionizedalkalimetals，NaandK，Which favoura  

relativelylowpowerandhlghsampleuptakerate．InthelastcolumnofTableII，detection  
llmit data forthe elements at丘xed operatingconditions，namely RF powerl・1kw，  
Observat10nheight19mm，andsampleuptakeratel・Oml／min，areincluded・Theseresults  
indlCatethatas皿ultaneousdetectioncapabilityatppblevelsisrcal1Zedforasinglesetof  
plasmaoperatlngCOndltions．  

3．SampleDissolutiom   

TheICPtechmiqueinvariablyrequiressampletobeinliquidfomlSOthatforsolidsample  
typesapreliminarydestruCtionoftheorganlCmattereitherbywetordryadlingisrequired・  
ICPnebulizat10nefnciencyissensitiYetOthe血1alacidanddlSSOIvedsolidscontentsothat  

forbothdlgeStionpIOCedurescare餌1controlofthedlSSOlutlOnprOCeSSisrequred・   
Forwetdigestion，prOCeduresbasedonthemethodofFeldman12）andusingmixtures  
ofnltric，perChloricandsulphuricacidsaresuitable．Dahlquist3），forexampleusedal：1  
mixture ofnitricandperchlorlCaCidforthedlgeStlOnOfbotanlCalsample（25miforlg  
Sample）．The finaldnution factordlOuldbechosenafterconsideIationoftheelement  
COnCentrationsinthedlgeStedsolutionandtherespectlVeICPdetectionlmlits・Frequentlyit  
is notpossible to achleVeSimultaneousmultielemcntdeterminationsoftrace，minorand  
majorelementswithaslngledLutionstep．ForinstanCeCa，MgandKareusual1yathigh  
COnCentrationsinbotanicalsamplessothatfurtherd山t10nOfthedigestmayberequiredto  

bringtheslgnalswithln申edynamicrangeoftheinstrument13）・lnsolubnityofperchlo・  
rates3，13）maypIeVenttherealizationoflowdilutionfactoIS；foraninitia11gsamplethe  
fhaldlgeStVOlumemaybelimltedtobetweenlOand50ml（dependingonsampletypeand  
血gestionprocedure）． 
Dry－aShing3，13，14）hasalsobeenadoptedforICPanalysisofbotanicals，theprincipal  
adYantageOVerWetdigestionbeingthattherearenotso］ubilitylimitationsandapractical  
sampledilutionfactoroflgper50r10mlofaqueoussolutionispossible13）．Themq）Or  
hmitationofthetechnique，however，isthelossofvolat鮎elementssuchasHg，Cd，Asand  
鮎du血ga血hg．  

4．StandardSolutionsandCalibration  

h the preparation ofmultielementstaJldard solutionsforlCPanalyses，anumberof  
guidelinescanbegiven．Firstitisimperativetousehighpuritymetalsorsaltsandacidsand  
tocheckforreagentimpuritiesineither．AlistofhighpurltyChemicalsforstocksdution  
prepara血hasbeencompuedbyWard15）・Thenumberofstandardsolutions 

． 

solutlOn COmpatability and stability，analysisrequirements，andinstrumentandsoftware  
capab出け．For血e romer，uSe OfHClandl12SO4and correspondings山s血0山d be  
avoided，ifpossible，Sinceanumberofelements，e．g．Ag，BaandPb，fbrminsolublesalts13）・  
Furtheritmaybenecessarytomatchtheacidconcentrationofthestandardsolutionsto  
thatofthesampleinordertoelimlnatedifferencesinsampletranSpOrtemCiencyand／or  
plasmaexcitationmechanismsforthetwosolutions・Itisalso†eCOmmendedthatregular  
checkingofstandardsolutionstabultyiscaIriedout，particularlyforsolutionscontaimng  
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elementsatppmconcentrationlevelsorless．   
For multielement solutions dle POSSibnity ofspeCtralinterference effectsdlOtlldbe  
COnSldered（seesection5）・lfinterferencesarefoundtobesiyli鮎antandcannotbeavoided  
SU血ぞ騰c〔s血ouldbequ且ntifiedandcorrectedfb一山仏ecalibratiomsc血em8．  
ICPcalibrationcuEYeSareeSSentiallylmearover4－50rdersofmaglitudesodlathmost  
applicationsa2－pOintstandardizationprocedurecanbeadoptedwheredleCOnCentrationsof  
thestandards，denotedthehighandlowstandards，bracketthatoftheunknown；hpractice  
distilled water orthe app10priate blank solutioncanSerVe aSthelowstandard（zero  
COnCentration）・Itistheresponsibilityoftheanalyst，however，tOCheckthatthecalibration  
SChemeadoptedisapproprlatefortheparticularelemcnt（s）andsampletype．   
Thema騨itudeofinstrumentmeaSurlngPreCisionshouldbeevaluated．lnstrumentaldrift  
p血arayrelatedtosamPle血roductionandnebulizeroperationmaybealimitingfhetor  
andnormauylong・teml（hours）instrumentstab血yispooTerthanhort－term（minutes）  
Stabnity・lnpractice，frequentcalibrationoftheinstrumentmi血mizestheeffectsofdrift．   

5．Mat血Ef鮎ds釘IdCo汀eCdom  

Mat血interferenceeffectsinICPemissionspectrometryaresma11compal撃dtothosefor  

Otherinstrumentaltechniquessuchasad．c．alCandsparkemissionspectrometry，atOmic  
absorptionspectrometry，X・rayfluorescencespectrometryandneutronactivationanalysIS．  
Inthe analysIS Of botanicd samPles，however，Certain types ofinterference primady  
aぷOCiatedwi血血em再Ormat血compone山SmayOCCura爪da5afe犯比弧dyticdaccuracy  

andprecislOnaredegraded・First，itisimportanttocharacterizeandquandb，theeffbctsand  

forthisitisnecessaEytOdistinguishbetweenthe physicalinterferenceeffects，i．e．，those  
related to nebulization and sampleintroduction，and spectralinterferenceeffectswhich  
Orlgmateintheplasma．   

hthecaseofplasmainteIfbrenceeffectsthepossibilityofspectral1ineinterferenceand  
instrumentalstraylighteffectsassociatedwiththealkalineearthelementsCaandMgareof  
concem and have beenweu documented2，3）．chemicalandionizationinterfbrences，a  
featureofatomicabsorptionspectrometry，areummpOrtant2）．spectralllneinterference  
w出血托餌1‡占Ⅵ加nnon一班dyteemjs威omreache5伽detectori5COmmOれtO亜emi5由on  
techniques（rareinatomicabsorptionspectrometry）andflexibnityinwavelengthselectionis  
adesirableEbatureinplasmainstrumentation．Whenspectral1meinterferenceisunaYOidable，  
quan雌cationoftheinterferenceandcorrection（usuallycoPuter・aSSisted）mayprovide  
Validdata・ThislackofspecificityfortheplasmatechniquelSanundesirablefeaturebut  
generauyfor botanicalsamplesthe potentialfoIdirect spectral1ineinterferenceislow  
relativetoothermatrixtypessuchassteelsandgeologicalsamples．   
Theconsequenceofinstrumentalstraylightisageneralriseintheplasmabackground  
Whichhtheanalysissituationcorrespondstoaposltivebiasintheresult．Thelevelofstray  
点画i5此tatedp血a正Iyby血estray一山如r再ec血nqudjtiesof払ein出川men暮∽dvadous  
approachescanbeusedtofurtherreduceorelimlnateStraylight16，17）．suchinterference  
effects are generauy由gnincant only whendeteminationsarebeingperformednearthe  
detectionl血Itfortheparticularelement2）．1nitiallysampletypedlOuldbeassessedto  
detemlinetheCaandMgcontent．Ifstraylightdoescausesiyli鮎anterrOrthenbackground  

correctionand／0ImatrixduplicationofthestandardsolutlOnSWOuldberequired．Theuseof  
theSITsystemforcorrectionofstraylighteithermanual1yorundercomputerLCOntrOlhas  
beendesclibed柑）．  

ー46－   



‘．AmalyticdMethod   

ThebasicfeatuIeOftheICPprocedureadoptedisthatmajor，minorandtraceelements  
ofinterestweredeteminedsimultaneouslyforasingledilutionofthesampledig＄StS・The  
twopointcalibrationschemehlrthersimplinedanalyticaloperations・Toallowjudgementon  
the precision and accuracy ofthe totalanalyticalprocedure Orcha＝dLeaves SRMwas  
analyzedinanidenticalmannertoPepperbudl・  

1）SampIcDissolution   

Pepperbush（2g，intripllCate）andOrchardLeaves（2g，intriplicate）weredigcstedin  
te40nbeakersonahotplateusingamixtureofnitricandperchloricacid・Attheendof  
digestion excess acid was removed and the digests were quantitatively transferred to 
volumetricnasks（200ml）anddilutedtothemarkwithdlSti11edwater・Solut10nSWerethen  
mteTed（p－edeanedmiuipore，0・45p）andtran血TedtopTeCleaAedpolyethylenecQntan？rS▼  
Blanksolutions（quadruphcate）forthetotalprocedurewerealsoobtalned・Thedissolut10n  
processisdescribedindetailinthechapteronatomicabsorptionaJlalysis・   
The dissolution factorof2g／200mlwasdecideduponmainlyafterconsideringthe  
elementconcentrationleYelsinthePepperbushdigestsandtheupperaJldlowerdetemi－  
nationlimits for theICPcal1brationcurves．Toeliminatepossible Hacideffbcts，，inlCP  
measurement，thedissolutionprocedurewassuch血ata伽alacidcontentofapproximately  
O．1Mperchloricacidwasachieved．  

2）StandardSolutions   

Forthe elementalanalysis ofPepperbudlandOrchardLeavesdigests，aSindemulti－  
element solutionin0．1Mperchloricacidservedasthehlghstandardwhne forthelow  
standard distilled water was used．The concentrations foItheindividualelements are  
indicatedinTableIIIandwereselectedafterconsideringpreLhinarylCPdataforPepper・  
bush．AmultielementsolutionidenticaltotheabovebutnotcontainingK（150Jldrnl），Ca  
（150FLg／叫）andMg（50FLdml），WaSprePaledinordertodeteminewhetherthem毎Or  
matrix componentsinfluenced data．Singledement st∝k－SOlut10nS（1000FLg／ml）which  
originatedfromeitherhlghpuritymetalsorsaltswereusedforthepreparationofthemulti・  
elementalstandard solutlOIIS．Please consultthe corresponding discussioninthe atomic  
めsorptlOnChapterわ†餌也e！det通s．   

3）hstrumentOperation  

i）DirectReader  

Al1analytlCalresultswereobtainedundernomalplasmaop¢rathgconditions，i．e．RF  
powerl・1kw・Observationheight19m，SamPleuptakerateapprox■1・3ml／min・Potential  
errorsduetoinstrumentaldriftweremlnimizedbyadoptingananalysISSCquenCeWhereby  
S且mplesolutionswefeanalyzedimmediatelyanerstandardization．meanalysiscyclewhich  
wascontro11edby teletyperequiredabout4minutesandgeneratedtworcsultsforeach  
element．Thecycleconsistedof（1）aspiratlngalternatelythelowandhighstandardsolutions  
（inthat order）and recording ofthe multielement signalintensities（two separate10s  
irLtegrations），（2）standardizatiorL Oftheinstrument（storageofthecalibrationcurvesin  
COmputermemQty）and（3）aspifatingandrecordlngOfthemultielementsignalintensitiesof  
the sample solution（inanidenticalmannertothehighandlowstandards）and血al1y  
outputofthedatainconcentrationunits・Theabovecyclewasperfomled4tin1eSforeach  
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Table III 

CompositlOnOfStandardSolut10nS  

Higl1Standard  Low Standard n
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Units〟g／ml．  

HighStandard，0．1MHC104・  
LowStandard，distnledwater．  

samplesolutionandthus8analyticalresultsforeachelementwereobtained・Further，the  
aboveanalysisprocedurewascarriedoutonthreeseparatedaysforeachsampletypesothat  
adatabaseof72resultsforeachelementwasachieved（24resultspersample）．   
Forthoseelements（Sr，Ba，Na，K）notpfOgrammedintothedirectreadersJJldeelement  
deteminations（n≧15；OnOneday）wereperformedusingmonochromatordetection・   

ii）SITsystem  

NormalplasmaoperatingconditionsweIeemployedforanalysis，i・e・R・F・pOWerl・6  
kw，Observationheight17mmandsampleuptal’erate～2・5ml／min・Analyticalwavelengths  
wereaddressedsequentiallyandthustheextendedandysistime（relativetosimultaneous  
multielement analysis）1imited the number ofreplicateanalyses to one・The SIT・OMA  
detectlOnSyStemutililedanaccumulatlOntimeof4・1swhichcorrespondedto125machine  
scannlngCyClesfortheintegrationtimeof32・8ms・ThestandardlZationprocedureconsisted  
ofaspiratingaltematelythestandardandblanksolutionsandstoringtherespectiveemission  
spectraintheAandBmemoryareasoftheOMA・Thesubtractedspcctrum（A－B）provided  
thechannel－by－Channeldifference（5nmdlSplayedoverthe500electronicchannels）andthe  
intensityofemissionllneS，derivedaftersubtractionofsidebackground・WereemPloyedfor  
generatingcalibrationcurves・TheunknownsolutionandblaJlkwerenextprocessedinan  
identicalmannerandconcentrationswere deriYedby referringtheintensitiesofemission  
lines（corrected）tothecalibrationcurvesstoredincomputermemory・Acomputerprint・Out  
forthestandardizationandanalysisprocedureisglVeninSectlOn5inthecaseofMn・  
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凡服J蝕‖mdβ鹿αは戒珊  

TheanalyticalvaluesforPepperbushandOrchardLeavesasdeterminedbyICPemisslOn  
spectrometryarepresentedinTableIV・Ⅴaluesforelementcontentareexpressedasthe  
meanofnindependentdeterminations．（Directreader：PeppeIbush，n＝72；OrchardLeaves，  
n＝48．SIT system：n≧5）．The uncertaintylimits were computed fromthe statistic，  
txstandarddeviation（estimate），forthe95％conndencelevel．Itshouldbeappreciatedthat  
the detemination of mqior，minorand trace elements（for bodlinstrumentS）was  
accompllShedwi血asingled山tionofthesampledlgeStS，and，further，forstandardlZation  
onlyasinglemultielemerLtSOlutlOn（highstandard－SeeTablelII）anddisti11edwater（low  
Standard）wereemployed．   

もefoTeju㈲n苦瓜¢aCmIa叩狐dpTeCisionoi血モ代pOTtedv血esitisinfomativ6tO  
considertheelementalcontentforthetwobotanicalreferencematerials．Dr．Okamotohas  

alre且dydiscussedinChapterllthemetalaccumulationpropertiesofPepperbushandthe  
ICP data of TableIV confirm血is；Order ofmagnitude concentration differences are  
apparentforCd，Co，Mn，NiandZn・0nlyinthecaseofPbistheconcentrationlevelin  
PepperbudlSubstantlal1ylowerthaninOrchardLeaves・Theremainderoftheelements  
includingthemaJOrelementsCaandKoccuratsimi1arconcentrationsiJlbothmaterials・   
Tonl11StIatediffbrencesinelementalcontent，plasmaemissionspectra（A－Bmode）for  
digestsofPeppeTbu血andOrchardLeavesarepresentedinFigs・6and7・Thebackground  
correction facility ofthc SrT－OMA system wasutilized to remove plasmabackground  
emissionand，thus，thespectraobtainedarecomparativelyshpleconsistingonlyofanalyte  
emission．Thewavelcngthregionof256nmto261nmcontainstheemissiontrlPletofMn  
（257．6nm，259．4nmand260．6rLm）andinFig．6differencesintheMncontentofOrchrd  
LeavesandPepperbusharestriklng・lnTableV，thecomputerprint・Outforstandardization  
andanalysisofPepperbushutnizingtheMntripletispresented・Channelnumbers411，227，  
and101correspondtotheMnemissionwavelengthsof257・6nm，259・4nmand260・6nm，  
respecti）ely．1tcanbenotedthattheMncontentofthePcpperbushdlgeStisessentially  
identicdto血atofthemⅥ1也1ementstan由一dsol11tion（ユ0〃釘ml）．   
hFig．7，emissionlinesofanumberofelementsarecontalnedwithinthespectralre由On  
212nmto216nmandagainintensitydifferencesareappaIentfortheelements（e・g・Zn，P，  
Cd）．Afurtherinterestingfeaturetonoteisthatthebaselineofthespectradonotcoincide  
withthezerointensitylevel．Thisriseintheplasmabackgroundlevel，areSultofstraylight  
reachingthedetector（particularlytheintenseCa393．4nmemission）hasbeendlSCuSSedina  
preYioussection．   

Accuracy and precision oftheICP procedure are now assessed by comparingthe  
analyticaldataforOrchardLeaveswiththecert漬edvalues．ItcanbeseenfromTableIV  
thatagreementwiththecertlfiedYaluesisfhirlysatisfactorybutforcertainelements，e・g・Ca  
andP，aCCuraCyhasnotbeenattained，i・e・theanalyzedvalues（mean土t 
theboundsofthe cert摘edvalues．Theinaccuracy forCawastracedtoaninappropriate  
callbratlOnSChemc：theCaconcentrationoftheOrchaTdLeavesdigestwaselevatedrelative  
tothatofthest且ndardsolutlOn（208FLg／mlvs150iLg／nll）andnon－1inearltyOfthecalibra－  
tioncurveWaSfbundtoimpartanegativebiasontheOrchardLeaves，result・Dilutionofthe  
Or9hafdLeaves，solut10n（1／100）andanalysisusinga2FLg／mlCa＄tandardyieldedthe  
accuratevalueof2．08土0．03％．ThemethodblankwasslgrLincantforCuandNaandblank  
correction was performed. 
AnumberoflimitationsoftheICPtechnlqueareapPaTentfrominspect”nOfTableIV・  
hckofsensitivitypreventeddetectionofCdandCoinOrchardLeaYeSandinthecaseof  
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Fig．6．  

SIT emission spectra（A．B mode）．Mn  
trlplet for Pepperbush（upper）and  
Orchard Leaves（lower）digests・Dis．  
SOIvedsoljdcolltentaPP∫OX．1gperlOO  
ml．Plasma opefating conditlOnS，See  
text．  

Fig．7．  

SIT emission speetra（A・B mode）for  
Pepperbush（upper）aJldOrchaIdLeaves  
（lower）digests・DissoIvedsolidconten†  
appJOX．1gper】00ml．刊asmaoperat－  
1ngCOnditions，SeeteXt・  
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Table IV 
AnalytlCalValuesforPepperbu血andOrchardLeaYeS  

（Me狐士95％ConfidencebY81）  

PeppeTbl血  0－d柑－dl上狛eS  

Direct Reader SIT  Direct Reader  

Elem亡nt  
Certificate 

431土30  

163士8  

1．44士0．07   

7．3士0．4  

21．4士0．8  

11．3士0．9   

204士6  

1．49士0．23  

4264士160  

20g6土64  

107士20   

8．4士1．2  

1031士38  

ND  

34．2士0．5   

339土12  

356土22  

39．5士2．8  

1．87士0．07  2．09士0．03   

ND  O．11士0．0ユ   

ND  （0．2）  
12．2士0．8  12士1  

286士49  300士20  

1．41土0．19  l．47士0．03  

5868士240  6200士200  

84．9士2．6  91士4   

92士8  82士6  

1．8土1．4  1．3士0．2  

1884士48  2100土100   

44土5  45士3  

33・5士2・4  （37）  

2（i．3土1，3  25士3  
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 Unit5FLg／gexcept■wt％．  

ND．notdetected．  

Cr，Niand Pb，determinations were close to the deteminatlOnlin1itsand resultswere  
血precise・lmprovementofmethodsensitivitywouldberealizedbyadop血glowerdilution  
factorsforthedigestbutdimcultiesconnectedwithsolubilityandncbulizationmayoccur．  
DataforNaandKwe－CalsounrellableashdlCatCdbythemaylitud¢Oftheuncertainty  
umits・As山eadydiscussedinSectlOn3thehigLtemperatureettYiTOnmentOftheplasmais  
inapp－Oprlatefortheeasnyionizedalkalimetals．TheanalysissituatlOnWOuldbe血proved  
byselectlngmorefavorableplasmaoperatlngCOnditioTISbutth1SCOntradlCtSwiththeSMA  
requlrem8nt，   

Digestion of bothreference materialsin tdplicate and analysis oYer a3－day period  
（OrchardLeaves，2days）providedinfomlation onmethodprecisiorL・ 
reYededthatthevariabnitycontributionfromsampleprocessirLgWaSOfsimilarmapitlユdeto  
instrumentmeasutlngpreCisionandfu－dlerthebetween－daycontributionwasnegL噛ble．  
Anexception to the formerconcemedthe Fe result forOTChaIdLeaveswhererelatively  
poor precision（cf．Pepperbush）resulted fromvariabilityirLSample processing（assuming  
SamPldhomogeniety）．Theanalyticalvaluesforthedlreeindependentanalyseswere319  
FLdml，272FLg／mland269FLg／ml．AsimilarsltuationoccurIedforanalysisofBahPepper・  
bu血，therespectivevaluesbeing140FLかnl，147FLdmlaJld54FLdmJ；thelattervaluewas  
l叩Cted・  

lnstrumentmeaSuringprecisionfoltheSITsystemwaspoorerthanfordledlreCtbuta  
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StrictcomparlSOnisnotpossiblcduetom再OrdifferencesinequlPmentandplasmaoperatlng  
COnditions．1t血0uldbenotedthat血euncert3intylimitsforSITdatawerecomputedfrom  
theresuJtsofaslnglePepperbushdlgeStandthusthedatadonotincludethecontribution  
丘omsmpleYarlab山ty．   
ForanaS決SSmentOfthePepperbushdataitisimportanttoconsideItWOPOints・First・  
theICPtechniquedccsnotsuffertoanappreciableextentfrominterelementmatrixeffects  
andthusaccuracyshouldr10tbedegradedasaresultofcomposltionaldlfferencesbetween  
thetwoSRM’s．lnsupportofthis，itwasfoundthattheabsenceoftheprincipalmatrlX  
elementsK，CaandMgfrcmthehighstandardrrlultielementsolution（seeTablelll）didnot  
innuencetheanalyticalresultsforPepperbu血．hadditionsincethecomposltionofthehlgh  
Standardmultielementsolut10nWaSCloselymatchedtodlatOfthePepperbushdigest，and  
notOrchaIdLeaYeS，dataforPepperbushmaybemorereliablebutpartlCularlysoforCa，  
Further evidence forthe reliability ofthe PepperbudlValuesistestlnedbythe good  
agreementinresultsforthedlreCtreaderandtheSIT町Stem．SITdetec也onoverdle5nm  
WaVelengthrange，in additiontoprovidingalmitedsimultaneousmultielementcapability  
（seeFi各，7）enabledaltematⅣeemissionlinesof也esameelementtobeutni乙edfoT血Il11－  
taneous analysis，e．g．Mn（257．6nm，259．4nm，260．6nm）andalso Ca（317．9nm，  
315．9nm），Mg（279．5nm，2紺・3nm）・m由1atterapproachwasvduableforcon伽mhg山e  
absenceofspectralinterference．   
Forthose elements determinedbutwherecertlnedvalues（forOrchardLeaves）arenot  
avanable，e．g．Al，Ba，Co，CrandSr，anindicationofrellabilitycaAnOtbeglVen．Thechapter  
OnCer也ficationdlOuldbeconsultedforanindependentassessmentoftheaccuracyofdle  
PepperbushdatabyICPemissionspectrometry．  

Table V  
ComputerPrlnt－OutforStandardlZationandAnalysis：  
DeterminationofMninPeppefbush  

【小津＝三（rlN ）UA〉E（2591・〔K）LEVEL、（288E）SIL］E－BAND（3）rlODE（2，2）   

さ1†∧NいA剛〕さ；AM†⊃」E  （．2〔伯E・＋02 PPM）  

CトイANr＼EL＿ PE∧K（A）PEAK（B）PK（A一目）BACK G工〕1NTEN  A  

1り1 ：封ヨ88〔   1日5ム  29㊤24  1（ヨ7  

227   こう94ム1  2日88  355■7こぅ  占■7  

‘118  る1949  2ム5こ5  S929る  49   

1t二た；1SA卜1P．．E  

〔：HANNEL PEAK（A）PEノ1K（B）J⊃K（八一B）仁拍Cに G［）  

1〔〕1  こぅ121d  l目55  293占1  121  

227   3白777  290日  35（与る9  75  

41仁）  占2こう55  2占55  597〔〕0  80  

＝†卜忙l～ PEAKS  

289仁7 ．占91占E－83  

3S5（〕占 ．Sる33E－83  

59247 ．337占E－83  

ヱNTEN CONCENT  

2924〔〕 、2（∋2E十白2  

35794 、2Q2E十62  

59ム19 、261E・ト82   
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CHAアrlミRVI   

ANALYSISOFPEPPERBUSH BYENERGY－DISPERSIVEX－RAY  
FLUORESCENCE SPECTROMETRY 

T．Takamatsu  

♪7J化l血erわ〃   

X・raynuOreSCenCeSPeCtrOmetry（XRF）hasre8ndybecomeoneofthemostattractive  
techniques forthe determination of elementsln enVironmentd samples，eSpeCiallyin  
biolodcalsamples，OnaCCOuntOffo1lowingreasons‥  
1：Sample preparation for XRFis considerably simple comparedwith many analytical   
t¢Ch山ques・  

2・Irlthecaseofbiolo如alsamples，mat血interferenceeffectssuchasself・absorptionand   
enchancementofX－IayradiatlOnareCOmparativelysmal1becausethemajorconstituents   
Ofbiolo由Calsamplesareli91telementssuchasC，HaJldN．  
3・DetectabilityisfairlyunlformacrosstheperiodlCtableandthetechnlqueissuitablefor   
al1elementsfromatomicnumberll（Na）upwaTd．  
4・XRFisanon・destructivetechniquesothatthesamplesonceanalyzedcanbeTetained．  
5．ThemajorandminorconstituentscanbeanalyzedsimultaneouslywithoutresoItlngtO   
dilution．  

6・SpectrallineinterferencesarerelativelyfewbecausethereareonlyafbwX・raylinesfor   
eachel（∋m（，nt，  

7．TheXRFspectrumOfanelement，eXCeptthatobtainedwithahighresdutionspectro・   
meter，isgeneral1y independent ofthe physicalstateanddle Chemicalformofthe   
element．   

XRF offers two altematiYe meaSurlng methods，WaVelength－dispersion or energY－  
dlSPerSion．The fbrmer has，iJlthe past，Predominated butIeCentlythelatterhasalso  
received considerable attentioTlin many丘elds・Energy・dispersion type spectrometers  
haveseveraladvantagesoverwavelength－dispersionspectrometers：  
1．Tne energyJispersive technique offers a SMA（simultaneous multielement analysis）   
capability whelethe solid－State Si（Li）semiconductordetector，energySenSitiYe，auOWS   
thesimultaneousdetectionofa11X－raylincswithoutphysicalseparationofthelines．  
2．meSi（u）detectorisessential1ylOC悌emcientovertheX・rayenergyrangeOfgeneral  
interest and the detector can be placedclo5e to the sample．The sensitivity foreach   
el¢ment，therefore，i5muChhigherthanthatbywavelength－dispersiveXRFandbecomes   
asmooth1yvaryingfunctionofatomicnumber（Z）．  
3，Aspectrumobtainedbyenergy・dlSPerSiveXRFisamenabletocomputerreductiontech・  
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niques．  
4・EnergydisperSiveX・ray恥orescencespectrometersalsohaveadvantagesoflowruming   
cost，COmPaCtneSSandhighstabilitybecausethemechanicalconstruCtionissirrlpleand   
onlyweakbombardingX・rayradiationisrequired・   

NIES Pepperbushhasbeen analyzedbyeneTgy・dispersiveX－raynuOreSCenCeSpeCtrO－  
metrywithanintemalstandardmethod・  

助卵血酬血  

hstrumentation   

An energy－dispersive X－ray fluorescence spectrometer（ORTEC，ModelTEFA．6111）  
equippedwithPDP－11／05computerwasusedforelementalanalysisofI℃pperbushSRM・A  
spectfum analysiswas performedwitha SEEK program（developedbyORTEC）which  
includesbackgfOundsubtractlOn，peaksearching，andGaussianpeakfitting・Themeasure－  
mentconditionsoftheX．raynuorescencespectrometerareshowninTablel・  

Tablel．  

X－raySpectrometerConditions  

Mo  

50 kV 

50 A  

Mo  

Air  

4000・10000sec．   

Target：  

Voltage：  

Current：  

Filt¢【：  

X－raypa血：  

Countingtlme  

StandardsforElementalAnalysis   

Aseriesofartincialreferencestandardswaspreparedbyaddlngknownamountsofthe  
desired elements to dded（80 ℃，5hrs）microcrystal1ine ce11ulose（Merk，for column  
Chromatography）andbymixingitinanagateball・mi11forlhour・Thece11ulosepowder  
appears to be most suitable as a base materialfor analysis ofbotanicalsamples・The  
eoncentration ranges ofelementsin血ecalibrationstandardswere：0－5％forKandCa，  
0・1000ppmforMnandFe，0・10ppmforNiandAs，0・25ppmforCu，0－100ppmforZn，  
Rb andSr，andO・50ppm forPb．Appropriateamountsoftheal1elements，therangeof  
whichwerementionedabove，Wereaddedtoeachcalibrationstandard．  

SamplePreparation   

Thestandardsandsamplesweredriedinan ovenat85℃for4hrsbeforeanalysis・  
Fiftyploftheinternalstandardsolution（Cs：100mg／ml，Se：1mg／ml）wereaddedto  
500mg ofthe artificialreference standards and to NBS standard reference mate血1s  
（OrchardLeavS・TomatoIJ，aVeS，SpinachandPineNeedles）・Afterdryingagainat85℃for  
4hrsaJtdmixlnginanagateball－millfor30min＝analysiswasperformed・▲Theanalytical  
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Filter  

Fig・l Schematicdlagr描10fenergy－dlSPerSIVeX－raynuOreSCenCeSPeCtrOmeter・   



linesusedweretheLalforPbandtheKalfortheothcrelements・TheIjlllineofCswas  
usedasanintemalst血dardhrK，Ca，Ti・MnandFe，andtheKα11ineofSewaschosenas  
anintemalstandard for Ni，Cu，Zn，As，Pb，Rb and Sr，aS血ownin Fig．2・1nternal  
standardisationisprefbrableinordertocompensateforinstrumentalvadatlOnS■Thecalibra－  
t10nCurVeSWereeStablishedbyplottingthepeakratio，lx／Ii，S．，WhereIxandIブ・S・arethe  
peakintensitiesofthedesiredelementandoftheintemalstandard，reSpeCtively・   
SometypicalcalibrationcurvesareshowninFig・3・Thecalibrat10nCurVeSObtalnedwith  
theartincialstandardsforNi，Cu，ZnandPb血owedgoodlinearity・Also，thecalibration  
curvesobt由nedwithNBSbotanicalSRMsblottingLr／Ii，S．againstthecertinedvaluesfoT  
eachelement）werealmostthesameasthosewiththeartificialstandards・Theseresults  
indicatethattheXRFmethodusedhereisprettygoodforelementalanalysisofbotanical  
samples・The X－raySpeCtrumOfNIESPepperbushisshowninFig・2andtheelemental  
contentsw¢remeaSuredinthesamemanneruslngthecalibrationcurves（Fig・3）・  

Fig．2．X－raySPeCtrumOfNIESPepperbush  
Shadedpeak：lntemalstandard  
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Fig．3．Calibrationcurves  
OpenSymbol：Artificialreferencestandard  
Closcdsymbol：NBSstandardreferencematerlal  
（l＝OrchardLeaves，2：TomatoLeaves，3：Spinach，4：Pine Needles）  
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尺e封ノJ上方   

ThecontetltSOfK，Ca，Mn，Fe，Ni，Cu，Zn，As，Pb，RbandSrinNIEStねpperbushare  
ShowninTableJI・TheanalyticalresultsarepresentedasdleaVerageValuesof5rurLS．  

TableII．  
AnalytlCalValuesforNIESSRMPepperbudlbyEnergy－DispcrsiYe  

X－rayFluorescenceSpectIOmetry  

Element  Content（％）   Element  Content伝g／g）  

M
n
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CHAfTI己R VII   

DETERMINATIONOFALKALIES，ALKALINEEARTHSAND  
SOME HEAVY METALS IN PEPPERBUSH 
BYISOTOPEDILUTIONMASSSPECTROMETRY  

M．Muro2；umi，S・Nakamura，T・Igarashi，  

K．SugaandK・Yoshida   

A加拍Ⅶ〟  

Isotopedilutionsurfacei？nlzationmassspectrometryhasbeenappliedtothcaccurate  
detemlinat10nOfK，Rb，Mg，Ca，Sr，Ba，Cu，Cd，Pb，TlandAginPepperbush．Afterspiking  
withastableisotopeofoneoftheabovecomponentsundermeasurement，thespikedsample  
is decomposedinalnixtureofHNO3，HClO4andHFatlowtemperatureunderpressure．  
ThedecomposedsampIcisheatedtodrynessanddlereSidueobtainedisdissoIvedindil11te  
HNO3SOlution．Analiquot ofthissolutlOnisappliedtothemassspectromcter（Hitachi－  
RMU6）equippedwithasurfaceionizationdeviceincorporatingaResingle粗ament．The  
弧扇ysesね一山k濾esorak血Iee且ー山elements8ばeperfomedbyloa血1gdj柁Ctlyan通quot  
OfthedigestontotheⅢament，Whiletheheavymetalsaredeterminedafterthecomponent  
hasbeenextractedfromthedigest3SthedithizonateinCHC13．   
Byu血gacompositespikesolution，ieVeralcomponents，forexampleCu，Cd，TlandPb，  
aredeterminedsimultaneOudy．   
The present method can mea＄ure m血ute amounts，i．e．，ng amOultS，Ofdle above  
elementswi仙郷aCCuraCyOrl乳  

血什α九JCガ0〝   

1・1IsotopeDihdoIIMぞ也od   

WhenaweighedamountOfPepperbushhsreachedisotopicequilibrationwithaknown  
amountofaspike，thefdlowing！elationexitsbetweendlemOlaramOuntSOftheelement  
anditsi＄OtOpeS：  

mnxl㌦十msxl㌔  ‥＝l  1M／l’M＝   ’ 
mnxi’㌦十msxi㌔  

wherelMandi’MrepIeSentthemola－amOuntSOfisotopeiandisotopei，comprisingthe  
elementundermeasurement・PlnandpsaIethemolaramountsoftheelementinthesample  
andoftheaddedspike，andlfrLandlfsaretheisotopicabundancesoftheisotopeiofthe  
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elemcntinthesamPleandthespikerespectively・TheamountmnCanbedeterminedby  
measuringtheiM／i’Mratiowhenih，ifs，i’h，i’fsandmsareknown．Asanexample，the  
fbuowingequation（2）holdsfortheleadisotopesinthesampleequaibratedwiththe206pb  
Spike，  

208 208 
mpb－Samplexfpb－SamPle＋mPb・Spikexfpb－Spike  

…（2）  
208pb／206ァb＝   

206 
x 年b－Sp汰e  

206 
mpb－SamPlexfpb－Sample十mPb－SPike  

Thcnumbersfor208恥sample，208恥・＄Pikc，206fpb－SamPle，206恥spikeandmPb－Spike  
arelistedinTableI・Oneofthefollowingleadspikes，204pb，207pb，208pband205pbcan  
bcusedforthe206pbspike，thechoicedependingontheleadisotopICabundanceofthe  
Sample．   

l．2Sp敗es   

Thesp汰esu馳dwelehl匹正号d缶om也£Oak鮎d筈eNa岨onalubo用tOry，Tem．，U且A．  
andeachspikewasdissoIvedindiluteHNO3andstoredinatightlystopperedtenonor  
quarLz bottle・Molarconcentrations ofthese spike solutions，mS，Were Standardized to  
referencematerialsandtheconcentrationsaleCOmPiledinTableII．   

ComposlteSpikesolutionswerepreparedbymixingsomeofthespikesolutionsasshown  
hTableIII．   

1．3M礼∬Spectrometer   

AHitachlRMU6typemassspectrometermanufhcturedin1968isequlppedwithanion  
SOurCe fbrmultipurposemeasurements・Asimplifiedblockdiagramoftheinstrumentis  
由VeninFig・1．ARc sindefilamentisusedastheionemitterhrlneaSurement Ofthe  
COmpOnentSinPepperbush．   

TheinstrumentCandetectanemittercurrentoflO－19Aforthemassspectrumemitted  
byanelement，andmeasuretheisotopicratiowithanaCCuraCyOfO．n％inthecoemcientof  
Yadation．   

1．41慮boratoけ   

Reagentsandsampleswereallpreparedinaclassl00cleandraftchamberandonclass  

lOOcleanbenchessetinaclass300cleanroom，thelatterbeingconstructedofstainlesssteel  
andhavingamedlOXy－reSincoveredfloor．ContaminatlOnfromtheroomenvlrOnmentand  
reagentsis，forexampleinthecaseofleadanalysis，atthelevelofl，OngfoIOnedetemli・  
nation ofthis elementin Pepperbush，COrreSpOnding to only onethousandth ofthe  
measuredYalue，andi52・Ongforcopper，03ngforcadmiumandO・06ngfbrthal1ium  
respectiYely．   

且岬e′かl印ね   

2．1Reagemts  

2・1・1餌d鮎ationorcommonreagentsandwater  

Reagents wereallpuriLied by sub・bo血1g dist皿ation（twice）ofanalyticalgrade  

－61－   



POLEPIECESOF  

MAIN坦AGNET  

！u＼→＝■tい川川叶ゝ  

IONIZATION  
FILÅM七NT  

Radius200mm，deflection angle900  
250mm and450forelectrostaticsector attached  

Ion traJ∝tOry：  

Fig．1 Schema血血許抑Ofma鳥SpeCtrOmeter（HitacPMU6）・   



Tablel．IsotopicAbundarlCeSOfSomeNatul・alElementsandSpikes．  

8占SrSpike  

O．0172  

85．9  

Natu一山  

0．826  

87．6  

Natum1  203TISp址e  

O．2966士0．0004  0．9497士0．0006  

0．7034士仇0004  0．0503士0．0006  

204．4  203．1  

88sr  

At．Wt．＋  

At．Wt．●  135B且Spik¢   

0．0001   

0．0001   

0．0046   

0．935   

0．0163   

0．0089   

0．0355  

135，1  

Natu一山   

0．0011   

仇0010   

0．0243   

0．0（；58   

0．0783   

0．112   

0．717  

137．5  

130Ba  
132Ⅰ】a  

134Ⅰ事a  

135Ⅰ‡a  

136Ba  
137tla  
138Ba  
At．Wt．●  

Natu∫山  65CuSp址e  

O．692土0．0001  0．0030士0．00002  
0．308士0．0001  0．9970士0．0001  
63．5  64．9  

63cu  
65Cu  
At．Wt．■  

Na山血  PepperbllSh 206PbSpike   

O．0139  0．0137   

0．2509  0．2511  0．9998   

0．2138  0．2141  0．0000さ34   

0．5215  0．5211  0．000127  

207．2  206．2  

204pb  
206pb  
207pb  
208pb  
At．Wt．●  

41KSpike   
O．0080  

0．992  
40．9  

Natw山   

0．931  

0．000118  

0．0688  

39．1  

39K  
40K  
41K  
At．Wt．●  

116Cd Spikee Natu一山   

0．0127   

0．0090   

0．125   

0．129   

0．241   

0．123   

0．287   

0．0748  

112．3  

認 106cd  
1 108cd  
110Cd  
lllCd  

l12cd  
l13cd  
l14cd  
l16cd  
At．Wt．♯  

42caspik占   

0．0483   
0．945   
0．00093   
0．00577  

Natu血  

0．970  

0．00（i40  

0．00145   

0．020（i  

O．000033  

0．00135  

41．9  

0．00213   

0．0023S1   

0．00514   

0．00339   

0．0132   

0．974  

115．8  

40ca   
a
 
a
 
a
 
a
 
a
 
C
 
C
 
C
 
C
 
C
 
 

つ
一
3
 
4
 
′
D
 
8
 
 

4
 
4
 
4
 
4
 
4
 
 

40．1  At．Wt．■  
87Rb Spike 

O．0266   
0．973  
86．8  

Natll∫山   

0．722  

0．279  

85．6  

26Mg Spike 

O．00284   
0．00109   
0．996  
26．0  

Naiu一山   

0．792   

0．0997  

0．108  

24．3  
86srspike   

O．976  
0．00674  

Natural  

O．00560  

0．0936  

0．0702  ＊atomicwei♂lt．   



TaueII．  

ConcentrationsofSpikeStockSolutions．  

Total Concentration ConcentrationOjmOl／g）  
Spike  レg／g）  Total  Each Spike 

206pb  l．糾3  

208pb  O．0002  

382．0  

63cu  
65cu  

203T1  
205¶  

114cd  
l16cd  

39K  
41K  

0．00550  

1．828   

0．921  

0．0488   

0．02713  

2．002   

0．07034  

8．722  

85Rb  O．05761  

87Rb  2．107  

24Mg  O朋592  
2dMg   16・IO  

40ca  o．03028  
42ca  5．924  

86sr  2．841  
8Ssr  o．050  

135】ね  1．404  
138Ba  O．053  

107Ag  3．577  
109Ag  O・06446  

18臥0  2．166  

16．17  420．4  

6．269  251，4  

250  2．910  

202，9  1．502  

389．3  3．642  

一朗－   



TableⅢⅠ．  

ConcentrationsofCompositeSpikeSolutions・  

AComposite65cu，116cd，206pbaLLd2O3TISpikeSolution・  

0．1165 （〃md抽出65cⅦ  
0．009631（〃md旭お116cd  
O朋590（〃mOl／由出206m  
O，005糾5（〟md／由お203Tl  

TotalC¶L＝＝7．5糾（〃〟由＝0．1169 小爪d／由  

Tot山Cd＝1．145（返付ド0．009888レmd／由  
TotdPb ＝7．396hg／由＝0．03590¢md／由  
Tot山Ⅵ ＝1．250h〟g）＝0．006154炉md／由  

65Cu spike 
ll占cdspike  

206馳spike  

203TIsp址e  

AComposite87Rb，86srand138BaSpikeSolution・  

0．03397（〃md佃鮎87Rb  
O∬3731（〟md／由お86sr  
O．03171（〟mOl／g）廻135Ba  

Tot山Rb＝3．030レかゎ＝0．03491hmol／由  
TotalSI＝3．2糾h釘g）＝0．03823丘仰d／d  
TotalBa＝5．982レg／d＝0．04423伍md／由  

87Rb spike 
8‘s－Spike  

13紬aspike  

AComposite41K，42caand26MgSpikeSolution・  



reagentsu血gtedonorquartzst皿1s．Thepurinedreagentswere・StOredintightlystoppered  
te鮎nbottles，aLLdwaterwasstoredi11quartZbotdes．Theconcent【ationsofimpurltiesin  
thepud爪edreagcntsweredeteminedbytheapplicationofisotopedhtlOnSurfaceioniza－  
tion∬】a鎚S匹Ct∫Ometry，血ere5山t5b血gcompiled加丁丘ueⅣ．  

TableⅣ．  

IleavyMetalImpuritiesinPurifiedReagentsandWater，ng／kg．  

TI  Cu  Cd  Pb  

14M HN03 

6MガC】  

20％NH40H  

4（i％HF  

60％HC104  

H20  

0．384士0．031  

0．872士0．072  

0．111士0．011  

1．90士0．13  

0．111士0，O11  

0．118士0．012   

23．6士0．6   

3．78士0．25  

86．6 士0．9  

47．4 士0．4  

151士1   

3．1D士D．10  

0．537士0．030  

0．30β士0．076  

0．68 士0．15  

0．411士0．081  

1．40士0．09  

0．191土0．035  

3．83士0．07  

1．‘g士0．04  

3．56士0．23  

4．08士0．07  

20．1士8．2  

1．61士0．04  

2．1．2Spikes  

Previoudyweighedspikes，41K，87Rb，26Mg，42ca；86sr，135Ba，65cu，116cd，  
206pb，203TlandlO7AgwereindlViduallydissoIvedin5％lJNO3andstoredintightly  
StOpPeredtenonbottles・Theconcentrationofeverysl）ikesolutionwasstandardizedrelatiYe  
torefbrenccrnate血150fknownisotopicabundanceandconcentration・Al1workingspike  
SOlutionswere prepared by d山ting the stock solutionwithdiluteHNO3・Theisotopic  
abundance・1fspike・andthemolarconctntration・mSpike，OfthespikesolutionsarecompiIcd  
inTablesIandlI．SometimesvariouscomposlteSpikesolutionswerepreparedbymixing  
twoormorespikesolutions．Thesewereconvenientlyusedforthe由multaneousdetermina・  
也morele∬】e刀t5加P印perbu血nedataoflf5pike諷d爪印ikeわr5αme00mpO感fe古画ke5  
arelistediJt TableIII．The use ofa mixed spike solutionisapplicable onlywhenthe  
composite spike doesnotsufftl魚ommutualdlemic血c9ntamination．FoTe瑚n画e，a  
mixedspikesolutionof65cu，116cd，203Tland206pbsuffersaminuteCucontaminadon  
resulting丘omthel16cd，203Tland206pbspikesasdlOWninTableV；thedegreeof  
contamination，however，doesnotpreventtheaccuratedeterminationofthecoppercontent  
ofP¢ppelbu血．  

小  Acompositespikeof87Rb，86snand135Basuffersnosucheontaminationasiuustrated  
bythedatainTableVI・  

2．1．3Clea∫皿g  

Bottles，beakersandotherapparatiweredippedintoawamlCOnCentratedHNO3  
SOlutionforseveraldays・Afterbeing血sedwithpuri鮎dwaterseveralthes，theapparati  
WerekeptdippedinpllT沌edwaterbeforeuse．   

neiomほationdedceor血massspectrometerwas山m肌ded肌dcle弧edw地肌O3  
pr10rtOuSe・ThenewlyassembleddeYicewaselectricdlyiglitedforthEeehotlrSinavacuum  
Chambertoexpelcontaminants．  

－66－   



TatIle V．  

Contaminationin1．000gofaCompositeSpikeSolutionof  
65cu，116cd，206pband203Tl・  

〝m（）l／㌢Spikesolution  

Theoretical  65cu  o．1165  

C。ntaminatant（measured）  65cu  o．0000045  

63cu  o．000010  

The。retical  l16cd  O．009631  

contam如ほta山（measwed）   116cd  O．00000008  

114cd  O．00000031  

116cd  

206pb  O．03590  

206Ⅰ・b  O．0000003  
208pb  O．0000007  

206pb  Theoretical 

Contaminatant（measur¢d）  

203Tl  O．005845  

203Tl  O．00000012  

205Tl  O．00000028  

203Tl  Theoretical  

Contaminatant（measured）  

TableⅥ．  

Contaminationinl．000gofaCompositeSpikeSol11tionof  
87Rb，86srand135Ⅰ主a・  

〃mol庸一Spikesdution  

meoretica1  87Rb  O．03397  

85Rb  O．0009285  

AfterComposited（measured）   87Rb  O．03398  

85Rb  O．00092f〉8  

86sr  o．03731  

88sr  o．0000658  

Th♀Oretical  

86sr  o．03732  

88sr  o．0000657  

AfterComposited（measured）  

135Ba  TlleOretical  135もa  O．04140  

138Ba  O．DOO157ユ  

135Ba  O．04139  

138Ba  O．000158  
AfterComposited（measured）  

－67－－   



2・2血otopeD弘1tionMa凪Spectrometけ  

2．2．1SimultaneousDetenninadonムfCopperl，2，3），Cadmium4），  
T山山ium5）肌dbad6，7，8）hP叩pe加血  

（1）Sampl¢Preparation－1  

TothreealiquotsofPepperbudl（RunNos．1，2，and3inTableVll），Wereadded  
nearly equalamountsofaquadri・SPikedsolutioncontaining65cd，116cd，203Tland  
206pb・EachspikedsamplewasdecomposedinamixtureofHNO3（3．Oml），HClO4（1．Oml）  
andHF（1・Oml））inatenonvessel，underpressure．Thetemperaturefordecompositionwas  
Carefullymaintainedbelow160℃．ThedigestintheYeSSelchangcdtoatransparentsolution  
intwohours・Eachsolutionthusobtainedwasheatedtodrynessatatmosphedcpressureand  
anadditionalO・3JnlofHNO3WaSaddedtotheresidueandthemixturewascvaporatedto  
dIγneS＄a伊1ntoemure仇at仙e decpmpo5ition理非血nwa5COmp】ete．T加w加ere虚du8  
Wa5dissoIvedin6・0miof2MHNO3，andtranSferredto且teflonseparatingfunnel．ThepH  
Ofthesolutionwas叫iustedtopH2bytheadditionofNH40H．Copperinthesolutionwas  
extractedintolOmlofO．0013％dithizone－CHC13．Thedithizone・CHC131ayercontaining  
00ppeTノdit貼ona也wastT紬S托ITedtoasecondte伽）nSeparalingfunnel・   
ForextractionofCd，TlandPb，theacidicsolutionintheBrstseparatingfhnnelwas  
netJtralizedwiththeadditionofNrL4OHtoapHvalueof8．5．Afterl．Omlof50％Pf14）2・  
CitTateand O．50mlof2％KCN we，e added asthe maskingreagentsforfbreignions，  
Cadmium，thallium andlead were extracted and trasnsEbrred tothe separating funnel  

COntaimingthecopperdithizonate・CHC13SOlutlOn．ThesubsequeLltSO］utjonwasmixedwe封  
byswirling・Themixeddithizone－CHC13SOlutionwasrinsedtwicewith5，Omlportionsof  
puT摘edwatertoremoYetheaqucousemulsioncontainingthemajorcomponentsofPepper・  
budlandthemaskingreagents．5．Omlof7MHNO3WaSaddedtothedithizone－CHC13  
SOlution for back extraction ofthe elements．After dle dithizone・CHC13SOlutlOn WaS  
discarded，theacid】aYerWaSrinsedtwiccwid15・OmlportionsofCHC13＄OJution．Theacid  
SdutionwastransferTedtoatenonbeakerandl．0miofHNO3andO．25mloftlC104WCle  
added・ThecontentsweregentlyheatedunderapureN2atmOSPhereonanelcctdcheatcrto  
dryness．Subsequently，0．3mlofHNO3andO．1mlofHClO4Wereaddedtotheresidueand  
thecontentswereheatedagalntOCOmPletelydecomposetheorBanicmaterial．   
Theresiduethusobtainedwasdi＄SOIvedinamixedsolutionof65FJlofO．02％saicagel  
SuSPenSion aqueous solution and5FLlof2．0％H3PO4SOlutionwhichfunctionedasthe  
StabilizingreagentsforioAbcamemissionsofthefouIelementsontheionizationdevicein  
仏ema5SSpeCtrOmeter．  

¢）SamplePl叩ara也on・2  

Sample preparation2wasidenticaltothe above except thatthreesamPleswere  
preparedhavingdlfferentiM／i’Mratios．Thatis，theonlydiffbrencebetweenSamplePrepara・  
tionland2wastheamountofaddedspikesas血ownforRunNos．4，5and6inTableVIL  

From血肌dyticdpointordew，5ampleI，叩a柑don2pro扇dedabetteriM／j’Mradofbr  
thefourelementsforsoIYingofequation（1）・Theanalyticalresultsare由YeninTableVII．   

2．3DetemimationorS山Yer9）  

2．3．］IsotopicAbundanceofNaturalandSpikeSilver  

Theisotopic ratio value ofnatulalsilver（99．99％gradecommcrcialsilvermetal），  
109AdlO7Ag，COuldbedet即m血edwithanaccuracyofO．l－0，2％（coemci¢ntOfvariation），■  

－68一   



Table VⅡ  
Sin1ultaneous加teminationofmalllum，Copper，LeadandCadmiuminPepperbushusingaQuadri・SPikeSolution  

Run Sample  Spike added  Fnament 205TI C・Ⅴ・＋  Element found TI  AYerage  

203T1 205T1  203T1  203T1 205TI  TI  concn・   COnCentration  

No．taken（g） 伍mdL）¢mol） curTent（A）  （％）（nmol）（皿01） 毎g） bpm）   Q）Pm）  

0．057‘ 0．1 0．0238  0．0564  0．0164 0．130  

0．0594 0．2  0．0316  0．0754  0．0218 0．135  

0．0（；22 0．9  0．0469  0．111  0．0323 0．152  

0．0633 0．1 0．0270  0．0640  0．0186 0．125  

0．0677 0，4  0．0389  0．0921 0．0268 0．130  

0．0711 0．1 0．0477  0．113  0．0329 0．132  

0．00063  

0．00060  

0．000（i2  

0．（X）032  

0．00032  

0．0（X）32  

0
 
∩
〉
 
4
 
0
 
0
 
0
 
 

8
 
7
 
7
 
q
ノ
 
0
ノ
 
8
 
 

8
 
7
 
7
 
7
 
7
 
7
 
0
 
0
 
0
 
0
 
0
 
0
 
 

0．01186  

0．01136  

0．01178  

0．00605  

0．00609  

0．0060（i  

∩
7
 
5
 
 

5
 
1
 
 

2
 
′
○
 
 

l
 
つ
】
 
3
 
4
 
5
 
′
b
 
 

¶
 
 

0．139土0．013  

0．129士0．∝〉4  －
雷
－
 
 

65cu 63cu  63cu  65cu  63cu  
伍mol）¢mol）  65cu  ¢mol） ¢md）  

Ave一喝eConcn．  

り、l、ml  

4
 
4
 
3
 
5
 
つ
】
 
′
0
 
 

劇
．
8
4
4
〇
．
7
2
．
2
9
9
0
 
1
 
1
 
つ
】
 
1
 
2
 
2
 
 

0．0675 1．9  0．00699 0．0157  

0．0833 0．5  0二00893  0．0201  

0．1090 1．0  0．0116  0．0262  

0．1486 0．7  0．00835  0．0188  

0．1947 0．3  0．0111  0．0250  

0．2371 0．5  0．0146  0．0311  

0．2352 0．（X）07  

0．2253  0．0007  

0．233＄ 0．0007  

0．1201 0．0004  

0．1208 0．0004  

0．1203  0．0∝粗  

0
0
0
（
U
O
O
 
 

O
9
肌
．
1
2
．
1
8
．
1
3
1
4
 
 

l
 
つ
】
 
勺
J
．
4
 
5
 
′
b
 
 

m
 
 

11．4土0．1  

11．4土0．2   



Run Sample  Spikeadded Fnament 208pb C．V．＋   Elementfound  
206m 208馳  206m  208m  206pb  

No・taken（g）（IlmOl）伍mol） curlent（A）  （％）伍mol） 伍mol）  

Pbconcn． AverageConcn．  

bpm）  bpm）  

m
…
l
 
 

l
▲
 
2
 
つ
」
－
4
 
5
 
′
b
 
 

m
 
 

0．07285  

0．06974  

0．07236  

0．03717  

0．0374ユ  

0．03724  

0．0（X）01  

0．0（XIOl  

O．00001  

0，000（X）4  

0．00（X）D4  

0．0000駒  

（
U
 
O
 
O
 
O
 
（
U
 
O
 
封
．
3
5
4
8
．
5
0
ぷ
．
4
3
 
 

0．02300 2．7  

0．03317 0．7  

0．040310．5  

0．052510．3  

0．07133 D，5  

0．08714 0．4  

0．00323  

0．00449  

0．00565  

0．00383  

0．00531  

0．00652  

0．00069ユ  

0．000960  

0．00121  

0，000819  

0．00114  

0．00139  

ヽ
－
ト
ー
ノ
 
 
＼
．
■
r
ノ
 
 

2
 
7
 
3
 
つ
］
 
つ
J
 
O
ノ
 
 

ウ
J
 
7
 
5
 
3
 
3
 
3
 
5
 
5
 
5
 
5
 
5
 
5
 
 

∩
）
 
1
 
 
 
4
 
7
 
3
 
7
 
9
 
0
 
5
 
 

′
D
 
9
 
1
 
7
一
1
 
3
 
0
 
0
 
L
 
O
 
l
 
l
 
 

5．54士0．23  

5．35士0．04  

－
ヨ
ー
 
 116cd ‖4cd  ‖4cd・   116cd l14cd  

伍mol）恒mol）  116cd  ¢md） 伍mol）  
Aye∫age¢抑Cm   

けl・I‖I  

0．01934  

0．01871  

0．01941  

0．00998  

0．01α）3  

0．00999  

0．00026  

0．00025  

0．00026  

0．000135  

0．0（X）13（；  

0．000135  

0
∩
）
0
0
0
0
 
 

．
4
5
購
糾
5
〇
．
5
2
．
6
1
 
 

0．1161 1．6  

0．1544 1．8  

0．1928 1．1  

0．2511 0．2  

0．3337  0．2  

0．3942 0．4  

0．000538 0．00207  

0．000705 0．00271  

0，000951 0．00364  
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whilethoseof107AgandlO9AgspikeswereO・2－0・5％asshowniJITableⅥ1I・Theisotopic  
abundancesofthe卑ubstancesarecompnedinTableVI11．1．   
Theintensityofthe107Ag＋ionbeamemitted丘omdleSilvercompoundontheioniza－  
tiondevicelistedirLTableVIII3，meanSthatthedetectionlimitofthepresentmethodis  
lO－12gfc．r血iselement．   

2．3．2SmplePleparation  

Pepperbushsamplesofdifferentamountswereplacedintwotenonbeakers．Acertain  
amountofthelO7Agspike（TableVIJI．2），3．OmlofITNO3andl．0miof11Fwereaddedto  
each sample・Eachsamplewasgentlyheatedfor3hoursinateflonbombsuppliedwitha  
PuZi丘ed N2Stream・After the complete decomposition ofthe sample，the tranSpareJlt  
SOlutionwhichremainedinthebeakerwasevaporatedtodrynessatatmospherlCpreSSure・  
The residuewasdissoIvedinlOmloflM HNO3andthe solutionwastransferredtoa  
teflonseparatingnlnnel．SilverwasextIaCt¢dfromtheacidsolutioninto10miofO．0013％  
dlthizone－CHC13，andthenthe organic solution contaimiJlgSilverdith1ZOnateWaSWaShed  
twicewith10mlportionsofpurltiedwater．men，Silverwasback－eXtraCtedinto6．Omlof  
7MI潮03・Thenitricacidsolutionwasevaporatedtodryness・Theextractionprocedurewas  
repeatedagaintoeliminatecompletelythepresenceofforeignlOnS．   
Finany，the driedresiduewasdissoIvedinamixedstabilizingsolutionofsilicagelaJld  
H3PO4and analiquot ofthe solution was applied tothe mass spectrometer for：Ag＋  
emissionmeasurement．TheIeSultsarepresentedinTableVIIl．   

2．4．SimultaneousDetennhationofRubidium，StrontitunandBariumlO）  

2．4．1lsotopieAbundancesoftheNaturalElementsandSpikes  

Theisotopic・abundances of naturalrubidium，StrOntium andbarium，and oftheir  

SpikesarelistedinTablel．TheconcentrationofacomposlteSPikesolutionis由VeninTable  
IIl．  

2・4・2Sample■preparation  

Two samples ofdlfferent amounts were added to two teflon beakers．A certain  
amountofacompositetriplespikesolutioncontaining87Rb，86sr，and135Bawasaddedto  
eachbeaker．ThecontentsweredecomposedinamixedacidsolutlOnOf3．OmlofHNO3，  
1．Omlof6（悌HClO4andO．5miof46％HF，underpressure．ThetrarLSpaientsolutionthus  
ObtainedwasheatedtodrynessatatmospherlCpreSSure．ThereslduewasdissoIvediJlO．1ml  
Ofpuri鮎dwater・Analiquotofthisaqueoussolution（ca・0・01ml）wasloadedontothe  
血eniumionizatlOn斑amentfoImaSSSpeCtrOmetry．Theuseofsilicageland113PO4Stabi－  
lizerswasunnecessary forthe emission ortheseionsontherheniumⅢament，unlikethe  
CaSeOftheabove－mentionedheavymetals．   
ThemaSS SPeCtrum OfRb＋appearS丘rst at alowertemperature；たomtheionization  

SuCCeSSiYelyatdifferenttenlperatureSOftheionlZat10nmament，andpotentialmutualinter－  
ferenceisavoided・Thatistosay，forthemeasurementofthe85Rb＋／87Rb＋ratio，the  
OVerlapping87sr十spectrum 

． 

ThemassspectrumofBa＋appearsatthehlgLeStmamenttemPeratu［eafterthecomplete  
decayofRb＋弧dSr＋．Theanalydcalresultsare由VeninTablelX・  
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Table VIIl．  
DetemhationofSnverbylsotopeDilutionMassSpectrometry．   

1）IsotopeAbundanceofNaturalSnYer，107AgandlO9Agspikes．  

Muroranh純血血orTeclmdo訂  0血erhs也仙tes  

107Ag  lO9Ag  107Ag  109Ag  
NaturalAg  52．07士0．02  47．93土0．02＋  51．95士0．08  48．05土0．09■■  ■ Four・9GradeCommcrcialAgmetal，  

107Agspike  98・23士0・O1   1．77士0．01  98．22士0．05   l．78tO．05＊■■  … uS・NationalBureau ofStandards・  

109Ag spike O．73士0．00   99．27士0．00   0．74士0．05  99．26iO．05■■＊  …＊OakRidgeNationalhboratory・  

2）ConcentrationoflO7AgandlO9AgSpikeSolutlOnS．  

107Ag  109Ag  Tot山Concentration  

い・ミリ  
0．3538土0．0014  

0．185伽乱0013  

¢md／由  

5．鋸8 xlO・5  

1．6紬 x10－3  

¢md／由  

3．251xlO－3  

1．2 xlO・5  

107Agspike  
lO9Agspike  

3）DetemllnationofSilverinOrchardLeaves（N．B．S）andPepperbush・  

Sample  Sample  lO7Agspike lO7Ag＋ion  ユ竺塑  C・V．■   Total Ag AgconcentratlOn  
taken（由  added（FLg）intensity（A）   107Ag   （％）   found（ng）   （ng／g）  

Orcha－dLeaves  O．1866  0．5461   1．73Ⅹ10・12  0．02257  0．3  5．269士0．70  28．24士0．04  

Peppefb血（Ⅰ）   0．3238   0．3647  3．1xlO・15  0・03212   0・2   11・02土0・06  34・鋸畑・19  

Pepperbudl（Il）   0．6061   0．3596  P3．7xlO－13  0．糾484  0．1  20．97土0．03  34．60士0．05  

＊coefBd¢ntOfv訂ia也on．   



「  

TableIX  

SimultaneousDeterminationofRubiolllm，StrontlumandBariuminPepperbushusingaTripleSpikeSolut10n．  

85Rb C．V，＊  RubidltJm  Rubidium concentration 
宮テ応  （％）   roun叫∠g）  山浦）  

Rurl Sample  87Rb spike Filament 
No．   taken（g）   added（pg）   current（A）  

74・助4  

；；二；：二；）  

0．5574  0．2  8．08士0．02  

0．9122  0．2  1（i．0士0．1   

1  0．1086  9．008  0．670  

2  0．2178  8．842  0．555  

1 ・＊  StronOnCentr血  
g， A， 

36価2  

；：：：芸：；）  

e  ＊  BaduCentr血  
g， A， g，  

：…；；：）16由3  

1  0．1086  17．78  2．020  0．7601   0．6  

2  0．2178  17．4（i  2．5（；0  1．382  0．5  

＊ coefEicientofvariat10n   



Table X  

SuccessiveDeterminationofPotassium，MagnesiumandCalciuminPepperbushusingaTripleSpikeSolution．  

Run Sample  Aliquotof   41Kspik¢ Filament   些  C．V．＊ Potasslum  Potassium concentration 

No．taken（g） dissoIvedsamPle，addedhg）current（A） 41K   （％） found（〃g）  （勿  

SPiked（g）  

；ヱ；：二3：†114狐01  

1 1，105  0．01109  730．7  0．650  0．2171  

2  1．105  0．02270  735．9  0．480  0．4211  

Run Sample  Aliquotof   26Mgspike Fnament   竺塑g  C．V．＊ Magnesium Magnesiumconcentration  
No・takpn（g） dissoIvedsample，added伝g）current（A） 26Mg （％） found（FLg）   （％）  

Spiked（g）  

1 1．105  0．02456  481．7  2．040  0．150（i  l．9  85．8士1．8  0．348士0．008  

Run Sample  Al1quOtOf   42caspike Filament   竺9   C・V・■ Calcium  Calcium concentration 

No．taken（g） dissoIvedsample，added伍g）current（A） 42ca   （％） found（〃g）  （％）  

Spiked（g）  

1 1．105  0．01109  772，0  2．230  0．2602  0．4  150土1  1．35士0．01  

2 1．105  0．02270  813．9  1．780  0．4578  0．5  308土2  1．36土0．01  

l．36士0．01  

＊ c（方mCientorvadatioll   



25SimultaneousDetemlinationofPotassiumll），Calcium12，13）andMagnesium   

Atriplespikesolutionof41K，26Mgand42cawasaddedtothesample・Thespiked  
samplewaspreparedbythesamePrOCedureasfortheRb，SrandBadeterminatlOnS・The  
massspectraofK＋，Ca＋andMg＋appearedsuccessivelywithincreasingtemperatureOfthe  
ionization nlament andthe respectlVeisotopic ratiosweredeteTminedsuccessivelythus  
avoidingthepotentialmutualinterfe－enCe・TheanalyticalresultsareglVeninTableX・   

CbJIC山方わ〃  

1sotopedilutlOn Surfaceionization mass spectrometryis continulng tO attraCt the  
attentionsofscie】1tistsduetoitsiI血erentaccuracy，TheanalytlCalresultsforthepresent  
methodandothercommonmethodsarecomp封edinTableXI．Althoughfhilinginanalytical  
capabiliLy forvolatileco▲llpOrlentS，forexample，P，S，Se，TeandAsessentialforenviron・  
mentalresearch，thepTeSentmethodcandeterminemuchmoreelementsthan仇oselistedin  
TableXl，Whencertainprerequisitesaresatisfied・ThemethodrequlreSaSpeCi且cmachine・  
clean rooms andultra－pure reagentS and specialtechniques are necessary for optimum  
performance・Withthebesteffortsofworkers，however，thepresentmethodwillreYealits  
superiorabilitytogivethemostaccurateresultsinenvironmentalanalyses・  

Table XI  
DatabyIsotopeDilutionMassSpectfOmetryandOtherCommonMethods・  

ConcentrationsofSomeComponentsinPepperbudl．  

Cu（ppm）  Cd（ppm）  Tl（ppm）  Pb（ppm）  

IDMS  ll．4土0．7  （；．66士0．03  0．129士0．004  5．35士0．04  

0thelS  7．2－12．5  6．4～S．9  6．22  

Average＊  11・4  6・7  

Ag（ppb）  K（％）  Ca（％）  Rb（ppm）  

1．42士0．01  1．36士0．01  74．1士0．4  

1．41～1．83  1．22”1．53  72～80．1  

1．54  1．43  7（i  

IDMS  34．3士0．3  

0thers  

Averag8＊  

Sr（ppm）  Ba（ppm）  Mg（ppm）  

IDMS  36．6士0．2  166士 3  3480士 80  

0仙ers  35．6～37．1   154～180  3590～4540  

Average＊  36・9  170  3940  

＊av¢rageOfothers・  
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CHAPTER VIII   

THECERTIFICATIONOFPEPP丘RBUSH瀞  

K．Okamoto   

／lけ「りイ机1Jん〉JI  

Inthepreviouschapters，thenatureofPepperbushplant，dlePreparationandanalysesby  
fo11ranalyticaltechniqueswere described．Inthischapter，WeShalloutlinetheprocedures  
takentoenablethecertificationofPepperbush．TheinitlalstageofthecertificatioIlprOCeSS  
requlreS analyticaldata forthe various elements to be obtained fromindependentand  
establishedanalyticaltechniques．AcouaborativestudyontheelementalanalysisofPepper．  
bush has been carried out withanumber ofJapanese scientistsandthe analyticd data  
Obtainedbyvar10uSanalyticdtechniquesarefirstpresented．Thecertificationofelemental  
composition has been performed using analytical data obtained at NIES and by the 
COllaboratinglaboratories．The criteria for certincation ofelementalcomposition，and  
thecertificationprocessforPepperbusharedescribed．Thecertifiedandreferencevaluesfor  
Pepperbusharealsolisted．  

J．A〝αレrfc（JJrbc加ゎ〟e∫gm〆の′edルrgJe∽e〃JαJd〃ゆぶねqrタ申perわ〟Jわ   

Analysesof】）eppeTbu血h肌e玩en perbmedusingvarl飢ISm由ytkdtechnlqueSatユ8  
1aboratories．meanalyticaltechIliquesusedfortheelementsaresummarizedinTableI・At  
NIES，atOmic absorption spectrometry（AAS），Ⅲame emission spectrometry（FES），  
inductively coupled plasmaemissionspectrometry（ICP）andX－rayfluoresceneespeCtrO．  
etry（XRF）havebeenemployed・Analyticalredultsbytheabovetechniquesandby  
lSOtOpe dnution mass spectrometry（IDMS），instrumentalneutron activation analysis  
（INAA），neutrOnaCtlVationanalysiswithradiochemicalseparation（RNAA），instrumental  
photonactivationanalysis（IPAA），Substoichiometricisotopedilutionanalysis（SublDA），  
SpeCtrOphotometry（SP），SpeCtrO爪10rlmetry（SF），gravimetry（Grav）and potentiometry  
（Pot）have also been provided by co止aboratinglaboratories．Morethan40elementsin  
Pepperbushhavebeendetemlinedby12independentanalytlCaltechniques・   

2．C♭叩em血gエ♂わ〝わ〟e∫   

TablelIindlCateS the principalinvestigators，addresses and code Tlumbers for山e  

＊ presentedinpartatJoint US－JapanSymposium onStandardReferenceMaterials，Kori－   
yama，1979．  
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COllaboratlnglaboratories，includingmembefSOfstaffofNIES．  

Table I 

AnalyticalTechniquesUsedforElements  

Analytical Technique Element  

Atomicabsorptionspectrometry（AAS）   

Flameemissionspectrometry（FES）  

Inductivelycoupledplasmaemission  
SpeCtrOmetry（1CP）   

X－raynuOreSCenCeSpeCtrOmetry（XRF）   

Isotoped山tionmassspectrometry（1DMS）  

Neutron activation analysis 
lnstrumcntal（INAA）  

Al，Ca，Cd，Co，Cr，Cu，Fe，Hg，K，Mg，  

Mn，Na，Ni，Pb，Rb，Sr，Zn  

Ca，K，Na，Rb，Sl  

Al，As，B，Ba，Ca，Cd，Co，Cr，Cu，Fe，K，  

Mg，Mn，Mo，Na，Ni，P，Pb，Sb，Sc，Sr，Ti，  

V，Y，Zn  

As，Ca，Cd，Cu，Fe，K，Mn，Ni，Pb，Rb，Sr，  

Zn  

Ag，Ba，Ca，Cd，Cu，K，Mg，Pb，Rb，Sr，Tl   

Al，As，Ba，Br，Ca，Cd，Cl，Co，Cr，Cs，Cu，  

Eu，Fe，Ge，Hf，K，La，Mg，Mn，Na，Rb，  

Sb，Sc，Se，Sm，Ta，Th，V，W，Zn  

As，Cl，Ⅰ，Sb  

As，Ba，Ca，Mg，Mn，Na，Ni，Rb，Sr，Zn，  

Zr   

Fe  

Co，Cr，Fe，Ni，P  

Se  

Ca，Si  

Cl  

Radiochemicalseparation（RNAA）  

Instrumentalphotonactivationanalysis  
（ⅣAA）  

SubstoichlOmetricisotopednutionanalysis  
（SubIDA）  

Spectrophotometry（SP）  

Spectrofluorimetry（SF）  

Gravimetry（Grav）  

Potentiome坤（Pot）  

J．d闇少J加JI匂血eJβr軸e止〟∫力   

TableIJIcompiles the analyticalvalues for Pepperbush，the analyticaltechniques  
employedandthecodenumberofdleCOuaboratingparticipants．   
TheanalyticalproceduresemployedatNIESandthoseforlDMShavebeenreportedin  
detailinChapterIV－VIl・Thecooperatinglaboratorieswererequestedtoperfbmldetenni－  
nations forelementswhich theyconsidered山eywereequippedtodetermine．Theresults  
receiYed from the participatinglaboratofies were nozmal1Zed whenever neeessary，for  
example，tOthe appropriate uzILtS・1ncompilingthe血tathe followlngprOCedureswere  
adopted：  
（1）AllYduesgiveninTablelJJweretakenfromtheor埴nalreportsoftheparticipantswi山  
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Table II 
NamesandAffuiationsofCo11aboratiJlgAnalysts  

Laboratory Principal lnvestigator Afnliation   

Code  

NationalInstituteforEnvironmentalStudleS，Chemistry＆PhysicsDivision，Ibaraki305・  
J朗d  

路辺  
ibid，Water＆SoilDivision，lbaraki305．  
GunmaUniv．，Dept．ofChemistry，Kiryu，Gunma376・  
SagamiChemjcalReseaTChCentre，Nishl－Oh】11】ma，4－4－1，Sagamishi，Kanagawa229，  
TokyoInst，OfTechnology，Dept，OfEnvir．Chem・＆Eng・，Nagatsuka，Midoriku，Yokohama227・  
KyotoUniv．，Research ReactorInst．，Div．ofHotLab．，Kumatoricho，Sennangun，Osaka590LO4L  
KagoshimaUniv．，ChemicalInstリKoorimoto，l－21－35，Kagoshima890．  
AoyamaGakuinUniv．，Co11egeofSci．＆Tech．，16Tl，Chitosedai6，Setagaya，Tokyo157・  
TohokuUniv．，Dept．ofChemistry，Aoba，Sendai9BO．  
NilgataUniY．．Dept．ofChemistry，Igarashi，Nilgata950－21，  
KyushuUniY．，Dept．ofChemistⅣ，Hako祖b，Hi㌍Sh蚊u，F止uoka812・  

KanazawaUniv．，l）ept．ofChemistry，Marunouchl，1－1，Kanazawa920L  
Univ二OfTsukuba，Dept．ofChemistry，Sakuramura，Ibar且ki305・  
TokyoMetropolitanIsotopeResearchCentre，2－1l－1，Fukazawa，Setagayaku，Tokyo158・  
KinkiUniv．，Dept．ofChemistry，Kowakae，Higashi－Osaka，Osaka577・  
KeioUniv，，Dept・OfApplユedChemistry，Hiyoshi，Kohokuku，Yokohama223・  
JapanChemicalAnalysISCentre，295－3，Sannocho，Chibashi，Chiba281．  
NagoyaUniれ，Dep亡．ofChemisIけ，Nagoya，Ajcム14占4．  
TokyoMetropolitanUniv，，Dept．ofChemistry，Fukazawal，Setagaya，Tokyo158・  
MuroranInst・OfTechnology，Dept・OfApplledChemistry，Mizumotocho，27l，MuroranshiO50・  
Inst．ofPublicHealth，Dept．ofRadiolo由CalHealth，6－1，Shiroganedai，4，Minatoku，TokyolO8・  
Tokyo Univ．，College ofGeneralEducation，Dept・OfChem・，Komaba，3－8－1，Megurokll，153・  
JbaraklElectrlCalComm．Lab．，NipponTelegraph＆TelephonePublic Corp・，Tokai，’1barakl・  
FisherScientiflCCo．，Jarrell・AshDiv．，590LincolnSt．，Waltham，Mass・02154，U・S・A・  
UmiversityofElectro・Commumications，ト5－1，Chofugaoka，Chofushi，Tokyo182．  
Boyce Thompson Tnst．for Plant Research，CornellUniv・，lthaca，New York14853，U・S・A・  

K．Okamoto  

C．W．McLeod  

N．Fur11ta  

T．Takamatsu  

H．AkalWa  

M．Ambe  

M．Icbikuni  

S．Iwata  

M．Kamada  

K．Kimura  

N．Suzuki  

T．SotobayasIu  

Y．Taka血i∫na  

K．Terada  

X．N8ga血ima  

S．Nagatsuka  

Y．Nishikawa  

Y．Hashimoto  

H．Hamaguchi  

M．Fumkawa  

Y．Murakami  

M．Muro乙umi  

N．Yamagata  

K．Watanlユki  

K．Kudo  

A．Ward  

N．Kokubu  

J．S．Jacobson  
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aslittlechangeasposslble；Slgnifican用guresofthevaluesglVenintheTableareidenti－   
CaltothoseofthedatareportedbytheparticipaJltS．  

（2）Dataw？ichwasrepo－tedbasedon仇e‘silica－gel’dryweidlt（meanmoisturecontent，   
7．5％），WerenOrmalizedtothatbasedondryinBinanair・OVenat85℃for4hTS（me且n   
moisturecontent，8．〔悌）．  

（3）Whenalaboratoryemployedtwoormoreindependentanalyticaltechniquesforthe   
Sameelements，themeanvalueproducedbyeachtechniquewastTeatedandpTeSented  
Separately．  

（4）Di5rega∫血gdjf托re刀CeS加def』edproceduresexis血gamo喝jndi再duaユ】aboraforleざ   
Whichusedthe samemethod，theaveragesofthevaluesobtalnedbyeachtechniques  
werecalc山ated．  

イ．（おrJ研edmJ眠∫ルr此揮）e′占〟ざ力  

“InthedeveloprnentofeachSRM，aSSuranCemuStbeobtainedthatthernaterialusedis  
uniform andstable，thattestmethodsyieldrepeatableandconsIStentresults，andthatthe  
COnditionsunderwhichthematerialistobeusedar？Carefu11ydescribed・Eventually，these  
qualitatlVeStatemerLtSwillhavetobetranslatedintoquantitativeterms，uSlngdatagenerated  
介om山ete5t5，∽dconde】15edinfoacer棚c且te血a亡w・』beullde持t狐dab】eanduse丘11tothe  
user．”1）Therefore，thedataobtainedbyvariousanalyticaltechniquesareprocessedand  
condensedinto the form presented on the cert摘cate，Wherethe TlumericalYalucs arc  
expressedintotwoparts：thecertificatevalueofthepropertyandtheuncertaintyofthis  
v山ue．   

Herewe ne占d to consideT the reliabiIity ofanalyticalresultswhichisa丘InCtionof  
accuracy and、preCision（reproducibnity）．The precisionofresultsintermsofthestandard  
devlat10rlCanreadilybedeterminedforanalyticalmethodsbyirlternalmeasurements，The  
detemirlation ofaccuracy，however，isnoeasytaskandtheevaluationofeach且nalytical  
method withrespect to血eirinllerent aCCuraCyisindispensableifcertincationistobe  
achleVed・OnthebasisofpurestatlSticalconsideratlOnSitisdifficulttojudgewhichvalueis  
closesttothe‘truevalue’．AttheNationalBureauofStandards（USA），analyticalmethods  
areclassinedconsideringtheiraccuracyintothefollowingcategories＝（1）de知Iitivemethod，  
（2）referencemedlOd，（3）neldmethod．”A denmitivemethodisoneinwhichal1ma］Or  
SigruncantparameterShavebeerlrelatedbydlreCtOraSdjdchaj∫1OfeyidencefothebaseoT  
derivedunitsoftheSI”2）（IrlternationalSystem ofUnits）．AttheNatlOnalBureauof  
Standards，isotope dilution mass spectrometryhas been usedextensively asade蝕1itive  
methodforthe accurate measurementofinorganicconstituentsattracelevels．Asalready  
Shownirttheequation（1）（seepage60）irlthepreviouschapter，theinl1erentadvantagesof  
血eIDMSare：“Fir5t，』chemjcdm且坤ulatio∫－5aredoneonawei如bas由弧dinvoヱve  
Straight－forwardstoichlOmetrlCSeParatiohs，PreCipitations，etC，tO deteminemspikeand  
msample・Second・血emassspectTOmetTicdeterminatlOnSinvoIveonlyratiosandnotthe  
absolute detemlinations oftheisotopesinvoIved．Thefefore，nOinstrumentalcorrectionor  
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Table III 

AnalyticalValues（〟g／g）forPepperbush  

Element  Value†hg／g）  Technique  Laboratory Code 
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ElemerLt  Value†伝g／g）  Technique  hboratoryCode  
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errorsare 

． 

de伽itivemcthodhasbeenprecluded・Thesearethe reasonswhy aChapteronIDMS  
（ChapterVII）isincludedinthisreport．  
“Areferencemethodisamethodofprovenaccuracy・＝eretheacc血acyQfthemethod  
restsonorisdemon？tratedusual1yby（butnotalways）adefimiti示emethod・やference  
methods are general1yarrivedatbyconsensus・Thatis，fhlrlyextensive testingofthe  
accuracyclalmSaremadebyanumbefOflaboTatOriesbeforeitsstatusisacceptedbythe  
measurementlaboratoriesthatw丑1beusingthemedlOd．”2）Theaccuracyofareference  
methodcanalsobeassayedvlaaSRM（s）whosepropefty（ies）havebeenaccuratelydeter・  
minedbyadefinitivemethod．   

TheclassificationofanalyticalmedlOdsbytheNationalBureauofStandardsisreason．  
ableandpractical1yusehllforthecertincationprocess．Thecriteriausedforcertincationof  
elementalcomposition ofPepperbush，Whichcorrespond tothose usedattheNational  
BureauofStandards，areaSfollowsこ（1）tllefirstcriterionisthatanalyticalvaluesshouldbe  
detemlined“by adefinltivemethod＝，forinstance，lDMSandgravimetry・Twoormore  
independentanalysesbythedennitivemethodsare，however，required．Or（2）thesecond  
Criterionis“bytwoormoreindependentreferencemethodsu，forexample，AASand．NAA・   
WebasicallyadopteddleSeCriteriaforthecertificationoftheelementalcompositionof  
Pepperbush・However，thelDMSresultsprovidedhavenotcompletelysatis丘edthenrstitem  
becausethedatarepresentsreplicatesatonelaboratoryonly・AIsotheelementsdetemlined  
byTDMSwerelin1itedowlngtOtheprinciple andcapabilityofthemethod．lnorderto  
Certlfytheelementalcomposition ofPepperbush，therefore，Weadoptedthevaluesdeter．  
minednotonlybyIDMSbutalsobyreferencemethods．Forthoseelementswherevalues  

WerenOtdetemlinedbythedennitivemethod，theanalyticalvaluesdeterminedbytwoor  
morereferencemethodswereadoptedforcertification，   

TableIVshowsthecertifiedelementsandtheanalyticaltechniquesusedforthedetermi－  
nation of the elementsin Peppperbush．The de蝕IitlVe method，thatisIDMS，hasbeen  
employedtodetermineK，Ca，Mg，Ba，Rb，Sr，Cu，CdandPb・Threeormoreindependent  
refbrence me山ods haYe also been used・for each element certined・．Atomic absorption  
SpeCtrOmetry has been，uSed most frequently・Neutron activation analysis has been  
frequendyused■formultielementanalysis・Itisnoteworthythatinddc輌Iycoupledplasma  
emissionspectrometryLhasbeenempIoyedfor．simultaneous－Pultlelementanalysis・   
Next，WeneedtoulustratehowcertlnCationwasperformed．Let’sconsidercopper．There  
Were16independentanalyticalvalues■forcopperdeterminedbyAAS，1CP，IDMS，INAA  
andXRF，aSPreSentedinTableIIl・neentlrerangeOfthecoppercontentliesbetween  
ll・1and13・4ppm・The overallmean and stindard devlatlOn are COmputed to be  
12・2andO・7ppm，reSpeCtlVely，therefore，theoveral1meanj＝2timesthestandarddeviatlOn  
由VeS12．2土1．4ppm．   
Herらweneedtoexplainhowweestlmatedtheuncertaintiesortheoveral1errors〕6fthe  
Certinedvalues・Uncertaintyincludessamplevariability，meaSurementerrOrSamdpossible  
bias among analyticalmethods・As mentionedin ChapterIIl，thehomogeneitytest・for  
Certain elementsindicatedthat sample varlability且mOng bottles may be corlSidered  
negl1gible・Therefore，WeShoJldconsidermeasufementerr占is・qndsystematicerrOrSamOng  
methods．   

Grubb＄，sstatisticaloutliertest3）wasnrstappliedtodetermi？eWhetheranyreSPlts  
Shouldberejected・Fortunately，therewasnooutlierforcopper，therefbre，al1valueslist畠d  
herewere’usedfor且1rtherstatisticaltreatment．  
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Table IV 

AnalytjcalTechTliquesUsedfbrElemen（a］Ana】ysisofPepperbush  

MAJORCONSTITUENTS  

Potassium  

Calcium  

MINORCONSTITUENTS  

Ma卯e5iu汀I  

Manganese  

TRACECONSTITUENTS  

Zinc  

Iron  

Barium  

Sodium  

Rubidium  

5tro11tium  

Cob山t  

Copper  

Nickel  

Cadmium  

bad  

Arsenic  

AAS，FES，ICP，XRF，IDMS，INAA  
AAS，FES，1CP，XRF，IDMS，INAA，  
1PAA，Grav，  

AAS，ICP，lDMS，INAA，IPAA  
AAS，ICP，XRRINAA，IPAA．  

AAS，ICP，XRF，INAA，lPAA  
AAS，TCP，XRF，1NAA，SubIDA，SP  
ICP，1DMS，lNAA，IPAA  
AAS，FES，ICP，1NAA，TPAA  
AAS，FES，XRF，1DMS，INAA，IPAA  
AAS，FES，lCP，XRF，IDMS，ⅣAA  
AAS，ICP，］NAA，SP  
AAS，ICP，XRF，IDMS，lNAA  
AAS，ICP，XRF，IPAA，SP  
AAS，ICP，XRF，1DMS，1NAA  
AAS，ICP，XRF，IDMS  
ICP，XRF，INAA，RNAA，1PAA  

AbbreviationsusedforanalyticaLtechniquesareindicatedinTabJe L  

Using．the example ofcopper，the estimation ofthe accuracy and precisionwi11be  
explalnedlFig・lshowstheentirerange（1），theoverallmean士2timesthestandarddevia・  
tion（2），the95％con丘denceintervalcomputedfromtheAASresults（3）whichincludesthe  
Variationwithinandbetweenlaboratories．The95％conndenceintervalscomputedfrom  
IDMS（4）andlCP（5）resultsobtainedatonelaboratoryarealsoindicatedinFig．l，   
Second，We Should considerso、Cal1edposslblebiasorsystematicerroramonganalytical  
meth（適s・InFig．1，t鮎ce－1【代Or仏ehorIZOnta川nesjndjcates仙emean如eac九me仇od．1亡  
is appareTltthat a smallbias exists between thethree methods（3）（4）（5）．Justnow，  
however，thereisnotenoughdatatoestimatebiasamongthemethods．Onewayistouse  
血e mean obtained bythe definitive method as a true valueandthen，tO eStimatethe  
accuracyoftheothermethods・AsforthecoppercontentofPepperbush，mOreindependent  
resultsbyIDMScouldmakethlSpoSSible．Inthiscase，basedonconsiderationoftheoveral1  
mean士2tlmeSthe standard deviation and the95％confidenceimtervals for thethree  
methods，thecoppercontentofPepperbushhasbeencertifiedtobe12土1ppm・   
mece∫fj点ed一山e5わr】）epperbu血areglVemjnTabユeV and払ecゎーedafbrcertif王catioll  
were sin1ilar to that usedinthe case ofCu，namely the certined values are based on  
consideration ofthe overa11mean土2timesthe standard deviation ordle95％conndence  
limitsforthevariousmethods．  
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j．月eβre〝CeI匂血eりbrf’甲pe′占〟J力   

TherefbrencevaluesforPepperbusharealsoincludedinTableV．Thereferencevalues  
arede伍nedasthosevalueswhlChwereconsistentbutwereobtalnedbyonlyonereference  
method，Orin the case oftwo reference methodsused，ifsome analytlCalproblemswere  
SuSpeCted．Forexample，CrandCsweredeterminedbyonlyINAA，andHgwasdetermined  
by onlyAAS．TIwasdetemlinedby onlyIDMS・Al1these casesneedmoreindependent  
analyses．（TablelIIalreadycompilestheup・tO－dateanalyticalresults50thatthesesituation  
fortheelementswillchangeinthefuture）．AsforP，theresultsbySPandlCPwereclose，  
howeveI，fbrtherexaminationofthesampledissolutionprocedureisrequiredsincelossofP  
is写uSpeCted．Wehopethatwithadditionaldatareferencevaluescouldresorttocertified  
vduesatalaterdate．  

CertinedValue：12士1  

（1）  

11．0 11．5 12．0 12．5 13．O  

Cu（〃g′g）  

Fig・1・Summaryofmeanvaluesandconndenceintervalsforcopperbyvar10uSanalytical  
tech山ques．  

（1）EntireほngeOrVduesreported・  
（2）Mea♪土2－Sigma（山1v山es）・  

（3）95％conndenceintervalforthemean（AAS）・  
（4）95％confidenceintervalforthemean（lDMS）・  
（5）95％confidenceintervalforthemean（lCP）・  
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Table V 

CertifiedandRefeTenCeValuesforPepperbush，NIESSRMNo，1  

CertほedV山ues  

Element  Content＊  

MAJORCONSTITUENTS  

Potassium  

Calcium  

MINORCONSTITUENTS  

Ma卯eSium  

Manganese  

TRACECONSTITUENTS  

ZillC  

Iron  

Barium  

Sodium  

．Rubidium  
Strontium  

Cobalt  

Copper  

Nickel  

Cadmium  

bad  

Arsenic  

（Wt．Percent）  

1．51士0．06  

1．38士0．07  

（Wt，Percent）   

0．408士0．020   

0．203土0．017  

存Jg／g）  

340士20  

205土17  

165土10  

106土13  

75士4  

3（；土4  

23土3  

12士1  

8．7士0．6  

6．7士0．5  

5．5士0．8  

2．餌．3  

R（∋托renceV山ues  

伍g／g）  

（1100）   

（1．3）   

（1．2）  
（0．13）  

（0．056）  

Phosphorus  

Ch！Omium  

Cesium  

n山1ium  

MercuⅣ  

＊ Dryweight：1．Dryinanair－OVenat85℃for4hrs，Or，  
2・DryinadesiccatoroversilicagelforlOdays．  
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環境標準試料「リョウブ」の調製，分析  
および保証値  

計測技術部 岡本研作（編）   

環境問題の深刻化に伴い，現在の環境の質を評価し，また将来の変化をは捏するために．  

おびただしい数の環境試料の分析が行われている。環境試料という性質上，分析対象は大気，  

水．土壌．生物等地球上に存在するすべての種類の物質を含んでおり，またそれらは気体，  

液体，固体と各種の形態をもっている。   

環境試料の特徴として，（1）対象となる物質の種規，形態が多い。12）試料の組成が極めて複  

雑であり，かつ試料どとに大きく異なる。13）測定対象となる物質の濃度が，微量から高濃度  

まで広範囲にわたっている。（4）測定対象となる物質は，試料中で様々な形態で存在している。  

（5）物理的，化学的変化や微生物による変性を受けやすく，サンプリング，試料調製，保存が  

むずかしい。帽）試料の均一性が乏しい。等があげられる。これらの特徴は，環境試料の分析  

を一層困難なものにしている。   

分析値が一致しないことが常に問題にされ，分析精度の管理，向上のために同一試料を用  

いたクロスチェックの必要性が認識され，特に近年，環境試料を用いたクロスチェックが各  

方面で実施されている。クロスチェックは多くの場合，試料処理法，測定方法を同一にして  

行われるが，いまだに各機関の間で分析値のばらつきが見られており，もし各機関ごとに独  

自の分析方法を用いれば，このばらつきがもっと大きくなることは容易に想像できよう。   

環境試料の分析において，現在，最も要求されていることは，データの質（言いかえれば  

正確さと精度）と言っても良いであろう。例えば以前に報告されている分析値の信頼性が乏  

しいため，測定対象物質の経時変化が追跡できないという問題が起こっているし，また正確  

な分析法が確立されていないために，ある種の環境問題にどう対処するかという行政的な判  

断ができない場合もある。   

分析値の信頼性を高めるための方法として一般的に次の二つが考えられる。一つは，試料  

と同時に標準試料を分析して，分析値の正確さをチェックする方法であり，一つは正確さの  

証明された標準分析法を確立することである。当計測技術部において．分析化学的な基礎研  

究に加えて，環境試料の分析の精度向上に資するため，「環境標準試料の作製と評価に関す  

る研究」が経常研究の一つとして昭和52年度より開始されたことは，以上のような背景を  

反映している。本研究報告書は，国立公害研究所で最初に完成された環境標準試料「リョウ  

プ」（Pepperbush，NIESIぬ1）について，その調製法，分析法および保証値を中心と  

して記載してあり，8葺から成る。   

なお，国立公害研究所で現在使用できる分析方法は限られているので，棟準試料の保証値  

を決定す1るためには，様々な分析技術をもつ機関と協同で分析することが不可欠である0国  
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立公害研究所で昼，■このような主旨から，分析化学に長年従事ざれてい 

リョウプ試料の分析依頼を行い，分析結果を提供していただいた。！   

第7章を執筆していただいた室住正世教授（室蘭工業大学）もその一人であり，特に同位  

体希釈質量分析法が，絶対分析法としてこの研究に極めて重要であることから，分析結果を  

更に詳しくして第7章として記載されている。・  

第1章 環境分析における標準試料  

Stand孔rd Reror8nCe Mater土alsin En▼ironm8ntal■AnaユysIs  

計測技術部 安部善也   

本章ほ，この報告書における序編として，環境分析の目的と現状，環境試料の特徴，標準  

試料の用途，標準試料たるべき必要条件．および国立公害研究所における標準試料プログラ  

ムの現状について述べる。   

標準試料とは，その物質中の測定対象となる特性が正確に定量されかつ保証されている物  

質を意味する。例えば，現在我々が辛がけている元素組成に関する標準試料であれば，その  

中の各元素の含有量が保証されている物質である。標準試料の用途として，（1）測定システム  

を校正するための標準として使われる。すなわち，標準試料を分析することにより，用いた  

分析方法の正確さを検定することができる。（2）新しい分析方法を開発する過程で，標準試料  

を使ってその方法の正確さと精密さが判定できるので，新しい分析方法の信頼性を確立する  

ために役立つ。（封標準試料を定期的に分析することにより，長期間の分析値の帯皮管理一得  

に現場分析においてを行うことができる。等が考えられる。   

標準試料たるべき必要条件として，（1）測定対象となる特性が，正確に定量されかつ保証  

されていること，（2）社会的要求の強い試料であること，（3）均†かつ保存性の良い試料であ  

ること，（4）適当な濃度の元素を含むこと，（5）10年程度供給できるだけの大量の試料があ  

ること，畑）材料の大量入手が可能で，安価であり，かつ輸送が安全であること，等があげ  

られる。   

地球化学の分野では，1955年に米国地質調査所（USGS）において岩石標準試料G  

－1，W－1が作られ，岩石分析の精度および正確さの向上に大きな役割を果した。日本に  

おいても，地質調査所の安藤民らにより，JG－1，JB－1といった優れた岩石標準試料  

が作製されている。一方，生物や環境試料などの，いわゆる“Soft”な物質についての研  

究の歴史は浅く．1960年代はじめの，イギリスのBowenによるKale powder（キャ  

ベツの粉末）が最初である。標準試料を現在最も組織的に配布しているNBS（National  

Bureau of Standards，米国標準局）においても，1970年代に入って環境標準試  

料の作製に重点をおき，Orc叫rdleaves（果樹彙），Bovineliver（子牛肝臓）は，  
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今や分析の精度管理に欠かせないものである。この数年間∴環境標準試料の数は急速に増えつ  

つあるが，このように標準試料は社会的要求と密接に関係している。   

標準試料中の保証すべき特性には様々な分炊があるが，現乱国立公害研で作製している  

標準試料は，元素含有量に関するものである。NIES症1「りらうプ」に続いて．＝・Nn2  

「地底質試料」（Pond Sediment）についてはすでに分析がはぼ終了L：，現在，保証値  

を決定する作業を進めている。Nn3「クロレラ」は代表的な緑藻の一つとして，すでに調製  

が終わり，試料の均一性のテストおよび分析が進行中である。人体試料は環境試料の中でも  

歪も重要なことは疑いのないところである。恥4「人血清」が調製され，Nn5「頭髪試料」  

の作製が進められているのは，とのような理由による。リョウプ試料に続いて，これらの試  

料についても，国立公害研究所研究報告としてまとめられる予定である。  

第2章 りヨーウプの特徴  

Natllre Or Popp8rbush Plant  

計測技術部 岡本研作   

本章では，リョウプの重金属蓄積植物としての特異性，リョウプ中に蓄積された重金属の  

存在状態およぴリコウプに対するコバルトの必須性の実験について述べる。リョウプが真の  

中にコバルトを蓄積することは，すでに知られていたが，リコウプはこの他に亜鉛，マンガ  

ン，ニッケル，カドミウムを選択的に蓄積し，結果的にリョウプの元素組成は他の植物標準  

試料とは大きく異なっている。このことが．リョウプを新し：い標車試料の材料として選定し  

た一つの痙由である。  

リコウプ中の重金属の存在状態をゲルクロマトグラフィー等で調べた結果．コパル・ト，：マ  

ンガン，カドミウムは低分子物質として存在し，一方，鋼，亜鉛の一部は高分子と結合して  

存在する。鋼については，生化学的手法を剛、て銅結合高分子の精製を行い，単離した銅タ  

ンパクの分子量，吸収スペクトル，金属含量の測定，アミノ酸分析を行い，・リコウプ中の単  

離された銅夕ンバクはブラストシアニンであることが判明した。この実験は，生化学的な見  

地からの研究の他に，元素の存在状態をも含めた形での標準試料を作製するための基礎実験  

でもある。   

また，さし木より生育させたリョウプ苗を開いて，水耕法によりコバルトの必須性を調べ  

た。本実験ではコバルトの必須性は証明されなかったが，水耕液に加えたコバルトの化学形  

態（硫酸コバルトまたはどタミン812）の遠いにより，コバルトの取り込み量が大きく異な  

ること，同時に他の重金属（鈍重鉛．マンガン等）の吸収もコバルト濃度とその化学形態に  

大きく影響されること，が判明した。このことはリョウプを人工的に栽培することにより，  
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金属の濃度の異なった一連のリョウプ標準試料を作製できる可能性を示している。  

弟5章 ジョウプ標準試料の調製  

pr8pa．ration or Porpporbush  

計測技術部 岡本研作   

本章ではリョウプ標準試料の調製法について述べる。リョウプ標準試料の調製にあたって  

は，標準試料ができる限り環境中での状態と同じであり，環境試料を代表できるように．材料  

の迅速な処理および調製操作における容器等からの汚染の防止を心がけた。栃木県足尾町よ  

り採取したリョウプ葉（約100kg）を蒸留水で洗浄軋 80℃の通風乾燥器で24時間乾燥  

した。乾燥りヨウプ糞はアルミナポールミルを用いて粉砕し，ナイロンふるいを通して80  

メッシュ以下の部分を集め，二分器を，繰り返し通して均一化した。混合した試料を1，150  

本のガラスびんに充てんし，（各14g），この中から38試料をランダムに抜き取って，  

亜鉛，鉄，マンガンの含量を定量して試料の均一性を調べた結果．リョウプ試料中の亜鉛，  

鉄，マンガン含量の変動係数は，測定方法（原子吸光法）自身の練り返し精度とはぼ同じで  

あり，上記のようにして調製されたリョウプ試料は標準試料として十分に均一であることが  

判明した。  

舞4章 原子吸光法および炎光分析法によるりヨウプの分析  

Analysis of Pepperbush by Ato7Z）ic Absorption a，nd Flatue EtBis－  

Sion Sp80trO皿etry  

計測技術部 岡本研作   

本章では．最初に原子吸光法の特長および現状について述べ，次にリョウプ試料の分解法，  

測定条件，分析結果について記載してある。定量を行った大部分の元素については，テフロ  

ンビーカー中でIiNO3HF－HC£04を用いて分解を行った後，フレーム原子吸光法によ  

り測定した。鉛については，図示した閉鎖系の分解装置中で即03－H202を用いて分解を行  

い，ノンフレーム原子吸光法により定量した。   

同時に炎光分析法を用いてアルカリ金属．アルカリ土類金属の定量を行い，その分析値を  

示す。  
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第5章 プラズマ発光分析法によるジョウプの元素分析  

ElenentalAna，1ysis of Pepperbush byICP Etnission SpectrotD8try  

計測技術部 C．W．McIJeOd，古田直紀，西川雅高   

プラズマ発光分析法は，この数年来急速に進歩している比較的新しい多元素同時分析法で  

あり，リョウプ中の金属元素の分析に用いられた。本革では，プラズマ発光分析法の原凰  

最適条件の設定，およびり冒ウブ試料の分析について述べる。   

本法の特長として，①金属および非金属の定量が行えること ㊥最も感度の良い最適条件  

が，はとんどの元素に対して共通であること ㊥多元素同時分析が行えること，④検量線の  

直線領域が広く，試料の希釈を必要としないこと，⑤化学干渉が比較的少ないことなどがあ  

げられる。  

リョウプ試料の分析には二つのタイプの装置（直続方式とスルースキャン方式）が用いら  

れた。直続方式は，光電子倍増管をそれぞれの元素の分折線の位置に並べた多元素同時分析  

用であり，広く剛、られている。まず各元素に対するプラズマの最適条件を求めるために，  

三つのパラメーター①RF出力，②トーチ位置，⑨試料吸引速度を変えて実験を行った。そ  

の結果，元素によって若干の差は見られるが最適条件として①RF出力1・1kW②トーチ位  

置19皿m，⑨試料吸引速度1．Om£／minが求められた。直続式プラズマ発光分析装置による  

各元素こ－’との検出限界および最適条件下で走塁したリョウプ試料の分析値を示す。   

スルースキャン型は，必要ないくつかの波長を逐次掃引する方式であり，検出器として  

SITを用いている。特に環境試料のように複雑な組成をもつ試料に対して，木方式は，バ  

ックグランド補正に大きな威力を発揮する。リョウプ分解溶液中の元素のスペクトルおよび  

本装置による定量値を示す。  

策る章 エネルギー分散けい光Ⅹ線分析法によるジョウプの分析  

Analysis or P8ppOrbusllby Energy－Di印OrSl▼0Ⅹ－ray Fluores－  

eeneo Speotro皿etry  

水質土壌環境部 高松武次郎   

けい光Ⅹ線分析法は，試料にⅩ線を照射し出てくる元素固有の特性Ⅹ線を検出し，その強  

度から元素の定量を行う方法である。本法の特長として，①非破壊分析法であるので，試料  

調製が簡単であり，同一試料を繰り返し測定することができる。㊥Na以上の元素が測定可能  

で，その検出感度はおおむね原子番号から推測できる。⑨主成分および微量成分を同時に定  

量することができる。④スペクトルの干渉が比較的少ない。⑥ スペクトルは，一般的に， 

元素の物理的状態や化学形態の影響を受けない。⑥特に生体試料の場合，主成分は軽元素な  

のでマトリックス干渉が比較的少ない。などがあげられる。  
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けい光Ⅹ線分析法は，エネルギー分散型と波長分散型に分けられるが，ここで用いたエネ  

ルギー分散型は後者に比べて、（喜多元素同嘲析が行えること，④検出感度が高いこと．⑨スペ  

クトルがコンピューター処理に適していること，④Ⅹ線管の出力が小さいので，装置の小型  

化安定性，運転経費の点で優れている，等の利点をもっている。  

リョウプ試料の分析には，セルロースに既知丑の日的元素を添加し，内部標準としてCs  

とSeを添加した合成標準試料をスタンダードとして用いた。リョウプのけい光Ⅹ線スペク  

トルおよび上記合成標準試料とNBS標準試料を剛、て作成した検量線を示す。検量線は良  

い直線性を示し，これを用いて定量したりヨウプの分析値を示す。  

第7章 同位体希釈質量分析法によるジョウプ中のアルカリ金屑，アルカリ土類金  

属，重金属の定量  

Deternination of Alkalies，Alka．1ineEa．rthsand SotueHeavyh（etals  

in Pepperb11Sh byIsotope Dil11tion L（a，SS Spectronetry  

室蘭工業大学 重任正世・中村精次・五十嵐龍志・菅 和哉・吉田勝夫   

同位体希釈質量分析法は，その原理によりみて・，最も正確さの高い分析法の一つであり，標  

準試料の分析のように正確さを要求される分野では不可欠な分析方法である。また，本法は  

超微量の金属元素の定量を行うので，こ試薬の精製，ふんい気からの汚染，スパイク相互間の  

不純物には十分注意して，汚染が起こらないようにしなければならない。同位体希釈質量分  

析法には，高純度試薬，高度のクリーンルーム，高価な装置，熟練した化学者が必要であり，  

国内で本法を行える研究機関は極めて限られている。本研究所報告に，同位体希釈質量分析  

法によるリョウプの分析に関する章を含めたのは．以上の理由による。   

本章では，まず同位体希釈質量分析法の原理を述べ，クリーンルームの説明，高純度試薬  

およびスパイクの調製法を特に不純物のチユタクに重点をおいて述べている。試薬中の不純  

物およぴスパイク相互間のコンタミネーショツほ，測定に全く問題となちない程少ない0   

実際のリョウプ試料の分析に関しては，測定元素を（銅，カドミウム；、・夕・リノウム，鉛．う，、  

（銀）．7（ルビジウム，ストロンチウム，バリウム），（カリウム．カルシウム，マグネシ  

ウム）の四つのグループに分けて，各グループどとに試料の分解，調製法，・スパイクの種類  

と濃度，およぴリョウプの分析値について詳しく記載してある。◆  

弟8章 ジョウプの保証値  

The certification of PepperbushL  

計測技術部 岡本研作  

標準試料は，標準となるべき特性が確立されて初めて，標準試料たりうることは明らかで  

－100－   



である。壊準試料の保証値を決定することは決して簡単なことではないが，まず最初に様々  

な分析方法を用いて試料の分析が行われなければならない。この際，最も重要なことは，分  

析値の正確さであり，できる限り真値に近いことが望ましい。真値とは本当は，tt神のみぞ  

知る”値であって，知り得ないのであるから，いかに真値に近い値を得て，保証値と呼ぶこ  

とができるかということになる。   

国立公害研究所で現在使用できる分析方法は限られているので，様々な分析技術をもつ機  

関と協同で，リコウブ試料の分析を行った。次の12の独立した分析方法がリョウブの分析  

に用いられた。（1原子吸光法，12）炎光分析乱（3げラズマ発光分析法，14机、光Ⅹ線分析  

法，（5同位体希釈質量分析法，（6）中性子放射化分析温け光貴子放射化分析乳（8同位体希  

釈不足当量法，（9吸光光度法，（10）けい光光度法．（11）重量法，（12）ポテンシオメトリ  

ーである。   

分析方法は，それが本来持つ正確さに応じて①絶対分析法．④比較分析法，⑨現場分析法  

の三つに評価，分類される。リョウプ標準試料の保証値の決定に当たっては，原則として．  

㊥絶対分析法による二つ以上の独立した分析値があること．または⑧二つ以上の独立した比  

較分析法による分析値があること．を基準としている。しかし，①の絶対分析法のみによっ  

て保証値を決定することは，現状では不可能であるので，④の様式を開いてこれに絶対分析  

法による分析値も含めることになる。   

保証値を決定したリコウプの16元素に対して，少なくとも四つ以上の独立した分析方法が  

それぞれの元素に対して用いられた。   

銅を例として，保証債を決定した方法を示す。銅の分析値は16あり，その内訳は，原子  

吸光法＝‥‥8，プラズマ発光分析法＝＝‥4，同位休希釈質量分析法……1，けい光Ⅹ線法…  

…2．中性子放射化分析法‥‥＝1，である。16の分析値の範囲は，11．1～13．4ppm，  

その平均値±2倍の標準偏差は，12．2土1，4ppmとなる。原子吸光法に関しては，8機関の  

分析値について分散分析を行い，所内，所間の分散の推定を行った上で，平均値の95％信  

頼区間を求めた。同位体希釈質量分析法，プラズマ発光分析法に関してほ，一機関だけの分  

析値を剛、－ それぞれの平均値の95％信頼区間を求めた。保証債を純統計学的に決定する  

ことは現状では不可能であるが，以上のデータをふまえ，個々の分析値の正確さについて詳  

細な検討を行った上で，鋼の保証債（CertifiedValue）を12±1ppmと決定した。保  

証債を決定した他の元素についても，同じ様式で保証値を決定した。   

参考値（Reference Value）は，分析値は良く一致しているが，一種頬のみの分析法に  

よって定量されている元素であり．クロム，セシウム，水銀．タリウムがこれに相当する。  

また，リンについては吸光光度法，プラズマ発光分析法ともに，良く一致した値を示すが，  

試料の処理法，特に分解操作中での揮散の問題が残っているので参考値としてある。リョウ  

プ試料の保証値（16元素），参考値（5元素）を示す。  

〓
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