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PreJbce  

ItismygreatpleaBuretOWriteaprefaceforthereportofNIESCertified  
Reference MaterialNo．2，Pond Sediment，PreParationandcerti丘cation of  
whichhasheencompleted・Itisthe2ndis5ueOfthe8eriesofoureIlviron－  
mentalstandardsfoLlowingthelstone，Pepperbu血，andisalsothesecond  
PartOfthereportonourlong－termreSearChpr（りeCtOfpreparatioT10fenviron－  
mentalreferencematerials．   

De5Piteofthefactthatsedimentfrompollutedareaofeitherpond，riveror  
COa畠tisoneofthemostimportantandintere8tingsamPle8fortheenviron－  
mental血dies，its cerdfied re砧renceB had heen scarce．NBS of U．S．A．  

Puhlidled a one，hutwasfoundfarfrom apropermaterialhecau8eOfits  
unu乳1alconstituents・Sediments are heterogeneous and cornPlex materials  
includingvariou80rganicsubstaLnCe且，andconsequentlyarehardto bepre－  
Paredforhomogeneousandl舶tlngmaterial・  

Inthespringof1977，thepresidentialofficeoftheUniversityofTokyo  
asked me toinvestigatethe chemicalcomponents ofthe sediment from  
SanshiroPond，WhichislocatedatthecentralpartofthecamPuS，Whenthey  
decidedtodredgeitforthehundredyearSanniversaryoftheumiversity・   
Afteraprelim］naJylnVeBtigation ofthesediment，We decidedtomakea  

referencematerialfromita8thechemicalcomponentsseemedtoherepresen－  
tativeofthesediment8fromthepondofthelargemodernCity・Wehadno  
difficulty，atthat，tOOhtaintheproperpartofthematerialinlargesufficient  
quantity，Sincetheywereintheprocessofdredging・   

Ourpredictionseemstohecorrect，aLSthere8ultsoftheresearchinsideof  
thi8is8uehasclear1yindicated・  

Ⅰamgratefulforallmembersparticipat占dfortheresearch・Aparticdar  
thanksshouldbegiventoProf・T・Kiba，WhohasagalnCOntributedforprecise  
analysi80fthematerial1ikew毎ethePepperhush・Mysincerethanksi8duealso  
totheDirector，Mr．SekiofEnvironmentalResearchCenterFoundation，Who  
haBtakenthepartofdistrihutionofNIESCertifiedReferenceMaterials・  

August，1982  
KeiichiroFUWA   

Chief，Divisionof  
Chemistry＆Physics・   
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Editor，sNote  

Intematiomalstandards organizations such as theIntemationalUnion  
Of Pure andAppliedChemistry（IUPAC）andthelnternationalStandards  
Organizations（ISO）have recommended the use ofthe term“Certified  
ReferenceMaterial’’alongw止hthe al）breviationCRMtodescribeprlmary  

reference materials・Accordingtothe above recommendationtheNational  
Institute for EnvironmentalStttdies（NIES）willuse the term“Certified  

ReferenceMaterial”forsuchmaterialsproducedhyNIES・   



CfIAPTERI   

SedimentsinEnvironmentalAnalysis  

K．Okamoto  

J．九蘭Ⅶ血灯払川  

In recent years，anincreasingnumberofanaly8eSOfawidevariety of  

environmental8amPles，SuChastheatmosphere，Water，畠Oilandhiological  
matedal8，haveheencarriedoutin1aboratoriesofuniversities，nationaland  

localgovermentalorganizations，andindependentinstitutions・The main  

PurpO5eOf乱一曲肌dy館さ釘etOindicate山eac加dぬteofenYironmentd  

POllution，detectthe on8etOfadverse changesintheenvironment andto  

understandtheorlglnandmechani5mOfthephenomena・Inordertocharac－  
terize the distrihution ofpollutantsinthe environment，and／orto detect  

al）nOrmalvaluesinatineseriesoveralongperiod，alargenumberanda  

扇devarietyofenvironmentalsamplesareco11ectedandanalyzed・Inmany  
CaSeSSuhstanCe8tObemonitoredincludeheavymetals，OrganiccorrlPOunds  

andtoxicgasesindiverseenvironmentalsamPles・   
Systematicresearchconcemingthemovementandaccumulationofpouu－  

tantsofbothinorgarLicandorganicnatureinthetotalenvironmentrequlre8  
high1yreliahleanalyticalmethod昌tdwarrantmeaningfu1results；Despitethe  
remarkahleprogre8SeXPeriencedinthefieldofinstrumentala・1alyticaltech・  
nlqueSduringthela5tdecade，dataonelementalanalysisofenvironmental  

andbiologicalmaterialsarestillconsideredunreliahle・Inordertocorrectly  
evaluate the state ofthe environment，“aCCurate’’analyticaldata onthe  
・PrOPertiesundermeasurementarefirstofallrequired・Theappearanceof  

adver8eChangesinenvironmentalqualitycaulthenbenotedbasedonthe  
analyticalvalue8COllectedoverlongperiods．   

Policy decision50n environmentalprohlem8al80requlre＝accurateM  
analyticaldatainordertojudgewhethertheproblemshouldbecontro11ed  

andimprovedaccordingtotherelevantlaw．Unfortunatelythercliabilityof  

dataprovidedhylahoratoriesengagedinsuchprq］eCtSisopentot押eStion  

Sincethereisalacknotonlyofreferencemethodsofanalysi8hutalsoof  
appropnatecertifiedreferencematerials．InmanylnStanCeS，therefore，itis  

notpossibletoproperlyassessanalyticaldataandtodecidewhetherthedata  

COnstituteanenvironmentalprohlem、  
If ameasurement processistobemeanlngful，thenthe dataohtained  

Shou】dbebothpreci㌍肌dfreeof野Stematicerrorw抽haccepta以eun－  
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Certainties ofend・u8erequlrementS・Additionalrequlrement5formea5ure－  
TentPrOCeSSeS，SuChaBWidedynBLmicrange，highsensitivity，OrraPidopera－  
t10n，mightal80hedesirahle．fIowever，SuChrequlrement8arenOtneCeS8ary  
inachieving accuracy hut rather represent practicalconsiderations・The  
estahlishmentofcompatibleaccuracy－haBedchemicalrnea5urementSy5temS  
is上ccomingincreaBinglyessentialforenvironmentalanaly8isl）・   

Thereareanumher●fdifferentwaysofachievingmeasurementcompati－  
hilityandtransferringaccuracyhetweentwoormorelaboratories・Theways  
usuallyemployedtoachieveaccuratechemicalmeasurementare；1）touse  
accuratelycharacterizedreferencemethods，and2）touBeaCCuratelychara・  
cteri2；edreference materials．Areferencemethodisamethodthathashadits  

accuracy rlgOrOuSly demonstratedthroughexperimentalvalidation・Refe－  
rence mt，thodsprovide amechanismforachievingmeasurementcompati－  
hility．Referencemethodsareheingincreasinglyusedincor中nctionwith  
referencematerialstoassuremea＄urementCOmPatihihty・   

Asecondwaytoachievemeasurementcompatihilityisthroughtheuseof  
reference material8 aB trmSfer devices．Reference materialB are Well  

・Characteri2ied，畠table，homogeneousmaterials，PrOducedinquaLntityand  
having oneormorephysicalorchemicalpropertiesexperimentdlydeter－  
minedwithinstatedmeaBurementunCertainties．Certifiedreferencematerials  
arereferencematerialshavingpropertie5Certifiedhyarecognizednational  
Standardlaboratory or standard agency・Certified referencematerialsare  
Certifiedu8ingthemostaccurateandrelial）1emeasurementtechniquesavai1a－  
bleconsistentw仙theend－uSerequiTementSl－3）  

InJapan，the reference method5adopted hytheJapaneseIndustrial  
StandardandtheEnvironmentAgencyhaveheenu醍dfortheanalysisof  
maLnyenvironmentalsamples・However，theuBeOfsuchreferencemethods  
arerestrictedtothedetermination50fcertainelement5，Certainorganiccom－  

pounds，andtospecialmaterials・OntheotherhaLnd，thenuml）erOfenviron－  
mentalcertified reference material5has heenlhnited．Since maLny Ofthe  
rapidinstrumentalmethod8SuChaBX－rayfluorescencpares叫ecttointer－  
ferences（matrixeffect），tIleCRMmatrixshouldhesimilartothatofnormal  
specimensheinganalysedhysuchteclmiques・Thedegreetowhicharefe－  
rencematerialmayheusedtoestal）1ishaccuracyorcompatihilitydepends  
onhowclo8elyitcorrespondstothespecimenbeinganalysed・  

In areas such asenvironmentalorclinicalanaly＄iswhere＝realworldn  
specimens may heexceedinglycomplex andvariahle，aWidevarietyof  
cer郁edreferencematerial8areurgentlyrequiredinordertoglVeaSSuranCe  
tothe肌alyticalresults・ItiBmainly for thi8re且SOn thatthe National  
InsdtuteforEnvironmentalStudies（NIES）hasrecentlyinitiatedacertified  
referencematerial（CRM）programme・Thisintroductorychapterdescribes  
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the chemicalcharacteristics of environmentalsamples and discus㌍Sthe  
conceptoftheCRMwithintheframeworkofenvironmentalanalysis・The  
currentstatusoftheCRMprogTammeatNIESisalso飢1mmarized・   

2．CんαmCfer15扇c50JE川扇ronme油‡58mpZe5  

sai  
areCOmPOSedofmaJlyelement5andcompounds，and80metimesdifferent  
phases co－eXist・The complex compoBition ofthe material5mayinl1ihit  
accurateanalysisofthedesiredcomponents・ForexaLmPle，theco－eXistence  
Ofm勺Orelement8may80metimescausematrixinterference，increaslngOr  
decreasingthemeasuredvalue・Alsothechemicalcompo8itionofenviron．  
mentalsamples differ greatly sothatthe approprlate analyticalmethod  
shouldheselectedconsideringthe matrix oftheanalyte・Veryoftenthe  
analyticalprocedurerequlreSaChemical5ePaLationofthecomponent50f  
interestfromtheoriginalmaterial・   

Concentradons ofpouutaJltS nTay Vary from ng／glevels toseveral  
lmndredsofug／gsothatthe5electlOnOfanappropriateanalyticalmethod  
forthe concentrationlevelexpectedisanessentialpoint・Forthedetermi－  
nationoflowlevelconcentration，thehBLndlingandpretreatmentofsample  
musthecarefullyperformedtakingcaretOPreVentCOntaminationorloss・  
Specialfacilities乱IChasacleanlahoratoryareofvaluetominimiヱeCOn－  

taminationfromairparticulates．Referencemethodsofanaly8i8fordeter－  
minationsattheng／gorpg／glevelarerequiredand，inspiteofmanyefforts，  
fewsuchmethodshaveheenestabli8hed．  

Iti8We11known that the essentiality and toxicity of anelement are  
Closelyrelatedtonotonlythetotalamountofametalbutal80thechemical  
formSOftheelement・Animportantrequlrement，therefore，isthatanalysis  
involvingchemicalspeciation8houldl）eperformedtoevaluatethequalityof  
the environment．The chemicalformsofanelement maybe exceedingly  
complex，andtheexistenceofvariousoxidationstates，andchemicalbinding  
tolow molecular weight compounds suchaBametallo－Organicsuhstance  
and／orhighmolecularweightcompoundssucha8ametalloproteinshouldhe  
con5idered．Theidentification and determinaLtion ofeach chemicalBPeCies  
invariably requlre8apreliminaryseparationofthecomponentofinterest  
prlOrtO determination・Thedeterminationoftotalamount50felementshas  
heenextensivelycarriedoutforenvironmentalstudie5，butiti8muChmore  
difficulttodeterminethechemicalformsofelements．Thedevelopmentand  
improvementofBeparationtechniqueswhichcauselittledenaturationofthe  
iT”ivocomponentsarerequired・ThissituationisalsotrueOforganiccom－  
POundBWhichhavemanyderivatives・  
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Biologicalandgeologicalsamples，CharaCteristically，areheterogeneousin  
COmPOSitionandpollutaLntSmaybedistrihutedheterogeneouslyaccordingto  
theirphysico－Chemicalproperties・lmtheamimalhody，halogenatedpesticides  
likeBHChaveatendencytoconcentrateinthefattytissue8，aLndtherefore，  
COnCentrationsdifferaccordingtothe5itesaLnalysed・Itisalsoin1POrtanttO  
SPeCifywhetherresultsareexprcssedo†a“tOtal’’pr“fat’’baBis・Inthis  

Ca8e，theunitstoexpres8theconcentratLOnSShouldhecarefu11yselectedto  
providethemostmeaningfu1result8・Whenweintendtoeえpressconcent－  
ration80natotalhaBiB，COmPletehomogenizationofthesampleisnece8Bary  
PrlOr tO analysis．Itisrather difficult，however，tO PreParehomogeneous  

SamPlesforsometypesofmaterialssuch乱Shumanhairorfish・   
Environmentalsamplesmaynotbe stableindefinitely・Duringtran8pOr．  

tationofthesamplefromthecollectionpointtothelahoratory，Suhstantial  
Change8intheamountsandchemicalformsofpollutantsandmediamay  
OCCur．Cart，muStbetakentoselecttheappropriatesampler，COntainer肌d  
PreSerVationprocedure・GenerallyenvironmentalBamPlescanreadilyunder－  
gophysiologicalaLndchemicalchangesduetomicrohialactivity・Therefore，  
themostsuitablepreservationmethodsuchasacidification，freezlngOrSteri．  
鮎如io11血ouはk叩pliedto仇8Sample・   

A8mentionedahove，maLnyfeature80fenvironmentalsampleBmakeaccu－  
rateanalysisdifficultanddlePrOPerSelectionoftheanalyticalmethodBand  
teclmiquesisrequired・AnalyticalmethodBShouldlxselectedconsidering  
notonlythenatureof伽samplebutalsothesensitivityandinl1erentaCCu・  
racyoftheanalyticaltechnique・Thefacilitiesandinstrumentsofalahora－  
toryandtheexperienceofascientistarealBOfactorswhichdeterminethe  
analyticalmethodsandtechniquestoheuBed・   

・、；．ノー・・りJ＝…りノ・ヾ・・心＝川バ・…ノーJ‥   

Sediment，a matterthat setdesoutatthe hottomofnaturalwatersys－  
tems，COnSist80fvarioussizeB Ofrockdebris，Sand8aLnd claysformedhy  
weatheringaction on parentrockB・Althoughrockmaterialisclearlythe  
dominantinitialsource of a sediment，Organic suh8tanCeS derived from  
decaymgVegetation arealsoimportantCOmPOnentBOfthesediment・For  
example，initial＆thetraceelementcompo8itionofasedimentwillhethat  
ofitsgeologicalparentmaterial，however，Widltimethecompositionwill  
changeprogressivelyundertheinfluenceofdepo8itedmaterialsofbothinor－  
g肌ic肌dorganicnature・   

SedimentBin1argelakesreflectthenatureofoverlyingwatersatthetime  
ofdepoBitionbecau8eOftheircapacitytoincorporateorganicandinorg肌ic  
constituent8during tranBPOrt and depoBition・Therefore，1ake sediments  
providebotharecordofpaBtClimaticandgeologicaleventsandanindicむ  
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donoftheactivitie50fmaninthe8urrOundingwatershed．Underidealcon－  
ditionswherealmostnoLphysicalandhiologicaldiBturhanceshaveoccurred，  
sedimentscanheaninvaluahlehistoricalrecordofenvironmentalpollution，  
icesamPlesinthepolarareasheinganotableexample・Actually，anumberof  
investigatipnshave been successfu11y carriedouttodetectenvironmental  
changesinatime8eriesoveralongperiod，u8Plg＝sedimentarycolumns’’  
takenfromthehottomsurfacesoflakesand8eaS．   

SedimentsareaJlintegralpartofthecyclingofelement8inwater・Heavy  
metalsinwatermayprecipitateonthehottomsurfaceduetothechangesln  
tlleirchemicalformsandthroughtheirincorporationhyhiologicalmaterial8・  
Theaccumulationofheavymetalsmayalsooccurhytheaction80fad50rP・  
tionandionexchange onmineral乱1rfacesofthe8ediment・Inparanel，a  
dightreleaseofheavymetalsfromtheBedimentstooverlyingwatermay  
proceedmostlyundertheinfluenceofmicroorganismactivities・Theleve18  
0fheVymetalsinsediment8are・therefore・generallymuchhigherthan  
thoselnOVerlyingwater・Theelevatedlevelofametalinsedimentsusual1y  
makesthe determinationofthemetalrelativelyeasy，eVeninthecaBethat  
themetalinthewatermayheexpectedtobebelowdetectioncapahilitiesof  
analyticaltechniques・Thisisoneoftheadvantagesthatsedimentsofferto  
environmentalaulaly8is・Thisaccumulationcapahilityofthesedimentsisal50  
true Oforganic compounds，particularlysofortheanalysisofman－made  
orgaulic compoundB，Wherethesyntheticcompoundmay8uddenlyhede－  
tectedatapointintimecorrespondingtomaLnufactureandusage，andwith  
passageoftimegradual1yincreaslngamOuntShavebeenohserved・Asmen－  
tionedahove，Sedimentsdirectlyreflectthe飢IrrOundingenvironmentsand  
thuscanbeoneofthemostimportantsamplesinenvironmentalaulalysis・   

Organic matter appearsto he・animportant factorin consideringthe  
natureofsediments・Therelativeinfluenceoforganicmatteronretention  
and／or complexationoflleaVymetalsshouldI尤eValuated，Theahilityof  
stabniz・edorgmicmatterinsediment8tOformcomplexesisgenerallyattriT  
hutedtohumic acidandfu1vic acid．Theinfluenceoforganism80ntraCe  
element distrihution maybe siglificantinmanycaBeS・Planktonandex－  
cretoryproductsoffishareaconcentratedsourceofmanytraceelementB  
aLnd may promotetheirtraulSPOrttO Sediments・The efficiency oftrace  
elementtransportfromwatertosedimentsdependBinpartontherateof  
decayofthedeadorgaLnismorexcretoryproduct・Microbialacdvityinthe  
surfaceofsedimentsfacnitatesfurtherdecayatthe畠ediment－Waterinterface  
andmayre5ultinincreasesintraceelementconcentrationsinthesediment8・  
Traceelement8Showamarkedafnnityfororganicmaterial8扇ththefor－  
mationofcomplexeswhichmaybethepredominant801uhleformofthe  
elementinsediment5・Many of8uCh chemicalreactionsareundoubtedly  
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mediatedhymicroorganisms・Asedimentis，therefore，aVerydynamicsys－  
temandthehalanceofchemicalequilihriumiBOftenverysensitivetoslight  
Chemical，Physicalorhiologicalchange．  

Ontheotherhand，SuChexceedinglycomplexfeaturesofsedimentsvery  
OfteninhibitaccurateanalysiBOfsediment5amPles・Forexample，thedi5tri－  
bution ofelement5Varieswiththeparticle或zesofsediments，therefore，  

grindingandhomogenizationofthesamplemayherequiredprlOrtOanaly－  
8is・Organicmatterpre8entinsediments5uChaBhumicacidhasatendencyto  

formmetallo－OrgaLniccomplexessomeofwhichmayheeasilylostbysample  
heating；sothatanapproprlatedryingmethodshouldbeselectedforthe  
determinationofsuchvolatileelement50rCOmPOunds・Microorganism8in  
sediments release various kinds of metabolites which convert metals to 
SOlul）1eBLnd／ororgano－metallicform，therefore，SPeCialcareshouldalsohe  
takentospecifythechemicalformsoftheelementofinterest．Although  
many8tudiesontraceelementsareCOnCernedwith0ulytota11evels，the  
emironmentalBignificamceofthere8ult5maybeclearonlywhenknowledge  
OfthechemicalformoftheelementisaYanahle・Specialattention5havealBO  
to hepaidtothe changesinpHandEhwhichareimportantfactorsin  
determiningthephysicalandchemicalstate80ftheelementinsedimentB．   

Fromtheviewpointofelementalanalysis，WeShouldfirstdecidewhether  
theanalyticalvalue8forelementsinsedimentsareeXPreSSedona‖total＝or  
‖extraction”ha8i＄・TotalBLnalysisby5tandardalkalifusionoraciddecompo－  
Sitionu8mghydrofluoricacidha5heenextensivelyusedinthefield＄Ofgeo－  
ChemistryaLndanalyticalchemi8try，WhiletheeXtraCtionanddetermination  
Ofelementsusingappropriateextractant8SuChasO・1Mhydrochloricacid  
Or EDTAhaveheenemployedintheareasofsoilchemistryaLndplantnutri－  
tion・Thechoiceofthepropermethodhasbeenmadeconsideringthesig－  
nificanceoftherespectiveanalyticalmethodinthecorrespondingfield・For  
example，eXtraCtionmethodBhaveheenemployedinordertocorrelateplant  
growthtoconcentrationsofmetalsavai1abletoplant8andalsotoimprove  
Ourunderst肌dingofthechemicalpropertiesofsoils・Fromthestandpoint  
OfchemicalanalyBis，however，theextractionmethodshaveadi5advantage  
thatextractionefficiencyvarieswiththenatureandconcentrationofextrac－  
tantandisdependentonexperimentalconditions．Inthefieldofreference  
materials，incontrast，thetotal肌alyticalvaluei8definitelyrequired・Aweu  
胡tahhshed analyticalmethodhavinggoodrecovery，rePrOducihilityand  
accuracyshouldI）eaPPliedtotheanalysisofreferencematerials・Therefore，  
totalanalysishyaJkalifusionoraciddecompositionhaBbeenu8edinall  
CaBeSforthecertificationofreferencematerials・Inthisreporttheanalytical  
ValuesforPondSedimentareeXPreSBedona”totalanaly＄isMhasi8，unless  
otherwi8enOted．  

1 6－   



Sedimentsare，Characteristical1y，heterogeneousmaterialsconsistingof  
variouskindsandsi乙eSOfminer血materialsandorganicmaterials，SOthat  
gindirlgandhomogenlZationshouldhecarefu11yperformedpriortoanaly一  

義s・Thepresenceoforganicmatterhsamplesolutionusuallyinhibitsthe  
accurateanalysIS Ofelements，therefore，the additionofperchloricacidas  

wella＄hydronuoricandnitricacid8isveryoftenrequiredinordertodes－  
troy orga一正materialscompletely・Certainelementsareboundtoorganic  
matters，formlngmetallo．organiccomplexeswhichmaybevaporizedinpart  
duringheating，thusforthedeterminationofsuchmetalsapproprlatedrying  
conditionsshdhldl詭Selectedtopreventlossesoftheelements・Allamalytical  
ValuesforreferencematerialsareuSual1yexpre戸Sedonadryweighthasis・  
Forvolatileelements8uChasmercuryandselenlum，dryingshouldhedone  
OnSeParateSamPlesotherthanthesampleforanalysis・   

Thema］OrelementsinsedimentsareSi，AlandFe，thelevelsofthese  

matriⅩelementsareu5ually20－30％ofSi，and5－10％ofAlandFe．In  
COntraSt，elementsofenvironmentalinterest，forin5tanCeCd，uSuallyexistat  

COnCentrationsbelowIpg／g，beingfive orders ofmagnitudelowerthan  
those of matriⅩelements・Therefore，PrOPerSamPlepretreatmentsuchas  

Chemicalseparation and concentrationoftheoIづectiveelementhasheen  

required to removeinterferences hy matrix elements・SoIventextraction  
techniquesllaVemOStOftenheenappliedtoremovetheinterferingelemcnts  
andtoconcentratetheelementundermeasurement．Co－PreCIPltationorion  

exchangetechniquehasalsobeenu5edforsuchpurpose｝S・   

4．5edimenf尺¢re柁Ce〃αねriαね   

h t】le鮎1d ofgeochemistry，many rOCkstandardmaterialshave heen  

issuedbytheU・S・GeologicalSurveyandotherrelevantorganizations5，6）  
lmJapantherockstandardssuchasJGrl，JB・1，haveheendistrihutedbythe  

GeologicalSurveyofJapan7）．   
SedimentsamPle5aremuChmorecomplexincompositioncomparedwith  

rock materialsasmentionedabove，SOthattheanalysesofsedimentsare  
generally more difficultthanthose of rock samples・The Environment  

AgencyJofJapanhasrecentlyperformedaserie50fqualitycontrolexercises  
forlocallegislative purposesuslng“KantoLoam’’aJld“RiverSediment”  

● 
。t  

theanalyticalvaluesforsomeelementsexisted．   
Althoughalargenumherofsedimentanalyseshavebeencarriedoutall  

OVertheworld，therearemanyanalyticalprohlemsassociatedw柑ISample  
handlingandanalyBi8・Thesesituationsstresstheimportanceandneedfor  
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SedimentCRMinenvironmentalanalysis．   
TahleIshowsthesedimentreferencematerialscurrentlyavailableorbeing  

PrePared at various organization5throughout the world・The National  

TableI  

ScdimentReferenceMaterials  

1645   

164（I   

No．2   

SL－1  

S・1  

S－2  

MESS－1  

BCSS－1  

NBS  

NBS  

NIES  

IAEA  

BCR  

BCR  

NRCC碁  

NRCC  

RiverSediment  

Estuarine Sediment 

Pond Sediment 

Lake Sediment 

River Sediment 

Lake Sediment 

Marine Sediment 

MarineSediment  

f  

t  

－POllutedareainIndianaoftheUnitedStatesandcontain5aPPrOXimately3  
％of Cr．At NBS，“Estuarine Sediment”reference materialisnow heing  

prepared．TheInternationalAtomicEnergyAgency（IAEA）isdistrihuting  
‖Lake Sediment’’referencematerial，inwhichtherecommendedvaluesare  

given for28elements・The CommunityBureau of Reference（BCR）in  

Europe has prepared＝River Sediment，’and”Lake Sediment”reference  

materials，BLndthecertificationofthesesamplesisnowunderwaylO）   
Despite the effortstoprepare andcertifysedimentreference materials  

atvariousnationalandinternationalorgaJlizations，thenumberofsediment  
CertifiedrefereTICematerial5hasheenlimitedsofar・Consideringtheim－  
por［anceofandgreatdemandforanewtypeofsedimentcertifiedreference  
materialinenvironmentalanalysis，NIEShasrecentlypreparedandcertified  
“pondSediment”（certifiedreferencematerialNo．2）．Thepreparationand  
analysis of Pond Sediment wi11he de5Crihedindetailin the fouowlng  
Chapters・   

TableIIshowsthe elementalcomposition ofPondSediment andalso  
includes，for coIT）parison，the elementalcontent ofRiverSedimentNBS  

）  

ration ofheavymetalscomparedtothe averagevaluesofsoils・However，  

≠ NationalResearchCouncilofCanada  
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TablelI   

Elemental Composition of Pond Sediment and Comparison with Other 
EnvironmentalandGeologlCalData  

Element Pond  River  PalaceMoat Mean MedianSoil  

sediment S。dime。t9）sedime。tll）crust12）c。nt。nt12）  

vducsin％  

21  24．0  27．7  33．0  

10．6  2．20  8．20  7．10  

6．53  11．3  4．7  4．10、   4．00  
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ingeneral，theelementalconcentrationsofPondSedimentarenotashighas  
thoseofNBSRiverSediment・Inparbcular，NBSRiverSedimentcontainsCr  
atthepercentlevelwhichisaulOmalousforatypicalsoilorsediment．A  
COmParison of metalcontents hetween Pond Sediment and PalaceMoat  
Sediment（Tokyo）showsthatthecompositionsaresimilar，aJlddlerefore，  idered叫画  

t  

、：・什‥用いJ・両、＝JJん・J＝＝…川州JりJ－J川J・r＝ぎ′岬＝…・・りハJJ、   

TheNationalInstituteforEnvironmentalStudieshasrecentlyin5tigateda  
Certifiedreferencematerialprogramme，theotjectiveheingthepreparation  
auldcertificationofenvironmentalstandards，tOSerVetheneedsofenviron－  

mentalscientistsandlaboratories・Variouscategoriesofcertifiedreference  

materialscanheconsidered，forexample，elements，ga5eSaJldorganiccom－  

POunds・Atpresent，OurCRMprogrammeisrestrictedtothepreparationof  

environmentalsamplesandcertificationofelementalcomposition．  

TableIII   

NIESCertifiedReferenceMaterial（CRM）Programme  

Pepperbush  

Pond Sediment 

Chlore山a  

Human Serum 

Hair  

Mus5el  

Certified  

Certified  

Analysisinprogress  
Analysisinprogress  
Andysisinprogress   

Inpreparation   

（Botanicd）  

（Geologicd）  

（Biological）  

（Clinical）  

（Clinical）  

（8iologicd）  

TahleIIIshowsthepresentstatusoftheCRMprogrammeatNIES・The  

isticsofPepperhushrelativetothehotanicalSRMsissuedhyNBSarethe  
highconcentrationsofmaJlganeSe，2inc，COhalt，nickelandcadmium・The  

secondCRMissuedisageologicalsamPle，PondSediment，thepreparation，  

analysisandcertification ofwhichare descrihedin deta止inthishooklet・   

Thethird referencematerialisahiolo由calsample，Chlorella，atypical  

greenalgaewhicharewidelydistrihutedinlakes，riverandponds・Inrecent  

years，ehvironmentalpouution ofthe aquasystemhyheavymetalsand  
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Organiccompoundsishavingadverseeffectsonanimals，PlantS，fishandalso  
On human health・An urgent requirement，therefore，is toidentifyand  
monitorsuchsubstancesinthehydrosphere・Besidesitsvalueformonitorlng  
Water POllution’，Chlorella reference materlalwillalso he ofusein hasic  
Studies5ince chlorella hasalready heen used extensively as a research  
material．  

ItiswellknownthatcertaininorgaJlicelementsarerequiredfornormal  
growthand development ofthe human body and，at PreSent，ahout26  
elements are considered to be essentialor heneficialforlife．DiseaBeShave  

been related to almormalconcentrations（deficieilCies and excesses）of  
maJOr，minorandtraceelementsinfluidandtissue・Itisclearthatthereisa  
greatneedforhumanfluidandtissuecertifiedreferencematerialaJld，there－  
fore，Freeze－driedSerumreferencematerial（NIESNo．4）hasbeenprepared  
fortracemetalanalysis・HumanhairisanimportantSamPleformonitoring  
metalaccumulationinthehuman bodysothatfhir（NIESNo・5）hasalso  
h，enpreParedasareferencematerialfortraceelementaJlalysis・Itshouldhe  
realizedthatconcentrationlevelsformanyessential／nonressentialelements  
inclinicalsamplesareextremelylowandreliablemethodsofanalysisarenot  
asyetestablished，andthecertificationofclinicalreferencematerial5ishy  
nomeansaneasytask・Thesereferencematerialswillbecertifiedanddis－  
trihutedfromNIESinthenearfuture．  

Inthefieldofreferencematerials，theremaybesomecategorieswherethe  
numhers of cer丘fied reference materials currently avai1ahle have been  
limited．Theyare“animaltissue，’’“fish”and“slle11”samples・NBShasheen  
distributing”Bovine Liver”and“Oyster’’SRMs for elementalanalysis，  
furthermore，therearegreatdemandsfornewtypereferencemaIerialsof  
SuChcategories．AtNIES，“Mussel’’referencematerialisnowbeingprepared．  
Musselisashellwidelydistrihutedintheseaallovertheworldandhasheen  
extensivelyusedasamaterialtomonitorenvironmentalpollutionbyheavy  
metalsandorganiccompounds15）・Therefore，muSSelnlayOCCuPyamOre  
importantstatusthan oysterfrom dleviewpointofenvironmetalanalysis・  
Soft partSOfmusselweregroundby cryogenicgrinding，freeze－driedand  
homogenizedtoheprepareda5areferencematerial・   

Asmentionedearlier，thecertifiedreferencematerialprogrammeatNIES  
hasbeenorientedtothepreparationofdiverseenvironmentalsamplesand  
CertificationofelementalcornPOSition・Clearlythereisaparallelneedfor  
Certified reference materials where the contents of various organic com－  
poundshave been certified・Althoughthere exist many difficulties with  
respecttothepreparatlOn，homogeneity，preSerVation，andanalysisofthe  
‖organic，，certifiedrefcrencematerial1reSearChformakingsuchCRMsisto  
becarriedout・InthecaseofMusselsample，SPeCialconsiderationlla5been  
glVentOPreParationsothatthesamPlecanalsobcusedforthedetermi－  
nationoforganiccompounds・  
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CrlAPTI工RII   

Preparation of Pond Sediment 

KOkamoto and Y．Iwata  

J．」hけOdαCfわ柁   

Againstthebackgroundfortheneedtoimprovethequalityofanalytical  
resultsin environmentalanalysis，theimportance of reference materials  
during thela5t decade andparticularlylntheenvironmentalscienceshas  
heenincreaslnglyrecognized．Althoughvariouskindsofcertifiedreference  
materials（CRMs）have heenissuedhynationalandinternationalstandards  
Organizations，thenumherチnddiversityofenvironmentalCRMscurrently  
avai1ablehasnotbeenahletosatisfydemand・Undoubtedly，Sedimentisone  
Categ叩√OfCRMwhichha5nOtreCeivedsufficientattentionbystandard5  
0rganizations．   

Consideringthesignificanceandimportanceofsedimentreferencemateri－  
alsin environmentalanalysis，the Nationa11nstitutc for EIIVironmental  
StudieshaschosenasedimcntastlleSeCOndCRMtoheissuedhytheinsti－  
tute・Sanshiro pond withinthe grounds ofthe University ofTokyowas  
SClected asthe siteforco11ection・InMay1977，Whenthepondwasbeirlg  
dredgedduringcIcanlngOPerations，1argeamountsofsalvagedsedimentwere  
taken andtranSPOrtedtotheinstituteforl）reParationof＝PondSediment＝  
しこR＼l．   

SinceSanshiropondislocatedinthecenterofTokyo，itisexpectedthat  
thepondha5beenexposedtoenvironmentalpo11utionsuchasexhaustgases  
from automohiles and factories・The pondhasnot receivedindustrialor  
Publicwastewater and，t】1erefore，atmOSPhericparticulatesmayhaveheen  
the maJOr SOurCe Ofenvironmentalpollution・Apreliminary geochemical  
ahalysi80ftheSanshiropondsedimentindicatedthatthematerialconsisted  

tityofvoIcanicashcal1cd“Kanto・loam”，WhichisaresultofpastvoIcanic  
emissions・Withrespecttoclementalcomposition，thccharacteriBdcfeaturcs  
OfPondSedimentwhencomparcdtotheearth’scrust，atypicalsoiland  
NBSRiverSedimentSRM（previouslydiscussedinpartinCl－aPterI，page9）  
aresummarizedasfollows：  

（1）Theconcentration云ofma］OrandminorelementsinPondSedimentsuch  
as Si，Al，Fe，Mg，Ca，Na，K，TiandMnaresimilartotl－atfortypical  
SOilsandgeologicalmaterials．  
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（2）TheconcentrationsofthetraceelementsZn，Cu，Ph，CdandHginPond   
SedimerLtare5ignificantlyhigherthanthatfoundintheearth’scruSt   
andintypicalsoils，WhereassimilarconcentrationswerefoundforCr，  
NiamdCo．  

（3）PondSedimentcontainsconsiderahlyhigheramount80fC，SandN，   
whicharemainlyderivedfromorganicmatter，COmparedtotheearth’s  
CruSt．  

（4）TheelementalcompositionofPondSedimentissimilartothatofNBS   
RiverSedimetltSRMexceptforafewelementssuchasCr，ZnandPh†   
Whichareanomalouslyhighinthelatter・   

Technicalconsiderationsassociatedwiththepreparationofthereference  
materiaIincludedspeedysamPletreatmentandcaretopreventcontaminムー  
tion，SOthatthenatureofthepreparedsamplewasaBSimilartothatofthe  
originalmaterial郎pOSSihle・Forexample，nOn－metal1icapparatuswereused  
inpreparationwheneverpossihle・Apreliminary5tudyuslngaSmallamOunt  
ofthesedimetltgaVeenCOur画1greSultsonsamplehomogeneity2）・Finally，  
theSanshiropondsedimentwasjudgedsuitableforpreparationa5aSedi・  
mentreferencematerial．   

∴J呵＝川J川り川川・J・、い・J川州J   

TheprocedureusedforthepreparationofPondSedimentwassimilarto  
thatadoptedforPepperhushCRM3）・Anoutlineofthesamplepreparationis  
山ustTatedinf’ig・1．  

a. Sampling and Pretreatment 
InMay1977，thesediment（ahout500kg，freshweight）wascouected  

from the bottomsurfaceatthecenterofSanShiroPondtoadepthofone  
meter．Asmallquantityofdisti11edwaterwasaddedinitial1ytoahatchof  
the sedimentandthemiⅩtureWaSStirredwell．Thenthewetsamplewa5  
sievedthrouかanylonsieve（2mm）toremovegravelaJldleaves・  

h・I）rying   

Thewet－Sievedmaterialwasfilteredhymeam50fsuctionwithaBuchner  
funnel（30cm¢）toremoveinterstitialwater，anditwasair－driedonafilter  
paper（ToyoNo・2）atroomtemperatureforahout2weeks・Ahout70kgof  
thedriedpondsedimentwasohtained・   
Sincesedimentsgeneral1ycontainrelativelyhighamountsofvolatneand  

complexcomponents，elementalcompositionandchemicalformmaychange  
duringthe dryingofwetsediment5・ThefollowlngdryingmethodBWere  
therefore examined：（1）air－dryirlg at rOOmtemPerature（2・3weeks），（2）  
oven－dryingat80℃（24hrs），（3）freeze－drying（24hrs）・Theresultsof乱ICh  
investigationswithrespecttoeleITlentalcompositionhaveheendescrihedin  
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1   

b010W 200mosh   
（4kg）   

Mixing  

Sodiment   

†  
Sioving  

l le＄＄than2mm  
l   

Filtration  

RiI‖o  
Samplor  
11 times 

Paekago  

l2woeks  
Grinding   

2000 bottles 
20g，OaCh  

＄tori‖zation  

は ．  

Sioving  

Co－60 radiation  
2 M－rads  

HornogeneityTe＄t  

1…冨3  

汀相馬h  

mosh  
mo＄h  

Ana妙鱒  

Corti‖¢alion  

Figl．OudineofthepreparationofPondScd血Ient  

detaiJ4），andinsummarynosignificantdifference5inelementalcompo8ition  
forthethreedryiTlgmethodsweredetected・hparticulartheconcentrations  
OfHg andorganicmatter（estimatedfromiylitionloss）wereconsistentfor  

thethreemethods・Thefreeze－dryingmethodi8nOtCOnVenientforsamPle  

treatmentonalargescaleanditisalsoknownthatsomeclaymineral8Change  
theirstruCtureOnheating，Therefore，aJldair・dryingmethodwas5electedfor  
thesediment．  

c. Grinding and Sieving 
Theair－driedsedimentwasgroundforaboutlhrinanaluminahall－mnl  

（95％A1203，71iter），Whichhadpreviouslyheen腰dforgrindinga5mal1  
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portionofthesedimenttominimizecontamination・AsreportedbyAndo5），  
metal1ic contamination fromalumina bal1－mi11shas been considered to be  
notserious・ThepulverizedsampleswereplacedorLaSetOfthenylonsieves  

arr諷gedasfollows：a50－meSh（297FLm）Tlylon占ieve（top），alOO－meSh（151  
Pm）one（SeCOTld），a200，meSh（71pm）one（third），andareservoirmadeof  

polyvinylchloride（bottom）・TIleaPParatuFWa8thenvihratedmechanically  
for15min．  

In order to estimatethe homogeneityofthe variousfractions（above  
50－meSh，50－100－meSh，100．200－meSh，below200・meSh），X－raynuOreSCenCe，  
atomicabsorptionandinductivelycoupledplasmaemissionanalyseswere  
performedforcertaineleIれentSandtherelative5tandarddeviationsofanaly・  
ticalvalueswerecalculatedforeachelement2，4）・ImprovedllOmOgeneity  
wasaB50CiatedwiththefinergralnSizes・Accordingly，thematerialwhich  
PaSSedthrougha200－rneShsieveexhibitedthebesthomogeTleityandwas  
mostsuitahleforthepreparationofthereferencematerial・Besklesconside．  
rationofhomogeneity，driedsedimentsgroundtopolvderofme5hsize200  
have王妃enmOStfrequeれdye〃lPloyedinroutine卸dy椚・Con5equeれtly，the  
finest part（below200・meSh）ofthe sediment was selected for further  
prOCeSSlng・   

These analyticaltechnlqueSWerealsousedtodeterminetheelemental  

ts  
containedhigherconcentrationsoforganicmatterandtraceelementssuchas  
Zn，Cu，Cr andCo relative tothecoarserfractions．Incontrast，thefinest  

fraction containedlower concentrations of elementsindicative of silicate  

rocks such as Si，Mg，Ca，KandNa，aJldalsocontainedlessamOuntSOf  
snicatemineralssuch a5quartZ andfeldspar，COmParedtotheotherlarger  
fractions．   

ThesefindingsareconsistentwithⅩPSdata（seeChapterIII）andsuggest  
thattraceelementBaTldorgaLnicmatterareadsorhedoTlthe8urfaceoffine  
particles，pOSSihlyclaymineralsandfreeoxidesofSi，Al，FeandMn・In  

‾pf  
，こ  

oxidesandorganicmatterhaveascavenglngeffectand，aSareSult，havean  
ahilitytoconcentratetraceelements・  

＼
、
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Fig2．Rifnesampler．  

d．MixingandSterilization   
Thesedimentpowder（ahout40kg）thatpassedthrougha200．meshsleVe  

wasdividedintotwopartSWitharifflesampler（JISNo・2）madeofpoly－  
vlnylchloride・ThepowderwaspiledupintotwolayersandagaindlVidedby  
passmgthroughtherifflesampler・ThesedimerltSamPlewashomogenizedhy  
repeatlngthisprocedurelltimes・Thishomogenizedsample，Whichconsti－  
tutedthereferencematerial，Wa5PaCkagedinahout2，000acid－WaShedglass  
hottles（al”ut20geach）．Thehottledsamplesweresternizedhy60cor？di．  
ation of2Mega－Rads at theJapan Atomic Energy Researchhstitute  
（Takasaki，Japan）tominimizedeteriorationduetohiologicalactivity・  

ItisessentialforgeochemicalCRMstohaveashelf－1ifeofatleast5tolO  
years andthereforespecialcareShouldbetakenforthepreservationof  
sediment reference materials．Sediments are suhstantially heterogeneous  
materialscontainlngmicroorganisms，therefore，anapPrOprlateSterilizatlOn  
ofthesamplemtlSthecarriedouttoeliminatemicrobialactivitywhichmay  
causelossorchemicalconversionofelements・Bytheapplicationof60co  
7．ray radiation，Pond Sedimentcanhemaintainedmicrohe－freeuntilthe  
bottkisopened．   

ご、ト・い＝川J・りJJ・り…・、ごりJりJ、   

hthepreparationofareferencematerialitisessentialtllattheprepared  
samplesarehomogeneousw川Iinthe accepted raJlge Ofend－uSerequlre－  
ments・AlthoughhomogenizationofPondSedimentwasattemptedthrough  
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PrOCedures8uChasgrinding，SievlngaJldmixlng，anaBSuranCeOfhomogenei－  
tyofthqmaterialmusthegiventoestabli呂hitasareferencematerial・Since  
PondSedimenti5areferencematerialforelementalcomposition，homoge－  

neitycanbeaBSeSSedhyestablishingthevariationofelementalcontentfor  
SamPlesselectedrandomly・ThevariationofmetalcontentwhenmeaLSured  
hyananalyticaltechniqtLeatOnelahoratorywⅢincludesamPlevariahility，  
digestionerrorandmeasurementimprecision・Non－destructivemultielement  
analy痍8teChnique8，SuCh asneutronactivationandX－rayfluorescence，are  
preferahleforhomogeneityte8ting，bec乱1SetheerroraBSOCiatedwithsample  
di8SOlt・tioncanbeneglected・Atpresent，however，neutrOnaCtivationanaly．  
Sishasnotbeenappliedtohomogeneityasses5mentbecauseofthelimited  
avai1ahilityofreactorfacilities・ApreliminarystudybyX－rayfluore5CenCe  
alsorevealedthatthemea乱Irementlmpreci5ionoftheanalyticaltechnique  

WaBlargerthaLntheacceptahlerangeforthi5purPOSe・   

FortheassessmentofhomogeneityofPondSediment，anaCid－dissolution  
followedhyatomical）SOrpt10nanalysi亭Wa5final1yadopted・Elevenbottles  
WereSelectedrandomlyuslngarBLndomnumI）ertablefromthelotof2，000  
hotdes．Thecontentofeachbottlewasdividedintotwopartsahdanalysed  
independentlyatbothNIESandtheUniversityofTokyo・   

AtNIES，threeportions（1g，eaCh）ofthesampleweretakenfromeachof  
the elevenhottlesanddissoIved asdescribedinChapterIV・TableIshows  

theresultsforthehomogeneitytest（bytheanalysisofvariance）performed  
atNIES．Theaulalysisofvariancetechniqueallowsthetestingvariationand  
thesamPlingvariationtobeseparatedandtheirmagnitude5eStimated7）・The  
analyticalvaluesdeterminedbyAASareglVenforZn，Cu，Pb，NiandCoin  
PondSediment．Thevariation8Withinhottles（experimentalerror）intern15  

0ftherelativestandarddeviations（RSD）werebetweenO．87aJld3・2％，While  
thevariationsbetweenbottle8（SamPlehomogeneity）werelessth？nl・0％for  
each elememt shownin TahleI．These resultsindicatethat the variation  
associatedwiththesamplevariahilitywasmuch8mallerthantheanalytical  
errOr．   

AttheUniversityofTokyo，triplicatesamples（2g，eaCh）takenfromeach  
hottleweredissoIvedwithamixtureofnitric，hydro仇10ric江ndperchloric  
acid80nahotplate（2000c）．Finally，hydrochloricacid（1：1）wasaddedto  
dissoIvetheresidue andthesolutionvolumewa5adju8tedtolOOml・The  
samplesolutionswereusedtodetermineCu，Mn，PhandCohyAASusmg  

t  
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TableI   

HomogeneityTestforPondSediment  
（NIES）  
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Ⅹ（せg）  
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αB／Ⅹ（％）  

341  

0．87  1．2  

0．52     仇72  

ThevaluesarebasedonthematerialdriedatllOOcfor4hrsinanoven．  
（Ⅹ）：grandmea・1；（Ow／X）：Variationwithinbottles（i・e・eXperimentalerror）  

and（OB／Ⅹ）‥Variation♭elweenhottles（i・e・SamPlehomogeneity），eXPreSSed  
astherelativestandarddeviation．  

Taも1eII   

＝omogeneityTestofPondSedimentSamplesa  
（UniversityofTokyo）  
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OftheF－teStShowPondSedimenttobehomogeneous・Theexpectedvalues  
（RSD）forhomogeneityofCu，Mn，PbandCowerel．3，0．75，1．1andl・4％  
respectively）Whereasthose fordigestionerrorofCu，Mn？PhandCowere  
l．7，2．3，3．1and3．2％，reSPeCtively8）．Itisevidentfromthesedatよthat  
PondSedimentsatisfieshomogeneltyCriteriaforareferencematerial・   

4・rんermog′恥ime行icノ1柁αJγ5isoJ■p㈹d5ed血e几f   

Analyticalvaluesforreference materials are usually expressed onadry  
weight basi5，therefore，aJlaPPrOPriatedescriF；tionofadryingmethod（s）  
Shouldheincluded・Intheanalysesofrockrefcrencematerialsoven．drying  
atlO5－110．C has most often heen used，While for drying of hiological  
referencematerialsafreeze－dryingmethodhasoftenheenemployedtoavoid  
denaturationofthesematerialshyl－eating・SinccPondSedimcntcontainsa  
relativelyhighamOuntOforganicmatter（approximatcly5％ascarhon），a  
dryingcon4ition（S）priortoanalysisshouldhecarefu11ydecided・   

Athermogravimetric technique wasemployedin ordertomonitorthe  
weightchaTlgeOfPondSedimentduringheating・First，athermogravimetric  
Change of Pond Sediment（51mg）wasrecordedwithincrease ofsample  
temperaturefromr？OmtempCraturetO500℃atarateofO・50C／min・A  
decreaseofthesampleweightgraduallyoccurredwithincreaslngtemPera－  
ture，reflectingthelossofmoisture・Manyrockmaterialsgeneral1yshowa  
plateau reglOnnearlOO－110℃，Whereasalevel－Offofmoisturelossaround  
thesetemperatureswasnotobservedforPondSediment・Therewasaslight  
COntinueou5decrease ofthe samp1eweightl光tWeenlOO andllO℃，indi－  
CatingthatPondSedimentismorecomplexinmoisture－lossbehaviourthan  
rockmaterials・pThisphenomenonispossihlyconnectedwiththerclatively  
highamount of organic matterin Pond Sediment・Above approximately  
250℃，araPiddecreaseofthesampleweightoccurredduetohothlossof  
WaterOfcrystal1isationaJldcomhustionoforganicmatter・   

Second，a tllermOgraVimetric pattern of Pond Sediment was recorded  
whenthesampletemperaturewasincreasedatarateof20C／minunti1110℃  
andthenheldatllO℃for4hrs・AsshowninFig3，agradualdecreaseof  
the samPle weidltisoh＄erVeduntilthetemperaturereachesllO℃（ahout  

l．5hrunderthiscondition）・WhenthesampletemperatureisheldatllOOC，  
thesampleweighthasalmostleve11edoff，ranglngfromlO・3％moisturelos5  

attheheginning（l・5hrfromthestart）tolO・5％attlleend（5・5hrs）・This  
resultindicatesthatoven－dryingatLllOOCyieldsacon5tantWeightofsamPle  
afterheatingformorethanahout2hrs・AIso，themoistureloss（atllOOC，  
for4hrsinaL10Ven）ohtainedhycollahorativework（30lahoratories）was  
ll．1±0．3％（mean±standarddeviation），Whichgivesfurthersupportthatthe  
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Fig3・TheTmOgTaVjmettlCanalysisofPondSedmlentSamPle（60．2mg）；thetemperaturewasincreasedfTOmrOOm  
temperatureto110℃atarateof2℃／mhandthenheldat110℃for4hrs．   



adopteddryingmethodforPondSedimentisreproducihleandpractically  
useful．   

Bothavai1abilityofapparatusandeaseofoperationwerealsotakeninto  
accountin8electingadryingmethod，andfinauyoven－dryingatllO℃for4  
hrswasdecidedasthemostcorLVenientdryingmethodforPondSediment・   

AsmentionedinChapterI，however，forthedeterminationofvolatile  
elementssuchasHgandSe，dryingshouldhedoneonsamplesseparateto  
仙oseforanalysis・  

Reノもre托Ce5   
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CHAPTERIII   

AnalysisoftheSurfaceChemicalCompositionofPondSediment  
hyX－RayPhotoelectronSpectroscopy  

H・SeyamaandM・Soma  

J．J招けod址Cれ0几   

PondSediment，aSPrePared，Canberegardeda5ahomogen＄OuSenSemble  
ofdriedsedimerltParticlesofdiversechemicalcompositlOn・Therefore，nOt  
onlytheinter－Particleelementaldistrihutionhutalsotheintra－particledis・  

trihutionofelementswouldbeheterogeneous・DifferencesintheelemeTltal  
compositionhetween・the8urfacelayersandthebulkoftheparticleisan  
examPle ofheterogeneityinthelattercase・Whiletheunderlyinggeneral  
factordeterminingthedistributionofelementshetweenthesurfaceandthe  
hulkisathermodynamicne，thedifferenc？mightbeduetotheoriginof  
theparticleaJld／orthevanouschemodynamlCeVentSWhichtheparticleand  
itssurfaceencounteredintheenvironment．Suchinformationcharacterizlng  
thechemicalnatureofthesedimentsampleisofvaluewhenoneusesPond  
SedimentCRM asastandardintheanalysisofaspecific5edimentsample  
aJldwhenoneassessestheanalyticaldata・Thepresentworkwasintendedto  
provideinformationahoutthesurfacechemicalcompo5itionofPondSedi一  

y 
ーi。  

consideredtohemo8taPprOPriateforchemicalcharacterizationofthesur－  
face of sediment particles. 

ⅩPShasaCaPabilityofidentifyinganyelementwithinnershellelectrons，  
thatis，anyelementexcepthydrogenandhelium・ItsdetectiorLSenSitivity  
pnma∫ily dependsupon the photo－ionization cross sectionofinnershe11  
electronsoftheelementofintere5t・ForaglVenphotonenergy，thecross  
section for an element varies withsub血ell．However，ifwe considerthe  

卜■ 

：こ． 
isthehasisofXPSasananalyticaltoolformulti－elementsystems・   

WhenanatominasolidisionizedbysoftX－rayS，themeanfreepathof  
e1t1  

surfacemonolayersofaglVenSOlidsample・Ontheotherhandthesurface  
SenSitivityoftheXPSmethod，atthesametime，SeVerelylimitsitsuseasan  
analyticaltoolforanalyzingtheaveragebulkcompositionofthesample・  
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Finally，hymea5unngaCCuratelythekineticenergyofthephotoelectron  
emittedintovacuum，i．e．by determiningthe“chemicalshift”inthecore  

rmadononthechemicalenvlon．   

Becauseoftheahove－mentionedcharacteristics，ⅩPShasbeenappliedtoa  
VarietyofscientificresearChproblems・Inthefieldofmineralogyandgeo－  
Chemistry，nOtably，Chemicalstatesofmetal1icionsinminerals，adsorption  
on the surface of minerals and dissolution from the surface have heen  

studiedsuccessfu11yhyXPS5）・ConsideringtheahilityofXPStodetermine  
multi－elementssimultaneously，itisrathersurpnBlng tOrealisethatappli一  

’ebeencon触dsofarto叫  

∴ ■Iり〃＝い・＝ノJこJ川＝＝lりJt…J、、小J・、、、＼、J●ヾ   

Figurelillustratesthetwoelectronemissionprocessesohservedinactual  
XPS measurement，taking excitation ofthe sodium atom hy magnesium  
Ka radiation as an examPle・In electronemissionfromtheKshe11，the  
kineticenergy，Ep，Oftheemittedphotoelectron・e，lSgivenbyEq・（1），  

p  

Ep＝h〝－（BE）K   （1）   

WherehvistheenergyoftheX－ray（1253・66VinthiscaJ5e）aJld（BE）kisthe  
hindingenergyfortheKshe11electron・Measurementofthekineticenergy  
Ofthephotoelectron determinestheelectronhindingenergywhichcanhe  
asslgned to a specific core electron of a specific atom，and hence the  
PreSenCeOfaparticularatomisassured・Theelectronemissionfromaninner  
She11leavestheatominanunstahleexcitedstateandtheatomimmediately  
relaxesinto amore stal）le state hy releaslngeXCeSSenergy・Anoutershell  
electron，SayaLshe11electron，makesatransitiontotheholeintheK511ell  
releaBlngenergyeitherbyX－rayemissionorhyejectinganotheroutershell  
electronintovacuum．Thelatterprocessi5CalledamAugertraJISitionandthe  
one depictedin Fig・1is a KLL Augertransition ofsodium・Thekinetic  
energy，（KE）A，Oftheemittedelectron，eA，viatheAugerproces5isgiven  
approximatelyby  

（KE）A＝（BE）k－（BE）L－（BE）L （2）   

，aSisevidentfromFig・1・Accordinglymeasurementof（KE）Aidentifiesthe  
relevaJltAugertransitionandtheatomr甲pOnSihle・   

The mea5urement Ofthe energy spectrum Of hoth photo－andAuger  
electronsisthebasisofidentifyingelementsforqualitativeelementalanaly・  
8isbyXPS（ESCA）・Anexamplewi11heseeninFig・3・  
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Fig 1 
Phot00m如ion什OmK8h01land KLL Augor010飢ron Omiさ8ion  
fr。mNaatomeXCitod by Ng Karadiation（1253・60V）  
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ForquantitativeanalysistherelationhetweentheinterlSityoftheemitted  
electronandtherelevantatomicconcentrationmustheknoⅥl．LetuscoTl－  

Siderphotoelectronemissiopfromahomogeneousso）idsamplecontaimng  
theatomofinterestwithcoIicelltrationN．Thenumherofdetectedelectrons  
PerunittimeemittedfromtheXshelloftheatomlSglVenby  

lX＝0Ⅹ（EJ）D（EX）LX（γ）入（EX）NJP   （3）  

PrOvidedthattheconfigurationoftheX－raySOurCe，SamPlesurfaceandthe  
detectorarefixed・InEq・（3），Ji8theintensityoftheincidentX－ray；0Ⅹ（EJ）  
is払eioniヱationcros5一躍Cfionford－e山Ⅹof払eato∫れeXCitedbyaphotonof  
energyEJ；入（EX）isthemeanfreepathofthephotoelectronwithkinetic  
energyEXinthesolid；LX（γ）istheanisotropyofelectronemissionwhereγ  
istheanglehetweentheincidentX－rayandthedetector；D（EX）isacon5tant  
imcluding the detecdon efficiencY Ofthe analYZeranddetector；Pi5the  

exped‾   

。．。．   
入（EX）depend5nOtOnly onEX hutalsoonthematriⅩinwhichthe  

relevaLrlt atOmisincorporated・fIowever，for similar matrices，i・e．ifthe  
Valenceelectron densitypぢrunitvolumeofthesoliddoesnotvaryvery  
much，入canheregardedaBafunctionofEXalone・Thereforehymeasurlng  
IX’sforreferencematerialsofkn0ⅥlatOmiccomposition，OneCangetthe  
relativeatomicsensitivity，IXo，takingtheappropriateshellofacertainatom  
asastandard・ForAugerelectron5theemissionintensitiescanheformally  
expressed as Eq・（3）andthereforethe apparent atomic sensitivities for  
SPeCi銭cAngertransitionscanhedeterminedsimi1arly・   
TaJ）leIshow8therelativeatomicareainten8itiesofsomeelement5deter．  

mined a5theirchlorides，fluoridesandsulfateswithanESCAI．AB5，and  

demonstratesthe fea5ibilityofdeterminingatomicsensitivitieswhichare  
applicahletoar肌geOfcompounds・hTahlelI，areincludedtherelative  

atomicintensitiesof2sand2psubsheusofAlandSiforhalloysiteand2；eO－  
1itesofknowncompositions．   

ToohtainIXotheoretical1y，theEXdependenciesofD，L，and入mustbe  
bown・LX（7）is由Venby山efouowingequa山）n：  

LX（γ）＝1＋吉βⅩ告sin2γ一1） （4）  

whereβXhasheentheoretical1ycalculatedandtahulated8）．FortheESCA  
LAB5electronspectrometerinstalledinNIES，7i8650・Thedependenceof  
D（EX）onEXisdeterminedhythecharaCteri8ticsoftheelectronenergy  
analy乙er・Withtheenergyamaly乙erOfESCALAB5，Whenoperatedwitha  
PaSSenergy Of50Vand an entrance slit widthof4mm，Disinversely  
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TableIAtomicIntensitiesRelativetoK2p  

ExcitedbyMgKa  

Element  Line  Chloride  Fl110ride  Sulfate  

0．873  1．05  

0．106  0．090  

1．35  

0．16ユ  0、133  

0．317  0．314  

0．298  0．301  

1．18  1．13  
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TableII RelativeAtomiclntensltiesforAlandSia  

ExcitedbyMgKα  

＝alloysiteb  Zeolite 4A Zeolite 13X 

叫Si4010．   Na20・叫03   0・9Na20叫203  
（OH）8・4H20  SiO2－6H20  2・5SiO2・8H20  

1  

1．19  

1．70  

1．36  

1  
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1．62  
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 a：RelatiYe10刃ユpline．  

b：A．P．Ⅰ．clayfromE11reka，UtalL，USA．  
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proportionaltothesquarerootofEX7）fornormaloperatingconditions・  
Ontheotherhand入isapproximatelyproportionaltothesquarerOOtOfEX・  
Therefore，IXisapproximatedhy  

IX∝けX（EJ）LX（γ）NP   （5）   

Thu8the relative atomicsensitivityforthespecificshellcanhe deter－  
minedexperimental1y orcalculatedbyEq・（5）・Thetheoreticale5timateis  

COnVenientinthe case when，forthe element ofinterest，a materialof  
SPeCifiedqualitywithadefinitecompo5itionisnotathand・   

Therelativesensitivityfortheatomsohtainedhytheahoveproceduresis  
tahulatedinTahleIII，WhereA12pi5uSeda5aStandard・Theexperimentally  
determinedsensitivitywasohtainedfrommeasurementBOftheareaofthe  
respectivepeaksforcompoundsofknownpurityasshowninTableI・ForSi，  

thepeakintensityrelativetoA12pwasdeterminedfromTahleII．Withthis，  
the Si／AlratiosforNBSStandardReferenceMaterials，97a（flintclay）and  

98a（plasticclay），agreedtowithinlO％ofthecertifiedvalues・  

TableIⅢ  

RelativeAtomicSensitivityoftheElements（Al2p＝1）  

Element  Line  Al Ka MgKa  

1．58  

1．86  

1．92  

19．7  

1．91  

8．93  

9．23a  

15．4   
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a：Theoreticalestimationshasedontheproceduresdescrihedinthetext．  
h：Theoreticalestimations，hutalsosuhstantiatedhytheexperimental   

mea5urementSOfreferencematerialsnotbelonglngtOthegroupln   
Taム1eIandII．  
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3．飢匹血酬血  

A．Apparatus   
TheelectronspectrawererecordedonaVacuumGeneratorESCALAB5  

apparatus・Theapparatusisessentiallyacompositeelectron－andmassspec－  
troscopICSurface analyticalsystem withseveralexcitationsources．Asche－  

maticdiagramoftheapparatusandtheflowofthemeasurementrelevantto  
XPSareshowninFig・2・ThesurfaceofaBOlidsample，Placedinthecenter  
Of仙eanaly2・erChamher，isexcitedbyAlKaorMgKaradiationfromatwin  
anodeandtheemittedphotoelectronsaretransferredtoa1500hemispheriー  
CalelectronenergyamalyzerthroughatraJISferlenssituatedataLn 

． 

retarded to a constant passenergyforthe analyzerhyameshelectrode  
placedatthe占ntranceofanalyzerandtheanalyzeractsasafilt6rwithavery  
narrOWhandpass・Theelectronswhichpassthroughthe叩aly乙erarethen  
detectedbyachannelelectronmultiplier・  
In the mea5urement Of Pond Sediment，thefo1lowingconditionswere  

Chosen：Ⅹ－rayPOWer，13kVXlOmA；electronpassenergy，50V；Widthof  
theentranCe51it，4mm．  

B．Procedures   

PondSedimentpowderwa5Placedontodoublc－5idedadhesivetapefixed  
－ 
． 

ment・To determine theintensityofweaktransitions，Signalsfornarrow  
rangeSCanS（12．5－50eV）wereaccumulatedonaNicoletlO70signalaverager  
unti1appropnatesignaltonoiseratioswere attained・Formanyelements，  
Photoemissionintensitieswere stahle duringlong・timeexposuretoX－rayS・  
lIowever，theintensitiesofCIsandNIslineschangedsignificantlyduring  
themeasurementatroomtemperature・Thisinstabilitywassuppressedtoa  
negligihlelevelwhenthesamPlewascooledl）yaCOntinuousflowofliquid  
nitrogenthroughthe specimen manlPulator・Thequantification ofthe  
elementwaBhasedontheintegratedintensityoftheemissionline・Thehind－  
ingenergieswerecalihratedagainsttheAu4f7／21ineforgoldfilmwhichwas  
evaporatedontothesampleandwhichwaBtakentobe83・8eV・Theun－  
Certaintyinthehindingenergydeterminationwas±0．2eV・  

4．鮎胤肱川m‖抽Ⅲ淵血  

A・TheSurfaceElementalCompositionofPondSediment   
Figure3exemplifiesawidescanspectrumofPondSedimentexcitedhy  

AlKaradiation・AssignmentsformaJOrPeaksareindicatedinthefigureand  
SuChawidescaniscapahleofidentifyingmajorelement5inPondSediment・  
TheKLLAugertransitionsofMgandNaareintcnseenoughthattheAuger  
Peaks were detectablein spiteoftheirrelativelylowconcentrations（see  
TableIV）．  
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Fig2．SchematlCdiagramofESCALAB5apparatusandflowofmeasurement．   
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Fig3．AwidescanspectrumOfPondSedimentexcitedbyAlKaradiation・  



The areaint（∋mSities ofthe relevantljIle50f8eVeralelemerlt5Weredeter－  

mined relative tothat ofthe A12plineandaresummarizedinthe4th  
COlumnofTahleIV．Fromtheintensityratiosandtheatomicsensitivities  
glVenin TahleIII，therelativeatomiccompo？itionoftheelementswere  
estimated．The5thand6thcolumns of TableIVinclude the estimated  
atomiccompositiorLShasedonA12p andSi2s，reSPeCtively・Theycanhe  
COmparedwiththecorrespondinghulkcompostions（bychemicalanaly5is）  
COmpiledinthe7thand8th columns respectively・The choice ofthe  
Standardelementisqultearhitraryhutthein8PeCtionoftheresultBSuggeStB  
thattheuse ofXPSiIltenSityofSi2sasthestandardappear8tObemore  
appropriatethanthatofAl2p・TheconceTltrationofAlinthesurfacelayers  
asdeteminedbyXPSisdifferentfromthatofthehulkcomposition，being  
apparently乳1rface enriched・Differences hetweenthe surface and hulk  
concentrationsofindividualparticlesresultindifference5inelementalcomr  
p9Sition determined hy XPS ascompared tothe dataforbulkanalysis・  
Besides，1argediscrepancies、inthesi2・edistrihutionsofparticlesofdifferent  
elementalcompositioncouldalsocausetheapparentsurfacecompositionto  
deviate丘om払ebulkone，if，forexample，5mauerpar加1eβare璽tachedoれ  
thesurfaceoflargeronestoformloo＄eCOmPOSiteparticles・Sinceinforma－  
ti6nsconcemingsuchmirkedheterogeneityintheparticlesizedistribution  
ar占notavai1ahleforPondSedimcnt，Wetentativelyattrihutedtheohserved  
differencebetweenXPSandbulkaJlalysistothedifferentelementaldistri．  
hutionsinthesurfacelayersofindividualparticles・   

Tahle V showstheatomicconcentrationofO，C，NandPreZativetoSi  

determinedfrommeasurements．ontwochnled5amples・Notahly，theXPS  
concentrationsofnitrogenandckhonwereahoutfourtimesaslargeasthe  
hulkcoりCentrations・Aswi11bedescrihedhelow，mOStnitrogenandcarbon  
orlglnatefromorganicmatter・TheCtoNratioof16・40htainedhyXPSis  
closetoth占ratioof14．8forthe，bulkcomposition．Accordinglythecontri－  
hution from contaLminatingC whichisalwaysfoundonsolidsarnPlesis  
comparatively small・The results did demonstrate the accumulation of  
organicmatteronthesurfaceoftheparticles・PhosphoruSWaSquantifiedhy  
themostintense2pline・However，thelowabundanceofPandtheoverlap  
withtheonsetofthehroadlosspeakofA12shinderedaccuratemeasure－  
mentofthelineintensity．AnestimationindicatedtheconcentrationofP  
relativetoSiwashigherinthesurfacelayers・   

TheotherelementsincludedinTahleIVdidnotshoSuChahighsurface  
concentration asC andN．ThesurfaceahundancerelatlVetOSiwashigher  
thanthehulkonewithAlandFe，nOtmuChdifferentwlthCaandTi，and  

smallerwithMgandNa・TYle differenceinMgconcentrationmaynothe  
slgnificant，hutthedi鮪renceinFew＆SCOTLSideredtobeTedaBWi山he  
砧scus5edbelow．  

－32－   



TableIV   

AtomicCompositionDeterminedhyXPS  

Atomic Com oosition 

Relativea  Bulk  
ⅩPS  Element Line Sourceintensity  com再議ionC  

′一㌧．▲、  
Al2p＝1A12p＝1Si2s＝1Al＝1Si＝1   

1  1  0．83 1  0．53  

1  1  0．82  

p
 
S
 
 

2
 
 
 
2
 
 

刃
M
g
封
M
g
A
I
M
g
刃
M
g
A
l
山
M
g
M
g
A
l
封
 
 

1．54（7）0．98（4）  

1．15（4）1．00（3）  

2．25（2）1．21（1）  

2．02（8）1．21（5）  

2．31（1）1．21（1）  

1．65（5）1．22（4）  

）  

：：  
0．23（1）0．030（1）  

0．16（1）0．020（1）  

0．55（5）0．036（2）  

0．12（1）0．013（1）  

0．81  

0．82   

1．00 1．90 1  

0．99  

p
 
S
 
 

2
 
 
 
 
2
 
 

0．26 0．30 0．1（i  

o．21b  
O．026 0．052 0．027  

0．017 0．034 0．018  

0．030 0．097 0．051  

0．010 0．063 0．033  

p
 
D
■
 
 

り
八
一
3
 
 

Ca  2p  

Ti  2p  

Mg KL23L23Auger  

Na KL23L23Auger  

a：Averagefor3sampleB・Numhersinparemthe8isrepresentprohaLleerrors   
inthela5tfigure・  

b：Averagefor25amples・  
C：SeechapterVIIofthisreport・  
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TableV   

SurfaceAhundanceofO，C，NandP  

Atomiccomposition（Si＝l）  

ⅩPSa  Bulkcompo引厄on  El（∋ment  

6．3±0．3  

2．46±0．08  

0．15士0．015  

0．01±0．001  

O
 
C
 
N
 
P
 
 

5
 
S
 
S
 
P
▲
 
l
 
l
 
1
 
2
 
 

0．59  

0．040  

0．0059  

a：Determinedhytheduplicatemeasurementsofthearea  
intensityforthechuledsample・   

The distrihution of an element hetweenthehulkandsurface血ou  

affectedbytheorlglnOfthesedimentparticlesandhythehistoryofthe  
particle5hefore and afterthey wereintroducedin aquatic systems・For  
instance，aliquid，Surface pardtionlnglS COnSidered to heimportantin  
determiningthesurfaceFeconcentration・Actual1ythispardtioninghasbeen  
shown for asediment from Lake Kasumlgaura；the8amPlesfreeze－dried  
lmmediately on collection had dle SurfaceFeconcentrationabout30％  
higherthanthesamplesfreeze－driedaftermostofthewaterwasremovedhy  
centrifugation・ThisohservationindicatesthatthedepositionofFefromthe  
aqueousphaseontothesurfaceofsedimentparticlescontributescon5idera－  
blytothe surfaceconcentration・AIsoaphotoelectronemittedfromtheFe  
2porhitalhasasma11erkimeticenergydlanOnefromtheFe3porbital，and  
hencehasasmallerescapingdepthfromthesolid・4）Therefore，thelarger  
surfaceFeconcentrationdeducedfromtheFe2plinethanfromtheFe3p  
linealsosupportsthesurfaceemichmentofFe・   

Naisapparentlydepletedinthesurfaceincontrasttothesmal1erdiffer・  
enceinthe5urfaceMgconcentrationfromthehulkconcentration・AsBhown  
inFig4，theK2pintensitywasveryweakrelativetotheCa2pline，al－  
thoughaccurateintensitymeasurementoftheK2pwasimpossihledueto  
spectralinterferencehytheintenseCIsline・SincetheXPSsen8itivitiesfor  
the2plineandthehulkconcentrationofKandCa（seechapterVIIofthis  
report）areroughlythesame，there5ultindicatesthatthesurfaceconcent－  
rationofKismuchsmallerthanthatofCa，analkalineearthelementinthe  
sameperiod，aBi5thecaBeOfNaver乱1SMg・WhetherthedepletionofNaand  
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Kwascau8edhytheleachingoftheseionsfromthesurfaceisnotcertainat  

thepresentstageoftheinvestigation・Thedepletionmayalsohecausedhy  
the originalsurfacecompositionwhenthe particlewasformed．Asimilar  
depletioneffectwa5alsofoundforafinelypowderedrocksamPlewhich  
Showedasurfacecompositionsl訂IificantlydifferentfroITlthebulkcomposi－  
ti。n．9）   

Final1y，letusbriefLy discussthe amountofoxygen・1fwe assumethe  

StOichiometry oftherespectivcoxidesfortheelement8inTahleIV andof  
the carhohydrate for carbon，the relative ahundance of O agalnSt Siis  
Calculated tohe6．15whichi5VeryClosetotheobservedvalueof6．3．The  

OXidestoichiometTytendstounderestimatetheamountofOboundtothe  
metal1icelementshecauseoftheexi5tenCeOfsurfacehydroxyls，Whilethe  
CarhohydratestoichiometrytendstooverestimatetheamountoforganicO  
because humic5ub8tanCeShavelessoxygenthancarhohydrates・Boththe  
excessanddeficientamountscanaccountforasmuchas50％ofthestoichi－  

Ometric compositions．However，aS hotheffects canCeleach other，the  

reaBOnahleagreementbetweenthe calculatedaLndobservedvalues5uPPOrt5  
theoveral1validityofthepresent且nalyticalprocedures・  

2p鶴  

Ⅰ、■l－  

持  llO  購  
81ND州G【H【RGY ／eV  

3！  加5  1伸  

81HDIHG 【H亡RGY ′●V  

Fig4．SpectraofCa2p（a）andK Fig5・NIsspectraofPondSedi－  
2p（h）regions of Pond  ment（a）andNfI左－mOnt－  

Sediment  morillonite（b）  
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TableVI   

BindingEnergleSOfPhotoelectronsandKineticEnergleSOfAugerElectrons  

ElectronEner  Emi8Sionline   

Pond Sediment Compoundsa  

531・2（α一朗203）  

532・6（SiO2gel）  

73・6（α一山203）  

74．3（montmori1lonite）  

119・1（α一山203）  

119．0（montmori1lonite）  

103・2（SiO2gel）  

102．4（montmorⅢonite）  

153．4（montmorillonite）  

710．8（α一Fe203）た  

0  1s   

封 2p   

A1 28   

Si 2p   

Si  28  
Fe 2p3／2   

N Is  

531．9  

74．3  

119．3  

102．5  

153．6  

711．2  

399．3  

711．3（γ－FeOOH）  

1180・0（Mが12■6H20）  

1180・7（MgO）  

1181．2（montmor山onite，  

non－eXCh肌geableMg）  

1179．2（montmorillonite，  

exchangeableMg）  
988．6（NaF）  

988．7（Na－mOntmOr山onite）  

；三三：帯欝斑岩 

。。，2，C  
346．6（CaCOユ）  

Mg KL23L23Auger l180，3  

Na KL23L23Auger   988・8  

133．3  

347．8  

458．5  

284．7  

P  2p  
Ca 2p3／2   

Ti 2p3／2  
C  18  

458・6（TiO2  

a：Au4f7／2＝83．8eVorCIs＝284．4eV（forcarhoncontamination）   
approximatelycompatihlewiththeAu4fvalueinmostcaseswa8takenas  
areference．  

h＝ H．KonnoBLndM．Nagayama，J・ElectronSpectro8C・18，341（1980）  
c：Y．lmoueandI．Yasumori，Bull，ChemSoc，Japan，54，1505（1981）   

CIslevelofcontaminatingcarhon，285・OeV，WaBtakenasareference・  
d：L．T．Anderson，J．C．S．FaradayI，75，1356（1979）；CIs＝284・3eV  
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B．TheElectronBindingEnergleS   
Table VIsummari2ieSthe hinding energies（kinetic ene痩es for Auger  

transitions）ofthemainphotoemi早SionlPeaksoftherespectiveelements・  
Includedinthetableareth占bindingpenergleSfortherelevantcompounds・It  
is evidentthat eacllelementinthe sedimentis presentintheexpected  
valencestate・1lowever，mOreaCCuratedeterminationofthel）indingQnergleS  
md仏ecomparisonw抽alargernumbeTOfreferencecompoundsarenece－  
ssarytodefinethechemicalstatesoftheelementsinmdredetai1・Figure5  
COmPareStheNIsspectrumOfPondSediment withthatofammoniumion  
adsorhedonmontmori1lonite・Thebinding？nergyOfNinPondSedimentis  
lowerhyabout2．1eV，demonstratingthatnitrogeninthesedimenti苧mOSt－  
1yoforganic orlglnSuChasamineetc・TheCIspeakwhich appearedat  
284・7eVisavaluetypicalforskeletalcarbonoforganiccompounds・Ac－  
COrdinglythemainpartofcarbonalsoorlglnateSfromorganicsub5tanCeSin  
thesediment．  

5．CorlC～沈5io乃   

ThepresentstudyhasdemorLStratedaconsiderahledeviationofthesur－  
face elementalcomposition fromthat ofthe bulk composibon ofPond  
Sedimentand，atthesametime，hasdemonstratedtheahilityofXPS（ESCA  

）incharacterizingthesurfacechemicalcompositionof8edimentsamPles・  
To clarify how tlleSe Surface characterisdcsare relatedtothe origin aTld  
historyofthesediment，furtherworksarerequired・Suchwo正swouldcer．  
tainlyheworth－While・  
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CHAPTERIV   

A－1dy慮sofPorldSedimentbyAtomic  

AbsorptionSpectrometry  

K．Okamoto  

J．」hfro（山cfわ几  

Inrecentyearsatomicahsorptionspectrometry（AAS）hashecomeoneof  
the most popular analyticaltechniquesforthe determinationofmetal1ic  
elementsindiversesamples・TheacceptanceofAASisattributedmainlyto  
thefo1lowingfactors＝（1）high5PeCificity，（2）highsensitivity，（3）abilityto  
controlandovercomematrixinterference，ifpresent，aIld（4）rapidanalysis  
utilizingrelativelysimpleandeasy・tO－0perateinstrumentation・   

The atomic ahsorption teclmiqtle Canhe groupedinto categories：（a）  

flameAAS，（b）non－nameAAS，Withrespecttothemodeofproducingthe  
atomicvapour・Historical1y，aflaLmeha5heenthemearLSOfatomizationfor  
AASandisstillthehasicsourceforthevastmajorityofAASmeasurements，  
becauseoftheadvantagesindicatedahove・However，disadvantagesarethata  
relativelylargequantltyOfsampleisrequiredaLndsensitivitylSlimitedfor  
manyelements・   

Arelativelynewtechniqueforproducingtheatomicvapouristhenon  
．flamedevices．Thesedevicescanhegroupedintocategoriessucha5（a）the  
cathodicsputteringtechnique，（b）graphitefumaceorcarbomroddevices，  
（C）tantalumrihbonand（d）thecoldvapourmethod・Thesemethodsdiffer  
fromflamesinthattheatomizationsourceismoreconducivetotheproduc．  
tionofgroundstateatomsincontrasttothechemicallyreactiveflameen－  
vironment．Also，forthegraphitefurnaceorcarbonrodon桓are・1atively  
smallvolumeofthesample（1to50pl）isnecessaryforanalysiswhichgives  
these methodsimproved sensitivity over flame methods・However，the  
non－flamemethodshavetheinherentdisadvantageinthathighprecisionis  
m。redifficultt。attainl）．   
Oneofthemorerecentdevelopmentsinthefieldofatomicahsorpt10nis  

theuseofmetal－hydridegenerationsystemsforthedeterminationofvolatile  
elementssuchasAsandSe・Themetal．hydridegeneratedhymixlngareduc－  
1ngagentWithanappropriateacidisintroducedtoahydrogen・argOnflame  
orquartzahsorptlOnCellwherethemetal－hydrideisdissociatedintothefree  
atom・Thistechniqueisrelativelyfreefrominterference，however，itisrather  
difficulttoselectthehestconditionsforgeneratlngthemetal－hydride・There  
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havel）eenanumherofreportsonmetal－hydridegenerationsystcmshecause  
theelementssuitahleforthisteclmiqueareofhiologicalandenvironmental  
interest2－6）・ThesequentialseparationanddeterminationofvariousAsor  
Se compounds bythis technique havealso heencarriedoutvarylngthe  
concentrationsofhothreducingreagentandacid7－11）   

BeforedescrihingtheanalysisofPondSedirnenthyAAS，SOmeCharacte－  
rlSdcsofsedimentsareglVenandtheirdissolutionproceduresarereviewed・   

Sediments，Suhstantially heterogeneous，COnSist ofhothinorganic and  
organic material，SO that their complex composition may．ofteninhihit  
accurate determination of heavy metals．For examPle，typicalsediment  
samplescontain5－10percentofAlandFeasmatrixelements，Whilethe  
concentrations ofheavy metalsofenvironmentalconcernareusual1yless  
thanlOOIJg／g・Theaccuratedetermiantionoftraceelementsinthepresence  
Ofsuch complex matricesmayrequlre，dlerefore，aPPrOPrlateSamPlepre－  
treatment．AAS tendstosufferfromchemicalinterferences，SOthatproce－  

durestoremoveinterferingelementsareVeryOftenrequired・Theseparation  
Ofthe elementstobemeasuredfrommatriⅩCOnStituentsusmgsoIventex一  

芸㍊慧綺Sheenmosdyemployedtominimizeinterferencesby   

Thepresenceoforganicmatterinsamplesolutionmayalsopreventthe  
accuratedeterminationofheavymetals・General1y，Sedimemtscontainrela－  
tivelyhighamountsoforganicmatter，andnorma11y，thecompletedestruc－  
tionoforganicmatterisnece5SarytOaChievemeaningfu1AASmeasurement・  
Forsampledissolution，theadditionofperChloricacidaswe11asmitricand  
hydrofluoricacidshasbeenwidelyemployed・Forthedeterminationofnon  
－VOlatileelement！，dry－aShingofthesamplebeforedis501utionmayheeffec－  
tive to remove organic material. 

CertainelementssuchasligandSearevolatileandmayexi5t，inpart，in  
thesedimentinan orgar血formwhichisusual1ymorereadilyvapourized  
than theinorganic forms・Thus，forthe determination ofsuch volati1e  
elements specialattention musthepaidtotheproceduresofdryingand  
dissolutioninordertoretaintheelements．   

Samplepreparationdependsonthetypeofsediments，theelementstohe  
mea5ured andtheprecision and accuracyrequired・ForelementalanalysIS，  

standardalkalifusion or acid decomposition usinghydrofluoricacidhas  
beenemployedinordertodissoIvethesediments・Thisapproachenahles  
result5tOheexpressedon atotalhasis，aPrlme requlrementintheCRM  
field．The extraction of elements from sedimerLt8uSlng an aPprOprlate  
extractaLnthasalsoheenperformedinfieldsrelatedtoplaJltnutritionand  
soilchemistry・InanalyzingPondSedimenthyAAS，COmPletedi5501utionof  
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sampleswascarriedoutuslngamixtureofnitric，hydrofluoricandperchlo一  
山acidsand濾肌dy也c濾vduesaTeglVenOnatOtalbasis・   

∴、州J小J●り一一＝仙・・〃  

a．DissolutionofPondSediment   

AboutonegramofPondSedimentwasdriedinaglassweighinghottleat  
llOOcfor4hrsinanoven．Themeanmoisturelossof9samPleswasll．12  

percent forthe above conditions・ThedriedsamplewastrBLnSferredtoa  
Teflonbeaker（100ml）and20mlofnitricacid（1：l）wa5added．Afterheat一  

ingon ahotplate（2000c）foronehour，5mlofnitricacidand15mlof  
hydrofluoricacidwereaddedandthemixturewasevaporatedtoapproxi－  
matelylO ml・After cooling，theinsidesoftheheakerwererinsedwith  
disti11edwaterandlOmlofperchloricacidwa5added・Thenthesamplewas  
heated（200．C）untiltheappearaLnCCOfwhitefumes・Suhsequently，hydro－  
fluoricacid（10ml）andperchloricacid（10ml）wereaddedagaininorderto  
removesilicaandtodestroyorganicmattercompletely，andthemixturewas  
heatedtoreducethesamplevolumetoapproximately5ml・Finally・20ml  
ofdisti11edwaterwasaddedandthesolutionwasfilteredthroughanacid－  
washedfilterpaper（Toyo5A）．¶le filterpaperwaswashedwithasmall  
volume of O．1M perchlorlC aCid andthe sample solution volume was  
adjustedtolOOmlwithdistilledwater・Thedigestedsamplesolutionswere  
SubjectedtoflameAASmeasurement・  

b．SoIventextraction  

Inordertoeliminateinterferenceshymatrixelements，theuseofsoIvent  
extractionhasveryoftenheehemployed・Atthesametimepreconcentration  
Ofthede5iredmetal5Canbeattainedusingthistechnique・Inthecaseof  
Sediment analysis，Fe andAlaretheinterferingelementsinmanycases・  
Therefore，eXtraCtion conditiorlSWhereby theinterferingandthedesired  
elementscanbecompletelyseparatedintoaqueousandorganicphasesre5－  
PeCtivelymusthe decided・AvarietyofsoIventextractiontechniqueshave  
heenappliedwlthvarymgChelatlr唱reagentS，SOIventsandpH・Inthisexper－  
iment sodium diethyldithiocarhamate（DDTC）and methylisohutylketone  
（MIBK）extractionsystem，WhichistheofficialmethodfortheaJlalysisof  
sedimentsbytheEnvironmentalAgencyofJapan15），WaSuSedforthesimul－  
taJleOuSeXtraCtionofPh，Cu，Zn，Cd，NiandCo．  

100mlofthesample501ution（1gtolOOml），PreParedasmentioned  
above，Wa5tranSferred to a200mlbeakerand20mlof50％ammonium  

Citrate（AASgrade）wa5addedtoit．ThepHofthesolutionwasaqustedto  
9・5hytheadditionofammOniumhydroxide（AASgrade）andthesolution  
WaSthentransferredintoa300mlPTFEseparatingfunnel・Aftertheaddi－  
tionof20mlofl％DDTC（AASgrade）and20mlofMIBK（AASgrade）  
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intotheseparatingfunnel，themiⅩtureWaSVlgOrOuSlyshakenonamechani－  

Calshakerfor2minandthenthephaseswereallowedtoseparateoveralO  
minperiod・Afterdrainingoffthea（IueOuSlayerintoa200mlheaker，the  
MIBKlayerwastransferredintoalOOmlbeaker．AfurtherlOmlofMIBK  
WaSaddedagalntOtheaqueouslayerandthemixturewasshakenfor2min  
and anowedto standforlOmin．ThetwoMIBKextractswerecombinedin  
thelOOmlheakerandheatedgentlyonahotplatetodryness・Approxi－  
matelylOmlofnitricacid（1：1）wasaddedtotheresultantresidueandthe  
SOlutionwasheatedtoneardryness・Next5mlofnitricacidwasaddedand  
theresultantsolutioTIWaSquantitatiYely trans鎚rredinto asmdITeL70rl  
heaker（25ml）．Theheakerwasheatedtoreducethenitricacidsolutionto  
approximately O・5ml．Theinsidesofthe heakerwererinsedwithasmal1  

VOlume ofdistilledwater，andthesolutionwasquaJltitativelytransferred  
into alO mlvolumetricllask and fi11ed to the mark with distilledwater．  

Consequently，alO－foldpreconcentrationoftheheavymetalswa5aChleVed．  

c．NitricamdsulfuricaciddissolutionfordeterminationofAs   

Forthe determ血相tion ofA5i刀Poれd Sedime叫thefo山owi喝5amPle  
di由olutionprocedurewasemployed15）・ApproximatelyonegramofPond  
Sedimentwastakenina200mlconicalheaker，BLnddistilledwater，nitric  

acidaLndsulfuricacid（10ml，eaCh）wereadded・Thebeaker，COVeredwitha  
WatChglass，WaS heatedon ahotplateat250℃andevaporationofthe  
SamPlesolutionwascontinuedto approximately5ml・Aftercoolingand  

rinsingtheinsidesoftheheakerwithdistilledwater，10mlofnitricacidwas  
addedandheateduntiltheappearanceofwhitehumesofsulfuricacid・This  

PrOCedurewasrepeatedtwiceto achievecompletedigestionofthesample  
andtoexpelnitricacidfromthesamplesolution・Afterrinslngtheinsidesof  
theheakerwithasmallvolumeofdisti11edwater，thesolutionwa5fntered  
（Toyo5王り皿dmadel】ptOlOOmlw地ぷ如拙dwat軋Thi55ample50lution  
WaSemployedforthedeterminationofAsusmgtheAs－hydridegeneration  
teclmique・   

J．伽毎rm血fわ汀0／meねJ5f乃fわ柁d5e（おme托‘   

The determination ofmetal5inPondSedimentwaBCarriedouthyAAS  
usinganair－aCety1eneflame・Standardstocksolutions（1000ppmofeach  

element）werepreparedeitherby dissoIvinghighpuritymetalpowdersin  

慧荒業認諾剖兜慧霊慧豊㌫㌫  
solutions were prepared by approprlatedilutionsofthelOOOppm stock  
solutiorlSWith0・1MpeTChloricacid・ForthedetermiTlatioれOfPb，0・1M  

nitricacidwa5uSedfordilutlngthelOOOppmstocksolution・Therangesof  

thestBLndardworkingsolutionwerechosentoencompasstheconcentrations  
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inthePondSedimentsolution．   

The calihration curve method was used forthc determination ofmetals  
and atthesalTletimethestandardadditionmethodwasalsoemployedfor  
certainelementswhichwereexpectedtosufferfrom matrixinterference・  

TableIsummarizestheanalyticalconditionsusedforthedeterminationof  
eachelement．  

Taム1eI   

ExperimentalConditionsforDetermination50f  
ElementsinPondSedimentbyAAS  

Element Analytical Lamp Slit FlowRate Burner Background  
Line Current Width Air－Acetylene ueigllt Correction  
（nm）（mA）（A）  （1／min）  （mm）（D2Lamp）  

Yes  

Yes  

No  

No  

No  

1．9  10－2．5  

3．8  10－2．5  

3．8  10－2．6  

3．8  10－2．5  
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ShimazuAA－640－12atomicabsorptlOnand  
fhmeemissionspectroptlOtOmeter  
Hollowcathodelamp（HamamatsuTV）  
Air－aCetylene瓜ame   

Spectrometer：   

Lamp  
Flame  

The analyticalvalue5for each element are glVenin TahleII・Forthe  
determinationsofFe，Mg，Ca，K，andNathesamplesolution（1gtolOOml）  
WaSdilutedlOOtimeswithO・1Mperchloricacid・  

In the case ofCaandMg，Seriouschemicalinterferencewasobserved，  
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SOthattwo approaches，thestandardadditionmethodandtheadditionof  
lmthanum tothestandardsandsamples，WereaPPliedtocorrectforthe  
interferences・Forexample，Whenthecalihrationcurvemethodwasadopeda  
CavaluetwoordersofmagnitudelowerthanexpectedwaBOhtained・Thi5  
lowresultisexplainedhyremovalofthefreegaseousCaatomsbyformation  
OfaCa－AIcomplexwhich，intherelativelylowtemperatureair－aCety1ene  
鮎me，1＄hardtodissociate．Inordertoovercomesuchchemicalinterference  

problems，theadditionoflanthanumtosamplesolutionsha8heenroutinely  
appliedto determineCa andthe standard additionmethodhasalso heen  
usedasanalternativeapproach．Theuseofahightemperatureflamesuchas  
thenitrousoxide－aCetyleneflameisalsoeffectivefordissociatingtheCa－Al  
COmPlexinto free Ca atoms・InthecaseofPondSediment analysis，the  
addition oflanthanum chloride to the samPle solution（finalLa concen－  
tration：5000ppm）gaveconsistentvaluesforCawhenhoththecalihration  
curve and standardaddition methodswereused．Onthe contrary，inthe  
al）SenCeOflanthanumthestandardadditionmethoddidnotyieldconsistent  
results・Thesefindingswerealsooh5erVedforMgdetermination・   

Thethree differentprocedures，Calibrationcurve，Standardadditionand  
soIventextraction，WereuSedforthedeterminationsofZn，Cu，Ph，Ni，and  
CoinPondSediment．Theanalyticalvaluesfortheseelementshythethree  
procedures，aSShowninTahleII，WereCOnSistent，thoughsmanhiasesmay  
benoted・Theanalyticalvaluesfortheelementsarewithintheuncertaintie5  
0fthecertifiedvaluesforeachelement．   

Cadふiuminthesamplesolution（1gtolOOml）existsattheng／m11evel  
sothatitwaLSnOtpOSSibletodirectlydetermineCdusingnameAAS・The  
useofgraphitefurnaceAAwasalsonotsuccessfu1，becauseofseverematriⅩ  
interferencebyAlandFe・Therefore，theseparationandconcentrationof  
CdhysoIventextractionwasrequiredforthedeterminationofCdinPond  
Sediment．TheanalyticalvalueforCdohtainedbysoIventextraction－fLame  
AASwasveryclosetothatbyisotope－dilutionmassspectrometry・  

IntheanalysISOfchromium，thevalueobtainedhyAASwaslowerthan  
thathyalkalifusionLCOlorimetrydeterminationusingdiphenylcarbazide・The  
lossofCrduringaciddigestionhasheendemonstratedinmanyworks，there－  
fore，alkalifusion ofsedimentsamplesisdesirableforthesamplepretreat－  
mentofCranalysis．   
ArsenicinPond Sediment was determined hy AAS uslngthehydride  

－generation technique・ThesamPlesolutionpreparedhysulfuric－nitricacid  
digesdonwasmixedwithsodiumborohydrateandhydrochloricacid，and  
theTltheresultantarsinewasintroducedtoaquartztube（10cm）heatedat  
approximatelyl，000℃・Arsinewasdi5SOCiatedintoAsatomswithinthe  
tuhewhereatomical）SOrPt10nmeaSurementSWerePerformed・ThestaJldard  
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addition method was used for the determinatibnofAsinPondSediment．  
TheanalyticalvalueforAswi11bediscussedinChapterVII・   

MercuryinPondSedimentwasdeterminedbytheAg．trapcoldvapour  
techniqueandwithaZeemanLeffectmercuryanalyzer・Themercurycontent  
OfPond Sedimentis relativelyhighsothatapproximately50mgofthe  
SamPlewassuhjectedtoAASanalysis・Theanalyticalvaluesformercuryby  
thetwomethodswerecon5istent．  

TableII   

AnalyticalRe乱IltsforPondSedimenthyAAS  

Analyticdvduesby  

Element  calihration  standard  soIvent  certifiedor  

CurVe  addition  extraction  reference valuee 

Fe（wt．％） 6．43  

Mg   
：1） ：1）  

c。  0．8381）   0．8521）  
K  O．678  

Na  O．534  

6．53士0．35  

0．81±0．0（i  

O．68士0．0（I  

O．57土0．04  

（770）  

343土17  

210士12  

105士6   

75士5  

（42）   

40士3   

27士3  
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34．6  41．7  

29．9  24．1  

0．827  0．82士0．06  

12士2  

（1．3）  1．422）  
1．383）  

1）La added（5000lJg／ml）．  

2）Ag－traPCOldvaporAAS  
3）ZeemanAAS  
4）determinedhyllameemissionspectrometry  
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CHAPTERV   

AnalysisofPondSedimenthyInductivelyCoupledPlasmaAtomic  
Emissio11Spectrometry  

K．Okamoto，M．NiBhikawaandC．W．McLeod  

J．i托frod11C如托   

Traceelementdeterminationsinalargenumherof5edimentshaveheen  
Carriedoutforenvironmentalimpactshldies・However，thecomplexityofthe  
SaJnPlematriⅩaLndthelowlevelsatwhichmanyelement50fenvironmental  

interestoccurmakeselementalanaly8e50fsedimentsadifficulttask．Inmost  
CaSeS，traCeelementamalysesofsedimentshaveinvoIvedsometypeofmineral  
aciddissolutionfo1lowedhyatomicahsorptionanalysis・Recently，inductively  
COuPledplaBmaatOmicemissiot”PeCtrOmetry（1CP－AES）hasmadeasigni一  

慧誌i：ぎ霊霊ヱ㌃崇．芸甥i豊荒慧崇1霊ミ岩音慧  
niqueincludetheapplicabnitytometalsandn？n－metals，ahighsensidvityfor  
allelementswithasinglesetofplaBma？Perabngcondihons，aSimultaneou8  
multielement capahility，a Wide dynamlC rangeand a relativ6ahsence of  
matrixinterference・Thepnmaryo句ectiveinthecertificationproce58isthe  

attainmentofaccuracyandfromthi5pOlntOfviewtherelativefreedomfrom  
matrixinterferenceisaparticularlyslgnificantfeatureofICP－AES・   

MatriⅩinterference effectsinICPemissionspectrometryare5mallcom・  

Paredtothoseforotherinstrumentaltechniquessuchasad・C・arCandspark  
emissionspectrometryand atomicabsorptionspectrometry・IntheaJlalysis  
OfsedimentsamPles，however，Certaintypesofinterferenceprimarilyassoci－  
atedwiththemaJOrmatrixcomponent5readilyoccurandasaresultaccuracy  
andprecisionaredegraded・First，iti5importanttocharqcterizeandquantify  
the effects andforthisitisnecessarytodistinguishbetweenthephysical  
interferenceeffects，i・e・，thoserelatedtonehulizationandsamPleintroduc－  
tion，andspectralinterferenceeffectswhichorig】nateintheplasma・  

InthecaseofplasmainterferenceeffectB，thepossibilityofspectral1ine  
interferenceandinstrumental8traylighteffectsareofconcernandhavebeen  
weu documented8，9）．chemicalandionizationinterference5，afeatureof  
atomicabsorptionspectrometry，aTeunimportant・Spectral1ineinterference  

Whichresultswhennon・amalyteemi5Sionreachesthedetectoriscommonto  
al1emi5Siontechniques（raTeinatomic ahsorptionspectrometry）and且exi－  

一47－   



hilityinwavelengthselectiorLisadesirablefeatureinpla5mainstrumentation．  
Whenspectralinterferenceisunavoidahle，quantificationoftheinterference  
andcorrectiom（usuallycomputeトaSSisted）mayprovidevaliddata・Thislack  

Ofspecificityforthepla5mateChnique■isanundesiral）1efeatureandgenerally  
forgeologicalsamplessuchasrockmaterialsandsedimentsthepotentialfor  
directspectral1ineinterferenceishighrelativetoothermatriⅩtyPeSsuchas  

hiologicalmaterials．  
Inalloptical■emissiontechniquestheuseofanalyticallinesthatarefree  

from甲eCtralinterferenceispreferred・ForthedeterminationofmaJOrand  
minorelementssucha5Al，Fe，Ti，CaandMginsediments，ICP－AESmaybe  
COn5idered to he an estahlished technique since appropriate concentration  
rangesfordeterminlngSuChmatrixelementscanbeattainedhyddutingthe  
sample solution・Asa result the chemicalcomposition ofthe sampleis  
matched tothat of the standard BOludon thu5minimiBlng matTixinter－  
ferences．Onthe otherhand，traCe elementdeterminationsinsediment8are  

“interfered”or”affected”hythepresenceofmaJOrmatrixelements・For  

examPle，theAlcontent（approximatelylO％）inPondSedirnentisthree  
OrdersofmagnitudehigherthanthePhcorltent（approximately100pg／g）and  
spectralandphysicalinterferenceeffectsmayresult．Floydeta110）demon，  
stratedthatalOOOp釘mlsolutionofAl，WhichwouldbeequivalenttotheAI  
concentrationforalgsampleofPondSedimentdigestedanddilutedto100  
ml，increa5edtheintensity ofthe5peCtralbackgroundinthe vicinityof  
thePh220・35nmspectrallineslgnificamtlyrelativetothatfordistilledwater・  

Withoutanaccuratehackgroundcorrectionscheme，themeasurementofdle  
emissionintensityattheanalyticalwavelengthwouldresultinanalyticalhias・  
It wa5also reportedthathoththeAl309．27nm andtheMg309．30nm  
SP？Ctrallinesseriou51yinterferedwiththeV309・31nmlineandforanalytical  
purposestheV310・23nmlinewaschosenbecauseoftheabsenceofany  
signi鮎antspectralinterferencefrommatrixelementssuchasAl，Fe，Mgand  
Ti．  

Ifspectralinterferencesarefoundtohe8ignificantandcannotbeavoided  
throughalternative wavelengthselectiorl，SuCheffectsshouldhequantified  
arldcorrectedfortoobtainvaliddata・Inmostcasescorrectionsforspectral  

1ineinterferences have heen made hy subtracting the apparentintensities  
providedbyinterferentsfromthenetintensityoftheelementusing“correc－  
tionfactors”11－15）．correctionsforbackgroundshiftsinlCP－AEShaveheen  
achieved hy suhtraction of backgroundintensities atwavelengthpositions  
closetotheanalyticallinelO，15，16）．correctiorlSforsuchinterference5have  
also heen madeincalihration schemesforICP－AES by theuseofmatrix－  

matchedstaTldardsolutlOnS7）andgeologicalCRMsaBCalibration＄士andards18）  

Inthe pre5ent rePOrt SOme emPhasisis g）Ven tO the characterization，  
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quantification and correction ofspectraland physicalinterferenceeffects  
a8SOCiatedwiththeICPanalysisofPondSediment．AIlumberofmultielement  
Calibrationscherneswereusedincon］unCtionwithadirect－readingspectro－  
meterbutin8trumentationbasedonaSITdetectorandBLneChellespectro－  
meter（photomultiplierdetector）werealsoofvalueinthiswork・   

2．ん血加州別肌ね直別   

ThreeindependentICPinstrumentSWereutilized，aCOnVentionaldirect－  
reader，aprOgrammahlemonochromatorsystemincorpor虹Ingasihconintetl・  
Sified target（SIT）detectorand an echeue grating7nOnO／polychromator  
equippedwitharotatingquartzrefractorplateforwavelengthscanning・A  
briefdescnptionofequlPmentandoperatingcorldition8forthethreesystems  
are訂VeniれTableI・  

Tablel   

Descriptionoflnstrumenta也onandOpera血gConditions  

Jarrell－A血  PurposeBu鋸  
Atom．Comp （computer｛OntrOned） Echelletype  

Monochromator Mono／Pdychromator  
Dispers10n，  DisperslOn，Order  
O．4nm／mm  dependent（0．07nm／  
inlstorder  mmh90仇order）  

Spectrometer  Polychromator  
Dispersion，  
0．53nm／mm  
hlstorder  

DetectlOn  PMT（multlChannel）SIT（血glechannel）PMT  

Shh11adz11  ‡11asmaThem  

27  27  

2tums  4 tums 

Generatol  plasmaThem  

Frequemcy（MHz） 27   

LoadCon  4 tums 

Nom山Opera血g  
Co几鵬也ons  

ForwardPower（Kw）  
Coolant（1／min）  

Carrier（1／min）  

Aux山aly（1／min）  

．
6
0
 
 
6
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l
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ー
 

0
0
 
 

1
 
1
 
1
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Observation  

Heiかt（mm）  19  

NebulizerandUptal（e Cross・fowtype  

Rate（ml／min）  －1．3  

17  1tl  

Concentdctype Concentrictype  

＿2．5  －1．5  
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Thedirect－readersystemisacommercial1yavai1ableinstrument（Jarreu－Ash  

Atomcomp，Mode1975）andha5theCapahilityforthesimultaneousdetermi・  
nationof28elemeTltSatSenSitivitylevelswhicharetypical1yatthepartper  
hillion order・The polychromator，a O・75m Paschen－Rungeunit，COntains  
prealigned photomultiplier tube（PMT）detectors and respective exit slits  

Sihlated且longthe・focalcurve at appropriate wavelengthpositions・The  
emission wavelengths fo馨element5PrOgrammedintothe system aregiven  
later・TheoptlmumValuesoftheprlnCipalICPoperatingparameterS，i・e・Rf  
power，Observation height，SamPle uptake rate，Were PreSented for each  
elementinthepreviousreport19）andareessendallythesameasthoseusedin  
山i5紬】dy．   

NovelresearchinstrumentationincorporatingaSITastheprlmaryradi－  
ation detector has recently heen developed20）・Thecomputer・COntrO11ed  

町Stem emPloysthe slew－SCan teChnique wherebythe monochromatoris  
PrOgrammedtoaddress，in呂equenCe，0nlythedesiredemissionwavelength  
（WaVelengthre由OnSOfnointerestarerapidlybypassed）toprovidearapid  
Be甲entialmultielementcapability・   

TheSITconsistsofanarray oflightsensitiveelementswhichdevelop■a  
Change patternOn eXPO5ure tO uV／vis radiation・The chngepattemis  
addressedbyascannlngelectronbeamandthroughtheopticalmultichannel  
analyzer（OMA）controlunitthesignalcanhedisplayedinrealtimeonan  
OSCnloscopeorstoredinmemoryforfurtherprocessmg，e・g・5ignalaccumu－  
1adon．The OMA unit has two separate memory areas（memory A and  
memoryB）forsignalstoragesothatplasmahackgroundcorrectedspectra  
（A－Bmode）canhereadilyafforded・Suchemissionspectraareofparticular  
value for the study，Classification and correction ofpla＄mainterference  
effects，anditisinthisrespectthatSITdetectionofferscertainadvantages  
托1aかetophotomuほpliertu玩detection・   

TheICP－eChe11espectrometerutilizedinthisworkhasrecentlykendeve－  
loped as a detector for highperformanceliquidchromatography21）・In  
additiontothehackgroundcorrectioncapability，theecheue5PeCtrOmeteris  
idealforinvestigationofspectraIinterferenceshecauseofthehighresolving  
power ofthe spectrometer・A typicalspectralhandpassofapproximately  
O．007nm，WhentheentranCeandexitslitwidthsare50pm，Offersadistinct  

advantageforcharacterizationofemissionspectraoverconventionalspectro・  
meters．For wavelengthmodulation withina short wavelength region，a  

rotatingquartzrefractorplate（5・5Ⅹ7・5Ⅹ2・Omm）issituatedalongthelight  

path，justbehindtheentranceslittowardtheco11imatlngmirror・Rotationof  
theplaねCau鋸βa di甲1acement of仇epr（りeCtedbeamwhichre∂ultβina  
lateral5hifting ofthe entire spectruminthe focalplme・Therefore，itis  
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POSSihlenotonlytoohtainshortwavelengthscansinthevicinityofanywave－  
1engthavailableonthepolychromatorhutalsotomakehackgroundmea乱Ire－  
mentsandsuhtractionsaspartoftheanalyticalprocess15，16）．   

・て・ヾ“‖J・J・・J小、りJり＝哺   

TheICPtechniqueinvariahlyrequlreSSampletoheinliquidformsothat  
forsolidsampletypesapreliminarydestruCtionofthematerialisrequired．  
FordissolutionofsedimentsarnPles，aStandardalkalifu5ionoraciddecom－  
POSitionuslnghydrofluoricacidhasheenextensivelyemployed・Therehave  
heem severalreports18，22，23）ofmultielementanalysiBOfsilicaterockshy  
ICP－AES，invoIvingdissolutionhyafusionprocedureifmaJOrCOnStituent8are  
determined・AfusionprocedurerequiresalargeamOuntoffusingsalt（s）such  

asLiBO20rNaCO3forcompletedissolutionofsilicates，COmmOulyinthe  
PrOPOrtionslO：lto7；1，SOthattheresultaJltSOlutioncontainsahighcon－  

centration of the salt．The concentrated solution wouldlead to nehulizer  

Clogglngln aShorttimeandasaresultwouldcauseseriousdriftinthelCP  
mea8urement・For simultaneous determination ofmaJOr，minor and trace  
elements，an aPprOPnateflux to saLmPle ratioanddilutionfactorshouldbe  
Carefu11ycho5enunderthecondition8Wherethesensitivityandstahuityof  
thelCPinstrumentaremaintained．Floydeta110）recentlyreportedthata  
fusionwithNaOHingraphitecruCihles（atafluxto5amPleratiooflO；1）was  

foundtobesuitableforpreparationof琶eOlogical弧derrviTOnmetltalsamples  
for determination ofup to50elementsatmaJOr，minorandtracelevelshy  
ICfl－AE5．   

Anaciddi5SOlutionprocedurehasmore 
mentofsedimentsamplesheforeICPanalysis・Sincesedimentsample8uSually  
COntainarelativelyhighconcentrationoforgardcmatter，COmPletedestru一  
tionoforganicmatterisdesirahle・RemovaloforganicmattercBLnalsoellm1－  

natepotentialspectralinterference duetotheemissionlineBOfca∫bon，e・g・  
thebroadeLledwingoftheC193・091nmlineondleAs193・696nmline・For  

thispurposetheadditionofperchloricacidasweLlastlitricandhydfOfluoric  
acidsha5VeryOftenbeenemployedLForthedeteminationofnon－VOlatile  
elements，aB analternativeapproach，dryrashingmaybeeffectivetoremove  

OrgaJlicmaterial・Whenatotalanalysisisrequired，amixtureofnitric／hydro－  
fluoric／perchloricacidshasbeenmo5dyusedfordis501utionofsediments・It  
Should上N：nOted，however，thatcertainchromium－COntainlngrninerals（e・g・  
Chromite）arenotcompletelydissoIvedhynitric／hydrofluoric／perchloricacid  

mix山res15，22）．  
ICPnehulizationefficiencylSSenSitivetothefinalacidanddissoIvedsolids  

COntentsothatforthedecompositionprocedurecarefulcontrolofthedisso－  
1u也onprocessisrequired・Thefinaldnutionfactorshouldhechosenafter  
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COnSiderationoftheelementconcentrationsinthedigestedsolutionandthe  
re8PeCtiveICPdetectionlimits・Frequentlyitisnotpossihletoachieve5imul－  
taneou畠multielementdeterminationsoftrace，minorandmaJOrelementswith  
asingledilutionstep・ForsedimentsamPles，however，Withextremelyhigh  
COnCentrationsofAlandFe，anadditionaldilutionofthedige5ttOhringthe  
Signalintensitiesoftheelementswithinthelinearrangeofthecalihration  
餌ⅣeSisno－ma止yre甲ired・  

Inthisexperirnentamixedaciddige5tionprocedurewasadoptedfordisso－  
1ution ofPondSediment．ThesamPle（1g）wasdissoIvedwithamiⅩhlreOf  
mineralacids（nitric，hydrofluoric，PerChloricacid）andthedige5tWaSmade  
uptolOOmlwithO・1叩perchloricacid・Detai1softhedigestionprocedure  
aredescihedinChapterIV・   

J．J＝・・r川川りJ山Jlイり小川・・・J仙・＝り＝川州J♪  

Itis de8irahleto perform simultaneousmultielementanalysisformaJOr，  
minorandtraceelementsinthePondSedimentdige5t，however，／asmentioned  
ahove，thelevelsofmajoraJldminorelementsinthesamplesolutions（1gto  
lOOml）weretoohighfordirectmeaBurementSOthatthesamplesolutions  
were diluted afurtherlOOtimeswith0．1M perchloric acid・Atwo－POint  
CalibrationprocedurewaBadoptedtodeteminemaJOrandminorelements‥  
thatis，alow5tandard，0・1Mperchloricacidauldahighstandard，0・1M  
perChloricacidcontaimingAl（10），Fe（10），Ti（1），Mg（1）andCa（1）atFLdml  
level・InICP analysisitis required to matchthe acid concentration of  
Standard solutionstothatofsaInplesolutionsinordertoeliminatepossil）le  
difference8insampletransportefficiencyandpla畠maeXCitationmechanisms  
forthe two solutions・In this ca5e，fortunately，thematchingoftheacid  
COnCentration hetweenthe sample and5tandard solutions could be easny  
achievedbythedilutionprocedure・   

Forthedetern1inationofAlandFe，analyticalprohlemsinICPmeaBure－  
ment were not found・However，the variations due toincompletesample  
disBOlution wereBOmetimesohservedforAldetermination5inPondSediment．  

CompletedecompositionofthesamPlehastohecarriedoutcarefu11yforthe  
determinationofAl．   

Astandard add詭on methodwasalsoemployedforthedeterminationof  
MgandCa・Theanalyticalvalue5forMgandCaobtainedbythetwocalih－  
rationprocedure8WereingoodagreementaBShow¶inTableII，indicatmg  
thatnochemicali11terference occurredinthe determinationofMgandCa・  
Thi5isone ofthe advantages ofICPanaly5i5WherehothMgandCaBLre  
completelydissociatedintofreeatoms／ionsduetodlehightemperatureof  
theplasmaexcitationsource・Incontrast，Seriouschemicalinterferenceswere  
foundfortheCaandMgdetermination5byatomicaJ）SOrptionspectrometry  
舶descIibedinChapterlV・  
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TableII   

AndyticalValuesforMaJOrandMinorEleTnentSinPondSediment  
（wt．％）  

C由ib†ati（）nP10Ced≠托  Ce止i鮎doT  

2－POintcalibration  standard addition reference values n
 
e
 
 

m
 
 

E
 
 

10．6 ±0．5  

6，53±0．35  

（0．64）   

0．81±0．0（；  

10．7  

6．62  

0．623  

0．925  

0．816  
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n
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g
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a
 
 

0．9ユ5  

0．828  

RfPowerl．1Kw；ObseⅣa血）nHeiかt，19m；  

SampleUptakeRate，1．Oml／min   

5．伽fermi柁α如no′rrαCeE～e椚e几f5   

Beforeconsideringproceduresusedfortraceelementdeterminations，the  
elementalcompositionofPondSedimentisreviewedinordertoassistinthe  
understaJldingof5PeCtralandphysicalinterferences・WhenlgofPondSedi－  
mentisdigestedandmadeuptolOOml，tyPicalconcentrationsforelements  
are訂VeninTableIII・  
ltisapparentthattheconcentrationsofthematriⅩelements，Particularly  

AlandFe，aremOrethaultWOOrdersofmagnitudehigherthanthoseofthe  
traceelements・Itcanbeexpected，therefore，thatintheaJlalysisofPond  
SedimenttraceelementdeterminationswouldhesulりeCttO5eVereSPeCtral  
interference．Thus■thepossihilityofspectralinterferenceduetothemajor  
卸dminorelementsshouldbecarefullyinve＄tigatedheforedeterminingthe  
traceelements・Inparticular，Al1FeandTihavecomplexemissionspectra，  
whoselines may coincidewithoroverlaptheanalyticallinesofthetrace  

Taue111  

ElementalConcentrationintheSampleSolution  

（1gPondS8dmenttol00ml）  

MajorandMhorElements  TraceEl¢ment＄  

回
 
 

掩
 
 

6
0
5
3
9
3
8
1
朗
糾
5
7
 
 

0
6
 
 

1
 
 

山
F
e
M
g
C
a
K
T
i
N
a
 
 

浦
S
C
C
。
A
S
S
b
C
d
 
 
 

仙
 
 

膵
 
 

5
 
 

7
4
 
．
5
 
．
1
 
．
1
．
1
7
 
7
 
3
 
つ
】
 
つ
‘
l
 
l
 
n
）
 
 
 

M
n
Z
n
V
C
u
S
I
P
b
C
－
 
 

0．40 鳩／Id  

O．28  

0．27  

0．12  

0．02  

0．0082   



element，AlsothemaJOrelementsmaycauseslgnificaJlthackground血iftsin  
theuvreg10nCOmParedtoalkaliandalkalineearthelements，thustherespec一  
tiveemissionspectraofthethreeelemeTltShavetobeexaminedcarefully・   

Final1ytherelativelyhighdissoIvedsolidcontentofthesolution（appro－  
Ⅹimately O．2％）shouldhetakenintoaccountindecidingwhetherornot  
phy5icalinterferenceassociatedwithsampletransportisprevalent・  

仇5pec如ヱ血feゆre托Ce   

Theanalytical1inesforeachelementprogrammedintothedirect－reading  
ICPspectrometerarelistedinTahleIV・Itshouldbenotedthattheanalytical  
wavelengthforeachelementwilldependonthetypeofICPinstrumentation  
andselectionofanalternativewavelengthmayprovidemorevaliddatafor  
certaintypesofmatricessucha5geOlogicalandsteelsamples・Therehavebeen  
anumherofreportson interelementlineinterferencesinICP－AESand，if  
necessary，theselectionofanalternativeanalyticallinewhichisfreefromany  
Sl訂IificantSPeCtral1ineinterferencei5reCOmmended・   

SpectralinterferencesinICP－AEScanheclassifiedintotwogeneralcate－  
gorie5：1ineoverlapandbackgroundshifts・When，SuChinterferencesareslgnifi－  
cantandunavoidahleattheprealignedwavelength，Selectionofananalytical  
1inewhichdoesnotsufferfromanysignificantinterferenceshouldbefirst  
considered．A scanningtypeICPspeetrometerdoesoffersomeadvantages  
withrespect to wavelengthselection，however，iti51aborious and time－  
consumlngtOenSurethatananalyticallineisfreefrominterferencesfora  
particularsampletype・Foradirect－readingICPspectrometertheanalytical  
linesofappropriatesensitivityanddynamicrangeareSelectedafterconside－  
rationofawidevarietyofsamPlesanditwouldheveryinconvenientand  

TableIV  

AnalyticalwavelengthsforthedirectreadeIICPInstrumentatlOn  

Element Wavelength ・Element Wavelength  Elemertt Wavelength  
（nm）  （m）  （nm）  

288．2  

292．4（ⅠⅠ）  

30臥2  

313．0（ⅠⅠ）  

317．9（ⅠⅠ）  

324．8  

334．9（1Ⅰ）  

421．5（1Ⅰ）  

別
Ⅴ
刃
B
e
C
a
C
u
¶
S
r
 
 

228．8■  
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189．9（11）  
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rexpensive to replace the analyticalchanT）elof aparticularClement，When  
SPCCtralinterference was subsequently‖discovered，，・Corrections for hoth  
CategOries of spectralinterference have hcenmadehy applyingpreviously  
determined“correction factors”which are ratios of the sensitivity of a  
Particularline fortheinterferenttothatforthe analyte・Thisistheonly  
COnVetlietttwaytodealw用一SPe．CtralinterferencesandcaJlbe achievedby  
SuhtractiTlgtheapparentinte．1Sityprovidedhytheinterferent（s）fromthenet  
intensity of the affected element・Usually・the solution ofanindividual  
elementpreparedfromhighpuritymetalormetal－Saltisintroduceqintothe  
plaBma，andthentheintensityregisteredatthechanneloftheelementof  
interestisexpresseda5theinterferencefactor．   

ThestudyofspeCtralinterferencesasoutlinedaboveinvoIvehothspectral  
1ineandhackgroundinter鎚rencesanditisnotpossihletodistinguishhetwecn  
them・ReccntdevelopmentsofICPinstrumentationhavemadeitpossihleto  
SeParatedletWOCOmPOnentShymeasuringeitherorbothside（s）oftheanaly－  
ticaJline ofthe desired element，aSSumlng thathackgroundshiftsusually  
exhibithroadspectra，Orby scannlngtheentirespectraoftheelementand  
interferentsinthereglOnadjacenttotheanalyticalline・General1yspeaking，  
however，itisratherlaboriousworktocharacterizeandquantifyspectral  
interferencesinICP－AES forcomhinations ofelements aLnd diverse concent－  

rabons．  

Individualsolutionsofthematrixelementsatconcentration5COrreSPOnding  
to thatin the Pond Sediment digest were preparedinorder toLluantify  
Spectralinte舷rencesbythematrixelement5・Mutu且11ineinter鮎renceamorlg  

traceelementswasconsideredtohenotsl訂Iificant・Amixedsolutionwhich  

contained allthematriⅩelementsatthesameconcentrationsastheindividual  

SOlutionswasalsoprepared・Thehighpuritymetals（99・99r99・999％forAl，  
Fe，TiandMg）0－thellighpuritymetal－Salts（99・99－99・999％forNa，Caand  
K）weredissoIvedinhigl1Purityacidsor乱1h－boilingwater，andthenthesolu－  
tions were diluted to theindicated concentrationsin Tahle V with O．1M  

perchloricacid・IndeterminlngCOrreCtionfactors，itisessentialtoensurethat  
thcsolutionsoftheinterferingelementdonotcontainslgnificantamountsof  
theanalyteasanimpurity・Anadequaterin5eOfthenehulizerchamherisalso  
importanttoremove memory effects due tothehighconcentrationofthe  
Previouslyasplratedinterferent．   

The directrreadingICP spectrometerwasstauldardi2・edby a2－POintcali・  
brationprocedure，uSingalowstandard（0・1Mperchloricacid）andahigh  
Standard（0・1MperchloricacidcontaininglOorlpg／mlofthetraceelements  
listedinTahleV），andthetleaChoftheindividualandmiⅩedsolutionsofdle  
rnatrixelementswasaspiratedintotheplasmaatintervalsofnotlessthan5  
mIn，With adistilledwaterrinsebetweeneachsolution．TlleaPParentinten・  
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Sitie5foreach ofthetraceelementsprovidedbyeachandallofthematrix  
elementswereprintedoutinconcentrationunits・ItwasnecessarytOOperate  
theinstrument under exactly the same COnditions as usedinsuhsequerlt  
analyses，becausethecorrectionfactorsmaybequlteSenSitivetochangeSin  
CertainoftheprlnClpalICPoperatlngParameterS，nOtahlythepowerandthe  
Carriergasflowrate15）．Thecorrectionfactorswerealsocheckedatappro－  
priateintervals．   
TahleVsummarizestheresultsforthespectralinterferencescausedhythe  

mzgorandminorelementsoneachofthetraceelements・Thenumericalvalues  
inthetahleareexpressedinpg／mlunits・forァⅩample，a900pg／mlsingle  
SOlutionofAIprovidesanapparentconcentratlOnOfO・58pg／mlontheMo  
Channel（202．Onm）．   

AsshowninTal）1eV，CaandMgcausealmostnospectralinterferencesat  

the wavelen酢hs examined．Thestraylighteffects，Whichresultinpositive  
hackgroundshiftsduetotheintenseionlinesofthealkalineearthelements，  
canheconsideredinthisca5etOhenotslgniホcant・TheconcentrationofTiin  
thePondSedimentsolutionisrelativelylow，however，aTisolutionof60  
pg／mldidprovideasevereinterferencecorrespondingtoO・12pgmlofCo・  
TheinterferencebyTiontheCoanalyticallinehasheenstudiedusingtwo  
otherindependentICPspectrometersandarepresentedanddiscussedasa  
casestudyinthenextsection・IronaJldAlarethemaininterferingelements  
duetotheirrichemissionlinesandhighconcentrations・Ironcausessevere  
interference on the Sn，As，Se，Ph，B and V channels，WhileAlgivesinter．  
ferenceontheanalyticallinesofSn，As，Se，MoandPb・Besideslineoverlap，  
backgroundshift5CauSedbythematrixelemerltSareincludedinthefactors  
given in Table V. 

Tahle VIpre5entS the possihle spectral1ineinterferences by matriⅩ  
elementsoneachofthetraceelements．IfthematriⅩeffectsareduetoouly  
spectralinterference，thesumofthefivefactors，Whichareprovidedhyeach  
ofthefiveinterferents，foreachofthetraceelementswouldbethe5ameaS  
thefactorgivenfortheelementby．themixedsolution（sum／mix＝1）・Ascan  
he seeninTahle V，however，the factorsobtainedwiththemixedsolution  
re乱11tinlowervaluesforal1the七1ements（exceptforMrl）thanthecorres－  
pondingsumsofthefivefactors・Particularly，50meelements・i・e・Zn，Cd，Co，  
NiandB，ShowslgnificaJltlygreatersum／miⅩratiosthanl・0・Theseresults  
indicatethatphysicalinterferencesduetochange5insampletransporteffici－  
encyand／orplasmaexcitationmechanism8aSareSultofthehigherdissoIved  
solids content ofthemiⅩedsolutionweresignificant・Suchphysicalinter．  
ferenceprohlemsarediscussedlaterinthischapter・   

Theresultsfortraceelement＄inPondSedimetu81ngCOrreCtionfactorsare  
firstconsidered・Forthispurposetheinterelementcorrectionfactorandthe  
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TableV SpectrallnterferencesbyMatrixElements  

SpectralInterferenceBY  

ON （nm）Mg（80）Ca（60）Ti（60）Fe（600）Al（900）Sum1Mix2sum／Mix  

＿3  

0．0034  

0．0023  

0．0011  

0．0‘拍6  

0．0014  

0．0013  

0．0001  

0．0059  

0．0073  

Sn 189．9（ⅠⅠ）0．0875  

As 193．7  0．0067  
Se 196．0  0．0062  
Mo 202．叫Ⅰり0．0073  
Zn 213．9  0．0325  
Pb 220．4（Il）0．0473  
Cd 228．8  0．0024  
Co 228．6（1Ⅰ）0．0095  

Ni 231．6（ⅠⅠ）0．0263  

B  249．8  0．0428  
Mn 257．6（ⅠⅠ）0．0059  

Cr 267．7（ⅠⅠ）0．0078  

V 292．4（1Ⅰ）0．0119  
Be 313．0（ⅠⅠ）0．0001  

Cu 324．8  0．0092  
Sr 421．5（ⅠⅠ） 一  

0．4620  

0．0脚0  

0．0532  

0．0005  

0．1212  

0．0003  

0．0621  

0．0114  

0．0405  

0．0080  

0．0617  

0．4318 2．433  

0．333115．75  

0．8147 3．806  

0．0606 0．5804  

0．0887 0．0410  

0．52641．611  

0．0163 0．0099  

0．0807 0．01（〉0  

0．0763 0，0074  

l．063 0．0518  

0．0253 0．0363  

0．0496 0．0201  

0．1199 0．0010  

0．0008 0．0003  

0．010‘0．0103  

0．0010  －  

3．414 3．237  

16．09 15．49  

4．627 4．459  

0．6483 0．6213  

0．1662 0，1547  

2．241 2．128  

0．02910．0267  

0．2297 0．2033  

0．1114 0．0926  

1．264 1．029  

0．0674 0．0703  

0．0903 0．0883  

0．1746 0．1694  

0．0093 0．0092  

0．0977 0．0953  

0．0083 0，0081  
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l．SumofthevaluesglVenbythefiYeinterferents  
2．MixedsolutioncontalningMg（80），Ca（60），Ti（60），Fe（600）andAl（900）at掩／mllevel．  
3．Notdetected．  
Allvaluesareexpressedinpg／miunits．Tocalculateusualcorrectionfactors，dividethe  
Valueforeachoftraceelementsbytheconcentrationofeachoftheinterferents．  

TableVI   

PossibleSpectralLinehterferencesbyMaJOrElements  

（nm）  By  

Mo 202．∽0（1Ⅰ）  
Zn  213．856  

Pb  220．351（ⅠⅠ）  

Co 228．616（ⅠⅠ）  

Cd  228．802  
Mn 257．610（ⅠⅠ）  

Cr  267．716（ⅠⅠ）  

V  292．403（ⅠⅠ）  

Cu  324．754  

Fe 202．052  

Fe 213．859；Ti（unknownline）；（Cu213，851）  
刃 220．463（1hewing）；Fe220．346；Ti（unb10Wnline）  
Ti 228．618；Fe22臥615  
Fe 22S．763，228．725  
山 257．510；Fe257．574，257．669，257．687  
Fe 267，688；P2（i7．712；（Mn267．725）  
Fe 292．385；Ti（unb10Wnlme）  
Fe 324，721，324．728，324．739；Ti324，860（1hewing）こ   

（Mn324．754）  
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concentration ofthe affecting element must he measured correcdy・The  
COrreCtionfactorsglVeninTableVwerealmostthesameasthoseohtainedin  
earliersttldiesusinglOOOpg／mlpuresolutionsofasingleelementand，there－  
fore，SuggeStSthattheinterferenceeffectsexhihitsomedegrecoflinearity・   

Thedirect－readingICPspectrometerwasstandardizedhya2－POlntCalihra．  
tionprocedure（seepage55）andthenthesamPlesolutionsofPondSediment  
（1gto101formatriⅩelements，1gtolOOmlfortraceelements）were  
introducedtotheplasmaformultielementanalysisofmaJOr，minorandtrace  
elements．Thetraceelementdataasdeterminedahoveinclude bothrealand  
apparentintensitiessotllatthecorrectedvalueswereohtainedhysuhtractlng  
tlleCOrreSPOndingtotalapparentconcentrations（calculatedusingthefactors  
in Table V andthe concentrations ofthematrixelementspreviouslydetcr－  
mined）fromtllenetCOnCentrationsforeachelement・   

Tahle VIIpresents the raw（not－COrreCted）anddle COrreCtedvaluesfor  
trace elementsin Pond Sediment・The analyticalvalues forthe elements  
ohtained uslng COrreCtion factors arein fairly good agreement withthe  
certifiedorrefertmcevalues．tlowever，Sincetheapproachdoesnottakeinto  
account differencesinsample transport efficiency hetween samples and  
standards，thereisthetendencytoobtainslightlylowvaluesformostofthe  
traceelements・Additionaldilutionofthesamplesolutions（1gtolOOml）  
mayeliminatethiseffect・  

InthecaseofCr，aSlgnificantlylowervaluethanthecertifiedvaluewas  
obtaincdaftercorrection．Itiswell－knownthatcertainCr・COntainlngminerals  
suchaschromitearenotcompletelydissoIvedhytheaciddissolutionsystem  
usedin this experiment15，22）．It ha5also heendemonstratedthatinthe  
PreSenCe Of perchloric or hydrochloric acid Cr may readily vaporize as  
CrO2C12duringheating24）．ThelowvalueofCrdeterminedbyICP－AESmay  
heexplainedhyincompletedissolutionoranalyteloss，thoughitisnotclear  
atthisstagewhichofthetwoISPredominate・  

Tabl¢ⅤⅠI  

CorrectionofSpectralInterferencesbyCorrectionFactorMethod  

Correctcd  Certified or 

Data  Re良一ellCeVdues  

RawData  nement  
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ム．Cαge5fαみご5pecfmヱJ扉e重代几CebγTよ0柁Co   

Asprevioudy showninTableV・Tigeneratesslylificantspectralinter－  
ferenceontheCo228・6156nm 

． 

TheinterfererlCeby FeontheColineisalso demonstratedbuttolessan  
extent・The analyticalvalue for Co obtained hy the2rpoint calibration  
procedurewa551pg／g，WhilethecertifiedvalueforCoinPondSedimentis  
27士3pdg．Although aconsistent value for Cowasobtainedthroudlthe  
correctionuslngCOrreCtionfactors，furtherinvestlgatiomswereundertakento  
clarlfytheinterference・ForthispurposetwoindependentICPspectrometers，  
aprogrammahlemonochromatorsystemincorporatlngaSITdetectorandaJl  
echellmono／polychromatorwhichhasacapal）ilityofwavelengthscanninghy  
rotation ofaquartzrefractorplate，areutilized・AdescnptlOnOftheinstru－  
mentsandoperatingconditionsarcgiveninsection2（SeePage49）・  
InFigl，ICPemissionspectraforPondSedimentdigestsohtainedhy SIT  

detection are presented・TheupperspectrumWaSreCOrdedforadigestof  
PondSediment（1gtolOOml）aJldemissionlinesofanumherofelements，  
particularlyAl，FeandTi，areCOntainedwithinthespectralreg10n228nmto  
232nm．The upper spectrum（A）was storedin memoryA ofthe OMA  
controlunit forfurtlter processlIlg・Next the spectrum for a composite  
sdution containingAl，Fe，Ti，CaandMgwhichwa5reCOrdedatthesame  
concentrationsasthoseinthesamplesolutionwasstoredinmemoryB・The  
suhtractedspectTum（memoryA－memOryB）removesdleemissionlinesofthe  
matrixelementsandthustheinterference．freeCoemissionline（228．616nm）  

ispresentedonthelowerspectrum（B）・ThepeakheightoftheColinecorres．  
pondsto27pg／gofワ0，COincidentwiththecertifiedvalue・Afurtherinteres－  
tingfeaturetonoteisthat血ebaselineoftheupperspectrumdoesnotcoin－  
cidewlththezerointensity1evel．Thisriseintheplasmahackgroundlevel，  
duetowingsofmanyemissionlines，COntinuousemissionbackgroundand／or  
StraylidltS，isfortunatelycBLnCelledoutinthelowerspectrumhytheabove．  
mentionedprocedure・Ithasheenpolntedoutthatthesignaltonoiseratiofor  

1essthan250nmismuchpoorer   

Thehighwavelengthresolutioncapabilityoftheeche11espcctrometerwas  
nextappliedto5PeCtralanalysis．WavelengthscanninginthevicinityoftheCo  
aJlalyticallinewasperformedbyrotationofthequartzrefractorplateplaced  
］uSthehindtheentramceslit・Thespectrometerisessentiallythesameasthat  
usedhyMcLarenaJldBerman16）．IndividualsolutionsofAl（1000lJg／ml），Fe  
（1000pdml），Ti（1000pg／ml），Co（1Flg／ml）andthedigestofPondSediment  
（0．9gtolOOml）weresprayedintothepla5ma，andtherespectiveemission  
spectrawererecordedwithinthewavclengthreglOn228・616土0・010nm・Fig2  
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Figl・SITemission（ICP）spectraforPondSediment，COrreCtionforspectralinterferenceby  
Ti（228．引ほn∬）onCo（228・616nm）．  

（A）Amode：PondSedimentdlgeSt  
（8）A－8modeニ8ack伊Oundco汀eCted  
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．010nM   

C01  
228．810nm  

L  

Ti  
228．818nm  

Fig2．Wavelengthscans（withanICP・eChe11emonochromator）   
inthevICinityoftheCo228．616nmlinedemonstrating  
exactoverlapbytheTi228．6181ine・  
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5howstheICPemissionspectraadjacenttotheCo228・616nmanalydcal1ine  
foreach ofthesolutions・－Fe andAlcauseslighthackgroundenhancements  
due to continuous hroad－hand emission．Theemissionline ofTiat228．618  

COnCidesexactlywiththeColineat228・616andthusitisnotpossihleto  
eliminatetheTiinterference・AsshowninFig2，theemissionspectrumOf  
PondSedimentdigestexhibitsaratherexpandedpeakre且ectingtheoverlap  
hetweenhotIllines・ForthedeterminationofCointhePondSedimentdigest  
anappropriatecorrectionfactorforTiwaBSuhtractedfromthepeakintensity  
at228．616andaconsistentvalueforCo（24pg／g）wasobtained・  

InordertospecifyandquaLntifyplasmainterferences，theuseoftheabove－  
mentionedinstrumentS and proceduresis desirahle hut very often such  
approacheslackasimultaneousmultielementanalysiscapability・Thelimited  
avai1ahilityofsuchinstrumentSalsodetractsfromtIleiru5eOnamOreWide－  
Spreadbasis・Appropriateselection ofanalternativeBulalytical1inewhichis  
freefromsignificantinterferenceisthemainapproachtoavoidspectralinter．  
ference hut alossin sensitivitymayhave toheaccepted・Asanalternative  
Coline，forexample，the238・892nmlinehasoftenheenused，however，the  
latter suffers 

emissionline12）．Recently，Uehiro26）foundthattheCo230．7861inewas  
freefromspectra11ineinterferencesexceptforNi230・779nmline・Thecon，  
CentrationsofCoandNiareu5ual1ycomparableformostgeologicalsamples，  
andtherefore，thecontrihutionoftheNilineinterferencetotheColinecan  
heconsideredsmal1（COrreCtionfactor，Ni／Co＝1Ⅹ10－3）．  

．・．JⅥ＼H．りJJJり．・lトハりl．・、   

PllySicalinterferencesinICP・AES generallyinvoIve changesin sample  
transportefficiencyandplasmaexcitationmechanisms，uSua山yduetodiffe－  
renceshetween the dissoIved solidscontentsofsamplesand standard50lu－  
tions・Sampleuptakeratemayhecontrolledexacdyhytheuseofaperistaltic  
pumporhycarefulcontrolofthecarricrgasflowrate，buttheefficiencyof  
misttransportaftersamplenebulizationmaychangemainlydependingonthe  
viscocity or dissoIved solids content of samPle50lutions・Differencesin  
dissoIvedsolidscontentsbetweensamPleandstandardsolutionsmayleadto  
analyticalhias・Therefore，SPeCialattentionshouldJxpaidtosuchphysical  
interferenceswhentraceelement5are determincdinthe presenceofmuch  
lligheiconcentrationsofmaJOrandminorelements・   

One approachtocorrectforphysicalinterferencesistoadoptaninternal  
standardmcthod．Referenceelementsusedforthispurposehavesofarbeen  
littlestudied，PrimarilybecausetheICPdischargeisverystahleaJldemission  
signalshavegoodstahility・Itisconsidered・however，thatmatrixeffectsand  
effectsduetoinstrumentalinstahility，includingthoserelatedtothesample  
introduction system，COuld he reduced bythe use of suitable reference  
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elements．Odegard13）recently reportedthat Liand Y weresuitahleas  
referenceelementsnotonlyhecau8etheyfu1fi11edlowandhighexcitation  
requlrementS reSPeCtively hutalsol）eCau5etheBe elements were rare and  
Seldomanalyzedinsedimentsamples．  
Inthisstudy，phy5icalinterferencesrelatedtosampletran5POrtefficiency  

Wereinvestlgatedhychanglngthe dilutionfactorsofthesamplesolutions・  
TheoriginalsoIutions（1gtolOOml，Ⅹ100）wereadditional1ydiluted2・5，5  
諷dlOtimesw七山0．1Mperchloricacidanda2－pQintcalibrationproce血Tq  
was employed，uSingalow standard（0・1M perchloric acid）and ahigh  
Standard（0．1MperchloricacidcontaininglOorlpg／mlofthetraceelements  
listedin Tahle VIII），tO determine traceelementsinthefour（X100，X250，  
Ⅹ500，XlOOO）solutions．Theconcentrationleve150fcertaintraceelememtsin  

thepreparedsolutions，however，hecameneartherespectivedetectionlimits  

of the ICP spectrometer. 
Tal）le VIIIdemonstrates the effect＄Ofsample dilution factors on the  

determination of trace elementsin Pond Sediment，Wherethe results are  
expressedastheratiostothecorlCentrationsinthexlnOsolution．Theresults  
forallthetraceelementsincreasewithsampledilution，SuggeStingthatphy－  
SicalinterferencesrelatedtosamPletranSpOrtefficiencyaresignificantforthe  
X100solution・Approprlate dilutionofsamplesolutionmayprovidemore  
Validdatafort－aCeelementdeteminationsifthereliah辻ityandsenBitivityof  
the calibration curves are maintained．The relativeintensities for x250to  

XlOOOヲOlutionsarealmostconstant，beingapproximatelylO％higl1erthan  
thatforxlOOdilution・AldlOughmuchworkongeologicalsaLmPleshasheen  
madeforxlOOsolution8，Ⅹ250dilution（1gto250ml）mayhemoresuitahle  
for trace elenlent determinadonin Pond Sediment．Tao eE a127）recom＿  
mendedx250dilutionforLILeaLlalysisofPondSedimenthylCP－AES・  

TableVIlIEffectofDilutionontheDeterminationofTraceElementsinPondSedlment  
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1．0占  

1．20  

1．13  

1．・13  

1．10  

1．09  

1．10  

1．11  

●lgtolOOmlsolution；thcvaluesareexpressedastheTatiostothexlOOsolution・  
SpectralinterfbrenceswereprevioudycorTeCted，uSlngthecorrectionfactors威VeninTable  
V，beforecalculation．AdigestofPondSed血ent（1gtolOOmi，XlOO）wasdjlutedaddl・  
tional2．5（x250），5（x500）and10（xlOOO）timeswith0．1Mperchloricacid・  
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Spectralinterference8maybecorrectedhytheproceduresmentionedear－  
1ier，however，iti5mOredifficulttocharacteri2・eandquantifyphysicalinter－  
ferencesinICP－AES・OnewaytoreducetheBePrOhlemsistodoanappro－  
pdated山血nofsample801utioれ5郎muCha5pOβ磨払1e玩ordertomatehthe  
natureofhothsampleandstandardsolutions・Anotherapproachistoadd  
referenceelementstosamplesolutionsa占intemalstandardstocompensatefor  
such physical interferences. Further investigations are required to clarify 
physicalinterferencesinICP－AES・  

d．抽叩〃如由一mαfcわed5加血rd5ルrCα抽rαfio几   

Asalready mentioned，COmPlexinterference effects may he operating  
duringICPmeaBurementSOthatinpracticeitisverydifficulttocharaterize  
andquantifythevariouscomponents・Onewaytocorrectformatrixeffectsis  
touse“matrix－matChed’’standardsolutionsforcalihration，thati8SOlutions  

which contain matriⅩelements at the same COnCentrations aBthosein the  

Samplesolutions・Byadoptlngthismethod，thenatureofbothsampleand  
Standard solutions can be matched and a5a reSult physicalinterferences  
related to nebulization and samPle transport arecance11ed・Spectralinter－  
ferencesbymatrixelementsarealsocompensatedforhecausetheappart：nt  
intensitiesfortraceelementsprovidedbymatrixelementscanbeaccomo－  
datedinthe calihration5Cheme．Uchidaeta117）successfu11y determined  
severaltraLCe elementsin sdicate rocks hy the use of matrix－matChed  
standard5．   

Althoughthematrix－matChedprocedurecanheexpectedtoprovidevalid  
analyticaldata，theconcentrationsofmaJOrandminorelementsinthesamPle  
solutjoTIS mu5t】）eknown hefore p∫ePanng thc8tandard solutions・Fortu－  
nately，themultielementanalysi5CaPabilityoftheICPtechniquecanreadny  
provideinformationonmatrixelementconcentrations・Forroutineanalysis，  
however，this procedure would he applicahle only whenthe matrices of  
SamPlestobeanalyzedareofsim止arCOmPOSition・  

InthisexperimentthedeterminationoftraceelementsinPondSediment  
was carried out employlng a2－POint calihrationprocedure，WherematriⅩ一  
matchedsolutionsereuSedforlowandhighstandards・TahleIXshowsthe  
elementalcompositlOnOfthelowandhighstandards・fIighpur吋metalsor  
metal－8altswereusedforthepreparationofthestandardsolutionstoreduce  
the possihilityofanalytecontamination・Eveninthepresenceofthehidl  
con6entrations of matrix elements，instrumentaldrift andfluctuation of  
emissionsignalswereinslg11ificantovertheonehouranalysisperiod・   

The analyticalvalues ohtained throughthe use ofthe matriⅩ－matChed  
standardsolution5a∫e訂VeninTahleX・TlleValuesareingoodagreementwith  
the certified or reference values for Pond Sediment，indicatiJlgthat this  
calihrationprocedureisquiteusefu1foroverallcorrectionofthevarioustypes  
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ofmatrixinterferenceinICP－AES．Because acerti鮎dreferencematerialisa  

homogeneousmaterialhy definition，amatriⅩ－matChedprocedureisalways  

Valid and of useinthe CRM field．ICP．AES coupled tothis calibration  

8Chememayprovidehigh1yaccurateresultsfortheCRMcertificationproces8・  

TablelX  

ComposltionofMatrix－matChedStandardSolutions  

Element LowStandard HighStandald Element LowStandard HighStandard  
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Units，掩／mlこLowandHighStandards，0．1Mperchloricacid   

・・．「、・・イヾ＝J・・＝＝∴lJ仙If＝I－   

ThesoIventextractionsystem，SOdiumdiethyldithiocarhamate（DDTC）and  
methylisohutylketone（MIBK），WaB employed to extract and concentrate  
Certainheavy metals and，atthe same time，tO remOVe matriⅩelements．  
Detailsofthisprocedurehaveheendescrihedinthepreviouschapterhutit  
ShouldbenotedthatsimultaneousextractiorLhy aBOIventextractiontech．  
nlqueisusual1v restricted to only a f仁W elements，depetldingonsolvent，  
Chelatingreagentandextractionconditions．ThedirectnehulizationofMIBK  
SOlutionintothepla8mahasnotheen乱1CCeSSfu11yperformedwiththedirect－  
readingICP spectrometer，SOthattheaciddigestedsolutions，afterevapo－  
rationofMIBK，WereuSedtodeterminetraceelements．Itwasnotedthatthe  

COnCentrationsofma］Orelementsinthefinalextractswereatinslgnificant  
levelswithrespecttospectralinterference．   

TheanalyticalvaluesohtainedhytheDDTC－MIBKextractionsystemare  
PreSentedinTahle Xanditcanheseenthatthereisgoodcon8i8tenCyWith  
the certified or reference values．CadmiuminPond Sediment couldnotbe  
determined hy the correction factor and matrix－matChed methods due to  
inadequatelCPsensitivityandtheoccurrenceofmatrixeffects・Forexample，  
theCd228．802nmlineissubjecttospectTalinterferencehytheAs228・812  
nmline16），andintypicalsedimentstherelativeconcentrationofAsismuch  
higherthanCd・0nlythe8OIventextractionapproachprovidedanaccurate  
ValueforCd・SoIventextractionwasalsoapplicabletoZn，Cu，Ph，NiandCo・  
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Table X 

ComparisonofAnalytlCalResultsforTraceElementsObtainedbyCorrectionFactor，  

Mat血－m且tCわeda几d5dYent】ミズtraCdoJ】Proc8dl打さS  

Correction  Matrix  SoIvent  Cenified or 

Element  Factor  matched  extraction  reference values 
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343土1（；  

210±12  
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6．CorlC～usわ几  

ICP－AEShasI）eenuSedforelementalanalysisofPondSediment・Anacid  
dis80lutionprocedurewithamixtureofnitric，hydrofluoricaJldperchloric  
acidshaBbeenemployedforthedissolutionofPondSediment・Theanalytical  
valuesohtainedbydissolutionandICPanalysisaregenerauyingoodagree－  
mentwiththecertiGedorreferencevaluesafterappropriatecorrections・A  
relativelylow value was ohtained for Cr due to prohably toincomplete  
dis＄01utionofthesamPleorlossoftheelementduringheating・   

Aninvestigationon8amPledilutionrevealedthatadissoIvedsolid8COntent  
COrre甲Onding tolgofPondSedimentin250mlismostq）PrOPriateto  
reducephysicalinterference・   

Corrections for8PeCtralinterferences u畠Ing COrreCtion factors，matrix－  
matched standards or soIvent extraction wereinvestlgated・Thecorrection  
factorme廿10di5COrlVenientforadirect－readingICP5peCtrOmeterandpro－  
videsfairly good analyticaldata・Forthispurpose correcdonfactor5aJld  
concentrations ofinterfering elements musthemeaBuredcorrectly andan  
appropnatesampledilutionfactorshouldheselectedtoreducephysicalinter．  
ferences．The matriⅩ・matChed method，Whereoveral1matrixeffectsarecan－  

ce11edoutinthecalihrationscheme，1Squiteusefu1forsamplesofthesame  
chemicalcomposition hutthe possihility ofiIltrOducing analyte contami－  
nationduringsolutiorlPreParationmustheconsidered・SoIventextractionis  
ofvaluewhenICPsen5itivitybecomesthelimitingfactor・AIsotheapproach  
mayheapplicahlet60nlyafewelements・   

DetailedinvestigationsofspeCtralinterferenceinthecaseofCowereper－  
formed with an SIT－OMA detectjon sy8tem and肌eChe11e spectrometer  
equlPPedwithaquartz refractorplate・Bothin5trumentSWereuSefu1for  
chaEaCteriEationandquantificationofspectralinterferenceduetolineovedap  
肌dbackgroundshifts・  
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CIIAPTERVI   

AnalysisofPondSedimヮntandRockReferenceMaterialshyInstrumental  
NeutronActivationAnalysiswiththeUseofNeutronSpectrumMonitors  

T．Takamatsu，M・Kawashima，R・MatsushitaandM・Koyama・  

J．」hfro（ブ混Cfわ几   

Neutronactivationanalysis（NAA）hasbeenappliedsuccessfu11ytoawide  
Variety of complex environmentalsamples for trace element analysis・  

Becauseofitsexce11ent5enSitivityformanyelementsandgenerallackof  
matrix effects，instrumentalneutron activation analysis（INAA）hasbeen  
usedtodetermineupto30elementsindiverseenvironmentalsamplessuch  
ashiologicalmaterials，SOilsandsediments・  

Instrumentalneutron activation analy5iscan beclassifiedintotwocate－  
gorieswithrespecttothesortofstandard5uSedandconsequentlytothe  
methodofcalculationofelernentalcontent・Oneapproachistheso・Cal1ed  
＝relativemethod”inwhichsaヮーPlesareirradiatedtogetherwithstandard5  
containlngtheelementstobedetermined・Thecalculationisstraightforward  
inthatitjustinvoIvescomparlngthetotalahsorpt10npeakareasnorITlalized  
tothecoolingperiodsforbothsarnPlesandstandards・Theotherapproachis  
sometimest：al1edtheHabsolutemethod”，the“fluxmonitormethod”，Orthe  

＝comparator method，，・Depending on the numher of comparatorsused，  
termssuchassinglecomparator？rmulticomparatormethodareused・lm  
pnnciple，the method for determlnationis hased on a calculation uslng  
nucleardatasuchascrosssectionsand7－rayaムundancesandalsoexperi－  
mentaldata such a5efficienciesforcountmg ′トraysandneutronfluxes  
whicharedeterminedbytheuseoffluxmonitorsofalimitednumber・   

Bothmethods have merits andlimitations．In the relative method，itis  

inconvenient to prepare the appropriate combinationofstandardswhich  
coveral1theelementstohe determinedinaglVenSamPle・Ilowever，the  
deteminationcanhecarriedoutwithoutanyknowledgeofnucleardata，  
neutronflux，neutrOnSPeCtraanddetectorefficiencies．   

Tkla批rmethodjni扇dlydevelope…y枇hkeefal．1）make5u5eOf  
only oneflux monitortodeterminealltheelementsinasample・This  
methodis，however，theoretical1yvalidonlywhentheneutronspectra，that  

isthethermalandtheepithermalneutron仇lXeS，areknown・Uncert  
associatedwithnucleardataandtheefficiencyofadetectorwillal呂Oleadto  

inaccurate re5ult5．However，COn5istency of the results aremaintained as  
longasthesameexperimentalcondition＄andnucleardataareused・  
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Girardielal．2）studieddle“absolute”methodbyusingcadmiumratios  
andcobaltasamonitor．Kimetal．3）meaBuredcadmiumratiostodetermine  
thethermaland epidlermalneutronfluxesbeforeor duringirradiation of  
Samples．HosteelaL4）haveproposedacombinationoffluxmonitorscon－  
8istingofelementswhicharesensitivctothermalaJld／orepithermalneutrons  
suchascobaltandgold，andrutheniumisotopes96Ru，102RuandlO4Ru・  
Schmidtetal．5）addedirontoruthenium．Themethodsofthelattertwoare  
theoreticallyexcellentfromtheviewpointthatneutronspectraandfluxes  
canhedeterminedforeveryirradiationwithoutBLnySPeCialdeviceforirradi・  
ation，SuCh ascadmium coveredirradiationinadditiontonon－COVeredones．   

Thepresentmethodappliedtothe抽alysisofPondSedimentandrock  
referencematerialsi5hasedontheestin1ationofnotonlyneutronfluxesbut  
also neutrontemperatureshyuslngaSetOfmonitorscon8istl11gOfcohalt，  
lutetium，叩timonyanduranium・   

2．rんeoreわcαJ   

AccordingtotheWestcottformalism6），theeffectivecrosssectionofa  
glVen nuClide canheexpressed asfollowsbyassumingthatthedistrihution  
OfthethermalneutronenergyisMaxwellianandthatoftheepithermalis  
l／トこ．  

ヱL rI，  
訂To  

（1）  ∂モ…00g＋  

（2）  
＝α0（g＋rs）  

1  

S 三＝ ＋  

ロ0  
（3）  

where′  

合：effectivecross5eCtion．  
00：COnVentiomalcrosssectionforneutronswithavelocityof2200m／sec・  
Ⅰ’：reSOnanCeintegralw仙acertaincut－Offenergyinwhichthel／vtailis  

subtracted．  

r：neutrOnSPeCtrumindex；inwellmoderatedsystem5，risreducedtothe  
ratioofepithermaltodlermalneutronfluxes．  

To：293・590KatwhichthernostprohablevelocityofMaxwellianneutrons  
become2200m／紙C．  

T‥neutrOntemPeratureatWhichthesamplesareirradiated・  
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IfweintroduceanewspectrumParameterr，asfo1lows，r’includesinfor－  
mationonthenuxratioandtheneutrontemperatureands’hecomesI’／00  
Which can he calculated from nuclear data．Itis clear，therefore，that s’  
equal5ZerOandg享Sunitywhenthecrosssectionofanuclideoheysthel／v  
la≠・．  

（4）  

（5）  

・J．1い∫…・トリlりJ川J亜叫・・十仙・、J…†仙…J…いJ＝刷り・血J†…lJり∫・JJ・小・  

Ifwecalculatetheweightofanelementhymeasunngtheinducedradio．  
activity whenusingtheconventionalthermalcrosssection and athermal  
neutronflux，thefollowlngeXPreSSionshold：  

W，1＝AIMl／ClnVoけ1  

W2＝A2M2／C2nVoα2  

where  

W，i：WeightofanelementcalculatedbyusIT唱theconventionalcrosssection   

（αi）  

A：meaSuredradioactivity．  
M：atOmicweightofanelement・  
C：factor for normalizing radioactivlty prOduction and decay，detector  

efficiency，γ・raybra11Chingrati0，isotopicahundanceっAvogadronumher，  
etc．  

nvo：thermalneutronflux：anarhitrarynumhercanbeused，incasesamPles  
andmonitorsareirradiatedtogetherandonlythespectrumindexi5  
needed．  

qi：COnVentionalcross5eCtionforneutronsofthevelocityof2200m／sec・  

ThetrueWeightmu5theexpressedbyusingtheeffectivecrosssectionina  
5imilarmanmerto山eabove．  
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（8）   Wl＝AIMl／ClnVoα1   

W2＝A2M2／C2nVoα2  

Gi＝αi（gi＋ー，s，i）  

The ratioW，i仲ihecomesthe ratio oftheconventionalthermalcross  
section tothe effectivethermalcross8eCtion．By takingtheratiofortwo  
nuclides，aneWquOtientFcanheobtained：  

W，1仰1＿gl＋r’s’1  （11）  

l、＝   

W2／W2 g2＋r’s’2   

Ifwechooseapairofnuclideswhichhavegfactorsclosetounityands’  
valuesquitedifferent，thespectrumindexr，canheeas辻yobtained：  

F－1  
（12）  

5，1－Fs’2  

Inthe ca5e Where a referenceneutronfieldsuch a5athermalcolumnis  
available，unCertaintyregardingthedetectorefficienciesandnucleardatacan  
hecaJICe11edoutaslongasthesamemea5urlngCOnditionsareused・Lctus  
assumethatthegfactorsofmonitorsareclosetounityandtheneutromfield  
i且Purelythermal・Fth，eXPerimental1yohtained，Canheexpressedasinthe  
equationbelowinwhicheachC，iObtainedbycorrectlnggrOWthanddecay  
ofradioactivityisnotrequiredtobeknown・   

Thecorrectionfactorforuncertaintyonnucleardatacanheobtainedhy  
Eq．（13）andthequotientF’insteadofFbyEq・（14）・  

Wl仲1  ＿C’1  （13）  Fth＝  

W，2仰2 C’2   

F，＝ F／Fth   
（14）   

Oncer，i80htained，theneutrontemperaturecanheevaluatedbymeasur－  
ingthe177Lumonitor・  

（15）   W，Lu／WLu＝gLu＋r’s’Lu  
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InTahleIgvaluesofseveralnuclide5areShownasafunctionoftemper－  
aturetogetherwitheffectivecrosssectiorlS・  

Tablel   

gFactorsandEffectiveCrossSectionsforSeveralNuclides  

Nuclicle 59Co In  197Au   176Lu  238u  

Temp・   
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Ef鮎ctivecrosssectionsarecalculatedatr＝0．03（Westcott’snotation）  

Unit：も訂n  

J、・リ・り・∫＝・・〃いJ   

a．Fluxmonitors   

Appropriate aJnOuntS Of standard solutions were pIPetted out with a  
micropipetteontoeitherMilliporefilters（HAWP47mmi．d．）orsheetsof  
aluminumfbilof99・9％purity・FortheanalysiBOfgeologicalreference  
materials，50鵬Ofcobalt，50打gOfchromium，20pgofantimonyandll、3  
JlgOfuraniumwere甲Ottedontothem・Afterthedropletsofspotted5Olu・  
tionswereair・dried，theMi11iporefutersweresealedinpolye廿Iylenebags  
andpackedinsamplecorltainersmadeofpolyethylenqAluminumfo辻swere  
usedforheavyirradiationsinahydraulicfacilityandMi11iporefilterswere  
usedforpneumatictubeaJldodlerirradiations．  
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b．Samples   

Twohundredmi11igramsofthegeologicalreferencematerialsonavcrage  
were welglledin sample containersmadeofcleanpolyethyleneandsub－  
jectedtoirradiation foronehour・Twentytothirtymilligram ofthose  
samples were alsoirradiatedinasimilarmannerforfiveminutes・Before  
packingweighedsamplesintoanirradiationcapsule，th0＄eCOntainerswere  
wrappedwithcleaJlpOlyethylenehagsinordertoreducechancesofcon－  
tamination during handling and irradiation. Five of those samples were 
packedinanirradiationcapsuletogetherwitllthemixedmonitors・   

c．Irradiation   

Thegeologicalreferencematerialswereirradiatedinthepneumaticfacili－  
tyNo・20fKyotoUniversityandothersamplesusedforcheckingthevalidi－  
tyofthepresentmethodinseveralfacilitiesaredescribedinTableII・  

TableII  

NominalNeutronFluxesinIrradiationFacilitiesUsedindlePresentWork  

Ⅰn  NeutemP  
．   

¢th  ¢epi   ¢fast  

＝ydraulicTube 8・15×1013 5・95×1012 3・9×1013  
pneumadcTubelⅢ3×1013 6．45×10113．2×1012  

，，2 2．75×10131．09×1012 6．0×1012  
＝ 3 2．75×1013 8．40×10114．8×1012  

E－2Hole  9．00×1010 6．50×1071．30×108  

0
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U
 
O
 
（
U
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n
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n
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∠
U
 
 

l
 
 

d．Measurement   

TheGe（Li）detectorhavinganactivevolumeof40mlor60mlcoupled  
to a NAIG4K multicha11nelanalyEerWaSuSedtomeasureγ－rayrSPeCtra・  
EfficiencycurveswereohtainedusingtheIAEAILICiand10FLCistandard  
SOurCeS．   

82Br，24Na，75se and152Eu were used a5We11tointerpolateand  
extend data points. 
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2001  

CHAluN【L NO．  

310l  

Figl・γray＄peCtnlmOfPondSediment・  
samplewt・，Ca300mg；irradiationstatlOn，Ph－2；  
imdiationtime，1hr；COOlingtime，Ca，18days・  
device，NAIG4KchannelMCAequippedwidlthe  
Ge（Li）detector（ORTEC，53cc）；COuntingt血e，2000sec・  
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e．Datatreatmellt   

TheprogrammeSnamedCOVIDNandGAMMA，bothofwhichwerede－  
Velopedhydleauthors，WereuSedtofindpeaks，CalculatepeakarCaS，identi－  
fynuclidesan4finallygiveconcentrationsbynormalizingcoolingperlOds，  
detector efficiencies，nuCZearconstants and neutron5PeCtrum W仙which  
SamPlesandstandardswereirradiated・COVIDN calculatespeakareasina  
similarmannertoamanualcalculationandGAMMAdoesithyfittingpeaks  
to a GaussianfunctionplusanexponentialwithabaselirleOfquadratic  
form．  

f．Nucleardata  

InTahleIII，nuCleardataonsomeofthenuclidesusedforcheckingthe  
methodarep－e艶nted．   

Reざ払J£5αけdβi5C11ggiorl   

a・ApplicationoftheneutronspectrummOnitormethodto＄tandardsamples   

Representativeelementswhichhavedifferentsensitivitiestothenuxra玩）  
wereexuTlined atvariousimdiation stations・Thecomparisonofamounts  
taken withthose calculatedis presentedin TahleIV・Althoughneutron  
SPeCtraareCOnSiderahlydifferent，fairlygoodagreementsareobtained・Itis  
moreimportantthat the values determined atthe differentirradiatioTl  
＄tationsaTeCOnSis士en士exceptinafewca5CS・Thedatainpa∫enthesesforLu  
inTahleIV arenotcorrectedfortheneutrontemperature・Thecalculation  
OfgvaluesbyEq．（15）revealedthattheneutrontemperatureSOfpneumatic  
facilitieswere80L85℃whichwereingoodagreementwith’nominal’values・   

b．AnalyticalresultsfoTgeOlogicalTeferencel－1ate止血s  

InTahleV，theanalyticalvaluesforJG－1（GeologicalSurveyOfJapan）  
BLndPondSedimentohtainedbyNAAandXRF areglVen・Inthecaseof  
JG・1，the GeologicalSurveyOfJapan（GSJ）hasheencompilingthedata  

－－ 
．， 

ranges of the reyorted values are cited for reference. Reasonably good 
agreementsareobtainedforInOStOftheelementsinJG－1exceptforcobalt・  
Sincecobalti畠OneOftheelement5WhichcanhecasiIyandaccuratelydeter－  
mimedもyneutroれaCtivat山一∬ldy5i5，払evduesforcobdtdgteminedby  
thc presentworkmayhemoreaccuratethantheaveragevalue reported・  
ChromiumconcentrationsinJG－1determinedhyneutronactivationanalysis  
are sometimestwice asmuch a5therecommendedvalue．Contamination of   
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TableIlI  

NuclearI）ataUsedinthePresentWork  

IsotoplC  E Brancllmg  
Element Nuclide Abundance  T旭 （keV） RatlO  Oo  I，  

26．5  0  

】．13   0．65  

1．00   84．Od   

O．003ユ  44．6d  

889．2  1．00  

1120．6  1．00  

142．4■  0．00き5  

192．2   0．028  

1099．3   0．565  

129】．6   0．432  

1173．2  1．00  

1332．5  1．00  

554．3   0．72（；  

77（i．5   0．835  

1044．0   0．271  

1317．4   0．265  

1Sl．0   0．070  

739．7   0．120  

778．2   0．048  

140．3   0．900  

564．1  0．630  

692．8   0．327  

125（i．8   0．DO65  

占02．7＊  0．粥0  

645．8＊  0．071  

722．8書  0．106  

169i．0＊  0．457  

‘04．6   0．980  

795．8   0．880  

328．7   0．21（i  

487．0   0．465  

1596．2   0．965  

177．2   0．220  

198．0   0．35  

307．7   0．100  

113．0●  0．066  

208．0   0．111  

479．5   0．2（〉0  

567．8   0．ヱ00  

685．7   0．320  

4】1．8   0．950  

228．2＊・0．120  

277．6   0．140  

Sc  46sc  

F8  59Fe  

37．0  50  

26．9  92  

1．00  5．27y   

O．493  35．34血  

Co  60co  

8r  82Br  

0．244   60．Oh  0．130  7．5  Mo   99Mo  

6．07h  

2．68d  
99mTc  
1225b  6．25  1き0  Sb  

4．32  120  β0．3d  124sb  

1．00  2．046y   

O．991  40．22h  

29．0  450  

臥20  7．5  

Cs   134cs  

La 140La  

0．0014   30．7d  3470  23500  Yb  169Yb  

0．02（i  6．71d  2100  1478  

37．8  420  

Lu  177Lu  

W  l即w  O′386  27・蝕  

98．8  1505  

2，74  280  
Au  198Au  l・00 2・甜7d  
U  238u O・99276 2・350d  

＊py・raySmarkedwerenotusedbecauseeithertheirbranchingratiosareinaccurateor   
theylikelytosufferhlndTanCeSbyodlernuClldes・  
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TablelV  

DeterminadonofStandardSampleshyMultintLXMonitorMethod  

Determinedvaluesatirradiationpositions  

Element  Added  pn－1  pn－2  prl－3   hydr・   E－2  

（噂）   （噂）  （鵬）  （喉）  （pg）  （嘱）  

Au  15．9  15．9   15．6  17．4   15．8   15．5  

8r  l00  104   109  99   103  

La  lOO  97  97  88  92  81  

U  ll．0  10．7   10．7  10．7   10．8   11．4  

Hf  l00  98   101   101  94  98  

W  l00  92  94  94   107  

Fe  30・Omg   30・7   30・6   30・0   30・2   29・6  

Cs  lOO  90  90  95  90  

Cr  lOO  96  98  ウ8  

Yb  lOO  94  94  92  94  80  

Mo  lOOO  lα10  1165  1070  1062  1053  

Sc  lO．0  11．8   12．6  11．8   11－3   11．9  

Lu  l00  （213）（209） （207）（226）（181）  
102  9ウ．5  9臥6 102  91．7  

800c  800c  80‘c l00Oc （iOOc  
97．8  

400c  

theelementduringthesamplepreparationandirradiationisveryunlikely，  
becausehlankrunSSOfareXaminedhaveneverexhibitedsignificantamounts  
ofthoseelementslistedinTahleV．ThereぉonforthisdiscrepancylSnOt  
elllar．  

TheconcentrationsoftheelementslistedforPondSedimentarecorrected  
foT仙ewatercontent（11％）whichwasme乱闘陀dinde匹nden叫byd竹山g  
samplesatllO．Cfor4hrs・Goodreproducihilityfortheanalyticaldataof  
tkmatedd甜鍔関ゎtbtPond5ed血帥tishomogeneol肘印刷かtobeused  
asacertifiedreferencematerial．  
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TableV   

NeutIOnActivationandX・rayFluorescenceAnalysISOfJG・1andPondSedlment  

γ－ay  D巳temhed  Reported  
Ⅲement Nuc出de （keV）  Comtモml Age一喝モ   R皿ge  

PondSモdimenl   

Content  

V山肌h％  

9）  
5）  

Value＄h％   

1．3‘－1，76  6．41！0．12（10）  
2，332．‘6 0．541士0．014（10）  

0．72直0．0柑（15）  

0．624士0，011（14）  

0．678！0．013（15）  

Value5血侭／g  

Fe・59 1099．0  1．45±0．05（  
Na－24 13686  2．4‘！011（  

A
 
A
 
F
 
F
 
F
 
 

A
 
A
 
R
 
R
 
R
 
N
 
N
 
X
 
X
 
X
 
 

e
 

F
N
a
K
C
a
T
l
 
 

V山esiIり一扉g   

（7）  4．‘  
（9） 43．2  
（7）・0．36  
（5）  3．3  
（5） 13．5  
（5） 52．7  
（9）  3，3  

（7）  

4．15－5，6   5，21‡0．14  
41．9－17   41．5士1．8  
0．22功．52  0．46！0．02   

2▼4．67  1．‘7±仇25  
11．5【15．6  5．81士仇27   
31一‘4   74．7士3．8  
3．1＿3．8   3．57±0．31  

1．45＿2，5   2．15！0．1⊆〉  

0．の！0．01  

4？0603  326‡56  
0．1－2．0   2．37±0．12  

10．6！1．O  

15．4！0．7  

9，310，‘  3．90±0．42  
433－557   792±8  
6．44－8．0   26．5士0．4  
17l【202   48．1！5．9   

2－28   2‘．8‡0．9  

5．‘0‡0，4   

55士6  

0．64！0．08  

3．53±0．18  

14．5±1，20  

‘9．7±20．0  

3．59士0．25  

3．08‡0．40  

仙
N
A
A
N
A
A
M
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
N
A
A
慧
重
器
 
 
 

9
 1
 

Sm－153  103．18  

Ce・141 145．43  

Lu．177  20B．34  

Np－239  277．63  

Pa－2二13  311．98  

Cr．51   320．07  

Hト181  482．O  

Yb－1（】9  197．95  

Au．198  411．8  

Ba．131  496．23  

S
m
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h
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n
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仙
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伽
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50且鮎0（5） 462  
Sb－122  564．10  0．‘6土1．20（3）  
As－7‘   559．1  
Bい82   776．5  
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C＄・134  795．7（；  

Mh－5（〉   846．6  

Sc・4‘   889．25  

Rb．86  107臥80  

Co一石0  1173，21  

Ta・182 1221．38  

Eu－152 1408．02  

山一140 159‘，40  

【0．4】  
0．90±0．0‘  

18．1！0．6   

31±3  
238±2  
382士‘  

114！2  
119±1  

0．‘2－0．75  

18－22．5  

NAA：Newtr皿aCtiYa也on弧血y由，XRF：X－raynuO－e舐e爪Ceび叫「由S  
（）二Numt衿川rdetem皿a血ns，【1：R8uかes血ほ也仰  
mec8ntent80rPondSedlmenl血相ba父doれ山em払terlaldrledatllOて1bI4hrs．  
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∬′り′Jhβ柁JCeCgA〝ゆ∫fざ「ズ尺円0′Aフ〃d∫ed加e〝r   

仏力Jrm椚e〃ねJわ〃   

Anenergy－dlSperSive X－ray fluorescence spectrometef（ORTEC，ModelTEFA－6111）  
equippedwi血aPDP．11／05cornputerwa＄uSedfortheelementalanalysISOfPondSeql・  
ment．AspectrumanalysiswasperformedwithaSEEKprogrぴl（developedbyORTEC）  
Whichincludesbackground subtracdon，Peaksearchlng，andGaussianpeak丘tting．The  
measurementconditionsoftheX－raynuOreSCenCeSpeCtrOmeterare血owninTableVI，  

TableVl．X・rayfluorescerlCeSpeCtrOmeterCOnditlOnS  

Ta∫get：  

Voltage：  

Current：  

一弘tel：  

Ⅹィaypa血：  

Counting time 

Mo  

50 KV 

50I仏  
Mo  

Air  

4000－8000sec．  

わ．5加Id〟血βreJeme乃fdα〃め′JfJ   

Aseries ofartlficialrefeTenCeStandardswerepreparedbyaddingknownamountsof  
the desired elements to dried（110℃，4hrs）anl1ydroussedimentaJy Silicatesandby  
m血Igin肌a酔teb亜¶l山foTll10Ⅵr．neCOnCentratlOnramg¢SOftheelementsh血e  
Calibration standardswereasfo1lowsこK：5・25，Caニ10・50，Ti：l・5，Mn：0．5－2．5，Fe：20－  
100，Ni：0．01－0．05，Cu：0．02－0．10，Zn：0．1－0．5，Pb：0．Ol－0．05，As：0．01・0．05，Rb：0．05－  
0・25，Sr＝0，1・0．5mg／g．Approprlate amOuTltSOfal1theelements，therangeofwhichis  
ment10nedabove，Wereaddedtoeachcalibrat10nStandard．   

C．肋〆epJ℃pα〃rわ〃   

Tkst弧血l血弧ds訂nple～Wele止血dhm馴enatllO℃bI4hTSbefoTe弧由ysis．  

Fifty川oftheinternalstandardsolution（Cs＝100mg／ml，Se：1mdmi）wereaddedto  
500mgoftheartificialreferencestandardsandsamplesO）ondSedlment）．Afterdrying  
agalnatllO℃for4hrsandmixlnginaJlagateball・mi11for30min，theanalysisbased  
OnthedirectmeasuTementOfpowderedsampleswasperformed．Theanalytical1inesused  
Wef8血el戚1blPb8nd也eK明知也eo血モーelements．TheIヵ11ineofCswasusedas  
anintemdstandardforK，Ca，Ti，MnandFe，andtheKa11ineofSewaschosenas  
intemalstandardforNi，Cu，Zn，As，Pb，RbandSLIntemdstandardisationispreftrable  
inorder to compensate forinstrumentalandsampleload皿gVariations，Thecalibration  
CurVeSWereeStablishedbyplottingthepeakratlO，1x／Ii．s．，WhereIxandIi．s．arethepeak  
山emitieso一也e desiredel¢mentando一也eintem血standaTd，†eSpeCtively．1n也ec禍e  
Where soilor sediment samples are being analyzed，Fe orsometimesMn，Whichare  
usuallythe mqjor mctallic element5in such samples，absorb X－raySOfelementssuch  
asNi，CuandZn．ThismatrixeffectoftenresultsinunderestimatingtheaJlalytlCalvalues  
OfNi，Cu and Zn．Therefore，inthe presentwork，thematrixeffectcorrectionwas  
executed by refe【ringto the contentofFe．The analyticdvaluesfoTPondSedment  
ObtainedbyXRFarealsoincludedinTableV．  
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CHAI｝TIミRVⅡ  

TheCertificationofPondSediment  

K．Okamoto  

Thereferencematerialcertifiedforelementalcompositionisindispensable  
toanalyticalmethodsifaccuracyandpreci8ioJlaretOheachievedandmain－  
tained・Tomeettheever．increaBlngdemandfromthemanyareasofscience  
andindustry，gOVernment・SupPOrted bodiesinanumberofcountriesare  
activelyinvoIvedin・theissuaJICeOfvariouscategoriesofCRMs．InJapan，the  
NationalInstitute forEnvironmentalStudies（NIES）recendyinstigateda  
CRM programme to servethe need50f environmentalscientistsandthe  
hotanicalreference material，Pepperbush，WaSthe first standardissued・  
Reportsonthepreparation，andysisandcertificati6nofPepperbushCRM  
have heen puhlishedl－4）．ThesecondCRMtohei8Suedisageological  
Sample，PondSediment，thepreparationandanalysi50fwhicharedescrihed  
inthepreviouschaptersinthishooklet・Othercategoriesofenvironmental  
CRMsalreadypreparedincludechlorella，freeze－driedserum，hairandmussel  
andanalysi5isunderway・  
Itlthischapter，WeShalloutlinetheprocedurestakentoenablethecertifi－  

Catior10f Pond Sediment・Theinitialstage ofthe certification process  
requlreSanalyticaldataforthevariouselementstoh：Obtainedfrominde－  
Pendentandestahlishedanalyticaltechniques・Aco11ahorativestudyonthe  
ele血entalanalysisofPondSedimenthasbeencarriedoutwithanumherof  
Japanese scientists andtheanalyticaldataohtainedhyvariousanalytical  
techniques are first presented. 

The ce誼fication ofeleme山血compositionh弧been peげormeduslng  
analyticaldataohtainedatNIESandhythecollahoratinglahoratories・The  
Criteria for certification of elementalcomposition，and the certification  
processforPondSedimentaredescrihed・Thecertifiedandreferencevalues  
forPondSedimentarealsolisted．   

J・l仙J、JJ川Jノー両血中・・、J川J車…Jト・J・、Jり＝・・＝hJ＝＝小、′川ノ、   

PoJld5e（ゴim帥f   

‖Thereareessentia11ytwomode60fmeasurementleadingtothecertifica－  
donprocess：1）thedirectorin－housemodeand2）theinterlaboratoryor  
COnSenSu8mOde・Each ofthesemodeshasitsown advantagesanddi8ad－  
VantageS・AttheNationalBureauofStaJldards（NBS，USA），OVer90％ofthe  
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CRMsarePrOducedthroughthedirectorin・housemode・Theadvantagesare  
thathothtechnicalandmanagerialcontrolisinthe handsofafewwe11－  
qualified scientists and managers・However，eXtenSive and up－tO・date  
mea餌reme雨metho由u占111gthemostaccuratein紬umentsarecosllyamd  
CRMsthusproducedarelikelytoheexpensive，butthemostseriousobjec－  
tion to this modeis thatindependent as紀SSrnent Ofthe workhecomes  
difficult，ifnoteconomlCal1yprohibitive5）”．   

At most nationalandinternationalstandards organi2・ations，theinter－  
1aboratorymodehasheenusedforcertifica也on・Thi8mOdehasanadvantage  
thatthrouかa紀riesoflahoratoriesaneValuationofanalyticalmethodsand  
characteri2．ation ofthe overal1uncertaihtiesofthemethodscanbeobtained  

sinceinformationonwithinandbetweenlahoratoryprecisionisavailable・  
However，OureXPeriencehasshownthatadangerwhichexistsinuslngthe  
interlahoratorymodeisthattheoveral1uncertaintyforthepropertiesunder  
measurementvery oftenI光COmeSmuChlargerthaLntherangeacceptedfor  
cer捕cation．Cali5）stTeSSed，in士heiLlterlahoratoTymOde，thatitisindis－  
penBahletoknowtheqt］alityoftheparticipatinglahoratoriesandtoinsist  
OntheuseofapriorCRMastheunknowninordertol㌍ahletoassurethe  
lal）OratOry’5WOrkisundercontrol・   

AtNIEStheanalyticaltechnique8Currentlyavailahlearelimitedsothat  
analy8eSOfPondSedimenthaveheenperformedintheinterlahoratorymode  
uslngVariousanalyticaltechniquesat311ahoratories・Theanalyticaltechni－  
quesusedfortheelementsinPondSedimentaresummarizedinTaI）leI・At  
NIES，atOmical）SOrPtionspectrometry（AAS），flameemis＄ionspectrometry  
（FES），inductively coupled plaBma emission spectrometry（ICP），Ⅹ－ray  
瓜10reSCenCe甲eCtrOITletry（XRF），andspectrophotometry（SP）haveheen  
employed・Analyticalresults hy the ahove technique＄and hyisotope  
dilutionmassspectrometry（IDMS），instrumentalneutronactivationanalysis  
（INAA），instrumentalphotonactivationanaly＄is（IPAA），SpeCtrOfluorimetry  
（SF），graVimetry（Grav），POtentiometry（Pot）andvolumetric乱n月Iysis（Vol）  
have also heen provided by collaboratlnglahoratories・More than50  
elementsinPondSedimenthaveheendeterminedby12independentanaly－  
ticaltechniques．   

2．Coope相加g上′αムorαforie5   

TableIIindicatestheprlnClpalinvestigators，addres虻5，andcodenumhers  
forthecollal）Oratlnglahoratories，1nCludingmemhersofstaffofNIES・Most  
ofthecollahoratlngParticipantsarememhersoftheresearchgrouponCRMs  
under the chairman5hip of Professor T・Kiha（Kana2・aWaInstitute of  
Technology）andhadpreviousexperienceinanalyzingNBSRiverSediment  
standardreferencematerial．  

ー82一   



Tabl（∋I   

AnalyticalTechnique5UsedforElement5  

Analytical Teehnique Element  

AtomicahsorptlOnSPeCtrOnletry（AAS）  As，Ca，Cd，Co，Cr，Cu，Fe  
Hg，K，Mg，Mn，Na，Ni，Pb  

Rb，Sh，Sn，Tl，Zn  

K，Na，Rb  

Al，Ba，Be，Ca，Cd，Co，Cr  

Cu，Fe，K，Li，Mg，Mn，Na  

Ni，P，Ph，Sc，Si，Sr，Ti，V  

Y，Zn，Zr  

Br，Ca，Cu，Fe，K，hln，Ni  

Pb，Rb，Sr，Ti，Zn  

Ag，鮎，Cd，Cu，pも，Rl），Sr  
TI  

Al，As，Au，Ba，Br，Ca，Ce  
Co，Cr，Cs，Cu，Eu，Fe，Hf  
In，K，La，Lu，Mg，Mn，Na  

Rb，Sh，Sc，Se，Sm，Sr，Ta  
Tb，Th，Ti，U，Ⅴ，W，Yb  
Zn，Zr  

As，Ca，Co，Cs，Fe，Mg，Mn  
Na，Ni，Ph，Rb，Sb，Sr，Ti  
Y，Zr  

Al，As，Cr，Fe，Mn，P，Sb  
Ti  

Eu，Se，Sm  

Al，Ca，Si  

Al，Ca，Fe，Mg  

Br，Cl，F  

Flameemissionspectrometry（FES）  

Inductivelycoupledplasmaemission5peCtrO－  

metヮ（ICP）  

X－rayfluorescencespectroITletry（ⅩRF）  

Isotoped山tio－1maS占坤eetrOme叫′（IDM5）  

lmstrumentalneutronactivationanalysis（INAA）  

Instrumentalphotonactivadonanalysis（IPAA）  

Spectrophotometry（SP）  

Spectrofluorimetry（SF）  

Gravimetry（Grav）  

Volumetricanalysis（Vol）  

Potentiometry（Pot）  
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TablelINamesandAfmiationsofCouaboratmgAnalysts  

LaboratoryCodc PrmcipalhYeStlgatOr  A侃i且t10n  

NationalhstltutCforEnvlrOnmentalStudleS，Chemistry＆PhysicsDivision，Ibarak1305．  
路姐，Water＆SoilDlⅥSion，Iba∫a最305．  
KyotoUlliY．，ResearchReactorInst．，DiY．OfHotl．ab．，Kumatorl－Cho，Scnnan－gun，Osah590－04，  
GⅦmaUnivりDept．ofCbem鳩tⅣ，Ki叩，Gunma376．  
SagamlChemicalRescarchCentre，Ni血l－0lmuma，4・4・1，Sagamhara・Shi，Kamgawa229，  
Tokyol鮎t．OfTechnology，Dept．ofEnvlr．Chem．＆Eng．，Nagat＄uka，Midorl－ku，Yokoh且ma227．  
KyotoUniv．，RescarchReactorhst．，DiY．OfHotLab．，Kumtorl－Cho，Senn肌・gun，Osah590・04．  
Kago血mlaU山Vリmemicalhst．，Koon∬10tO，1－21・35，Kago血1ma890．  
AoyamaGakuinUniv．，CollegeofSci．＆Tech”16－1，ChltOSedai6，Setagaya，Tokyo157．  
TohokuUniY．，Dopt，OfChemistry，Aoba，Sendai980．  
Niig＆taUnlV・，Ikpt．ofChcmistry，IgaTaShi，Nilgata950・21，  
Kyu血uUniY．，Dept．ofChemistry，Hakozaki，Higashiku，Fukuoka812．  
KaJlaZaWaUmiv．，Dept．ofChcmistry，MarunOuChl，1・1，Kanazawa812．  
UniY．OfTsukuba，Dept．ofChcmistry，Sakura・mura，Ibarak1305．  
TokyoMetfOpOlltanIsotopeRescarchCentre，2・11・1，Fukazawa，Setagaya・ku，Tokyo15B・  
KLnklUnlY．，Dept．ofChemistry，Kowakae，Higa血1・Osaka，Osaka577．  
KeioUniv”Dept．ofApplicdChcmistry，HlyOShi、Kohoku－ku，Yokohama223．  
JapanChemicalAnalysisCcntre，295－3，Sanno－Cho，Chlba－Shl，Chiba281．  
NagoyaUniv・，Dept・OfChemistry，Nagoya，AICh1464・  
Klt8＄atOUniv・，SchoolofHy癖enlCScience，l・15・1，KltaSatO，Sagamihara・Shi，228．  
Muroranhst・OfTeclm0logy，Dcpt．ofApplledChemistry，Mizumoto－Cho，27・1，Muroran一曲iO50・  
lnst．ofPublicHealth，Dept．ofRediolo辞Caltlealth，6．1，ShiLOganedal，4，Minato－ku，TokyolO8・  
TokyoUniY．，Coue辞OfGeneralEducation，Jkpt．ofChem．，Komaba，3・8－l，Meguro－ku，153・  
IbarakiElectrlCalCoI－m，Lab．，NipponTelegraph＆TelephonePubllCCorp．，Tokai，Ibarak1319・11・  
TokyoUmiv・，Ikpt・OfChemistry，Hongo7・3・1，Bunkyo－ku，Tokyol13．  
TokyoUniY．，Dcpt．ofAgnc，Chemistry，Yayoil－1・1，Bunkyo－k11，Tokyo，113．  
TokyoMetropolltan Res．hb．ofPublicHealdl，Hyaku血＜ho，3－24－1，Shin］uku－ku，Tokyo160・  
UmiY，OfTsukuba，ChemicalAnalysisCenter，Sakura－mura．IbaTaki305．  
K弧a伊WaPr¢托ctu血hlbucHea仙Lab．，NakaひCho，As血1・ku，Yokohama241・  
TokyoMetropolltanRcs．hst．forEnYifOn．ProtectlOn，Yurakucho，2・7－1，ChlyOda・ku，TokyolOO・  
NugataCityWaterWorksBureau，Aoyama，1283・6，Nilgata950－21．  
FishcrScientificCo．，Jarreu．AdlDiY．，590LincolnSt，，Waltham．Mass，02154，U．S．A．   

0
1
0
2
0
3
糾
0
5
鵬
0
7
0
8
0
9
1
0
‖
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
謂
2
9
3
0
3
1
3
2
 
 

K．OkむnOtO  

T．Takama也u  

M．Koy釘n乱  

n．Ak由wa  

M．Ambe  

M．1chikum  

S．Iwata  

M．X朋I18da  

K．Kimura  

N．Suzuki  

T．Sotobaya血i  

Y．T血ima  

K．Terada  

K．Nag血Ia  

S．Na伊tSuka  

Y．Nidlikawa  

Y．H8血imoto  

H．Ham昭血i  

M．Furukawa  

Y．Mu∫akar血  

M．Mu∫OZulm  

N．Yamagata  

K．Wa也nllkl  

K．Kudo  

H．Haraguc揖  

S．Toda  

E．Tsuchiya  

K．Nozu  

H．Taka由  

Y．T血a盛Ii  

K．Ym且gaki  

V．Luciano  

－
0
0
A
－
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ご、l・い－恒ハりJト∫J小・、Jこりハり・J、ハ晶…J   

TableIIIcompilestheanalyticalvaluesforPorldSediment，theanalytical  
techniquesemployedandthecodenumberofthecollaboratingparticipants・   
TheaJlalyticalproceduresemployedatNIESandthoseforINAAhave  

h，enrePOrtedindetai1inChapterIII－VI・Thecooperatlnglahoratorieswere  
requested to perform determinationsforelement5Whichtheycon＄idered  
theywereequlPPedtodo・Theresultsreceivedfromtheparticipatinglabora・  
torieswerenormalizedwhenevernecessary，forexample，tOtheappropnate  

unitB・Incompuingthedatathefo1lowingprocedureswereadopted・  
（1）Al1valuesgiveninTahelIIIweretakenfromtheoriginalreportsofthe  

particIPaJltSWithaslitdechangeaspossihle；SlgnificantBguresofthevalues  
glVenintheTahleareidenticaltothoseofthedatareportedbythepartici－  
pants・  

（2）Data which were reported based on”silica，gel”dry weight were  
normalizedtothatl）aSedondryinginanair－OVenatllOOCfor4hrs（mean  
mois山reloss，11％）．  

（3）Whenalahoratoryemployedtwoormoreindepehdentarlalyticaltech－  
nlqueSforthesameelements，themeanvalueproducedhyeachtechnique  
wastreatedandpresentedseparately・  

（4）DisregardingdifferencesindetailedproceduresexistingamongirLdividual  

1ahoratories which used the same method，the averages of the value5  
0もtainedbyeachtechnique weTeCdc111ated・   

4．Cer種cαfわ托0／Po几d5edfme几f   

‖The tem reference materialis used to describe a generic class of  

well．characterized，Stahle，homogeneousmaterial，PrOducedinquantityand  
having one ormorephysicalorchemicalpropertiesexperimentally deter－  
minedwithinstatedmeaBurementunCertainties”6）．Inthepreparationand  
certificatior10feachreferencematerial，therefore，itmustheassuredthatthe  

materialisuniformBLndstahle，andthattestmethodsproviderepeatahleand  
consistentresults．RefererlCematerialsarecertifiedusingthedataobtained  
by accurate andreliableanalyticaltechniquesand，eVentual1y，theproper－  
de＄CertifiedarecondensedintotheformpresentedondleCertificate，Where  
thenumericalvaluesareexpressedintotwoparts：thecertifiedvalueofthe  
PrOpertyaJlduncertaintyofthisvalue・   

Hereweneedtoconsiderthereliability ofanalyticalresultswhichisa  
funcdonofaccuracyandprecision（reproducihility）・Theprecisionofresults  

intermsofthestandarddeviationcanreadilybedeterminedforanalydcal  
methods hyinternalmeasurements．The determination of accuracylS，  
however，nOeaSytaSkandtheevaluationofeachanalyticalmethodwith  
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TableIlI   

AnalytlC如Ⅴ山es（掩／g）rorPondSe血Ⅵent  

Element  v山車（掩／g）  Technique  Laboratory Code 
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Ⅴalue†（〃g／g）  Technique  Laboratory Code 
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Value†Odg）  Technique  Laboratory Code 
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Value†小g／g）  Technlque  Laboratory Code 
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A
A
S
購
諾
ぽ
 
 

1
 
1
 
つ
ん
 
4
 
5
 
′
b
 
文
U
 
1
 
3
 
4
 
∠
U
 
7
 
（
b
 
1
 
4
 
5
 
7
 
（
U
 
l
 
つ
山
 
0
 
0
 
0
 
∩
）
 
0
 
0
 
0
 
1
 
－
▲
 
l
 
1
 
1
⊥
 
l
 
つ
ん
 
（
∠
 
つ
▲
 
つ
ん
 
3
 
3
 
3
 
 

q
ノ
 
0
 
3
 
4
 
 

0
 
0
 
0
 
つ
J
 
 

つ
一
つ
】
 
2
 
1
 
 

0
 
0
 
0
 
0
 
0
 
 

0
 
／
O
 
l
 
l
 
／
○
 
 

つ
ん
 
（
ノ
ー
つ
ん
 
2
 
2
 
 

∩
）
 
5
 
′
0
 
5
 
0
ノ
 
 

つ
⊥
 
l
▲
 
R
U
 
ハ
U
 
q
ノ
 
 

つ
】
 
つ
ん
 
l
 
つ
▲
 
l
 
 

0
 
（
X
）
 
4
 
2
 
 
 
0
 
 
 
′
D
 
2
 
5
 
5
 
 

9
．
1
1
2
5
 
．
1
0
2
2
4
 
2
 
 

0
・
・
l
 
l
 
l
 
l
 
l
 
l
 
l
一
－
－
 
1
 
1
 
 

へ
J
 
7
 
7
 
つ
‘
5
 
／
b
 
7
 
▲
X
）
 
q
ノ
 
つ
】
 
4
 
 

∩
）
 
0
 
0
 
1
1
 
1
 
1
 
1
 
1
 
1
 
つ
▲
 
つ
▲
 
 

l11AA  

INAA  

INAA  

INAA  

INAA  

SF  

INAA  

】NAA  

INAA  

l11AA  

INAA  
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Element  Value†（FLg／g）  Technique  Laboratory Code 

6．62（Wt．％）  

6．43  

6．30  

6．41  

6．52  

6．47  

6．37  

5．98  

6．78  

7．01  

6．47  

6．25  

6．68  

6．32  

6．98  

6．9  

6．05  

7．2  

6．70  

占．04  

6．28  

6．7  

6．58  

6．16  

6．7  

6．70  

6．31  

6．6  

6．91  

6．37  

6．68  

l
－
▲
 
つ
ん
 
3
 
4
 
ノ
b
 
7
 
7
 
q
′
 
q
ノ
 
O
 
l
 
つ
ん
 
3
 
4
 
5
 
／
b
 
7
 
R
U
 
父
U
 
q
ノ
 
0
 
つ
～
 
つ
J
 
■
4
 
5
 
7
 
8
 
q
ノ
 
l
 
つ
‘
 
 

0
 
（
U
 
O
 
O
 
n
）
 
0
 
（
U
 
（
U
 
（
U
 
人
U
 
l
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
つ
】
 
（
∠
 
つ
‘
▲
∠
 
つ
】
 
つ
】
 
つ
】
 
つ
】
 
3
 
3
 
 

ICP  

AAS  

XRF  

INAA  

SP  

AAS  

INAA  

INAA  

INAA  

AAS  

IPAA  

AAS  

INAA  

AAS  

ICP  

INAA  

SP  

INAA  

INAA  

AAS  

INAA  

INAÅ  

1NAA  

VOL  

INAA  

SP  

AAS  

ICP  

INAA  

tCP  

fCP  

1，77（Wt．％）  

1．29  

1．63  

1．97  

1．5ユ  

5
 

0
1
 

7
 
4
 
4
 
 
 
4
 
 
 
（
U
 
 

5
 
4
 
9
 
〔
ユ
 
1
 
4
 
∩
フ
 
 

3
 
3
 
つ
】
 
つ
ユ
 
▲
て
 
4
 
3
 
 

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

JNAA  

0
3
0
7
0
7
0
0
1
2
1
7
柑
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Value†（Jdg） T  Technique I．aboratoryCode  

S
 
S
 
5
 
S
 
S
 
S
 
舶
心
血
心
血
A
A
 
 

2
 
3
 
4
 
8
‘
リ
 
 

■
．
3
．
2
3
A
．
3
 
 

1
 
5
 
（
8
 
つ
‘
つ
■
 
′
b
 
 

（
U
 
O
 
O
 
l
 
つ
】
 
つ
】
 
 

lI1  0．23  

0．‘7叫Wt．％）  

0．692  

0．720  

0．71  

0．69二）  

0．58  

0．63  

、0．77  

0．66  

0．78  

0．70  

0，64  

0．68  

0．64  

0．72  

0．592  

0．58  

0．78  

0．75  

0．622  

0．76  

0．60  

0．71  

諾
W
慧
仙
地
肌
A
A
S
F
E
S
禦
㌫
A
A
仙
餌
蝕
1
N
A
A
豊
地
雷
糟
 
 

0
1
0
1
0
2
肋
0
6
0
7
0
7
0
9
‖
1
2
1
3
1
4
1
5
1
7
柑
1
9
2
0
2
2
2
3
2
4
2
5
鯛
3
2
 
 

」
1
．
2
8
．
1
5
 
 
4
3
8
9
4
 
 

8
 
5
 
3
 
／
b
 
′
0
 
1
 
8
 
7
 
／
b
 
l
 
′
D
 
5
 
 

1
 
1
 
1
 
1
 
1
 
つ
ー
l
 
l
 
l
 
つ
】
 
l
 
l
 
 

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA 

INAA  

INAA  

INAA  

INAA  

3
 
7
 
7
 
q
′
 
つ
▲
 
5
 
7
 
父
U
 
q
ノ
 
0
 
つ
】
 
0
ノ
 
 

0
 
0
 
0
 
（
U
 
l
 
l
 
l
 
l
 
1
 
2
 
つ
】
 
つ
一
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Element  Value†OJg／g）  Teclmique  Laboratory Code 

0
1
0
1
鋸
鋸
鵬
0
9
0
9
0
9
1
0
‖
1
2
1
3
1
6
1
8
2
0
2
3
2
8
3
2
 
 

0．925（Wt．％）  

0．785  

0．7（；  

0．76  

0．796  

1．04  

0．82  

1．01  

1．00  

0．74  

0．85  

0．79  

0、71）  

0．59  

0．70  

0．78  

0．68  

0．80  

S
 

冊
描
A
A
m
A
A
S
A
A
S
A
A
S
A
A
S
m
摘
A
A
S
A
A
S
描
諾
灯
 
 

0
1
0
1
0
2
0
3
鋸
0
6
0
7
0
7
0
9
1
0
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
8
1
9
2
0
2
4
2
5
2
7
祁
 
 

7
9
8
7
7
4
6
8
1
7
9
2
剛
8
3
4
剛
7
～
3
綱
掴
8
6
。
7
2
2
7
～
。
Ⅷ
7
5
6
8
3
。
7
3
3
6
9
7
7
6
。
8
6
3
Ⅷ
7
6
9
5
7
2
∽
 
 

一92－   



Element  Value†（Pdg）  Technlque  L＆boratoryCode  

722  ICP  31  

790  ICP  32  

5
 
2
 
4
 
ノ
0
 
7
 
つ
ー
 
O
 
l
 
l
 
l
 
l
 
つ
ム
 
 

0．44（Wt．％）  

0．45  

0Aユ  

0．38  

0．45  

0．44  

0
1
0
1
0
3
糾
0
0
0
7
0
7
0
9
1
0
1
2
1
3
1
5
1
7
1
7
1
8
1
9
2
0
2
2
2
4
罰
3
2
 
 

諾
M
F
E
S
温
1
N
A
A
柚
相
加
F
E
S
m
A
 

A
 

0．534（Wt．％）  

0，5（；2  

0．541  

0．60  

0．508  

0二567  

0．537  

0．61  

0．629  

0．60  

0．59  

0．54  

0．58  

0．60  

0．588  

0．S5  

0．59  

0．598  

0．47  

0．65  

0．43  

0
1
0
1
0
2
桝
1
0
1
3
2
5
2
8
3
0
3
2
 
 

監
慧
Ⅲ
霊
灯
A
A
S
灯
 
 
 

′
b
 
7
 
つ
山
 
 

受
U
 
8
 
 

1
 
5
 
1
 
1
 
q
ノ
 
0
 
8
 
4
 
3
 
3
 
（
J
 
3
4
 
3
 
 

1
 
5
 
4
 
0
0
 
1
 
つ
‘
 
（
U
 
（
U
 
l
 
つ
】
 
3
 
3
 
 
 

l
α
S
P
Ⅳ
Ⅳ
Ⅳ
Ⅳ
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Valuel（他／g）  Technique  Labaratory Code 

1
0
0
7
1
9
糾
0
3
0
0
9
8
0
3
鋸
0
5
0
3
0
6
0
5
 
 

禁
還
A
A
S
A
A
S
…
A
A
S
諾
慧
A
A
S
A
A
S
 
 
 

l
 
l
 
▲
フ
ー
4
 
8
 
0
 
1
 
3
 
4
 
1
 
5
 
7
 
0
 
∩
）
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
つ
ん
 
つ
】
 
つ
】
 
3
 
 

9
4
 
 
．
1
ム
ー
5
0
 
 2
 
 
8
 
 

3
 
3
 
0
 
0
0
 
7
 
0
 
5
 
▲
X
）
 
0
 
／
b
 
7
 
1
 
4
 
4
 
5
 
4
 
勺
J
 
4
 
4
 
4
 
5
 
4
一
J
・
4
 
 

諾
温
州
A
A
皿
Ⅲ
仙
仙
仙
Ⅲ
眺
 
 

l
 
l
 
つ
エ
3
 
7
 
7
 
0
 
5
 
n
B
 
9
 
0
 
1
 
 

∩
〉
 
0
 
0
 
∩
〉
 
（
U
 
O
 
l
 
l
 
l
 
l
 
つ
ん
 
■
ソ
 
 

3
3
8
」
」
5
 
4
 
5
4
 
．
1
 
．
1
つ
J
′
h
〉
′
0
 
 

つ
‘
▲
ソ
 
1
 
つ
】
 
つ
】
 
へ
J
 
へ
ノ
ー
1
 
つ
▲
 
つ
▲
 
2
 
2
 
1
 
1
 
 

っ
J
 
7
 
0
0
 
0
 
1
 
3
 
5
 
7
 
7
 
 

（
U
 
O
 
O
 
l
 
l
 
l
 
l
 
l
 
l
 
 

′
0
 
5
 
0
 
0
ノ
 
▲
ソ
ー
（
J
 
7
 
′
0
 
7
 
4
 
′
D
 
8
 
 

つ
一
2
 
つ
▲
 
つ
】
 
轟
ノ
■
 
へ
∠
 
 

l
 
つ
J
 
7
 
7
 
Q
／
一
ソ
 
 

0
 
0
 
0
 
0
 
（
U
 
l
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Ⅴalue†（掩／g）  Technlque  Laboratory Code 

4
 
 
 
n
フ
 
つ
】
 
 

5
 
0
 
0
 
0
 
【
る
 
7
 
9
 
′
b
 
n
）
 
つ
‘
3
 
3
 
3
 
つ
】
 
つ
】
 
つ
‘
3
 
つ
▲
 
 

ICP  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

ICP  

4
 
5
 
7
 
0
0
 
q
ノ
 
0
 
2
 
4
 
8
 
1
 
1
 
i
 
l
 
l
 
つ
‘
つ
‘
つ
一
っ
‘
 
 

0．50  INAA  

O．57（i  SF  

44．5（Wt．％）  

45．99  

45．85  

46．33  

45．70  

48．4  

43．93  

V
 
V
 
V
 
V
 
V
 
 

凧
心
服
刷
咽
…
…
 
 

桝
0
6
0
9
2
3
2
5
3
1
3
2
 
 

l
 
q
／
 
t
〕
 
 
 
つ
】
 
0
 
7
 
0
 
 

2
3
 
0
2
7
4
∵
j
 
5
 
5
 
5
 
5
 
4
 
5
 
4
 
5
 
5
 
 

3
 
5
‘
リ
 
7
 
（
8
 
q
ノ
 
つ
▲
 
n
7
 
 

（
U
 
l
 
l
 
l
 
l
 
l
 
へ
∠
 
2
 
 

耶
1
4
1
6
3
0
9
5
0
8
7
6
0
3
 
 

1
 

0
0
 

3
 
1
 
 

9
 
5
 
軋
〇
．
 
 

つ
J
 
9
 
1
 
（
古
 
 

2
 
（
J
 
4
 
7
 
〇
一
U
 
（
U
 
O
 
 
 

A
A
舶
仙
舶
 
N
 
N
 
N
 
N
 
 

7
 
7
 
〔
‘
8
 
 

0
 
0
 
1
 
1
 
 



Value†（帖／g）  Technique  hboratoryCode  

へ
J
 
7
 
7
 
2
 
7
 
史
U
 
（
U
 
つ
】
 
（
U
 
O
 
n
）
一
－
 
1
 
1
 
つ
一
（
∠
 
 

lNAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

1
 
3
 
 
 
5
 
 
 
つ
‘
 
 

0
0
 
／
O
 
Q
ノ
 
つ
】
 
9
 
5
 
′
】
U
 
5
 
5
3
2
5
4
－
5
4
5
．
 
 

0．62（Wt．％）  

0．678  

0．38  

0．77  

0．619  

0．59  

0．58  

0．71  

0．70  

0．‘07  

0．61  

0．59  

ICP  

XRF  

INAA  

INAA  

IPAA  

INAA  

INAA  

INAA  

INAA  

SP  

ICP  

ICP  

1
1
 
つ
】
 
7
 
q
ノ
 
＜
U
 
5
 
7
 
（
6
 
0
 
5
 
0
0
 
つ
ん
 
 

（
U
 
O
 
n
）
 
O
 
l
 
l
 
t
・
1
 
1
 
2
 
つ
】
 
つ
】
 
3
 
 

l
 
つ
】
 
 

0．31  AAS  

O．468  mMS  

3
 
1
 
8
 
 

0
 
1
 
1
 
 

1
 
7
 
7
 
5
 
7
 
0
0
 
9
 
（
U
 
史
U
 
l
 
つ
⊥
 
 

0
 
（
U
 
O
 
l
 
l
 
l
 
l
 
つ
▲
 
つ
】
 
3
 
3
 
 

ICP  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

INAA  

ICP  

ICp  

ICII  

4
 
Q
ノ
 
9
 
0
 
0
 
0
 
5
 
5
 
＜
U
 
5
 
0
0
 
 

5
－
▲
 
9
 
4
 
5
 
4
 
／
b
 
5
 
（
古
 
8
 
つ
一
 
 

つ
一
つ
▲
 
1
 
2
 
つ
】
 
つ
ん
 
つ
ん
 
2
 
つ
▲
 
つ
▲
 
2
 
 0

 
4
 
2
 
 

1
 
1
 
3
 
 

7
 
 
 
0
 
 

′
0
 
0
 
1
 
 

つ
ム
 
2
 
つ
】
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Value†（捕／g）  Technique hboratoryCode  

■
ヽ
、
「
■
 
「
－
 
．
」
．
」
 
9
′
0
 
 

つ
‘
▲
ソ
】
 
（
∠
 
つ
】
 
 

INAA  

INAA  

INAA  

INAA  

3
 
つ
▲
 
8
 
4
 
 

0
 
1
 
1
 
つ
ム
 
 

鵬
4
3
氾
4
7
5
6
叫
3
1
0
0
3
8
6
0
3
7
諏
4
0
6
0
6
0
4
0
2
9
9
0
4
2
0
6
 
 

3
 
つ
J
 
3
 
3
 
3
 
3
 
つ
J
 
3
 
3
 
3
 
M
 
3
 
3
 
3
 
3
 
3
 
3
 
つ
】
 
3
 
3
 
 

研
摘
肘
岬
A
A
S
A
A
S
購
A
A
S
A
A
S
仙
餌
温
蝕
諾
諾
器
 
 

0
1
0
1
0
2
脚
0
6
個
1
1
㍑
1
3
1
7
1
8
1
8
1
9
2
4
2
5
2
5
2
7
2
8
3
1
3
2
 
 

2
 
1
 
3
 
つ
】
 
 

3
 
3
 
1
 
0
 
 

q
／
 
0
 
4
 
つ
▲
 
 

O
 
1
 
1
 
3
 
 

16．8（Wt．％）  

17．96  

17．O  

16．9  

18．33  

17．5  

18．50  

17．亀8  

V
 
V
 
V
 
V
 
V
 
V
 
V
 
V
 
餌
餌
R
A
餌
餌
餌
餌
餌
 
 

G
 
G
 
G
 
G
 
G
 
G
 
G
 
G
 
 

Ⅰ卯itioll  

Loss  

5
 
q
ノ
 
ウ
J
 
■
q
 
′
O
 
1
 
3
 
5
 
0
 
0
 
1
 
1
 
1
 
〈
ノ
ー
つ
】
 
つ
▲
 
 †basedondryweight（atllOOcfor4hrsinanal川Ven）・  

＊ CHN田山yser．  
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respectto仇eirinl1erentaCCuraCylSindi＄Pen5ahleifcer捕cationistohe  
achieved．Onthehasisofpurestati5ticalconsiderationsitisdifficulttojudge  
whichvalueisclosesttothe＝truevalue’’．   

AtNBS，analyticalmethod6areClassifiedconsideringtheiraccuracyinto  
thefol18Wingcategories：（1）definitivemethod，（2）referencemethod，（3）  
field method．”A definitive methodisoneinwhichallmqorslgnificant  
parametershavebeenrelatedbydirectora501idchainofevidencetothe  
haseorderivedunitsoftheSI（IntemationalSystemofUnits）”7）．AtNBS，  
isotope diludonmas5SPeCtrOmetry（IDMS）hasheenextensivelyusedas・a  
de且nitivemethodfortheaccuratemeasurementofinorganicconstituentsat  

■ 
い． 

staff1AtNIESafacilityforIDMSisnowunderconstruction・  
“Areferencemethodi＄amethodofprovenaccuracy・Heretheaccuracy  

oftheme払odre5tSOれOrisdemon抽atedu5ua山yby（butnotalway5）a  
definitivemethod．Referencemethodsaregenerallyarrivedathyconsensus・  
Thatis，fairlyextensivetestingoftheaccuracyclaimsaremadebyanumher  
oflahoratoriesheforeitsstatusisacceptedhythemeasurementlaムoratorie5  
thatwiuheusingthemethod”7）．TheaccuracyofareferencemethodcaJl  
also he establishedthroughtheuse ofaCRM（s）whosepropcrty（ie8）has  
beenaccuratelydeterminedbyadefinitivemethod・Sincereferencemethods  
requirehidlly ski11edscientistsandmoderatelysophisticatedinstruments，  
theymaynotalwaysheacceptableforroutinefieldusewheretimeandcost  
areimportantconsiderations・   

Theclas8ificationofanalyticalmethodshyNBSisreasonahleandpiacti－  
callyusefu1forthecertificationprocess・Inotherwordstheclassification  
providesaviableapproachtocertification・Thecriteriausedforcertification  
ofelementalcompositionofPondSediment，Whichcorrespondtothoseused  
atNBS，aTea8follow5＝（1）Thefir5teriterionisthatanalyticalvalue5Should  
bedetermined”byadefinitivemethod叩，forinstance，lDMSandgravimetry・  
Twoormoreindependentanalyseshythedefinitivemethodsare，however，  
required．（2）ThesecorLdcriterionis”hytwoormoreindepeTldentreference  
methods叩，forexample，AASandINAA・   
Basicallyweemployedbothcriteriaforthecertificationoftheelemental  

compositionofPondSediment・fIowever，theIDMSresultsprovidedhave  
notcompletelysatisfiedthefirstitembecausethedatarepresentedreplicates  
atonelaboratoryonly・AlsotheelementsdetemlinedhyIDMSwerelimited  
owingtotheprincipleandcapabilityofthemethod・Inordertocertifythe  
elementalcompositionofPondSediment，therefore，Weadoptedthevalues  
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determined not onlyhyIDMShutalsobyreferencemethods・Forthose  
elementswherevalueswerenotdeterminedbythedefinitivemethod，the  
analytical values determined by two or more reference methods were 
adoptedforcertification・   

TableIVshowstheelementsandtheanalyticaltechniquesusedforanaly－  
Sis of Pond Sediment・The definitive method，thatisIDMS，ha5been  
employedtodetermineAg，Ba，Cd，Cu，Ph，Rb，SrandTl・Threeormore  
independentreferencemethodshavealsoheenusedforeachelementcerti－  
fied・Atomic ahsorptlOTISpeCtrOmetry has been used most frequendy・  
Neutronactivationanalysishasheenfrequentlyusedformultielementanaly．  
sis while inductively coupled plasma emission spectrometry has been 
employedforsimultaJleOuSmultielementanalysis．  

TableIV  

AnalyticalTechniquesandElementsDetermined  

MAJORCONSTITUENTS  

Aluminium  

Iron   

MINORCONSTITUENTS  

Calcium  

Potassium  

Sodium   

TRACECONSTITUENTS  

Zinc  

Copper  

Lead  

Chromium  

Nickel  

Cobalt  

Arsenic  

Cadmium  

ICP INAA SP Grav Vol 

AAS ICP XRFINAAIPAA SP Vol  

AASICP．XRFINAAIPAA Grav VoI  

AAS FESICP XRFINAA  

AAS FESINAAIPAA  

AAS ICP XRF INAA  

AAS ICP XRFIDMSINAA  

AASICP XRFIDMSIPAA  

AAS ICP INAA SP 

AAS ICP XRF IPAA 

AAS ICP INAA lPAA 

AASINAAIPAA SP  

AAS ICPIl）MS  

Ahhreviationsusedforanalytical：teChnique5areindicatedinTahleI  
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Next，Weneedtoillustratehowthecertificationwa5PCrformed・Letus  
Considerlead・Therewere13independerLtanalyticalvaluesforleaddeterr  
mined by AAS，ICP，IDMS，IPAA and XRF，aSPreSentedin TahleIII・  
Grubhs’sorPearson－Stephens’sstatisticaloutliertestlO，11）wasfirstapplied  
todetermirleWlletheranyresultsshouldbere］eCted・InthecaseofLead，  
hoththelowestvalue（82pg／ghyICP）andthehjghestvalue（119pg／ghy  
XRF）weresuspectedtobeoutlierssothatPearson・Stephens’soutliertest  
WaSapPlied・BothvalueswerejudgedtoheoutliersatdleSignificancelevel  
Of5％，thustheremaimlTlgllvalue5forleadwereusedforfurtherstatistical  

treatmemt・Analyticalproblemsassociatedwithincompletedissolution（ICP）  
andinstrumentalimprecisioIl（XRF）werealso5uggeStedaftercon5ideration  
Ofanalyticalvaluesforotherelementsprovidedbytherespectivemethods・  
Theentirerangeofleadvaluesliesbetween98and110pg／g．Theoverall  
meanandstandarddeviationarecomputedtohelO4・7and3・2pdgres－  
PeCtively，therefore，theoverallmean±2timesthestandarddeviationislO5  

±6〝釘g．   
Herewerleedto甲PlainhowweeざdmateddleullCert且intjesor加0Ver亜  

error50f the certified values・Uncertaintyincludes samPle variahility，  
measurement errors and po8Sible hiasamOng analyticalmethods・As  

mentionedinChapterII，thehomogeneitytestforcertainelementsindicated  
thatsamplevariahilityamOnghottlesmayl）eCOnSiderednegligible．There－  
fore，WeShouldconsidermeasurementeirorsand5yStematicerrorsamong  
methods．   

Usingtheexampleoflead，theestimationoftheaccuracyandprecision  
減封kexpl血ed・Figl血ow5山eentirerange（1），払eoverdlme諷±2  
timesthe standarddeviation（2），the95％confidenceintervalcomputed  
fromthe AAS results（3）whichincludesthevaqiationwithinandbetween  

lahoratories・The95％co・lfidenceintervalscomputedfromIDMS（4），IPAA  
（5），andICP（6）resultsoI）tainedatonelaboratoryarealsoindicatedinFig  
リ∴   
Second，We Should considerso・Cal1ed possiblebia50rSyStematicerror  

amonganalyticalmethods・InFigl，thecenterofthehorizontalline＄indi－  

CateSthe mean foreach method・Itis apparentthatasmal1bia5eXists  
hetweendlefourmethods（3）（4）（5）（6），thoughtheoverallmeaJl（2）is  
almostidenticaltothemeanoI）tainedbyIDMS．Justnow，however，thereis  

れOtenOuかdatatoes血Iatebia5amOれgtheIれethod5．Oneway由tou8ethe  

meanohtainedhythedefinitivemethod（IDMS）asthetruevalue乱ndthen  

toestimatethe accuracy oftheothermethods．Asfortheleadcontentof  
PondSediment・mOreindependentresultshyIDMScouldmakethispossihle・  
InthiscaBe，thecertifiedvalueforleadinPondSedimenthasbeene＄timated  

tohelO5pg／g，hasedontheconsiderationsofthemeanobtainedbyIDMS  

ー】00－   



andtheoveral1meanofthellvalues．Theuncertaintyofthecertifiedvalue  
hasbeenestimatedtohe6FLg／ghasedom2timesthestandarddeviationof  
thellvaluesandthe95％confidencelimitsforthefourmethods．   

The certifiedvaluesforPondSedimentareglVeninTahleVandthecri－  
teriaforcertificationwere similartothatusedinthecaseoflead，namely  
thecertifiedvaluesarebasedonconsiderationoftheoveral1mean±2times  
the standard deviation aIld the 95 ％ confidencelimits ofthe various  
methods．  

CertifiedValue  
lO5土6〃釘g  

一
■
V
 
■
■
一
 
 

一
 
3
 
2
一
丁
 
 

湘   102   115  118  

Pb（〃釘g）  

111  

Figl．SuJnmaryOfmeanvaluesandconfidenceintervalsforleadbyvariousanalytical  

teclmiques  

（1）En山erangeorv山甲repOrted（ou山ersa－e一句ected）・  
（2）Mean±2・由gma（山Ⅴ山esexceptf8－Ou山ers）  
（3）95％conndenceintervalforthcmean（AAS）  
（4）959らconfidenceinteⅣdねー也emean（DMS）   
（5）95％conndenceintervalforやemean（IPAA）  
（6）95％confidenceinteⅣdねー也emean（ICP）  
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Table V 
CertifiedandReferenceValuesforPondSediment  

Certified Values 

Element  content瀞  

MAJORCONSTITUENTS  

Aluminium  
Iron  

MINORCONSTITtJENTS  

Cal（：ium  

Potas5ium  
Sodium  

TRACECONSTITUENTS  
Zinc  
Copper  
Lead  
Chromium  
Nickel  
Cobalt  
Arsenic  
Cadmium  

（Wt．Percent）  

10．6士仇5   

6．53士0．35  

（Wt・Percent）   

0．81士0．06   

0．68±0．06   

0．57±0．04   

（哩座）   

343±17   
210±12   
105±6   
75±5   
40士3   

27±3   
12±2   

0．82±0．06  

ReferenceVdues  

（Wt・Percent）  

21  

0．64  

0．14   

（〃釘g）  

770  

250  

110  

42  

Silicon  
Titanium  
Phosphorus   

M卸ganeSe  

Vanadium  
Strontium  
Rubidium  
ScandiuIn  
Lanthanum  
Bromine  
Antimony  
几Iercuげ  

n
O
 
7
 
7
 
0
 
3
 
2
1
1
2
．
1
 
 

鶉Dryweighthasis‥Sedimentwa5driedinanair－0VenatllO℃for  
4hrβ（me卸mOi5turelos8，apprOXimatelyll％）・Thevdue5rePreSent  
atot山肌dysis・  
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・；．J吋…・・・l・血ハノり川りいぃ・・・J川州J   

The referencevaluesforPondSedirnentarealsoincludedinTableV．The  

referencevalues are defined asthose valueswhichwere conBistentbutwere  

Ohtainedbyonlyonereferencemethod，Orinthecaseoftwoormorerefe．  
rence method5uSed，if some aTlalyticalproblems were suspected・For  
example，HgwasdeterminedbyonlyAAS，andLawasdeterminedhyonly  
INAA．Boththese casesneed moreindependentresults・Asforthe other  
elementslistedinTableV，theresultsbytwoormoreindependentanalytical  
techniqueswereclose，however，furtherexaminationofthesampledissolu－  
tion procedureis required・We hope that with additionaldatareference  
valuescouldresorttocertifiedvaluesatalaterdate．  

Re声re乃Ceざ   

l）Okamoto，K．，Yamamoto，Y．＆Fuwa，K・（1978）ニAnal・CheTn・，50，1950  

2）Okamoto，K．（ed）：Preparation，Analy5isandCertificationof   
PEPPERBUStlStandardReferenceMaterial，NIESResearchRepo｛t   

．＼◆れ川  

3）Okamoto，K．（1982）‥乱打5e最，No・5，319  
4）Okamoto，K．（1982）：“KankyoIhnsekinoShuhotoIlyoka’’，KibaT・   

etal（ed），P199・210，TokyoDaigakuShuppanKai  
5）Cali，JP．（1980）：“ProductionarldU＄eOfReA，renCeMaterials”，   

Schmitt，B．F．（ed），P443－448，BAM，Berlin  
6）UrianD，G・A・＆Grav机C・C・（1977）：CRCCrit・Re肌血αⅠ・仇em・，  

6，361  
7）Cali，J，P．＆ReedP．P．（1976）：NBSSpecialPublicaEion422，   

＝AccuracyinTraceAnalysis‥Sampling，SamplefIandlingand   
Analysis”，LaFleur，P・D．（ed），Vol・1，P41－63  

8）Paulsen，P．］．（1977）：NBSSpecialPhbucation492，“ProceduresUsedat  
theNationalBureauofStandardstoDetermineSelectedTrace   
ElementsinBiologicalandBotanicalMaterials”，MavrodineanuR・（ed），  
P33－48  

9）Cali，，．P．，Mandel．J”Moore，L．＆Young，D・S．（1972）：NBSSpecial  
PLL♭ucatioI1260r36，”ARefereeMethodfortheDeterminatlOnOf   

CalciuminSerumM，P63－81  
10）Gruhbs，F・E．＆Beck，G．（1972）：Technometncs，14，847  
11）PearsoItE．S．＆Stephens，M・A．（1964）：Biometnha，51，484  
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環境標準額料「地底質」の調製，分析  

及び保証値  

計測技術部 岡本研作（編）   

近年の環境問題の深刻化に伴い，様々な環境試料の分析が行われている。環境試料は組成  

が複雑なこと，安定性及び均一性に乏しいこと，測定対象物質の濃度が低いことなどの理由  

により，その分析は一般的に難しく，分析値は信頼性に乏しいと考えられている。環境の評  

価や政策の決定は環境分析の結果に基づいて行われるので，環境試料の分析において最も重  

要なことは”正確な‘′分析値を得ることである。   

分析値の正確さを向上し，確証するために，①正確さが証明された標準分析法を用いる方  

法．②構成各成分の化学分析値が確定された標準試料を用いる方法．が通常用いられる。実  

際の化学分析においては，各実験室の設備や装置，化学者の熟練度が異烏るため，分析方法  

自身についての評価を行うことは時間や費用の制約もあってかなり難しく，現実には標準試  

料という物質を剛、て測定システムの正確さを校正、評価することになる。このように，標  

準試料は化学分析において基準物質として使われ，そのうえにたって分析化学的方法が開発  

される学問上の重要な基礎となっている。社会的にも，品質保証，精度管理．環境分析など  

の基準として，標準試料の重要性は年々増大している。   

標準試料は元来，商工業製品の品質の公正化，商取引の円滑化を図るために作製されたも  

のである。現在でも標準試料の大部分は商工業に関連した金属，ガラスなどであり，生物や  

環境試料などの天然物を用いて調製したr′Soft′’な標準試料の歴史は比較的新しく，1970年代  

初めにNBS（NationalBureau of Standa王ds，米国標準局）から配布されたOrchard  

Leaves（果樹薫）．Bovine Liver（子牛肝臓）が代表的なものである。NBSから引き続き  

数種類の環境標準試料が配布されており，IAEA（1nternationalAtomic Energy Agency；  

国際原子力機関）などの国際機関では近年標準試料のプログラムを強力に推進している。こ  

のように，標準試料は社会的要求を直接的に反映しており，近年の環境問題の広がりに伴い  

分析方法の開発や分析精度の管理向上のために，とくに天然物を用いてその化学組成が確定  

された槙準試料の重要性が再認識されてきた。   

以上のような背景をふまえ，計測技術部では，分析化学的な基礎研究に加えて，環境分析  

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」を経常研究の一つと  

して昭和52年産より開始した。この中で最初に環境標準試料として作り上げた「リョウプ」  

（Pepperbush，NIES Nnl）については，国立公害研究所研究報告，第18号「Preparation，  

Analysis and Certification of PEPPERBUSH Standard Reference Material」（1980）  

の中で，詳しく記載されている。本研究報告書は，リョウプに続いてNIES恥2として完成  

された環境標準試料「地底質」（Pond Sediment）について調製法，分析法および保証値を  
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中心として記載してあり；7葺から成る。   

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，標準試料の保証値を決定  

するためには，様々な分析技術をもつ研究機関と協同で分析することが不可欠である。匡】立  

公害研究所では，このような主旨から，分析化学に長年従事されている20名の方々に地底質  

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6章を執筆していただいた小山  

睦夫助教授（京都大学原子炉実験所）もその一人であり，特に中性子放射化分析法がこの研  

究に極めて重要であることから．理論と分析結果が第6章として記載されている。  

第1章 環境分析における底質試料  

Sedim8ntSin Envirohmente［L AnalYSis  

計測技術部 岡本研作   

本章は，この報告書における序として，環境分析の目的と現状，環境試料一特に底質試料  

の特徴，底質標準試料の現状および国立公害研究所における標準試料プログラムについて述  

べる。   

環境分析の主たる目的は，現在の環境の質を正しく把握し，環境の変化を検知してその起  

源や機構を解明し，環境の保全に努めるとともに将来の変化に対処することにある。このた  

めに，おびただしい数の環境試料の分析が行われている。環境分析において現在もっとも要  

求されていることば，分析値の正確さである。たとえば過去の分析値が信頼性に乏しいため，  

測定対象物質の経時変化を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行政的対応が出来ない場合もある。   

環境分析における分析値の正確さを向上させるためには，①正確さが証明された標準分析  

法を用いる方法，⑧構成各成分の化学分析値が確定された環境標準試料を用いる方法があり，  

両者は同時にまたは単独で用いられる。標準分析法としてはJISや環境庁で定められた方法  

が用いられているが，いまだ十分とは言えない。ここでは，標準試料という’■物質′′を用いて  

分析値の正確さを評価し，向上させるという立場から，環境分析と標準試料について考える。   

底質は，形成される時に有機物や無機物を取り込むので周囲の環境を直接的に反映してい  

ると言え，過去の気候や地質の変化および人間活動の記録となり，特に理想的な条件下では  

環境汚染の貴重な記録となる。実際に，湖底や海底から底質の”コアサンプル′′を採取して，  

年代別に様々の角度から測定が行われている。また，底質は吸着，イオン交換などの化学反  

応や生物活動の結果として重金属を濃縮するので，水中の濃度が低すぎて測定できない場合  

にも，底質試料中の重金属は容易に測定することができるので，周囲の環境を知ることがで  

きる。特に人工的な有機化合物については，ある時期に突然発見され，しだいに増え続ける  

という現象が明瞭に現れる。有機物は底質中で重要な役割を果しており，例えば重金属と結  
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合してそれを不溶イヒまたは可溶化したり，時には揮散させることがある。   

底質は極めて複雑な性質をもつので，底質試料の分析にあたっては細心の注意が必要であ  

る。試料は均一性に乏しいので良く混合することが必要であり，試料の乾燥条件，pH，Eh  

などに注意する必要がある。底質試料の分析結果を表す場合．「全分解法」または「溶出法」  

のどちらに基づくかを決めなければならない。前者の場合には，アルカリ溶融法やフッ化水  

素酸を剛、た酸分解法が地球化学や分析化学の分野で広く用いられている。「溶出法」の場  

合には，D，1規定塩酸やEDTAを用いた溶出法が土壌学や植物栄養学で用いられている。  

どちらの方法を採用するかは研究目的による訳で，標準試料の分野では「全分解法」に基づ  

く保証値が定められている。地底質試料の分析結果も，「全分解法」に基づいて表されてい  

る。   

地球化学の分野では，米国地質調査所を中心として様々な岩石標準試料が配布されている。  

これに対して，底質標準試料は，試製．分析ともに難しいことから，その数は限られている。  

環境庁では近年，「関東ロpム」「河川底質」を共通試料として，Cd，Cr，Asなどの分析  

値のクロスチェックを行ったが，未だに分析値のばらつきが大きい。NBSからは「River  

Sediment」が配布されており，IAEAでは「IJake Sediment」について推薦値を定めている。  

他の関連機関でも底質標準試料を作製中であり，こうした中で国立公害研究所から「地底質」  

標準試料が配布されることの意義は大きい。   

NIES Nnl「リョウブ」，Nn2「地底質」に続いて，Nn3「クロレラ」についても保証値  

が最近定められた。人体試料は環境試料の中でも特に重要なものであり，Nα4「人血清」，  

恥5「頭髪」の分析が進行中である。生物を使った環境モニタリングの一つとして，ムラサ  

キイガイ（Mussel）を使って海洋の汚染を監視することが世界的に広く行われている。NIES  

Nn6として「ムラサキイガイ」粉末の標準試料を調製し，現在，分析を進めている。「リョ  

ウプ」「地底質」に続いて，これらの試料についても，国立公害研究所報告としてまとめら  

れる予定である。  

第2章 地底質試料の調製  

Prep8r8tion of Pond Sedim8nt  

計測技術部 岡本研作  

東京大学理学部 岩田泰夫   

国立公害研究所では，環境分析における底質試料の重要性を考慮して，NIES Nn2として  

底質標準試料の調製を行った。東京大学三四郎他の底質（約500kg）を採取し，2mmのふ  

るいを通して異物を除去した後，フィルター上に集めて約2週間風乾した。風乾試料はアル  

ミナボールミル申で粉砕し，ナイロン製ふるい（50，100，200メッシュ）を通して最も均一  
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性が良かった200メッシュ以下の試料を標準試料の調製に使用した。約40kg（200メッシュ  

以下）の試料を2分器を11回通して均u化し，2，000本のガラスビンに約20gずつ充填した。  

底質試料は微生物の作用を受けやすいため，殺菌操作を行うことが必要である。池底質試料  

では，コバルトー60照射による殺菌を行った。   

標準試料として確立されるためには．まず試料の均一性が良いことが不可欠である。地底  

質試料の均一性を調べるために，11本の試料をランダムに選び，1ビンから3試料をとって  

酸分解→原子吸光法により重金属を定量し，ビン間のばらつきを推定した。同じ試料を国立  

公害研究所と東京大学で独立に分析した結果，試料問のばらつきは極めて小さく，標準試料  

として十分に均一なことが判明した。   

底質のように有機物含量が高い試料については，試料の乾燥条件を注意深く選ぶ必要があ  

る。熱天秤を用いた実験から1100cそ4時間乾燥すれば恒急に達することが示され，また共  

同分析の結果，この条件で再現性の良い水分減量が得られたので，池底質標準試料の乾燥条  

件として110℃，4時間が設定されている。  
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第3章 X繰光電子分光法による地底質の表面化学組成の分析  

An81YSis of the Surface ChemicalComposition of Pond Sediment by X－  

ray Photoelectron Spectroscopy  

計測技術部 瀬山春彦  

相馬光之   

地底質標準試料は非常に均一な粉末であるが．粉末を構成している各粒子別にみれば，当  

然，異なった化学組成を持った幾種頬もの粒子の混合物である。更に個々の粒子も何種頓か  

の化学物質の複合したものであると考えられ，粒子の表面の化学組成もまたバルクの組成と  

は異なっているであろう。特に底質粒子の表面の化学組成は粒子の起源に依存するばかりで  

なく，環境中で，物質の沈着や溶脱などによる変化をうけている可能性があり，いわば底質  

試料の来歴に依存しているものと考えられる。表面の化学組成に関する知見は，バルクの化  

学物質組成，拉度別元素組成などとともに，試料の特性を示すものとして，標準試料を使用  

するに際し，有用な知見となろう。X線光電子分光法（XPS）は，X線照射によって放出  

される電子のエネルギー分布を測定し，放出電子の属した元素を同定する分析法であるが，  

団体の表面数十A程度の厚さの層の元素組成，元素の属する化学種に関する知見を，試料の  

非破壊的測定によって与える点でユニークな分析法である。   

本章では，XPSの原理を簡単に紹介したあと，定員分析の手続を，底質試料分析の目的  

に即して概説し，C，N，0，Al，Ca，Fe，Mg，Na，P，Si．Tiなどの主成分元素の表  

面層における平均組成の測定結果を述べ，更にスペクトル顔の位置から得られる各元素の化  
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学結合状態についての知見を略述した。表面の元素組成を他章で詳述されているバルクの元  

素組成と比較すると，表面層でほ．有機物に帰属されるC，Nの濃度が高く，この有機物に  

より部分的に′′希釈〝されている以外は変化の少ないSi，Tiなど，おそらく溶脱により表面層  

で著しく欠乏しているNaなど，吸着により表面濃縮の過程もあると考えられるFe，Pなど  

に区別できることが明らかとなった。  

第4葦 原子吸光法による地底質試料の分析  

Analysis of Pond Sediment by Atomic Absorption Spectrorn8try  

計測技術部 岡本研作   

地底質試料の分解には，硝酸フッ化水素酸一過塩素酸を使った酸分解法を剛、た。通常，  

1g試料を酸分解して100mlとした試料を原子吸光分析に用いたが，DDTC－MIBK抽  

出法を用いてCdやPbなどの分析を行った。ヒ素の分析では，底質調査法の硝酸一硫酸分解  

法を用いた。   

底質中のCaやMgの分析では，大量に存在するAlの妨害作用を除くため．Laを添加して  

標準添加法を行うことが望ましい。Zn，Cu，Pb，Ni，Coでは，検量線法，標準添加法，溶  

媒抽出法ともに，比較的一致した値を得た。Cdの原子吸光分析では，共存元素の影響を防ぐ  

ため，溶媒抽出することが必要である。Crの分析では，試料の前処理としてアルカリ溶融法  

が良く．酸分解法では低い分析値を与える。また、ヒ素の水素化物を発生させる操作では共  

存物質の影響を受けやすいので，標準添加法を用いる必要がある。水銀の分析では，加熱気  

化一叙トラッ7潤子吸光法とゼーマン水鋭分析計を用い，一致した値を得た。  

第5章 プラズマ発光分析法による池底質試料の分析  

Analysis of Pond Sediment by lnductively Coupled Plasma Atomic 

Emission Spectrometry  

計測技術部 岡本研作  

西川稚苗  

〝 C．W．McLeod   

プラズマ発光分析法（ICP）は，高感度，化学干渉が少ないこと．検量線の直線範囲が広  

いこと，多元素同時分析などの優れた特長のゆえに．近年，急速に環境分析に用いられてき  

た。しかし，ICP分析法の一つの問題点は分光干渉であり，特に底質のようにFe，Alなどの  

主成分元素の存在下で微量元素の定員を行う場合には，細心の注意が必要である。分光干渉  

は．①発光線の重なり，㊤パックブランドのシフト，に分けられる。底質の分析では，ある  
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程度の分光干渉は装置的にやむを得ないので，問題はいかにしてこうした干渉作用を定量化  

して．測定値を正しく補正するかということになる。分光干渉を補正するために，①補正係  

数法，④マトリックスマッチ法，㊥溶媒抽出法を比較検討した。補正係数法は，直株式ポリ  

クロメ一夕一方式の分光器では実用的な方法であり，地底質試料についてもある程度保証債  

と一致した値を得た。しかし，この場合は，試料の液性に基づく物理干渉の影響を無視でき  

ず，試料はできる限り希釈して標準溶液と液性を合わせる方が良い。マトリックスマッチ法  

は，試料中と同じ濃度の主成分元素を標準溶液（Low，High共）に加えるので，分光干渉  

の問題が消去され，また物理干渉も液性を合わせたことにより無視できる。マトリックスマ  

ッチ法により保証債と良く一致した値を得たが，本法の問題点は組成が似た試料についてし  

か適用できないこと，試薬（主成分元素）中の不純物の影響を受けることである。溶媒抽出  

法は，分光干渉を示す主成分元素をあらかじめ除去するという意味で優れているが，同時に  

抽出できる元素は限られていること，操作が繁雑であることなどの欠点がある。   

底質試料のICP分析における分光干渉の例として，Ti228．618nmの発光線によるCo  

228．616nm分析線へのスペクトル線干渉をとりあげ、SITを検出器とする分光器およびエシ  

ェル分光器による地底質溶液のTi，Coの発光スペクトルを示した。  

第6華 中性子スペクトルモニターを用いる中性子放射化分析による「池底質」及  

び「岩石」標準試料の分析  

AnalYS［S Of Pond Sediment8nd Rock Reference Materi8！s bYJnstru－  

mental Neutron Activation Analysis with the Use of Neutron Spectrum 

Monitors  

水質土壌環境部 高松武次郎  

滋貴大学教育学部 川嶋 宗腱  

京都大学原子炉実験所 松下 録治  

小山 睦夫   

中性子放射化分析法は非破壊多元素同時分析法として広く環境試料に適用されて来た。こ  

れには二つの測定法がある。一方は”相対法”と呼ばれ，分析元素の標準と試料を同時に照射  

し，冷却時間を補正した両者の「線ピーク強度の比較から元素濃度を求める方法である。こ  

の方法は分析元素種があまり多くない場合には有効である。他方は，′′絶対法’∫あるいは′フラ  

ックスモニター法′’と呼ばれる。この方法では，中性子束密度や種々の核定数（放射化断面  

積，天然存在比，r線分岐比等），検出器の効率等の数値から，直接試料中の元素頻度が算  

出される。通常，少数のフラックスモニターを試料と同時に照射し，計算時に中性子（熱中  

佳子と熱外中性子）束密度の変動を補正する。この方法は核定数等の数値に多少の不確定性  
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を含むが，多元素の同時分析に際し，面倒な標準の調製が不要である胤 計算機処理にも適  

している点が優れているも   

ここでは，フラックスモニター法で「地底質」，標準試料と「岩石」標準試料（JG－1，  

地質調査所）を分析した。方法を次に示す。（1脹寿命核種の分析：約200mgの試料をポリ  

エチレン管に精秤，封入し，フラックスモニターとしてミリポアフィルターに添著したCD  

（50pg），Cr（50FLg），St）（20〃g）及びU（11．3LLg）と共に京都大学原子炉（KUR）の圧  

気輸送管（Nn2）で1時間照射した。試料は8～10日冷却後，53ccのGe（Li）検出器を備えた  

4Kチャンネルパルスハイト7ナライザーでr線スペクトルを測定して，結果を磁気テープ  

に収録した。元素濃度はプログラム′′COVIDN’’や′′GAMMA’’により，ミニコンピューター  

で算出した。（2鹿寿命核種の分析：試料の20～30mgをポリエチレン管に封入し，Mn（100  

〟g）と共に5分間照射した。約2時間冷却後，（1）と同様に分析した。以上の方法により標準  

試料中の23元素を定量した。結果にはけい光X線分析で求めた8元素の分析値も合わせて示  

した。  

第7章 池底質試料の保証値  

The Certjfic8tion of Pond Sediment  

計測技術部 岡本研作   

標準試料は，標準となるべき化学分析値が確定されて初めて実用に供される。標準試料の  

保証値（または標準値）を決定するためには，その元素に対してできる限り多くの原理が異  

なった分析方法が用いられ，しかも分析値が一致することが必須となる。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研究機関と共同で池底  

質試料の分析を行った。地底質試料の分析には．①原子吸光法，④炎光光度法，④プラズマ  

発光分析法，④けい光Ⅹ線分析法，⑥同位体希釈質量分析法，⑥中性子放射化分析法，⑦光  

量子放射化分析法，㊥吸光光政法，㊥けい光光度法，⑩重量分析法，⑪容量分析法，⑩ポテ  

ンシオメトリーが用いられた。   

国立公害研究所では，保証値を決定した元素は．原則として，（1）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，i2）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債を決めることは現  

状では不可能であるので．（2）の様式を用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。地底質試料の場合には，保証値を決定した各元素に対して，3種類以上の原理が異な  

った分析方法が用いられた。   

鉛を例として，保証債を決定した方法を示す。鉛の保証値（105〟g／g）は，同位体希釈質  

量分析法（絶対分析法）による分析値及び異常値を棄却した後の11個の分析値（原子吸光法，  
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プラズマ発光分析法，光量子放射化分析法による）の平均値であり，その不確定性（±6〃g）  

は11個の分析値の槙準偏差の2倍及び各分析方法の平均値の95％信頼区間を含む範囲として  

定められている。   

地底質試料中の13元素（Al．Fe，Ca，K，Na．Zn．Cu，Pb，Cr，Ni，Co，As，Cd）  

について保証債が，12元素（Si．Ti，P．Mn，Ⅴ，Sr，Rb，Sc，La，Br，Sb，Hg）につ  

いて参考値が定められている。  
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