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DeterminationorCadmiuminSpringWaterbyGraphite‐ 
FurnaceAtomicAbsorptionSpectrometryaher 
CoprecipitationwithYtterbimnHydroxide 

KousukeATsuMI,nmoharuMINAMI,andJoichiUEDA 

RJcLzJr)ﾉq/Hmcajjo",肋"αＺａｗａＵ"jyeMr)ﾉﾄKZMcJ"'ｚａｗｃﾉjj,KmzaZα1,1′α920〃92,ＪｂＺｐｑ〃

AcoprecipitationmethodwithytterbiumhydroxidewasstudiedfOrthedeterminationofcadmiuminwatersamplesby 
graphite-fUrnaceatomicabsoIptionspectrometry・Ｕｐｔｏ４０ｎｇｏｆｃａｄｍｉｕｍｉｎｗａｔｅｒｓａｍｐｌｅswasquantitatively
coprecipitatedwithytterbiumhydroxideatpH80－１１２．TheconcentrationfactorwaslOOfbldThecoprecipitated 
cadmiumwassensitivelydetenninedwithoutanyinHuenceofytterbiumandthecalibrationcurvewaslinearfromOlto 

４，９/mLofcadmium、Thedetectionlimit(signal/noise＝２)ｗａｓ２ｇｐｇ/mLinlOOmLoftheinitialsamplesolution・
Twenty-ninediverseionstesteddidnotinterferewiththedeterminationinatleastalOOOO-fOldmassratiotocadmium、

Theproposedmethodwassuccessfilllyappliedtothedeterminationofcadmiuminspnngwater． 

(ReceivedFebruary23,2005;AcceptedMay2,2005） 

Sincelongago，spnngwaterhasbeenusedfOrtherapeutic 

bathinganddrinkingcures・However，toxicmaterialsare

sometimescontainedinthem・Thus,analysesoftoxicmaterials

inspnngwaterarerequiredfbraccuratelyaccesspoIlution 

levels,especiallyinthecaseofdrinkingcuresThistime，ｗｅ 

fOcusedoncadmium,whichisoneofhighlytoxicmetals，and 

triedtoproposeasimpleandreproducibledetermination 

methodoftracecadmiuminspnngwater、

Coprecipitationwithmetalhydroxideshasbeenwidelyused 
fOrtheconcentrationoftracemetalionsinwater，associated 

withvariousdeternnnationtechniques､L21ncombinationwith 

thegraphite-fUmaceatomicabsorptionspectrometry，whichis 

pronetosufferfromamatrixeffect,itisdesirabletousesucha 

coprecipitantsothattheseparationfactorfbrthealkaliand 

alkalineearthmetalsissufficient，andthepresenceofthe 
coprecipitant,itself,doesnotcausebackgroundabsorptiolLWe 

havebeeninvestigatinganewcoprecipitantofcadmiumin 

spnngwaterfbrthegraphite-fUrnaceatomicabsorption 

spectrometricdetennination，andhavefOundthatytterbium 

hydroxidehasagoodcollectingabilityfOrcadmiumandhardly 

coprecipitatesmatrixions，ｓｕｃｈａｓｓｏｄｉｕｍ，potassium 

magnesium，andcalciumAlso，thecoprecipitantdissolves 
easilyinacids，anddoesnotcauseinteIferenceinthecadmium 
detennination 

Untilnow，severalcoprecipitants，suchaslanthanum 

phosphate,３pyrrolidine-dithiocarbamate（APDC）ofcobalL4 
copper,sm6andiron(IⅡ),sbdiethyl-dithiocarbamate（ＤDTC）of 

zinc7βandnickel,gandhydroxidesofiron(Ⅲ),'ｏｈａｆＵｍｕｍ,l1 
indium,I2-I5tin(1V),I6gallium,ｌ７ａｎｄｓａｍａｒｉｕｍ,l8havebeen 

proposedfOrthepreconcentrationofcadmiumpriortoa 

graphite-fUrnaceatomicabsolptionspectrometricdetermination 

However，ｔｈｅｕｓｅｏｆｃｏｂａｌｔＡＰＤＣ４ｒｅｑｕｉｒｅｓａｌｏngdigestion 

periodoftheprecipitateinordertosimplifythesamplematrix 
AlthoughnickｅｌＤＤＴＣ９ｉｓｄｉｓsolvedsomewhateasilMitis 
necessarytousenitricacidandacetonefOrdissolution 

APDCofcopper5,6ａｎｄiron(Ⅲ)｡6andzincDDTC7m8aIealso 

dissolvedonlyslowly・Inthecasemetalhydroxides,theuseof

indiumandgalliumascarrierelementscausessenous 

backgroundabsorption Toeliminatethisbackground 

absorption,therefOre,thevolatilizationofindiumandgalliumas 

bromidel2J5andchloride,I7respectively,duringtheashingstage 
wastriedForindium，ｔｈｅｕｓｅｏｆａｍｉｎｉｍａｌａｍｏｕｎｔｏｆ 

ｉｎｄｉｕｍ'3,l4wasalsotriedfOracoprecipitationprocedureThe 
methodusingtin(1Ｖ)'６ｔａｋｅｓｌｏｎｇｔｉｍｅｉｎｏｒｄｅｒｔｏｒｅｍｏｖｅ 

ｔｉ､(1Ｖ)asstannicacid,becausethetin(1V)camercauseslarge 
backgroundabsolption、Theuseofhafiliumhydroxide11iｓ

ｅxpensiveandthatofiron(Ⅲ）hydroxidelocannotavoidthe 

coprecipitationoflargeamountsofalkalineearthmetals,which 

mayinterferewiththecadmiumdeterminationAlthough 

samariumhydroxidel8isagoodcollector,theoptimalpHfOrthe 
coprecipitationishigh(ｐＨ12.2),andhencenoteasilyhandled 

Themethodproposedhelcovercomesthoseweakpoints，and 

wassuccessfUllyappliedtothedetenninationofcadmiumin 

springwater． 

丁

Experimental 

Appamms 

AHitachil70-70Zeemanatomicabsorptionspectrometer 

withaHitachicadmiumhollow-cathodelampwasusedfOr 
atomicabsorptionmeasurements・Theoptimumoperation
conditions，whichwerestudiedusingasolutionobtainedby 

coprecipitationaccordingtotherecommendedprocedurefroma 

distilledwatercontaining40ngoｆｃａｄｍｉｕｍ,ａｒｅｓｕｍｍａｒｉｚｅｄｉｎ 

ＴａｂｌｅＬＦｏｒｐＨｍｅａｓurements，aToaModelHM-5BSglass-

electrodepHmeterwasused 

ReagemF 

AsolutioncontainingaboｕｔｌｏｒｌＯｍｇ/nLofcadmiumor 

ytterbium，respectively，waspreparedbydissolvmgmetal 
nitrate（WakoChemicals）inasmallamountofconcentrated 
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nlble2Recoveriesofsomeionsbyytterbiumhydroxide TablelReconunendedoperatingconditionsfOrtheatomic 

absorptionspectrometer 
IonAdded/ugRec.,％IonAdded/UgRec.,％ 

２２８．８，ｍ 

６ｍＡ 

Ｎｏ３(２．２，ｍ） 

Analyticalwavelength 

Lampcurrent 
Slitwidth 

ArgongasHowrate 
Sheathgas 

CalTiergas 

lnjectionvolume 
Cuvette 

野
斗
Ⅵ
Ⅵ
野
野
野

⑪
０
０
Ⅲ
伽
⑰
Ⅲ

101.3 

９６．０ 

９７．１ 

６１．１ 

99.9 

100.1 

97.0 

８
１
３
０
０
２
９
 

巳
●
●
●
■
●
●

１
２
０
０
７
８
８
 

９
９
９
 

５
５
Ｚ
 ｃ 

ｌ
０
０
ｌ
０
４
４
 

十
軒
十
十
十
十

Ⅲ
Ⅳ
地
Ⅳ
師
肝
Ⅳ

50000 

50000 

50000 

50000 

2 

0.5 

１０ 

３Lmin-l 

OLmin-l 

10uL 

Uncoatedtubetype 

graphitefUmace 
20A(cα,100°Ｃ),３０ｓ 

50Ａ(cα400°Ｃ),４０ｓ 

200Ａ(cal900℃),５ｓ 

ThecoprecipitationoftheionswascarriedoutfTomaboutlOOmLof 

aqueoussolutionatapHabout9.5．Ｔｈｅｆｉｎａｌｖｏｌｕｍｅｗａｓｍａｄｅｕｐｔｏ 
ｌＯｍＬ 

Dryingconditions 

Ashingconditions 

Atomizingconditions 

cadmiumwerelittleinHuencedbythestandingtimeofthe 

precipitate，Thus,almostlOO96recoveneswereobtainedwithin 
20minafterthefOrmationofytterbiumhydroxide，andthe 
recoveredamountsremainedunchangedfOratleast2hof 

standing 

Djsso伽o〃ｑ／ｙ"e巾jmmhydroxjde、Ytterbiumhydroxide

dissolveseasilyinallconmonmineralacids・Ｔｈｅeffectsofthe
concentrationofnitricandhydrochloricacidonthepeakheight 
ofcadmiumwereexamned・Sincethepeakheightsof

cadmiumwerenearlyconstantintherangesof０．８－３．０ａｎｄ０．６ 

－１．８mol/Ｌ,respectively,４ｍＬｏｆ３０ｍｏｙＬｏｆｎｉｔｒｉｃａｃｉｄｗａｓ 
ｕｓｅｄｆOrthedissolutionoftheprecipitate． 

nitricacidanddilutingwithdistilledwater・Theconcentrations
ofbothcadmiumandytterbiumweredeternnnedby 

complexometrictitrationusingXylenolOrangeasanindicator・
Allotherreagentsusedwereofguaranteedreagentgrade． 

的comme"｡C‘Ｐ'Roced”ｅ

Ｔｏａｓａｍｐｌｅｓｏｌｕｔｉｏｎ(ｕｐｔｏｌＯＯｍＬ)containingl-40ngof 
cadmium，２５mgofytterbiumareadded，andthepHofthe 
solutionisadjustｅｄｔｏａｂｏｕｔ９５ｗｉｔｈａＯｌｍｏｌＬｓｏｄｉｕｍ 
hydroxidesolution，usingapHmeter・Tosettletheproduced
precipitate,thesolutionisallowedtostandfOrabout30ｍin;the 
precipitateiscollectedonaToyoRoshiPTFEmembranefilter 
(poresizeO・Sum,diameter25nⅡ､),andwashedwithasmall
amountofdistilledwater・Aftertheprecipitateisdissolvedｗｉｔｈ
４ｍＬｏｆ３ｍｏＵＬｎｉｔｒｉｃａｃｉｄ，afinalvolumeofthesolutionis 

madｅｕｐｔｏ５ｏｒｌＯｍＬｗｉｔｈｄｉｓｔｉｌｌｅｄｗａｔｅｒ・
Theatomicabsorbanceofcadmiumismeasuredunderthe 

operatingconditionsgiveninTableLAblank,usingdistilled 
waterasasample，ｉｓｌｕｎｕｓｉｎｇｔｈｅｓａｍｅｐｒｏｃｅｄｕｒｅａｓｆＯrthe 
samplesolutionlnthiswork,theblankcouldbeneglectedin 
mostinstancesbecauseitwasextremelysmall． 

Ｃａﾉjbmrjo〃ｃ"ハノｅ

ＵｓｉｎｇｌＯＯｍＬｏｆａｓａｍｐｌｅｓｏｌｕｔｉｏｎ，ａcalibranoncurvewas 
preparedaccordingtotherecommendedprocedure・Ｔｈｅｆｉｎａｌ
ｖｏｌｕｍｅｗａｓｍａｄｅｕｐｔｏｌＯｎＬＡsaresult，astraightline 

passingthroughtheoriginwasobtainedfOr０．１－４，９/ｍＬｏｆ 
ｃａｄｍｉｕｍ・Therelativestandarddeviationwaｓ3.2％ｆｂｒｌＯｎｇ

ｏｆｃａｄｍｉｕｍｉｎａｂｏｕｔｌＯＯｍＬｏｆｔｈｅｓａmplesolution（five 

observations）andthedetectionlimit（signaltonoiseratioof 

two)ｗａｓ２９ｐｇ/mLinlOOnLoftheinitialsamplesolution． 

此coverjesq/m7zememﾉﾉo"sbyy"erbj"ｍ/iydmxjde

Theselectivityofytterbiumhydroxideasacoprecipitantwas 

investigatedaccordingtothecoprecipitationprocedure 
indicatedinthereconmendedprocedure，determiningthe 

recoverypercentagesofsomemetalions・Therecoveryofeach
metalionwasdeterminedbygraphite-fUrnaceatomc 

absoIptionspectrometry・Ｆｏｒsodium，potassium，magnesium，

andcalcium，however，Hameatomicabsorptionspectroｍｅｔ１ｙ 

ｗａｓｕｓｅｄＡｓｓｈｏｗｎｉｎＴａｂｌｅ２，sodium，potassium， 

magnesium，andcalciumwerehardlycollected、Otherions，
suchastin(1Ｖ),lead,bismuth(Ⅲ),copper,chromium(IILVI)， 

manganese，cobalt，andnickel，couldbecoprecipitated 
quantitatively，whichindicatesthatytterbiumhydroxideis 
applicabletotheconcentrationofthoseions． 

ResultsandDiscussion 

S"dyqﾉﾉﾊＣＯＰ伽""zco"伽o"s/brcOprecjPj伽o〃

E'i2crq/ｒｈｅｐＨｏ〃cOpr巴cjpjmonTheeffectofthepHon
coprecipitationwithytterbiumhydroxidewasstudiedwitha 
solutioncontaining40ngofcadmium・Themaximumand
almostconstantrecoveneswereobtainedinthepHrangeｏｆ８．０ 

－１１．２．Theprecipitateofytterbiumhydroxide，obtainedas 
mentionedabove，ａｔａｐＨ９０ｗａｓｂｕｌｋｙ，andhenceeasily 
handledTherefOre,thepHwasadjustedtoabout9､５ｗｉｔｈａＯ１ 
ｍｏｌ/LsodiumhydroxidesolutioninfUrtherexperiments． 

E'bc／ｑﾉﾉﾉｚｅａｍｏ""ｒｑ／cOprecjpjm"/、Accordingtothe
recommendedprocedure,thenecessaryamountofytterbiumfOr 
coprecipitationwasexaminedwithasamplesolution(ｕｐｔｏ５００ 
ｍＬ）containinglOngofcadmium，Therequiredamountof 

ytterbiumfOrthequantitativecoprecipitationincreasedalong 
withincreasingthesamplevolume,ａｎｄ２５ｍｇｏｆｙｔｔｅｒｂｉｕｍｗａｓ 
ｎｅｅｄｅｄｆＯｒａｔleastupto500mLofthesamplesolutionSince 
theatomicabsorptionofcadmiumwasnotaffectedbythe 

preseｎｃｅｏｆｕｐｔｏ７４ｍｇｏｆｙｔｔｅｒｂｉｕｍｉｎｔｈｅｆinalsample 
solution（５ｍL),Ｚ５ｍｇｏｆｙｔｔｅｒｂｉｕｍｗａｓｕsedinsubsequent 

experiments．Thehighestconcentrationfactoriｎｔｈｉｓ 
ｅｘｐｅｒｉｍｅｎｔｗａｓｌＯＯｗｈｅｎｔｈｅｉnitialandfinalsamplevolumes 
werｅ５００ａｎｄ５ｍＬ,respectively 

Eｶﾞ、q/ｔＡｅｓｍＭ"ｇ伽eqﾉﾉﾉzep花cjpjrare・Therecoveriesof

mre旅re"ces

Theinfluenceof29diverseionsｗａｓｅｘａｍｉｎｅｄｕｓｉｎｇｌＯｎｇｏｆ 

ｃａｄｍｉｕｍｉｎａｂｏｕｔｌＯＯｎＬｏｆｔｈｅｓａｍｐｌｅｓｏｌｕｔｉｏｎTable3 

showsthatlargeamountssodium，potassium，magnesium， 
calcium，chloride，sulfate，hydrogencarbonate，metaborate， 
metasilicate,andbromidedidnotinteIfe1℃withthedetelmination 

Nootherionstestedproducedanyinterferenceeffect,evenata 

concentrationlOOOO-timesthemassofthecadmiumpresent． 

RecoveﾉＷ/cadl"j"ｍ/m7zSp伽ｄｗａｒｅｒｓα〃たs

Theutilityofthepresentmethodwasevaluatedbyexamining 
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lnble3EffectofdiverseionsontheｄｅｔｅｒｍｉｎａｔｉｏｎｏｆｌＯｎｇｏｆｎｂｌｅ４Ｒｅｃｏveryofcadmiumfromspikedwatersamples 
cadmium 

Samplevolume／ 
ｍＬ 

Finalvolume／Cdadded／CdfOund／ＲＳＤ， 

ｍＬｎｇｎｇ％ MassratioaHon]/[Cd］ IC、

270000000 

170000000 

100000000 

20000000 

15000000 

10000000 

3000000 

300000 

１０００００ 

Ｃｌ－ 

Ｎａ＋ 

ＳＯ４２－ 

ＨＣＯ３－ 

Ｋ＋ 

Mg2+,Ｃａ2+,ＨＢＯ２ 
Ｂｒ,Ｈ２ＳｉＯ３， 

Sr2＋ 

Li+,Ｂａ２+,Ａｌ3+,Ｚｎ2+,Ｍｎ2+,Fe2+,Ｆｅ３+， 

F-,1-,s2０３２－， 

Pb2+,Ｃｕ2+,MovI,Cr3+,CrvI,CO2+,Ｎｉ2+， 
ＨＰＯ４２－ 

Distilledwater 

５００ 

Ｓ００ 

Ｓｐｒｉｎｇｗａｔｅｒａ 
ｌＯＯ 

ｌＯＯ 

５００ 

５００ 
５
５
 

１ 

３０ 

0.98 

29.9 

4.2 

3.9 

０
０
５
５
 

１
１
 

１
０
１
０
 

３
３
 

0.96 

29.8 

0.95 

29.5 

９
４
８
６
 

●
●
●
●
 

３
４
４
４
 

Therecoveriesobtainedaretheaverageofthreereplicate 
determinations・

a，Recovenesofcadmiumwerecalculatedbysubtractingthepeak 
heightduｅｔｏｓｐｒｉｎｇｗａｔｅｒｆｉＰｏｍｉｔｄｕｅｔｏｓｐｒｉngwaterspikedwith 
cadmiuln 

10000 

ThecoprecipitatioｎｗａｓｃａｒＴｉｅｄｏｕｔｆｒｏｍａｂｏｕｔｌＯＯｍＬｏｆtheaqueous 
solutionatapHofabout9.5.makingupthefinalvolumetolOmL 
a,Theerrorsarewithin±5％． 

Tnble5Resultsfiomthedeterminationofcadmiuminspnng‐ 
● 

watersamples 

therecoveriesofcadmiumfromdistilledandspringwater 

spikedwithcadmiumaccordingtotherecommendedprocedure 

AstheresultsshowinTable4downtolOpg/mLofcadmium 
inupto500mLoftheinitialsamplesolutionwasrecovered 

quantitativelyThehighestconce､trationfactorwaslOO-fOld 
whentheinitialandfinalvolumesｗｅｒｅ５００ａｎｄ５ｍＬ， 

respectively． 

CalibrationmethodStandardaddition 
method Locationof 

samplingpoint 
CdfOund/ngmL-I CdfOund/nｇｍＬ－Ｉ 

ThefOuntainhead 

ofspring 
Yilwaku 

Awazu 

AsanogawaNol 

AsanogawaNo・Z

Katayamazu 

0.011 

0.031 

0.014 

0.0１３ 

０．０２１ 

0.011 

0.031 

0.014 

0.014 

0.021 

ルノe""/"〃o"q/、(伽"川"JP""ｇｗＱｒｅｒ
Ｂａｓｅｄｏｎｔｈｅｒｅｓｕｌｔｓｏｂｔainedfromtheabove-mentioned 

expenments，thedetemnnationofcadmiuminspnngwater 

(locatedinlshikawaPrefecture)wastriedThesampleswere 
filteredthroughaToyoRoshiTM-2pmembranefilter(poresize 
O45Um)andanalyzedassoonaspossibleaftersampling・Ａｓ
ｓｈｏｗｎｉｎＴａｂｌｅ５，theresultsobtainedbycalibrationand 

standardadditionmethodswereingoodagreement、Thetime
requiredfOrthedetenninationwasabout50min 

ＴｈｅｓａｍｐｌｅｖｏｌｕｍｅｔａｋｅｎｗａｓｌＯＯｍＬａｎｄｔｈｅｆｉｎａｌｖｏｌｕｍｅｗａｓ 

ｍａｄｅｕｐｔｏｌＯｍＬThelcsultsobtainedaretheaverageofthree 
replicatedetenninations． 

1986,3/,４４． 

６．Ｒ､Ｗ・Dabeka,Scj､７１０ｍ/ＤＭｒｏ".,１９８９，８９，２７１．

７．Ｆ．Sugimoto，YMaeda，ａｎｄＴＡｚｕｍｉ，Mppo〃Ｒｎ叩j
GakkzJjs/Z/,1990,郷，１２４

８FSugimoto,Ｙ・Maeda,ａｎｄＴＡｚｕｍｉ,KZJ"ｋｙｏＧ〃)w肌
1990,ノ９，２７．

９．Ｈ・ＳａｔｏａｎｄＪ・Ueda,Ａ"αＬＳｃｊ.,2000,16,299.

10.Ｖ､Hudnik,SGomiscek,andBGorenc,Ａ"α/､Ｃ/2ｍ.Ａａａ， 

1978,98,39. 

11.Ｊ・UedaandNYamazaki,Ｂ"//､Ｃ/jem・ＳＯＣ､巾".,1986,ゴ９，
１８４５． 

１２．MHiraide，ＺＳ・Chen、ａｎｄＨ・Kawaguchi，Mjkroc/z〃・
ＡＣ、,1997,ノ27,119.

13．MHiraide,Ｔ､Usami,ａｎｄＨ・Kawaguthi,Ａ"α/・ＳＣＬ，１９９２，
８，３１． 

１４．MHiraide，ＺＳＣｈｅｎ，ａｎｄＨ・Kawaguchi，Ａ"α/、Ｓｃｊ.，
1995,〃,３３３．

１５．Ｚ．Ｓ・Chen，Ｍ・Hiraide，ａｎｄＨ・Kawaguchi，Ｂ""sekj

KZzgα〃,１９９３，イ2,759.

16．MHiraide，ＺＳ・Chen，Ｋ・Sugimoto，ａｎｄＨ・Kawaguchi，
Ａ"αＬＣ/j〃.ＡＣ/α,1995,302,103.

17.Ｍ.HiraideandJ､Hori,Ａ"α/Sci.,1998,／4,429. 

18．SSaracoglu,MSoylak,ａｎｄＬＥｌｃｉ,ｎJ、"ｍ,2003,59,287.

Conclusion 

Fromthisstudy，ytterbiumhydroxideisrecommendedasa 

coprecipitantpnortothedeterminationofcadmiuminspnng 
waterbygraphite-fUrnaceatolnicabsolptionspectrometry， 

owingtoitsexcellentcollectingabilityandselectivity・Also，

ytterbiumhydroxidecanbefOrmedatrelativelylowpH（ｃｑ 
９５);thefOnnedprecipitateisbulky,andhenceeasilyhandled． 

！ 
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