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lnhibitors of Lead Analysisin Atomic Absorption Spectrometry  

Takatomo Horio and Keiichi Kimura 

INTRODUCTION   

Asmethodsofdeterminingtraceleadcontainedinfoods，dithizone colorimetry，pOlaro－  

graphyandatomicabsorptionspectrophotometryaregenerallycarriedoutontest solutions  

preparedbythewetordryashingofsamples・Ofthesemethods，atOmicabsorption spectro－  

Photometryhascometoestablishitsplaceasamajortoolforleadanalysisinthe past few  

yearS・  

Intheatomicabsorpt10nSPeCtrOPhotometricmethod，Whenthedirectinjection of a test  

SOlutionispossible，leaddeterminationisfavorablysimple，butthe coexistence of various  

negativeorpositiveionsisknowntohamperleaddetermination・ This tendencyis more  
PrOnOunCedinthepresenceofnegativeions．Inordertoeliminatetheseeffects，forinstanCe，  

StrOntium，1anthanum，etC．，areadded．叫oreover，1ea．disex［ractedwith MIBK and other  

OrganicsoIventinthepresenceofachelatereagent，SuChasDDTC，APDCandorganicamine，  

toremoveinhibitoryions・andconcentratetestso］utions・Atomicabsorptionspectrophotometry  

employstwomethodsofatomlZlngelements：flameatomizerandflamelessatomizer． The  

latterhasbeenrecentlyusedmorefrequentlybecauseoftoitsbettersensitivity，   

Asfundamentalexperimentsontheadaptabilityofthemethodofdirectlyinjecting a hy・  

drochloricacidsolutionofasampleanddeterminingtheleadcontentinthe sarriple by a  

flamelessatomicabsorpt】OnSpeCtrOphotometricanalyzer，thisstudyselectedpotassium，Cal－  

Ciumandmagnesiumionsasionscontainedinrelativelygreatquantitiesinanimalandvege－  

tablefoodsandinvestlgatedbyamodelapproachtheeffectsofcoexistenceof theseions on  

thedeterminedleadcontents．Inaddition，afewotherexarninationsweremade．  

EXPERIMENTAL  

1．Instruments  

l・1）PerkinElmeratomicabsorptionspectrophotometer Type 303 with heated graphite  

atomizerHGA72anddeuteriumbackgroundcorrection．  

Wavelength  

Step 1 

Step 2 

Step 3 

Step 4 

Purge gas 

283．3nm  

DryingatlOO℃for30sec  

Ashingat550℃for30sec  

Atomizationat2，040℃for5sec  

Heating－Outat2，600℃  

N2  

1－2）Allglasswarewaswashedwithdilutenitricacid［HNO3（1＋1）］beforeuse．   
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2．Reagents   

JISguaranteedreagentsorreagentsmanufacturedbyMerckwereusedand N－HCIwas  

used to dilute solutions．  

2－1）LeadStandardStockSolution  

O．1599gofleadnitrate［Pb（NO3）2］wasweighed and dissolvedinlOmL of HNO3  

（1→100）．WaterwasaddedtopreparelOOmlofleadstandardstocksolution．  

1mJ＝1喝Pb．  

2－2）PotassiumStandardStockSolution  

19．067gofpotassiumchloride（KCl）wasdissoIvedinN－HCltopreparelOOmlofpo－  

tassiumstandardstocksolution．1mL＝100nwK．  

2－3）CalciumStandardStockSolution  

24．9726gofcalciumcarbonate（CaCO3）wasdissoIvedinapprox．85mlof20％HCl．  

AnexcessofhydrochloricacidwasremovedbyheatlngOnahotplateandthe result－  

antproductwasdissoIvedinN－HCltoobtain．200mlofcalciumstandardstocksolution・  

1mJ＝50咽Ca．  

2－4）MagnesiumStandardStockSolution  

16．5828gofmagnesiumoxide（MgO）wasdissoIvedin135m［of20％HCland treated  

inthesamewayasthecalciumstandardstocksolutiontoprepare200mLofmagnesium  

standardstocksolution．1ml＝50喝Mg．  

2－5）Ammonium CitrateSolution  

45g ofammoniumcitratedibasic［（NH4）2HC6H507］was dissoIvedinlOOmlof  
waterandtwotothreedropletsofphenolredT．S．wereadded．Ammonia waterwas  

addeduntilthesolution exhibitedaredcolor．Toremovelead，thissolution was ex－  

tractedwith20－mlportionsof亡hedithizone・Chloroformsolutiondescribedlater until  

thedithizonesolutionmaintaineditspeculiargreencolor．Furthermore，dithizonere・  

mainlnglnthesolutionwasextractedwithchloroform・  

2－6）20％HydroxylamineSolution  

Hydroxylaminehydrochloridesolutionwasmadealkalinebyammonia waterbefore－  

hand．DDTCwas addedandtheresultantsolution was extracted with chloroform．  

Thisextractionwasrepeateduntilthewatcrlayerdidnotexhibit a ye1lowcolorwhen  

thechloroformlayerwasshakenwithl％CuSO4．HCIwasthenadded to the solu－  

tiontopreparea20％hydroxylaminesolution．  

2－7）DithizoneChloroformSolution  

30喝Ofdithi2：OneWaSdissoIvedinchloroformtopreparel，000mLofdithizonechloro－  

form solution．Theobt益ined solution waswashed twicewithhalf volume of N－HCl  

before use．   

3．PreparationofTestSolutions  

3－1）LeadStandardSolutions  

TheleadstandardsolutionwasdilutedtoalO－PPmleadsolution．0，0．5，1．0，1．5 and   
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2．OmlportionswereweighedfromthesolutionanddilutedtolOOml． The resultant  

dilutesolutionscontainedO，0．05，0．1，0．15andO．20脚Oflead，reSpeCtively．  

3－2）PotassiumCoexistentLeadStandardSolutions  

Atotalof24亡ypesofN－HCIsolutionswerepreparedwhichcontained O，0．050rO．15  

脚OfleadandO，50，100，250，500，1，000，2，5000r5，000p叩Ofpotassium．  

3－3）CalciumCoexistentLeadStandardSolutions  

Solutionswerepreparedwhichcon［ainedo，0．050rO．15脚Oflead and O，50，100，  

250，500，1，000，2，5000r5，000ppmofcalcium．  

3－4）MagnesiumCoexistentLeadStandardSolutions  

Inthesameprocedureasdescribedforthepotassiumcoexistentleadstandard solu・  

tionsinSection3－2），SOlutionswerepreparedwhich con［ainedO，50，100，250，500 0r  

l，000ppm ofmagnesium．  

3－5）CannedApricotsinSyrup  

AfteracancontalnlrlgaprlCOtSinsyrupwasopened，pits were removed and the  

COntentSincluding［hesyrupwerehomogenizedwithamixer． 20－g pOrtions of the  

contentsweretransferredin beakers．Leadwasincorporatedin the samplesin the  

quantitiesofO，2iLg（＝0．1ppn）and4FLg（＝0．2wD）usingtheleadstandardsolutions・  

Thesamplewasashedbythedrvmethodandlefttocool． 5mL ofHCl（1＋1）was  

addedtotheashandthesolutionwasevaporatedtodrynessonawaterbath．Theresidue  

wasdissoIvedin N－HCltoprepare50mlofsolution．5mloftheresultantsolution was  

used forlead determination．  

3－6）BottledMandarin OrangeJuice  

Thecontentsweresufficientlyhomogenizedandtheleadstandardsolutionswereadd・  

edto20－gpOrtionsofthecontents．Eachsamplewasashedandtreatedin the same  

wayasforthecannedapricotsinsyrupmentionedabovetoprepare50rn［of solution・  

10mlofthe obtained solution wasuged forleaddetermination．   

4．MeasuringMethodsandResults  

EppendorffmicropIPetteSWereuSedtoinjecttestsolutionsinthegraphitetube of an  

atomicabsorptlOnSPeCtrOphotometricanalyzer．  

4－1）DirectMe［hod  

Thetestsolutionsl）through4）weredeterminedforleadcontent．  

（1）EffectofAcidTypeandConcentration  
Theeffectsofacidtypeandconcentrationontheabsorbanceoflead were exam－  

inedforhydrochloricacid，nitricacidandsulfuricacid・Whentheseacidsbearlng  

O・1ppDOfleadandhavinganacidconcentrationofO・01，0・05，0・1，0・5，1・00r2Nwere  

determinedforlead，HCIwasfoundtobemoststable，gTeatinabsorbanCeandnot  

subjecttoadifferenceinconcentration．Forthisreason，N－HCIwas usedin the  

followingexperiments．  

（2）WorkingCurve   
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0neexampleofworkingcurveisillustratedinFig．1andexaminedresultsof  

reproducibilityareglVeninTablel． A typicalwaveformisshowninChartl．  
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lodide・MIBK  

extraction  

method  

Direct  Dithizone・  

injection CHCJ3・HCl  

method extractlOn  

method  
0．05   0．1   0．15   0．2  

Pb（ppm）   

Fig．1WorkingCurves  

ChartlWaveformso‖）．1ppmLeadSolutions  

Tablel ComparisoninReproducibilityofDeterminedLead Content  

（ExpressedinpeakheightinmmatinjectionoflOFLL of O．1ppmPbso］ution）  

Iodide・MIBK   
DeterminationNo．  Directinjectionmethod  extractionmethod   

Dithizone・CHCl3・HCl  
extractionmethod   

65．4   85．5   73．4   

2   67．5   78．0   71．5   

3   66．0   83．0   71．6   

4   68．0   80．3   72．5   

5   67．0   83．8   73．7   

Average   66．8   82．1   72．5   

Standard  
deviation  0．956  2．657  0．901  

Coefficient of 

VariatlOn  
0．016  0．036  0．014   

（3）EffectofCoexistentPositiveIons  

Theeffectsonthepeakheightofleadofcoexistentpotassium and calciumions   
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are presentedin Figs・2and3，reSPeCtively・Calciumwasfar greater than po－  

tassiumineffectandfoundtoexhibitthephenomenonofwaveform distortiondur－  

ingdetermination．Magnesiumwasgreaterthantheformertwoineffectanddrew  

two－StepWaVeformsasshowninChart2，renderingleaddeterminationimpossible．  
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Potassium added（ppm）  

Fig．2 EffectsofPotassium CoexistenceinDirect  

Injection Method 
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O．05ppm  
O．15ppm  

Chart2 WaveformsinPresenceofMagnesium  
5001，000   2．500  5．000  

Calcium added（ppm）  

Fig．3 EffectsofCaIcium Coexjstencein Direct  

lnjection Method  

4－2）Iodide－MIBKExtractionMethod  

Acertainamountofthetestsolutionwasweighedintoaseparatoryfunnel．N－HCI  

wasaddedtoobtain40rnlofsolution．20mlof85％H3POJ WaS added and mixed．  

7mlofasaturated potassiumiodideso】utionwasaddedand shaken．After5min，10ml  

OfMIBKwasaddedforextractidn．TheMIBKlayerwasbatchedoff，dehydrated and   

injected．Tablelcomparespeakheightsobtainedunderthismethodandtheothertwo  

WhenfiverepetitivedeterminationsmadeonsolutionscontainlngO・1卿Oflead・ The  

difficultyofmaintainingtheinjectionamountconstant，Whencomparedwithinjection   

inthewatersystem，WaSShownto greatiyvarypeakheights，aSillustratedinChar［1，  

andofferpoorreproducibility．   
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4－3）Dithizone－Chloroform－HCIExtraction Method  

lOmlofthetestsolutionwastransferredintoalOO・mlseparatoryfunneland 5mlof  

ammoniumcitratesolution，2mlof20％NH20H solutionand2to3droplets ofphenol  

red T．S．were added andammoniawater wasaddedforalkaline． The test solution  

WaSrepeatedlyextractedwithlO，5and5mlofthedithizone－Chloroformsolution．The  

Chloroformlayerwascollectedintoastoppered test tube andlOmlof N－HCIwas  

added．Theextractedwaterlayerwasinjected．  

（1）Working Curve  

AtypicalworkingcurveisshowninFig．1andexaminedreproducibilityresults  

arepresentedinTablel．AnexampleofwaveformisdiagrammedinChartl．  

（2）EffectofCoexistentPositiveIons  

Thecdexistenceofpo亡assium，Calciumandmagnesiumions was found not to  

interfere withlead determination atall．   

（3）MeasurementofRecovery  

Table2showsmeasurementsofadditiverecoverymadeonthetest solutions（5）  

and（6）．  

Table2 MeasurementsofLeadRecovery  

Lead detected 
Leadadded   Leaddetected   Recovery   Tin  

Sample  in saIllple 

（Ppm）  （Ppm）   （PPm）   （％）   （pPm）   

Canned apricot 0．10   0、25   100   

in syrup 0．15  155  

n＝4  0．20   0．37   110   

Mandarin orange 0．10   0．14   90   

juice  0．05  0．1  

n＝3  0．20   0．23   90  
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DISCUSSION   

Asthemethodofdeterminlngtheamountofleadcontainedincannedfoods，Wehavebeen  

traditionallyuslngmainlythedryashingpolarographicmethodbecauseof theeaseoftreat－  

ingmanysamples．Thismethodwas，however，Verydifficulttodeterminelead quantities  

lessthanO．1ppmandhadtheproblemofpoorreliabilityofdeterminedvalues．Sincetheneed  

hasbeenincreasingrecentlyforgrasplngbackgroundvalues，Weattempted severalinvesti－  

gationstoapplytheflamelessatomicabsorptlOnSpe℃trOPhotometricmethod whichinsures  

highsensitivltyamOngatOmicabsorptlOnSPeCtrOPhotometricmethodsand enables the de－  

termination oftrace amounts．   

Whentestsolutionsderivedfromtheashingofsamplefoodstomeasurebackgroundvalues  

areexamined，theacidtypeandconcentrationemployedposeproblems．Our study ofthis  

pointshowedthatN－HClissuitableandassuresgoodreproducibility．   

Foodscontainnumerousions．Ingeneral，POtaSSiumandcalciumionsa疋foumdingreater  

quantities・Consideringtheamountofionscontainedinordinaryfoods，Weindividual1yadded  

theseions to testsolutionsandstudiedtheinfluenceoftheseionsonthe determination oflead  

byamodelapproach・Thedirectinjection methodshowedthatthecoexistence of anyions  
affectsthedeterminationoflead．We，therefore，attemPtedtheiodide－MIBK extractionmethー  

Odwhichiscapableofeliminatingtheinfluenceofinhibitoryionsand ≠concentratingqand  

relativelyeasytoemploy■IntheMIBKextractionmethod，MIBKdeposits totheopeningof  

acarbonrodordepositsandremainsintracequantityattheoutsideend of amicroplpette，  

therebymakingltCOnSiderablydifficulttolnJeCtaCOnStantamOunt． Asis evident from  

Tablel，thestandarddeviationundertheMIBKextractionmethodisgreaterthanWhenawa－  

tersystemtestsolutionisinjected，makingdeterminedvalueslessreliable． For theserea－  

SOnS，Wetriedthemethodinwhichthesamplewasextractedwith the dithizone－Chloroform  

SOlutionlongusedforleaddetermination，tranSferredintoawatersystem by reverse extrac－  

tionwithN－HClandmadeaninjectiontestsolutioninordertoassure correctmeasurements  

despitecomplicatedoperations．BecauseofthenatureofatomicabsorptlOnSpeCtrOPhotometry，  

KCN，amaSkantingeneraldithizoneme［hods，WaSnOtuSed．AsshowninFig．1，theworking  

CurVeObtainedbythismethodassumesthesameshapeasisobtainableby［hedirectinjection  

methodbutexhibitsapeakheightapproximately7nmhigherwhencomparedatvarious con－  

Centrations．Thisisbecause N－HCIwasusedinaquantitytwice as great asin thedirect  

injectionmethod．Therewas recognizednogreatdifferenceinreproducibility betweenthis  

methodandthedirectinjectionmethod．Theinfluenceofcoexistentionsrecognizedin the  

directinjectionmethodwascompletelyeliminable．Toascertainthiscapability，peakheights  

When O，0．05and O．15ppnleadsolutionsweretreatedwereassumedtobeunity．Ratioswere  

Obtainedofsuchpeakheightstothepeakheightsmeasuredwhensolutionsbearlnglead at  

thesameconcentrationsandcontainingpotassiu町Calciumormagnesium were treated and   
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determinedforlead．Thepeakheightratiosthuscalculatedareindicatedbybrokenlinesin  

Figs・4，5and6・Thevaluesareallunlty，Showlngthattherearenoeffectsoftheseions・  
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respeCtively．Thesepeakheightswere  
COmparedwiththepeakheightsmeasured  
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Fig．5 Comparisonin EffectofCaLciumCoexistence  
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Odand Directlnje⊂tionMethod  
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Fig．4 Comparisonin EffectofPotassium Between  
Dithizone－CHC13・HCIExtractionMethodand  

Direct Injection Method 
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PeakheightswithO．0．05andO．15ppm   
PbandO ppmMgwereassumedtobe   
Unity，reSPeCtively．Thesepeakheigh【S   
wereeomparedwiththepeakheights   
measuredin thepresenceofMg．  
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Fig．6 EffectofMagnesiumCoexisteneeinDithizone－  

CHC13－HCIExtractionMethod  

Sincetheabovemodelexperimentsprovidedgoodresults，Wemadeadditive recoveryexper－  

imentsonactualfoodspackedincanSandbottles・ The results are shownin Table2・  
Therecoveryrangesfrom90tollO％，arangeamOngWhichleadcanbedeterminedaccurately  

enoughforpracticalpdrposes・   


