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Inductively Coupled Plasma Atomic Emission  
SpectrometricDetermination of Tin  

in Canned Food   

Hidenobu Sumitani，Sachiko Suekane，Aya Nakataniand KiyoakiTatsuka  

Various canned foods were digested sequentially with HNO3and HCl．diluted tolOOmL．  

and filtered，andthen tin was determined byinductively coupled plasma atomic emission  

spectrometry（ICP／AES）．Samples ofcarlnedSatsuma mandaLrin，peaCh，apricot，pineapple．  

apple5uice、muShroom，aSParaguS、eVa．pOratedmi1k，Short－neCkedclam，Spinach，＼Vholetomato，  

meat，and salmon were evaluated．Sample preparations did not require time－COnSuming  

dilutions，becauselCP／AEShaswidedynamicrange．Thestandardadditionmethodwasused  

to determine tin concentration．Accuracy of the method was tested by analyzing analytica．1  

standards containingtinat21evels（50and250JLg／g）．TheamOuntS Oftin foundforthe50  

and250pg／glevels were50．5and256fLg／g、reSpeCtively，and the repeatability coefficients  

ofvariation were4．Oand3．8％，reSpeCtively．Recovery ortin from13cannedfoodsspiked  

a，t21evels（50and250iLg／g）ranged from93．9tolO9．4％，With a mean of99．2％．The  

quantitationlimitfortinstandardsolutionwasaboutO．5FLg／g．  

Keywo「ds：inductively coupled plasma atomic emission spectrometry，tin，Carmedfood、Wet  

digestion rnethod、Standar・dadditionmethod．   

BothtinpIateandlacqueredcansareused  

for food storage．Tin plate cans are used  

when the can－foodinteractions are not  

significantorwhenthequalityofthefoodis  

better in tin plate can．In canned foods  

packedin tinplate can．tin dissoIvesinto  

the food because of the interaction between 

container and contents．Thetin contentindi－  

catesthe extent ofcorrosion ofthe contain－  

erandtheacceptabilityofthecontents．Esd－  

mation of tinin various canned foodsis  

importantin assessing food quality．The  

Japanese regulatorylimit for tinin canned  

beveragesis150jLg／g．TheCanadianregu一  

1atorylimitforcannedfoodis250FLg／g．An  

excellent review ofcommonlyusedmethods  

Ofdeterminationoftininfoodshasbeenpre－  

sented by Horwitz（1）．The photometric  

determination oftin using salitylidenamino－  

2－thiophenolasareagent（2），nOtCitedinthe  

review，hasbeenauthorizedbythepharma－  

Ceuticalsociety ofJapan（3）．Determinations  

Oftinincannedfoodsby atomicabsorption  

spectrometry（AAS）have beeninvestigated  

very actively（4、5）．lnductively coupled  

plasmaatomicemissionspectrometry（ICP／  

AES），however，Offerswidedynamicrange  

and relative freedom from interferences 

COmparedwithAAS．   

Theobjective ofthepresentstudy wasto  

establish a method for the rapid deter－  

mination of tinin canned foods byICP／  

注 本論文はよAgβOC．仰山αムCム帥l‥Vol．76，No．6掲載論文を転載したものである。   
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amountofdissolvedtin（98．8mg）wasesti－  

mated from the difference in the weight of 

tinbeforeandafteritwasplacedinmanda－  
rinjuice．Twolevels ofanalyticalstanda・rd  

（50and250FLg／g）were prepared from the  

remaining mandarinjuice by qua・ntitative  

dilutionwith fresh mandarin5uice．   

AES．Wet digestionwith a combination or  

concentratednitricacid（HNO3）andconcen－  

tra．tedhydrochloricacid（HCl）wasusedror  

Samplepreparation．  

Experimental   

Reagents  

（a）Co乃Ce和行αねd〟CJ侍5％〟〃1co乃C釘卜  

加ねd〃Ⅳ（あ略ヱ％〟わ，α乃dαCefo71e．－Ana－  

1yticalgrade（Wako Pure Chemicallndus－  

triesLtd．，Osa，ka、Japan）．  

（b）77n s10Cksolulion．－DissoIvel．000g  

tin（＞99．999％pure，Wako Pure Chemi－  

calIndustries Ltd，）in50mL concentrated  

HCI．DilutetoIL with3N HCl  

（c）77n meta／plate．－Athickness ofO．2  

mm，Purity of99．99％（Rare Metallic Co．  

Ltd．．Tokyo，Japan）．A11cannedfoodswere  

purchasedfromlocalmarkets．  

Apparatus  

（a）J乃血cヱよぴeJタ CO岬Jed p血ぶ7托α αわm∫c  

emissionspectrometeTl－ModelICPS－1000  

HI（ShimaLdzu，Kyoto，Japan）interfaced  

understandardoperatingsystem．  

（b）肋terpur折cationsysEem．－Elgastat  

UHQ（ElgaLtd．．LaneEnd，UnitedKingdom）．  

PreparationofAnalyticalStandards   

Tocheckthea．ccuracyofthemethod．ana－  

1yticalstandards werepreparedas follows・  

An a，CCuratelyweighed tin metalplate（50  

×260×0．2mm）wasdippedin300gfresh  

Satsuma mandariniuice in a bottle．The  

bottlewas tjghtly cappedwithascrew cap  

and placedina constant－temperature OVen  

at90℃for41．5h．The tin plate wasthen  

removed from the juice，Wa，Shedwith ace－  

tone andthen water．dried at 60℃，and  

cooledtoroomtemperaturein adesiccator．  
Theweightofthetinplatewas taken・The  

Preparat了onofSampJes   

Homogenize canned food with a Waring 

blender．AccuratdylVeigh 40g of homo－  

genate or analyticalstandardsinto300mL  

Erlenmeyer flask．Dry homogenatein oven  

atllO℃．ln a hood，add30mL HNO3tO  

flask and heat mixture gently to initiate 

digestion：aVOid excessive frothing．When  

frothinghassubsided、gentlyboilmimreat  

moderatetemperaturefor2horuntilsample  

beginstodry atthebottomoftheflask．Do  

notletsamplechar．Add20mLHCltoflask  

andheatmixture gently ca15min．hcrease  

heat andboill．5h．Removerlask rromheat．  

Transrer digest tolOOmL na5k and then  

thoroughl?r rinse Erlenmeyer flask twice 

withwater．Let the solution coolto room  

temperatureanddilutetovolumewithwater．  

Fatfloatingontopshoudnotbeconsidered  

part of volunle．Mix welland filter under  

reduced pressure through dry Whatman  

No，1paperinto aclea．n．dry bottle．  

Determination   

Theinstr・umentalconditionsare Summa－  

rizedin Tablel．  

（a）Prepαγαf加扉血7血相α粛正わ乃ぶαm－  

ple．－Pipet25mL digestedsample solution  

intothree50mLvolumetricnasks，andthen  

add O，1．0，and2．OmL tin stock solution  

（1000pg／mL）intoeachnaskanddiluteto  

volumewith water．  

（b）5ね乃血適 αddiが0乃me班od．一丁hree  

standardadditionsamplesweremeasuredby   
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Tablel．Instrumentalconditionsfortlndetermination byTCP／AES  

Parameter  Settillg  

Rf（radio frequency）generatorfrequency  

VacuumSpeCtrOmeter   

Gradng  

Radius of curvature  

ヽumber orgrooves   

Wavelen釘h ra11ge   

Reciprocal Linear dispersion 

EntraLnCe Slit width   

Exit slit widtll  

Plasma output power  

Argon now rate   

Coolant   

Pla5ma   

Carrier   

Purge  

Observ8日on heigIltin pla5ma  

Integration time  

Tin analytical line 

27．120MHz  

1n1  

3600／lllll1  

160＿458rlm  

O．22nIれ／nlIn  

20〟m  

30／∠m  

l．2kW   

14L／mir1  

1．2L／min  

l．OL／min  

3．5L／min  

15mm  

5s  

189．989nm  

ICP／AES a氏er background correction．  

Background subtraction was donein the  

lVaVelength scan profile on a display by  

maJ・king2suitablepositions onthebaseline  

ofboth sides ofthepeak．TheresultsIVere  
plottedaga．instthea．ddedconcentrations．The  

plotwasextrapolatedtointerceptthenegar  

tiveconcentrationaxis．Theconcentrationof  

tininsample was calculated by using the  

extrapolated value．andallowingforsample  
Weightdilution．  

Results and Discussion   

hmediately after a canis opened，the  

contents should be tra．nsferred to aglass  

vessel，because tin plated ontheinternal  

surfaceofthecanrapidlydissoIvesintothe  

contentsinthepresenceofoxygen．   

Most methods now rely on wet digestion  

to destroy organic matter，because dry  

ashingleaves the亡in asinsoluble oxides・  

Thewetdigestion usedinthis studywas a  

modification of the AOAC oEficial method 

for tin determination by AAS（6）．It was  

difficulttodigestfatandoilinfattysamples  

such as meat，Salmon．andevaporatedmilk．  

h this method，thelimit of fat and oilin  
sampleisaboutlO－20％．Wedidnotexa．m－  

inehowtodigest rat a，ndoil．   

（c）CαJc打払Jio乃ぷ．  

Tin．FLg／gsa．mple＝pgtin／mLX（50／  

25）×（100／m）   

where25，50，andlOOaredil11tionfactorsand  

misthesampleweightingrams．  
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TabIe2．Resu）ts ofaccuracytestobtainedbyanalyzinga11alyticalstandardsu containingtin at21evels  

（50arld250／ノ釘g）  

Leveloftinin Amountoftin  

siandard，fLg／g  fot】nd，FLg／g  Average・FLg／g  RCV，％h  

52．2  

52．2  

48，1  

51．6  

48，6  

264．6  

258．9  

243．1  

249．2  

264．4  

3．73  256，0   25t）  

8Prepa∫ed a5describedin text．  

ふRCV．repeatabilbrcoefficient ofvariation．   

Theanalytical1ineofsulfur（190．027nm）  

is adjacent to that oftin（189．989nm）（7）．  

Tf the sample containslarge amounts of  

sulfurcomparedwithtin．themethodisinac－  

curate because theinstrument catches tlle  

sulfurlinehsteadofthetinline．Inthiscase、  

a fixed－WaVelength method should be used．   

Tn theinitialstage of thisinvestigation，  

We attemPtedto determine tinby theinter－  

nalstandardmethodusingyttrium asinter－  

nalstandard．However．wecouldnotobtain  

correct results、because we could not match  

thematrixofsamplesolutionwiththatoftin  

Standard solution．The pronounced matrix  

effect rnay have been due to spectralor  

physicalinterference from organic mate－  
rials andacids remaininginsamplesolutio11  

after digestion．Results of the standard  

addition method indicated that the most 

Favorable method of determining tin in 

cannedfoodisICP／AES．   

The accuracy of the pmethod was tested  
byanalyzinganalyticalstandards contalrllng  

tinaLt2levels（50and250〝g／g）．Resultsarc  

showninTable2．Amountsoftinfoundand  

repeatabilitycoefficientsofvariation（RCV）  

for the50and250fLg／g sta．ndards were  

50．5 and 256．0〟g／g and 4．O and3．8％．  

respectively．Resultsfor13cannedfoodsare  

shown 言n Tab［e3．RCVs for unspiked  

samples varied from O．91（apple juice）to  

lO．3％（mushroom）．Recovery of tin rrom  

13canned foods spjked at21evels（50and  

250FLg／g）ranged from 93．9tolO9．4％．  

withameanof99．2％．Recoveryatthelower  

spikinglevel（50FLg／g）was sughtlyerratic  

compared with the hisher spiking Ievel 

（250／唱／g）．   

The quantitationlimit was definedasthe  

concentration at which RCV was less than 

lO％（n＝5）．Bymeasuring5replicatesoftin  

standard solutions ranging from O．1to 3  

FLg／g，We foundthat O．5jLg／g tin was the  

minimum concentration at which RCV did  

not exc既dlO％・The quantitationlimit of  

the method was estimated to be about O．5  

〟g／g．   

Tin was not detected in foods packed in 
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Table3．Recovery oftin from canned foods by standard addition methoda  

Found  Recovery  

Sample  JLg／g  RCV，％  Spikelevel，Pg／g  ％  RCV，％  

Satsuma mandarinふ 57．7  3．07  

50  
250  

50  
250  

50  
250  

50  
250  

50  

250  

50  
250  

50  

250  

50  
250  

50  
250  

50  
250  

50  
250  

50  
250  

50  
250  

102．4  5．53  
94．1  2．44  

100．8  3．95  
96．4  3．16  

94．1  5．70   
99，8  2．95  

105．2  9．44  

98．6  4．48  

102．2  8．40  
98．2  1．77  

109．4  3．99  

95．8  8，54  

101．4  3，56  
97．1  4．20  

93．9  4．88  

101．1  4－54  

95．3  8，14  
100．0  4．44  

98．4  4．27  

101，8  3，69  

100．3  6．15  
95．4  5．52  

95．3  5，04  
94．4  8．63  

107．1  4．32  
102．3  1．66  

Peachム  50．0  4．78  

At）ricotふ  87．7  3．27  

Pineappleふ  56．5  1．76  

Applejuiceふ  33，4  0．91  

～tushroom島  19．8  10．3  

Asparagus亡  8l，2  3．25  

Eヽ▼apOrat由milkJ19．3  7，48  

ShorトneCked clamf 8．9  4．59  

Spinachピ  My  

Ⅵloie tomatoL  汀D  

h′1eat～  ND  

Sa】monr  Nl〕  

仁Five replicates per food．RCV．repeatabilitycoefficientofvariation．Mean recovery，99．2％．  
ふFoodpackedintinplatecan．  
亡Foodpackedin high－tin fi11eL Can．  
d Foodpackedintinplatecanwithinsidelacqueredends．  
√Foodpackedininsidelacquered can．  

′Nt），nOtdetected．   
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5） Dabeka，R．W．．McKenzie，A．D．．＆   

Albert，R．H．（1985）］．Assoc．Qn：Anol．  

Cん〝L68，209－213．  

6） q析c言αJ九k抽0ぁげ血αJy方言β（1990）   

15thEd．，AOAC．Arlhgton，VA，SeC．  

985．16  

7） Hayakawa，T．、Kikui、F．．＆放eda、S．   

（1982）郎ec加Cムe札Acね37B，1069－   

1073．   

1acqueredcan，SuCllaSSpinach．wholetomaT  

to，meat，and salmon，eXCept for short－  

necked clam．Tinconcentration detectedin  

canned sl10rtneCked clam wa．s 8．9fLg／g．  

hternalcorrosion was found at the side  

seamofthelacqueredcan．Tindetectedirlthe  

sampleisassumedtooriginatefromthetin  

plateexposedbycorrosion．   

Thelarge dynamic range ofICP／AES†  

COmParedwithAAS，generallypermitscali－  

bration over a very wide concentr・ation  

range．The time－COnSuming dilutions at・e，  

therefore，nOtrequired．  

Conc［usion   

Thepurpose of the stlldy was to esta．b－  

1isharapidandaccura，temethodofquantト  

fying tinin canned foods byICP／AES．  

Results from wet digestion by HNOJ and 

HClfollowed bylCP／AES were obtained  

rapidlyandweremoderatelyaccurate．Sam－  

ple preparation was easy；however，it wa・S  

di錆cultto digest fat and oil．Nevertheless，  

itwaspossibletodeterminetininfattyfoods．  

The standard addition methodis the most  

preferableTnethodfor tin determination by  

lCP／AES．  
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