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Lﬂ%imﬁauasqﬂmiﬁ

- ASeN Flame Atomic Absorption Spectrophotometer 284 Varian S:u Spectr AA-640,
hollow cathode lamp (azuazuaaion) fessmiduuazduanme (Air pump)

- iadaq Graphite Furnace Atomic Absorption Spectrophotometer 284 Varian §:‘u Spectr
AA-800 Zeeman background correction, hollow cathode lamp (argiiiiian) szuudaasanluna
Partitioned tube part no. 6310001200 Cooling water &1%3U furnace o f”fmmi‘ﬂaummu%qw‘é
99.999%

- unawLas hot plate

- n3psuduazgUnsaiwanadn Aeuldnuugdismsazaansaluain fesaz 40 TaaU3uas
PaeaEuuddInsaeanmehums q A neliuislumasustloain

13303 UUAZEIILAN

- #5038 (AR Grade) : nsnasddndadu 100% (Merck) n3aluaSANdY 65% d15azans
wnn@enluesn 1,000 FadnsNGaans

- NTNATU NTENENGTTIY AxM uaailien uarezgliiey anuudy 1,000 Haandu

#0am5 (Perkin Elmer) (an1nsadaudaunaule)

NMILHITNEIILAN

~ gsazanenseazdin 4% lagUSinas wisulesiannsaszdandudy 40 Hadans luh
deionized usUSuusinasidu 1,000 Hadans

- esarasunnii@enluwmsn 25 Jadnsudedans JwassavarsunnilBesluwmsn  uiu

a aa Y A v H . . [ a < a aa
0.25 ¥9aaN3 WaILIDINMEU) deionized tazdsuusnnnsu 10 ¥aaans

NILAIBNEITAZAIINIANIFIY

- msazmﬂmmijmmzﬁ'auammﬂLﬁauﬁm%’uméaq Flame Atomic Absorption
Spectrophotometer

- msa:mﬂmmgmmﬁ"ammLﬂszTu 100 #H9adn5uapans (Intermediate) : Ytdnansazars
mmgmm:ﬁ"a 1,000 A9dNFNABANT MUY 2 HAAANT LANTDINMILFTALNYNTARLTAN 4% lagUSias
wazdSulsmnesdlu 20 §addns ldasennninasgiuanuduTu 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 WAL
3.00 NAANTNADANT MNUAIAU

- @199ENNITIULAANENANNANAY 100 HaANTNGDENT (Intermediate) : Utlaasazans
NINIFIULAALNEN 1,000 HAANTNEDAANT IIUIU 1 FADAAT WAIADINEIYEITATAIANINDLTAN 4%
Toausines wazUSuusinasiilu 10 Haddas ldasrenmnunasgIueNuengy 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7
ez 0.8 NBININADANT MNIAU

- @1sazarsanasgIuesgiiisndmiuieies Graphite Furnace Atomic Absorption

Spectrophotometer
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- @sazngNasiIUezgiiiey 0.250 NadniNApANS: MNNATATNLNNNTTIUBLYNLTEY 1,000
fiadnsudednshiidonsasdsansazmensaasdin 4% lasusinas aldenuduiuiidesns s
NATFIUANNLNYY 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 AT 0.200 NAFNTUHBANT MUAIAU
MISTUUMSINOUIBUATPILUY auto mix

Mg
v v ' v v $4 %’ o L ] d‘y v v 1 k4 =
Mruzaulann nsenz vle NUSoU MANI WY 32 GIBEN FannumauasmUan
luanganne wuny3 wazdnusnil ssniadou wwnsu-wawmen 2555 wisnniagildudaly 3 uiie
Ao man 4 Gaaghe azgiitilan 22 G198 wBzALOULE 6 6DBEN

EhRIGERT
MILeIaNEIIAZAIBAIDEN

JoamugzasiindulasmadnhliieszdnhduiuiinUinesuenh menuszaadatlos
Fudhatamemsazay detergent 139919 Mudshuszthwne q adauazanaudideenh deionized
luisliudslumausiloain 1din deionized adludouiings 2 Tu 3 sasnnuanavue Jaswia
Wusiunuanudoude hlunsuuamlianudauamhGuden Wunseazdanduiulildanududures
Msazmensnasiin doear 4 Taesines uddudaludn 2 Hlue ilaesu 2 Hilue ngalianudouns
B IEwdumsaranansnacdan Jooay 4 TagUsanes aslummuzauldusnasuwhidy auasazmenn 9
gedsazagaannNMBUL ldnawadin

NMFLAIBHNEIASAHUUIIA
UfTewudennumetanasunnmauzmaniiuiininasane 500 iaddas

MAATIEY

Siesviazmuazuaaiianlsiaias Flame Atomic Absorption Spectrophotometer®
(Flame-AAS), 3§3Lﬂ313ﬁazgﬁtﬁﬂ Wl Lﬂ"ﬂi'aﬂ Graphite Furnace Atomic Absorption Spectrophotometer
(GF-AAS)

#0Mzua9tA3ae Flame Atomic Absorption Spectrophotometer

Uiiaaugiiamannaiiensilasiaies Varian Spectr-640 ¢l aziaiafinnuanagy
283.3 W UWAS slit width 0.5 wluwas Flame type Air-acetylene uazuaaLisaSafinnueInay
228.8 Wluu@s, slit width 0.5 W luiues, Flame type Air-acetylene

e CNEL Graphite Furnace Atomic Absorption Spectrophotometer
ﬂﬁﬁ&mmjﬁamsmaﬁmeﬂﬂmﬂ%’m Varian SpectrAA-800 Zeeman graphite furnace””
bt
azgﬁtﬁﬂﬁﬂﬁmmﬂnﬂé’u 257.4 Wlwu@s slit width 0.5 Wluweas, Zeeman Background
Correction, Tgunnii@asluinsnanuduiy 25 Jadnsunadnsilu modifier, total volume 22 lulasans,
sample volume 20 W1A5805 Uaz modifier volume 2 lulA58A5 AATITUUY co injection
Aaurmsieniazasslsuedasiia Taamsm sensitivity check l@laduanufiafiananas

finuildnagegauazlae absorbance agludi + 209% vavamnudnniasiianvualy
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NINAFBUANINGNEBILANITILATIZY (Method Validation)”

naFaUTNMNIANHUazANudunss (Working range and linearity)

J AT BUUNAUAZANTAZANEINAITTIUALMIANNENTY 0.25, 0.50, 1.00, 1.50, 2.00, 2.50
WAL 3.00 NadNSNADANST UANNBNANNYNTY 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 WAL 0.8 NANNINADANT
augiitiiaNANNINIY 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 WAL 0.200 NAANTNHDANT TNV
NINAIPIUAZMILAZUAALT uiazAMNENTUTAZ 6 ASa 1931039 UBgNLlleN uhasANNITNIY
o 2 33 udEHeannINeIUBNGerIgUIsteMN IR LS T NN T ULas A M IRaNEY Fun
AanUszansandunug (correlation coefficient, ) tiadnmenuluduass Femsiieldmnii 0.995

JaesazangietNiiinansaraenNasIUasmMisziu 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 KAE
3.00 NAANTNADANT LAATINTTTAU 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 UAZ 0.8 NAANTNADANS asgﬁtﬁﬂuﬁ
AMNLANTU 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 LAL 0.200 NAANSNADANT MNAAU UWOLHIU
nszUIUMSIAIENGIath ety thanagauenududunswediidensy

NMIMAAMNEVBINIINTIANY (Limit of detection, LOD) wazn1swindnanainiiin
Badsuae (Limit of quantitation, LOQ)

i@3anasazane sample blank 10 2 shumenuE TN waalley MuammRas
(Mean) LLaz@hLﬁmmummgm (SD) usruatud LOD = mean blank + 3SD uaz@muime estimated
LOQ = mean blank + 10SD

3B TATMNEFIBEN TN TATMNEINATTIUTTEAU estimated LOQ $1143u 10 21 Snanadadi
PPN UAALTEN wazazgiLiiay MUIMAITPEAZMINGUAY (% recovery) Waz @ relative standard
deviation (%RSD) e LOQ feaniule

NIINATIUANINWNUUAZANINTI B9 (Accuracy and Precision)

idznEnsasaefsgnnansasazanasgliianuduiy 5 556U 6ail axm 2.5, 5.0 uax
10.0 HAAN5NGDAAT WAALNEN 0.25, 0.50 UaE 1.00 NAANTNABANT Drgitiien 0.100, 1.0 WA 10.0 AN
fadns seduas 10 91 JauSinamzia uaailen wazazgfidlen snnmsasasmanauiu asaglude

80-110 uazMuaA relative standard deviation lagld Horwitz’s equation Uszifiugies HORRAT

msusziivaanuliiniuauuainisin (Measurement Uncertainty)®®
msUsziinananylyiwivsulduuimeres EURACHEM

We

mi‘nmaaummgné’amaﬁ%’?mswﬁ (Method Validation)
nadauTNMNANHLazaNluduns (Working range and linearity)
mﬂmsi’ﬂ@hmsa:mﬂmmgmmﬁaﬁmmL?Tani”u 0, 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 W&
3.00 U9ANSNADINT LAANENANNANIY 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 AT 0.8 NAANSNADINT LAY
a:gﬁtﬁﬂuﬁmwmﬁuﬁu 0, 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 WAL 0.200 NAANTHADAAT U2
shannInaspusEuImmsganduiuanutadureinzm waadisnuazasgiidlen Tdmdulseans
andNWLS () 299z uaaLlay wazazgitHENINNY 0.9999 0.9993 WAL 0.9995 MUAIGU
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mﬂmsi’ﬂmiaxawﬁaath‘?iLﬁmmsasmﬂmmgwumxﬁ'ﬁﬁmmL?Tmifu 0.25, 0.50, 1.00, 1.50, 2.00,
2.50 UAY 3.00 HAANITNADANS UAALE BT AN N 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 LLAZ 0.8 NAANINADINT
axgﬁtﬁauﬁmmlﬂuﬁu 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 LAZ 0.200 NAANINADANT LATEIU
NTEUIUMSLAZENGIBEN WU A dNUsEANSauduius (1) 2a9nzi waaLiaw wazazaitieNAY 0.9978,
0.9975 WAZ 0.9984 MUIIAU

NeadaudnNNeB9IN393aNU (Limit of detection, LOD) wazzadnnauasniaIntdaussnm
(Limit of quantitation, LOQ)

HAMINATAUTATAAYBINIATIANULBINZN LAALTEN warazgdiien LAY 0.05, 0.001 Way
0.004 NAINTNGDANT MNAIAU WazA) estimated LOQ 2090M ALl warazgiitten iy o.1o0,
0.010 L% 0.01 NOANTNADANT ANAIAU

wamaIadiarasmsiadaliinaueinsm waadioy wazasgiidien WAy 0.1, 0.01 uas
0.010 findn3ndadns muday Tasdauads s%recovery 7a90zM unawiian wazazgiidisn hiu 93, 100

waz 94 MNAOU A % RSD 22997 wAailay wazazgiitiien Ay 9.6, 8.0 UaT 8.6 MNAINU

NAFIUANINUNUUITANNLT B (Accuracy and Precision)

NNMINaEBUANNLN ULz AMITBadTIn N Tasmsiiussazamemnasyiliianududu
3 56U SEUAL 10 TAAIHAD MLMANNENTY 2.5, 5.0 WAL 10.0 HAANTNADANT LAALKENANNLENTL
0.25, 0.50 WAz 1.00 HaANINADANS prgiiiananundy 0.1, 1.0 uaz 10.0 Fadnindadns lasdiam
% recovery ABIBIALM UAALTEY uazasgiiiianagluzedanas 92-99, 101-103 ez 98-108 MNMGU
A % RSD wpsam uaaiiien wavasgiiilenagluing 5.5-7.5, 2.3-3.3 uaz 2.8-5.9 mumau Alaifu

predicted RSDr fiMuiaiann Horwitz’s equation waz HORRAT fieaanm 2 (a5Wh 1)

M0 1 MInadaudennamIadelsina (LOQ) ANNLNULAzANNNENYBINMTIATIEHE

Ussnadlansitiv AwasSanadiny Ainag % RSD Predicted HORRAT
(Faansuaadans) (Haan3unodng) % recovery RSD,
- Az
0.1 (LOQ) 0.09 93 9.6 14.9 0.6
2.5 2.4 96 7.5 9.2 0.8
5.0 4.6 92 5.5 8.3 0.7
10.0 9.9 99 6.8 7.4 0.9
- uAaLEY
0.01 (LOQ) 0.01 100 8.0 21.1 0.4
0.25 0.25 103 3.3 13.0 0.3
0.50 0.51 102 2.3 11.7 0.2
1.00 0.98 101 3.0 10.5 0.3
- azgiuilan
0.010 (LOQ) 0.009 94 8.6 21.1 0.4
0.100 0.103 103 2.8 14.9 0.2
1.000 1.080 108 3.1 10.5 0.3
10.000 9.803 98 5.9 7.4 0.8
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AN WAALNEN wazazgiHeNINMBULINAN AR aNMNANA uazan

msusziivaranuliiniinauuainisin (Measurement Uncertainty)
msUszfiusenulduivauraimsia Tagmuaumenyliviveuiiennudazursaudimuin
wanulaiuiuausIn (Combined standard uncertainty) wazanumenyliuiueusens (Expanded
uncertainty) logldan K=2 wamsitanzwaninzii wAaLleNuazargiilaninAY 3.35, 0.10 Uax
11.0 fiadn3udadas mammmmeanuliuiausaeuasmnsiensy azm uaaiiioy uazasgiidiow
fEWrAU £ 0.31, + 0.01 U £ 0.9 MINEIGU N5LEUANNIEDNY 95% HA1 Relative standard

uncertainty 4ty 10%

mIdmlEinanzn uaaioy u,axasgﬁvﬁﬂNﬁazmﬂaanmmnmwm@ﬁu
nndayauasndndamiiussliluamnnuh nssnznu 13 et hanwan 3 e asgiitdiey
10 0NBEN MBI 13 GIBEN MNANNBELTiEN 7 61BN LTALAUDE 6 BN NUTBUTIUIU 4 1BEN
yanwmdn 1 daehe avgiiiien 3 Mete manhauau 2 e annazgiidiew 2 dathe N
lifiaann sncdudadenudauihnnmdniamnudensssdan 3517 douush gudauasaauiinge
HamMTIeNiTINaesi wealllen uazasgiifisnninmzuzyedy 32 dade wumsazas
pENNYBINEM 18 faathe (30882 56) ﬂ%mmﬁwuagﬂuﬁwﬁaﬂﬂ’jw 0.1 - 3.35 NAANSNADANT WAALNEN
wu 5 daeh (Fewar 16) USinainuaglugnipandy 0.01 - 0.01 fisdnudadas uazasgiiiiew
WU 32 MvEN (58882 100) ﬂ%mmﬁwuagi”luﬁwﬁ'aﬂnh 0.010 — 953 AABNTNADANT MINIIAU (mswﬁ 2)

MINH 2 MIN TN 9EMI waaHEN wazargiilaNNUNINTEILDBNINNNMYULYNAY

M (Naansueaans) wanLlan (adnsuaadans) pzgiillen (Nadn3neadns)
a v a Py . ~ P . a - .
laMAULINAN WU USnaiwy  median wu USnaiiny  median wu USinawy  median
W8N 4 MBEN 4 MBEN <0.1-0.2 < 0.1 Taiwu Taiwu Tdwyu 4 dd@ee 0.120-0.400  0.262
CRNEE Taiwu Tadwu Taiwu Taiwu Taiwu Tadwu 6 @I@eN < 0.010-0.395 1.905
6 M
GERHTELY 14 NBEN < 0.1-3.35 0.2 56108N  <0.01-0.01  <0.01 22 6BHN 11-953 275
22 e
3 32 nBENN 18 GIBEN < 0.1-3.35  0.15 5 @I88N  <0.01-0.01  <0.01 22 MBEN < 0.010-953 154
= 4
VI

mManadauANNgNdasEasITienzimlinanzm waaiisy uazesgiifisnilazsaaninain
muzeen loaglyd Flame-AAS uaz GF-AAS muaau WU NWuaaanudunusszninamganau
wazanuENTuBaInEm uaaian uavazgiidion Sanuduiusifuduanassadeanududu il asm
ANNUNTU 0-3.0 FANTNGRENT uAALHEN 0-0.8 HaANTNGRENT uazdzgiillen 0-0.200 NAANTNGADANT
Toefien r > 0.995 uazldflugramsiavaslansie 3 #fia 333 Neviiidenfamsasiany (LOD) ¥o9
Gy 0.05 fadniudedns uaaisn 0.001 Haandudedns axgiidlon 0.004 fiadniudadng uas
FanfemsIaBsina (LOQ) 2asnzi uaaLios wazazgNleNNNY 0.1, 0.01 AL 0.010 HANTNHBANT
muaeu a9lasunsiusulasmsussiiuanuuduuazanuiiss nmsUssiiueae wrecovery,
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% RSD wor HORRAT wuhmnashunamiganiumudiszyly AOAC snmsszifiuvenuliuiuausas
msiafiszaueanuidanudanas 95 wuhiien Relative standard uncertainty 13t 109 e idias1zile
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Determination of Lead, Cadmium and

Aluminium Leached from Cooking Utensils

Sasitorn Homdumrongvong Jaturong Sinkheaw and Uma Boriboon

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand.

ABSTACT The analysis of lead, cadmium and aluminium, which is leached from cooking utensils,
was performed by heating with a 4% v/v acetic acid solution at boiling temperature for 2 hours.
The leached solutions were quantitation analyzed for lead and cadmium by Flame-AAS and GF-AAS for
aluminium. The results of method validation showed that the linearity of calibration ranges correlated
between absorbance and the concentration of lead, cadmium and aluminium at a range of 0-3.00, 0-0.8
and 0-0.200 mg/L, with correlation coefficients (r) of 0.9999, 0.9993 and 0.9995, respectively. There
were linear relationships between added and discovered amounts of these metals at the working range.
The limits of detection (LOD) of lead, cadmium and aluminium were 0.05, 0.001 and 0.004 mg/L,
respectively. Further, the limits of quantitation (LOQ) were 0.1, 0.01 and 0.010 mg/L, respectively.
Accuracy and precision were studied as % recovery of spiked samples and %RSD under repeatability
conditions. The recoveries for 3 levels of lead, cadmium and aluminium were 92-99%, 101-103% and
98-108%, respectively. The %RSD of the levels was 5.5-7.5, 2.3-3.3 and 2.8-5.9, respectively. Using
these methods, a total of 32 cooking utensil distributions were analyzed. The results showed that 56%
of samples were leached lead at a level <0.1-3.35 mg/L and 16% of samples were leached cadmium at a
level <0.10-0.10 mg/L. None of the samples leached lead or cadmium over the legal limit as set forth by
the Notification of Public Health No. 92 (B.E. 2528). All samples showed the presence of aluminium in
the leaching solution at an average level of 232 mg/L. According to Thai law, there are no specified legal
limitations for aluminium content in utensils. However, aluminium is regarded as a neurotoxin agent
due to it accumulation in the brain, bones and liver. JECFA (1989) established a PTWI at 7 mg/kg of
body weight for total intake. In order to protect consumers from aluminium intake, related organizations
should establish limitations for aluminium leaching. As a result, storage of acidic foods with these cooking

utensils is not recommended.

Key words: lead cadmium aluminium leaching, cooking utensils, Flame-AAS, GF-AAS
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