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Lﬂ%imﬁauasqﬂmiﬁ

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

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

- nunawLas hot plate

- 3psuduazgunsaiwanadn Aeuldnuusdismsazaensaluain fesas 40 Taa3uas
eeaEuuddInsaeanmethums q A neliuislumasustloain

d133N0 3 UUAZEIILAN

- 508 (AR Grade) : nnasddndadu 100% (Merck) n3aluaSARNGY 65% d15azans
wnnH@enluesn 1,000 FadnsNGaans

- NINATU NTAENENGTTIY axM uaailien uarezgliiey anuady 1,000 Haandu

#0an5 (Perkin Elmer) (anunsadaudaunaule)

MILHITNEIILAN

~ gsazanenseaziin 4% lagUSinas wisnlesi3annsaszdandudy 40 Hadans luh
deionized uaHUSuusinasidu 1,000 Hadans

- @sarasunnii@enlumsn 25 Jadnsudedans Jwassasarsunnil@Besluwmsn  uiu

a aa Y A v H . . [ a < a aa
0.25 93903 WaILIDINMEU) deionized azdsuusnnnsiu 10 ¥aaans

NIAIBNEITAZAIINIANTFIU

- msazmﬂmmsjmmzﬁ'auammﬂLﬁauﬁm%’uméaq Flame Atomic Absorption
Spectrophotometer

- msa:ammmgmmﬁ"mamLﬂszTu 100 #9dn5uapans (Intermediate) : Ytnansazars
mmgmm:ﬁ"a 1,000 A9ANFNABANT MUY 2 HAAANT LWANTDINMILFTALNYNTABLTAN 4% lagUSuas
wazdSulsmnasidu 20 §8ddns ldasennninasgiuanudusu 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 WAL
3.00 NAANTNADANT MINAIAU

- @199ENNITIULAANENANNLANAY 100 HaANTNGDENT (Intermediate) : Uilaasazans
NINIFIULAALNEN 1,000 HAANTNEDAANT IIUIU 1 FADAAT WAIADNEIYFEITALAIININDLTAN 4%
Taausines wazuSuusinasiilu 10 Haddas ldasenmnanasgIueNuengu 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7
ez 0.8 NBININADANT MNIAU

- @1sazarsanasgiuesgiiisndmiueies Graphite Furnace Atomic Absorption

Spectrophotometer
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- @sezngNasiIUezgiiisy 0.250 NadninApans: MNNATATNLNNTTIUBLYNLTEY 1,000
fiadnsudednshidensasdsansarmensaasdin 4% lasu3inas auldenuduiuiidesns s
NATFIUANNLNYY 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 AL 0.200 NAFNTUABANT MUMIAU
MISTUUMSINOUIBUATPILUY auto mix

fad
v v v v v $4 %’ o L ] d‘y Vv v 1 k4 =
Mruzaulann nsenz vle NUSoU MANI WY 32 MIBEN FennumauasmUan
luranganna wuny3 wazdnusil ssniadon wwnsu-waewmey 2555 wisnniagildudady 3 uiie
Ao man 4 Gaaghe azgiitilan 22 198NN wBzALOULE 6 62BEN

ERIGER T
MILeIBNEIIAZAIBAIDEN

JoanugzasiindnlasmadmhliieszdnhduiuiinUinesuenh menuszaadatlos
Fudhathamsmsazay detergent 139919 Mudshuszthwne q adauazanaudideenh deionized
luisliudslumausiloain Tdi deionized adludoiuiings 2 Tu 3 sasanuaiavue Jaswia
Tusiunuanudaude hlunsuuamlianudauamhGuden Wunseazdandudulildanududures
Msaznensnazdin doear 4 Taesines uddndaludn 2 Hlue idlaesu 2 Hlue ngalianudouns
MBS Ewdumsaranensnacdan Jooay 4 TagUsanes aslummuzauldusinasuwhidy aussazmenn 9
gedsazagaanNMBUL ldnNawaadn

NMIILAIBHEIAZABUUIIA
UfUewwdennumetanadsunnmauzmaniiuiinnasune 500 iaddas

MAATIEY

Sieeviazmuazuaaiianlsiaias Flame Atomic Absorption Spectrophotometer®
(Flame-AAS), 3§3Lﬂ313ﬁaxgﬁtﬁﬂ Wl Lﬂ"ﬂi'aﬂ Graphite Furnace Atomic Absorption Spectrophotometer
(GF-AAS)

#0Mzua9tA3ae Flame Atomic Absorption Spectrophotometer

Uiiaawgiiamannaiienslasiaies Varian Spectr-640 ¢l aziiiafinnuanagy
283.3 W UWAS slit width 0.5 W luwas Flame type Air-acetylene uazuaaLisaSafinnueInay
228.8 Wluu@s, slit width 0.5 W lutues, Flame type Air-acetylene

e CNEL Graphite Furnace Atomic Absorption Spectrophotometer
ﬂﬁﬁ&mmjﬁamsmaﬁmeﬂﬂmﬂ%’m Varian SpectrAA-800 Zeeman graphite furnace””
b
azgﬁtﬁau%’@ﬁmmmmé’u 257.4 Wlwu@s slit width 0.5 WluweAs, Zeeman Background
Correction, Tgunniidanluinsnanuduiy 25 Jadnsunadnsillu modifier, total volume 22 lulasans,
sample volume 20 W1A5805 waz modifier volume 2 lulA5805 AATITUUY co injection
AaurmsieniazasslSuedasiia Taamsmh sensitivity check l@laduanufiafiananas

finuildnngegauazlae absorbance agluzdi + 20% vavmnndnniasiianvualy

MN5F5NTHANNANFATMTUNNE
U 57 atuhn 1 upAN - Huew 2558
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NMINAFBUANINGNEBILANITILATZY (Method Validation)”

NaFaUTNMNIANHUazANudunse (Working range and linearity)

J eI UM A UAZANTAZANINAITTIUALMIANNENTY 0.25, 0.50, 1.00, 1.50, 2.00, 2.50
WAL 3.00 NAdNSNADANT UANNBNANMNYNTY 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 WAL 0.8 NANNINADAAT
augiitiiaNANNINIY 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 WAL 0.200 NAANTNHDANT TNV
NINATIUAZNILAZUAALT LiazAMNENTUTAZ 6 ASq 1931099 UBgiLlleN uiasANNITNIY
o 2 33 udEHanniINeIUBNGergUIsteMN IR LS NI NI TULas A M IRanEY Fun
AanUszansandunug (correlation coefficient, r) tiadnmenuluduass Femsiieldmnii 0.995

JaesazangietNiiinansaraenNasIUasmMiisziu 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 KAE
3.00 NAANSNADANT LAATINTITTAU 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 UAZ 0.8 NAANTNADANS asgﬁtﬁﬂuﬁ
ANMNLINTU 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 WAL 0.200 NAANSNADAANT MNAAU ULOLEIU
nszUUMSIeIENGIaEh ety tianagauanududunswedizdensy

NMIMAAMNEVBINIINTIANY (Limit of detection, LOD) wazn1s¥indnanainisin
wadsuae (Limit of quantitation, LOQ)

i@3anasazane sample blank 10 2 shumenuE TN waalley MunammRas
(Mean) u,a::cshl,ﬁmmummgm (SD) uaruaeud LOD = mean blank + 3SD uaz@muime estimated
LOQ = mean blank + 10SD

3B TATMNEFIBEN TN TaTMNEINATTIUTTEAU estimated LOQ $1143u 10 21 Saanadadi
P90 UAALTEN warazgiLiiay MUIMAITPEAZMINGUAY (% recovery) Waz @ relative standard
deviation (%RSD) e LOQ feaniule

NINATBUANINWNUUAZANINTI B9 (Accuracy and Precision)

idznEnsarmefst e sasazanasgliianuduiy 3 sz 6ail axm 2.5, 5.0 uax
10.0 HAAN5NGDAAT LAALNEN 0.25, 0.50 UaE 1.00 NAANTNABANT Drgittien 0.100, 1.0 WA 10.0 AN
fadns seduas 10 91 JauSinamsia uaailen wazazgfidlen dnnmedasasmandudy asaglude

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

msusziivaranuliiniuauuainisin (Measurement Uncertainty)®
msUsziinananylyiwivsulduuimeres EURACHEM

We

mi‘nmaaummgné’amaﬁ%’?mswﬁ (Method Validation)
nadgauTNMNANHLazaNluduas (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 N9ANSNADINT LAANENANNAINIY 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 LAL 0.8 NAANSNADANT LAY
a:gﬁtﬁﬂuﬁmwmﬁuﬁu 0, 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 WAL 0.200 NAANTUADAAT U2
ahannInaspustuimmsganduiuenutudureinzm uaadisnuazasgiidlan Tdmdulseans
aduWLS (r) 29nzi uaaLley wazazgitHENINNY 0.9999 0.9993 WAL 0.9995 MUAIGU

N5ASNTHANNAFTASMTUNNE
U 57 atud 1 upaN - Jueu 2558




Pb, Cd and Al Leached from Cooking Utensils Sasitorn Homdumrongvong el al.

mﬂmsi’ﬂmiaxawﬁaath‘?iL&mmsasmﬂmmgwumxﬁ'ﬁﬁmmL?Tmij'u 0.25, 0.50, 1.00, 1.50, 2.00,
2.50 UAY 3.00 HAANITNADANS UAALT BT AN NN 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 LA 0.8 NAANINADINT
axgﬁtﬁauﬁmmlﬂuﬁu 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 LAZ 0.200 NAANINADANT LAZEIU
NTEUIUMSLAZENGIBENT WU A dNUsE AN auduius (1) 2a9nzi waaLiaw wazazgaitieNAY 0.9978,
0.9975 WAZ 0.9984 MUIIAU

NaFaudnNNeaIN1393aNU (Limit of detection, LOD) wazzannazasniaintdaussnm
(Limit of quantitation, LOQ)

HAMINATAUTATAAYBINIATIANULBINZN LAALTEN warazgditien LAY 0.05, 0.001 Way
0.004 NAINTNGDANT MNAIAU WazA) estimated LOQ 2090M LAALTioN wazazgiitien iy o.1o0,
0.010 L% 0.01 NOANTNADANT MNAIAU

wamaIadiarasmsiadaliinaueinsm waadoy wazasgiidien Wy 0.1, 0.01 uas
0.010 findniudadns muday Tasfauads s%recovery 7a9nzM unaiiiaw wozazgiidisn thiu 93, 100

waz 94 MNAOU A % RSD 22907 wAailay wazazgiitiien AU 9.6, 8.0 UaT 8.6 MNAINU

NAFIUANINUNUUITANNLT B (Accuracy and Precision)

NNMINaEBUANNLN ULz A NI TBwadTIn N Tasmsiiussazmemnasyiliianududu
3 56U UL 10 TAAIHAD MLMANNENTY 2.5, 5.0 WAL 10.0 HAANTNADANT WAALKENANNLENTL
0.25, 0.50 WAz 1.00 HAANINADANS prgiiiananundy 0.1, 1.0 uaz 10.0 Fadnindadns lasdia
% recovery ABIALM UAALTEY uazasgiitiianagluzedanas 92-99, 101-103 ez 98-108 MNMGU
@ % RSD wpsazm uaaiiien wavasgiiiionagluing 5.5-7.5, 2.3-3.3 uaz 2.8-5.9 mumau Al

predicted RSDr fiMuiaiann Horwitz’s equation waz HORRAT fieiaanm 2 (5NN 1)

M0 1 MInadaudennamIadelsina (LOQ) ANNLNULAZANNNENYBINMTIATIEHE

Ussnadlansitiiv AwasUsanadiny Ainag % RSD Predicted HORRAT
(Faansuaadans) (Hadn3unodng) % 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
- uAALlEY
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 warazgiHe NN BULNAN AR VaNMNANA uazan

msusziivaranuliiniiauuainisin (Measurement Uncertainty)
msUszfiumenuliuivauraimsia Tagmuumenyliviveuiiennudazursaudimun
wanulaiuiuausIn (Combined standard uncertainty) wazanumenuliuiueusens (Expanded
uncertainty) logldan K=2 wamsitanzwaninzii wAaLleNuazazgitlaninAY 3.35, 0.10 Uax
11.0 fisdn3udadas mammmmanuliuiausaeuasnsiensy azm uaaiiioy uazasgiidiow
fAWrAU £ 0.31, £ 0.01 U £ 0.9 MINEIGU N5LEUANNIEDNY 95% HA1 Relative standard

uncertainty 4ty 10%

mIdmalEinanzn uaaioy u,axazgﬁvﬁﬂNﬁazmﬂaanmmnmwm@ﬁu
nndayasasdndamiiussliluamnnuh nssnznu 13 et hanwan 3 fee asgiitdiey
10 0NBEN MBI 13 GIBEN MNANNBEILTIEN 7 61BN LTALAUDE 6 BN NUTBUTIUIU 4 MIBEN
yanmdn 1 daehe avgiiiien 3 Mete manhauau 2 e annazgiidiew 2 dathe N
Tifiaann sncdudasenudauihnnmdniamnudensssdan 3517 douush gudauasamuiinge
HamMTIeTiTINaesi weailen uarasgiidisnninmzuzyedy 32 ded wumsazas
pENNNYBINEM 18 daaehe (3o8az 56) ﬂ%mmﬁwuagﬂuﬁwﬁaﬂﬂ’jw 0.1 - 3.35 NAANSNADANT WAALNEN
wu 5 daeh (Feear 16) USinainuaglugnipandy 0.01 - 0.01 fisdnudadas uazasgiiiiew
WU 32 fMveN (58882 100) ﬂ%mmﬁwuagi”luﬁwﬁ'aﬂnh 0.010 — 953 AABNTNADANT MNIIAU (mswﬁ 2)

MINH 2 MIN TN aEM waaHEN LazargilaNNUNINTEILDBNINNMYULYNAY

fzM (Naansueaaans) wanLlan (Nadnsuaadans) pzgiillen (Nadnsuadns)
a v a Py . ~ P . a a .
HaMIULINAN Wy USnainwu  median wy USnaiiny  median wu USinawy  median
WBN 4 MBEN 4 MBEN <0.1-0.2 < 0.1 Taiwu Taiwu Tdwyu 4 éd@ee 0.120-0.400  0.262
CRANEE Taiwu Taiwu Taiwu Taiwu Taiwu Tadwu 6 @I@eN < 0.010-0.395 1.905
6 MpEN
GERHTEEY 14 NBEN < 0.1-3.35 0.2 56198N  <0.01-0.01  <0.01 22 6BHN 11-953 275
22 e
53 32 nBENN 18 GIBEN < 0.1-3.35  0.15 5 @30EN  <0.01-0.01  <0.01 22 GBEN < 0.010-953 154
= 4
VI

mManadauANNgNdasEasITienzimUinanzm waaiisn uazesgiiifisnilazmeaaninain
muzeen laglyd Flame-AAS uaz GF-AAS muaau WU NWuaannuduiusszninamsganau
wazanuENTuBaInEm uaaien uavazgiidien Sanuduiusifuduanassadeanududu @il asm
ANNLNTU 0-3.0 HENTNGRENT uAALHEN 0-0.8 HaANTNGRENT Uazdzglillan 0-0.200 NAANTNGADANT
Toefien r > 0.995 uazldilugamsiavaslansis 3 #fia 333 Neviiideniamsasiany (LOD) ¥o9
Gy 0.05 fiadniudedns uaaisn 0.001 Haandudedns sxgiidion 0.004 fiadniudadng uas
FanfemIaBsina (LOQ) 2a9nzi uaaLios wazazgNleNNNY 0.1, 0.01 AL 0.010 HAANTNHBANT
amuaeu a9lasunsiusulasmsussiiuauuduuazanudiss :nmsUssiiueae wrecovery,
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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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