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ABSTRACT - This study investigated the migration levels of lead (Pb), cadmium (Cd), and arsenic (As) from
food contact articles (glassware, ceramics, enamelware, and earthenware) into a food stimulant (4% v/v, acetic acid).
Migration tests were performed at 25°C for 24 h and all analyses were performed using Inductively-Coupled Plasma
Mass Spectrometry (ICP-MS). The method was validated by linearity of calibration curves, limit of detection (LOD),
limit of quantification (LOQ), recovery, precision, and uncertainty. In glassware, the migration concentrations ranged
from not-detected (N.D.) to 752.21 pg/L and N.D. to 1.99 pg/L for Pb and Cd, respectively. In ceramics, the migration
concentrations ranged from N.D. to 1,955.86 pg/L, N.D. to 74.06 pg/L, and N.D. to 302.40 pg/L for Pb, Cd, and As,
respectively. In enamelware, the migration concentrations ranged from N.D. to 4.48 pg/L, N.D. to 7.00 pg/L, and N.D.
to 52.00 pg/L for Pb, Cd, and Sb, respectively. In earthenware, the migration concentrations ranged from N.D. to
13.68 pg/L, N.D. to 0.04 pg/L, and N.D. to 6.71 pg/L for Pb, Cd, and As, respectively. All results were below the
migration limits of Korea standards and specifications for food utensils, containers, and packages.

Key words :

FEAl, =A71A, HE 3
u$ s, 53]
s 7kaAl 5 ArhEe
Row AeiA 9l
el Al {ﬂl

7.5%CEH Y 71E) & AASH 471, 3, ¥@E]
o deiE A 1‘3&011 AA AR =AU
frelAle

5

Y
é

>~
>
R
i
E
u
do
S

X
o

o:a J& N rlo RS

*Correspondence to: Kyung Chul Cho, Imported Food Analysis
Division, Gyeongin Regional Food and Drug Administration,
137 Juan-ro, Nam-gu, Incheon 22133, Korea

Tel: +82-32-450-3371, Fax: +82-32-442-4622

E-mail: sonatine9@korea.kr

23

Glassware, Ceramics, Enamelware and earthenware, Heavy metal, Migration monitoring

I

Q The Wztele] whEolAE
ol oAt 7ol
wsjo] 7o}x|7] 4

4ES T 2 %71-%

[e]
T
._L.

FHAZ FEEY, 279
7V=w) A4S AAste] dElstal 9l

=ApAE R1ELS

& gt



24 Kyung Chul Cho et al.

A% =R,
S, 0E 2 $A1F AT W 872 Xﬂi 35 F
BI1A 9k, AL, JIE WM AR FomRH &
7Fs7de] S H(Pb), 7H=5(Cd), Hl&(As) B SFE]E(Sb)
5 FE%0l AF 27 % BE FRelN HEOZ o]3
ol A 4D K5l de 4 A, FAYAT
Z~(International Agency for Research on Cancer, IARC)®]
w2m 27 ge ox delyd s nm(Group 2A), 7}
ctE 4 2 HA4AE= o];q] t:ﬂ—O]-/Ré nZ‘(Group 1), o]—F/]EO o]
A webd =4 E2(Group 2B) & EF/F3IaL AT,

2 AFMeE SW frEeHe Ex}ﬂxﬂ FrelAl, W
e i71v Ao 71 B 712 F 1981 F18
o FEAfFEezvr A 7](Inductlvely Coupled
Plasma Mass Spectrometer, [CP-MS, Waltham, MA, USA)
g olgdto] W, A=, v 2 e HEFAE)
2 ol9Fe 22, L 1T % $7154e) ol

w3 Aeles Best] 44 20 43 A8
(Provmonal Tolerable Weekly Intake, PTWI) 52| 7|53}
o Mg Folo] SINEE AEala SRS HleTs,

Materials and Methods
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Mg, A7, A, A, B L ol T Ao i)
A, digetE, Al &AM F 198718 FASIA
om o] T FEIAE 754, z}ﬂxﬂ— 10371, Heke 127,

S71F= solth. fEEEE A 674, 371 351, A%
€71 334, HA, 297, A 18_, FAA 134, 2 24, =
W o1zdelem A E S A AlFo] 68710 E A
B, O 2e = 527, € 197, Y 81, H=
87, olgelo}, Ty 5 71EE7t G 4374 wol3iv.

EEZ gl A|ok

EFEOo R AME Y, 7I=F, B4 2 oE]E-S Perkin
Elmer (Waltham, MA, USA)-/] ICP  instrument
calibration standard (Z} 100 pg/mL) & ARSI TE Al SF
% 812+ Kanto Chemical Co. (Tokyo, Japan)e] &4t
(Ultrapure-100 grade, 69.0%)3} Kanto Chemical Co.9] %
2F(Ultrapure grade, >99.0%) < A3ttt S/RTE
Mili-Q Ultrapure water purification system (Milipore
Co., Billerica, MA, USA)Z ©|&3l] 182mQ 22 4
Alsted ARg-shA T

= BXo| A3t 7]7]+= Perkin

Table 1. Instrumental conditions of ICP-MS for analysis of Pb,
Cd, As, and Sb

Parameters Values
RF power 1600 W
Nebulizer 0.96 L/min
Auxillary 1.20 L/min
Plasma 18 L/min

Ton mointored Pb m/z 208, Cd m/z 111, As m/z 75, Sb m/z 121

Elmer (Waltham, MA, USAAF] ICP-MS, NexION 2000
S ARstd o, 24 2E Table 134 .

TFQIof gl mxgoio] XX

ICP Standard EFE(d, 7l=F, Hl A& 2 QHEE 7
100 ug/mL) 0.5mL #3} 0.5N F2kS 7}0}04 50 mLZ
P g og Stk 1 mg/ll). BFE9e
—g— 4% 24§ &R 345t ‘a‘ 7t EH,
1 QFE]= 9] Fx7F ZH7} 0.1, 0.5, 1.0, 5.0 ug/L 7}
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FHAS & A2 (European Commission Joint Research
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Eurachem/ CITAC (Cooperation on International Traceability
in Analytical Chemistry) 42 =X 9o E3r F4
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ISO(International Organization For Standardization, =+4| 3%
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Fig. 1. Calibration curves for Pb, Cd, As and Sb analysis by ICP-MS.
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Table 2. Instrumental limit of detection (LOD) and limit of quan-
tification (LOQ) by ICP-MS

Migration LOD LOQ
Instrument simulant Element (ug/L) (ug/L)
Pb 0.012 0.031
0 : cd 0.002 0.005
[CP-MS 4% A.cetlc
acid As 0.004 0.010
Sb 0.002 0.005
Results and Discussion
2Ny AT
FEA, ZA7A, Hg 2 §71FAA ol == o, 7
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g3 AAAdS BRAFAKFig. ).
A, =714, Hg 2 S71RERYH 72F i
HAZSH (LOD)e} AFA(LOQ)E &8s A F&
0.012 pug/L 2 0.031 pg/L, 7F=EL 0.002 pg/L 2 0.005
pg/L, ¥12E 0.004 pg/L 2 0.010ug/L 233 St Ee
0.002 pg/L 2 0.005 pg/L o2 YEFFTHTable 2).

S &S =4 A T2 94.33-101.91%, Tt=ES
88.61-104.71%, HlAE 90.26-101.99%, SHEIELS 89.47-
99.53%% RE A JRC 7lol=gkelo ] AA| s}
AE 71F (10 pg/L vEEe] FxoA Ha 3 FE& 40-
120%)°] A &stR L, U= 3+ JRCAA AA st
Horwitz 2]l o3l Al4He (0.1 pg/L : 63.2%, 1 pg/
L : 44.8%, 10 pg/L : 31.7%) o|Wedok sl 7150l 3
3tal A th(Table 3).

g, FtEE, vA 2 e S4B Ade
1.031 pg/L, 7F=F 1.111 pg/L, ¥4 1.104 pg/L, QHEE
1.006 pg/L o]em, 7+ B3% g2lo] A Bxd 1
A= FEF HES T A AEHAEY 15.7%, BEE&Y
ZA 28.0%, HF=4 55%, A 50.8% ©IA, TI=
Y AS NBAAY 92%, FFENZFA 16.4%, HHE=
A 6.7%, A 67.7% olAom, Hl&o] e AlEHA
2 143%, BFENZA] 25.6%, THEZA 10.6%, HHFA
49.5% ©1A3L, FEE] A AERHAY 11.9%, EF&
ANZA| 21.2%, HHEZ=A 6.7%, HHFA 60.5% ©]ATH Table
4). EF% Ao A7 xrt HE APkl vAE 9
g2 o, JEg, HlA 2 QHEE o) 94 BF G40
49.5-67.7% = 71¢ 3A Yelgor o= &

>4

d

=5

=
o

ZA|(16.4-28.0%), A5 A 2](9.2-15.7%), "HEZ3(5.5-
10.6%) 22 EbTH

ol¥F BUET U g Bt

FreAl & 7570l sl AEE 71 2 &1 xR 3
Aol mel A EFFAFEE 4% FAHS ARE-SH
25°Col|l A 2477 §&35 AF |, 7HEE, B4 H QHEE
o olaFoA] Fe] Hu ol #S 75221 pg/l & 7|
F-714(0.5-1.5 mg/L) thH] 50% vIvre.Z YElgton, 7}
tEo HY ol HFHS 1.99 ugl ©2 715-7+4(0.25-
0.5 mg/L) tH] 0.4%= -9 22 FF|JATHTable ).

SAZA F 1034S gz AEFFAREUR 4% =
AhE AREShe] 25°Coll A 2447 8537 A3 o, THEE,
Hl 4 g8l QEE|Ze] o]dgFellA] e Hu o]z
1,955.86 pg/L ©|} o™ 71E44(0.5-2 mg/L) & ZHdh=
AlEE (A, 7tER9 Ho o] FS 74.06 pg/LO=E
7174 (0.05-0.5 mg/L) tHH] 3L 14.8%= H]w A W
FEoldth F 1037 5 TR AZ 5 AL 2
L 28 F JdE 39 =AA 68710 disiME
TR 4% 2AHE AREERe] 70°CelA 3027 &

B

=3 4=
g3 7t=ge] ol ol 747t 79840 pg/L B 8.93 g/
L ©]3ltH(Table 5). o] st A= &F Al 9FE T+
AARE 2EHTE AZbe] ¢ & o2 FH .

U7 2 12790 it AFFARRRE 4% 2AHS AL
g3ato] 25°ColA] 24 A7 £&S A% d, JtEH, HA
2 QFE] O] o] ol A He] Hu o]y F 448 ug/L =
£ 749 04myL(E# 3L vvhe} vjws] oF 1.1%,
Fh=E-2] H ol S 7.00 pg/L B &= 7491 0.07 mg/
L& 3L vRh) ti¥] 10.0% ol™, otej&e] Ft) o]3
F2 5200 pg/LE &% 71420 0.1 mg/L (&% 3L 7vh
o} vl 52.0% G==o]ATH(Table 5). B3 A ARg %
AL 714 3ke] 100°CoA 4% Z4HS AME8HY] 308 &5
g Az Fo] Ho ol TS 3.94 ug/l, FH=E2 Ho o]
ST 37.40 pg/L, QFE]ZO] Hf o] F 3750 ug/L =
V& A4S 2AEE ABEE A 283 de A$-
25 9 AJZke] BT old el JEFS A %
e or, 7tEE9] A4S 227 & 9T
2 Yehgth 28y £ dFdA = Al 1

aA4e] Ut

3715 & 87l thete] HFFALEUE 4% M-S A}
B3t 25°ColA 24 A7 &3 A o, 7t=FE, HA
2 P9 ol e Fol A ol F 13.68 pg/L (7]
Z5174 052 mg/L), 7F=E-2 0.04 ug/L71E+4 : 0.05-
0.5mg/L) L8] H]AE 6.71 pg/L (7154 @ 0.05 mg/
LR 7|EtA4S 29ste AEE fITHTable 5).
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Table 3. Recovery and precision of Pb, Cd, As, and Sb analysis in glassware, ceramicware, enamelware, and earthenware by ICP-MS

. Spiked level Recovery Precision (RSD%)

Material Element (ug/L) (%) Intra-day Inter-day
0.1 96.22+3.56 0.61 3.70

Pb 1 97.58+0.62 0.21 0.64

10 99.90+0.48 0.31 0.48

0.1 103.89+2.03 1.12 1.95

Cd 1 104.71+0.91 0.63 0.87

Glassware 10 98.85+1.22 0.42 1.23
0.1 99.89+1.17 1.01 1.17

As 1 101.99+1.31 0.45 1.29

10 99.34+0.81 0.96 0.81

0.1 96.89+1.62 1.05 1.67

Sb 1 99.53+0.79 0.40 0.79

10 98.38+0.50 0.53 0.51

0.1 98.11+4.48 0.61 4.57

Pb 1 97.31+£2.13 0.97 2.18

10 101.91+3.62 0.34 3.55

0.1 100.78+4.18 1.79 4.14

Cd 1 102.72+2.46 0.76 2.40

10 97.89+3.00 0.08 3.06

Ceramicware

0.1 98.44+2.70 1.18 2.74

As 1 101.50+1.99 1.33 1.93

10 100.00+1.88 1.24 1.88

0.1 95.56+1.33 0.61 1.40

Sb 1 98.47+0.96 0.86 0.97

10 98.55+1.76 1.07 1.78

0.1 97.56+4.33 0.62 4.44

Pb 1 97.17+1.17 0.31 1.20

10 100.32+1.34 0.78 1.33

0.1 100.11+3.55 1.59 3.55

Cd 1 101.53+3.38 1.83 3.33

10 97.01+£3.05 2.00 3.14

Enamelware

0.1 98.67+1.41 0.00 1.43

As 1 100.94+1.10 0.77 1.09

10 99.13+1.69 0.46 1.70

0.1 95.22+1.64 0.62 1.72

Sb 1 97.30+1.44 0.42 1.48

10 98.47+1.49 0.84 1.51

0.1 94.33+1.03 1.05 1.09

Pb 1 96.30+0.60 0.16 0.62

10 90.81+20.12 0.48 22.16

0.1 100.17+3.66 0.56 3.65

Cd 1 100.70+3.17 0.78 3.15

Earthenware 10 88.61+£20.66 0.35 23.31
0.1 97.33+1.21 1.02 1.24

As 1 101.07+1.45 1.96 1.44

10 90.26+20.25 0.59 22.44

0.1 94.00+1.67 0.61 1.78

Sb 1 97.22+1.25 1.22 1.29

10 89.47£19.94 0.37 22.28
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Table 4. Results and uncertainty values of Pb, Cd, As, and Sb

Result of Sample Standard Calibration Reproducibility Expanded
Element analysis preparation preparation curve of recovery uncertainty
(ng/L) (Ugammpte) (Uyandard) (Yeatibration) (Urecovery) (8)
Pb 1.031 0.006 0.011 0.019 0.002 0.047
Cd 1.111 0.006 0.011 0.043 0.004 0.100
As 1.104 0.006 0.011 0.020 0.004 0.053
Sb 1.007 0.006 0.011 0.030 0.003 0.065
* Basis of 95% confidence, k=2.
Table 5. Concentration of Pb, Cd, As, and Sb in 75 glassware, 103 ceramicware, 12 enamelware, and 8 earthenware
Concentration
Temperature Pb Cd As Sb
i (ng/L)
Mean 44.10£147.35 0.07+0.26 1.43+5.28 0.93+4.65
25°C Max 752.21 1.99 26.25 37.94
(n=75 glassware)
Min N.D. N.D. N.D. N.D.
Mean 69.04+325.23 1.49+8.15 3.274+35.36 0.09+0.22
_ 25°C . Max 1,955.86 74.06 302.40 1.91
(n=103 ceramicware)
Min N.D. N.D. N.D. N.D.
Mean 18.20+98.61 0.43+1.34 1.28+13.53 0.05+0.11
_ 70 C. Max 798.40 8.93 77.96 0.87
(n=68 ceramicware)
Min N.D. N.D. N.D. N.D.
Mean 1.25+1.26 1.9042.60 4.85+12.22 9.72+18.10
_ 25°C Max 4.48 7.00 43.00 52.00
(n=12 enamelware)
Min N.D. N.D. N.D. N.D.
Mean 3.94+8.30 5.81+10.63 0.87+1.28 7.62+12.35
_ 100°C Max 28.50 37.40 4.50 37.50
(n=12 enamelware)
Min N.D. N.D. N.D. N.D.
Mean 1.80+0.12 0.01+0.014 0.96+0.12 0.01+0.01
25°C
(n=8 earthenware) Max 13.68 0.04 6.71 0.02
Min N.D. N.D. N.D. N.D.
“ ND: not detected or below LOQ.
frelAl, HE 9 7179k Blaste] =AM 3t P’ 87t
7hEge] HY ol o] 7P 2 ol EA| b olPEH dAFFHIZFE 2ol T olP=Z 9

A U] S8l 22 AR AROIN AFRAEER

2
o off
ol 9 H1

d AF HFHFAFLE 15 kg, AFTL 60 kg,
(Consumption Factor, CF)= 0.18 AFE3SI L, 2&H73Y
5

)
X,
b H r —

2 4% ZAS ARSI ERE 1E It F 2 ]
2 JECFAQ] 3437+ # 3] & F(Provisional Tolerable
Weekly Intake, PTWI), 7t=8-2 &7|7+e] A& wbt
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Table 6. Estimated daily intake and risk of Pb, Cd, As, and Sb from glassware, ceramicware, enamelware, and earthenware as food pack-

aging materials

. M EDI o .
Material Element CF fr (/L) (ng/ke bw/day) % PTWI
Pb 0.1 1 4.410 1.1x10" 3.09
Cd 0.1 1 0.007 1.8x10* 0.02
Glassware 3
As 0.1 1 0.148 3.7x107 0.17
Sb 0.1 1 0.093 2.3%10° 0.04
Pb 0.1 1 6.904 1.7x10" 483
. Cd 0.1 1 0.149 3.7x1073 0.45
Ceramicware )
As 0.1 1 0.327 8.2x10” 0.38
Sb 0.1 1 0.009 2.3x10* 0.004
Pb 0.1 1 0.125 3.1x107 0.09
Cd 0.1 1 0.190 4.8x10° 0.57
Enamelware R
As 0.1 1 0.485 1.2x107 0.57
Sb 0.1 1 0.972 2.4x10? 0.41
Pb 0.1 1 0.180 4.5x10° 0.13
Cd 0.1 1 0.001 2.5x10° 0.003
Earthenware .
As 0.1 1 0.096 2.4x107 0.11
Sb 0.1 1 0.001 2.5x10° 0.0004

“Pb PTWI : 25 ng/kg bw/week (JECFA, 2010 withdraw), Cd PTMI : 25 ug/kg bw/month (JECFA, 2010), Inorganic As PTWI :

15 pg/kg

bw/week (JECFA, 2010 withdraw), Sb TDI : 6 pg/kg bw/day (WHO, 2003).

715 2yt 74 € 7h4d 3 3] 8 FH(Provisional Tolerable

Monthly Intake, PTMI)aJr v wsle] Q8| (%) AF&sle
EE27T SREIREE SRl T,

AEFAFEIE 4% AR ARE3F] 25°Col A 24417
|E% d, 7IEF, HlA 2 EEY oS ARE 7]
%zi Zhzre] o) st dLFFAdH T H s T
5 o]oIi;HMz]ao]:_% }_}\}‘—i 7:]‘,,]_ 3,1><10’-
'ug/kg bw/dayZ LFERSE 0111, J}ﬂxﬂﬂ 7V =
1, %*%P | 7FF oo, fsi=E 0.09-4.83% W=
Bbyta, JFEES 2.5%10°-4.8x107 ug/kg bw/day 2 1}

o, W] AY F, 7|77 AL #3kon, 9
AEE 0.003-0.57%= VFEFSEI, H]AE 241x10°-8.2x107
pg/kg bw/day o™, vl 7FA] AAA FARgE o],
A== 0.11-0.57% = YERLAL, 28]al QFEJ#-2 2.5x10°
-2.4x107 pg/kg bw/day= YEbEO ™, Wgo] 7P =41
S71F7F AY 2koH, SEl=E 0.0004-0.41% 2 24zt
14—1:4—1’1*1’4—(Table 6).

2 AgoMe A AlEFS G E AIFS dste] A
A el =] dFstal e FaHel A%

T Ao, AR 2 M 3157 St

o aslug AAAT Lox] HlEZ

73‘% TS HEH oW A7 A% Bo
of SE T,

AU

PN
252

frefAl, EA71A, W 2 371REFYH |, 7teE, H
2 g8l QHEEe] dYFAAFAZFS E2 3.1x107-1.7x10"
ug/kg bw/day, 7F=E-2 2.5%10°-4.8x10° pg/kg bw/day, ¥l
e 241x10°-8.2x10% ug/kg bw/day 223 SHE|E S
2.5x107°-2.4x10? ug/kg bw/day= YEFOH, 747 E2 9]
A $81=E 0.0004-4.83% HAZ YeER} HEH <k
4 37t fﬁ'%%t SR A% fE 7AA &
FAF FEQ Ao® Bl HIYTh
A AFS HGeR & & 74 EA F 99
Y= 4.83%= 7Y =A AHEEI Y 20173 Choi
':'8)-4 AFA ol MEH =271 2717 A FA
J_:rLE ARgete] Al H st AU AlH BFE S
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