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A Study on the Migration of Heavy Metals from
Polycarbonate Food Contact Materials Using
an Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
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Abstract The purpose of this study was to investigate the migration levels of lead (Pb), cadmium (Cd) and arsenic (As)
from polycarbonate food contact materials into food simulant at different temperatures (70°C and 100°C). The method
was validated by linearity of calibration curves, limit of detection (LOD), limit of quantification (LOQ), recovery, pre-
cision and uncertainty. All of 200 samples, including bottles, cups, containers, ladles, spoons and tongs were purchased
from domestic markets and analyzed by inductively coupled plasma mass spectrometry (ICP-MS). Mean concentrations
of positive samples were higher at 100°C than 70°C as showing a dependency of migration temperature. The migration
concentrations ranged from not-detected (ND) to 4.67 pg/L, ND to 0.49 pg/L and ND to 2.91 pg/L for Pb, Cd and As,
respectively, which were far below the migration limits of Korea standards and specifications for food utensils, containers

and packages.
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Table 1. Analysis condition of ICP-MS for the measurements of
Pb, Cd, and As

Parameter Value
RF power 1350 W
Nebulizer 1.06 L/min
Auxillary 1.20 L/min
Plasma 18 L/min
Lens voltage 7.00 V
Monitored elements (m/z) Pb 208, Cd 111, As 75
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Table 2. Linearity, limit of detection (LOD) and limit of quan-
tification (LOQ) for the measurements of Pb, Cd, and As

Element R? LOD (ung/L) LOQ (ng/L)
Pb 1.0 0.002 0.006
Cd 1.0 0.005 0.016
As 1.0 0.009 0.026

2 L(112)01 Z}z} 0.9999
oo ® yeht ¢ Ad8E E‘}i‘jr. AE 2 A
A2~ (European Commission Joint
[FHE5=4 A A Ee &
Ao AE71E 9 ASEa rlel=el NS xste
it FAIEE H4a 103] o) EAshe St
= oA AtE Hisesh mEwAbe] 3] fog
H HAEE Falslon, Hisxsset FHAe] 10612
o2 HE HHIAE Feiuct I, T4 ]E°] é}o v=
Agolle e A & -'43—
/‘1%6‘}9%1, o] 7% Wt sEe (0= 7H6P°El f1e] 2]
o YPst § HEISH AFIAE Feiieh |, Tt=w
2 H|Ae] AEIHAIF AReHAlE 22 0.002~0.009 pg/Let

[€)
Research Centre, JRC)2]

ﬂLu _l>‘

jal Jm-

Table 3. Recovery and precision of Pb, Cd, and As
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. Precision (RSD %)
Element Spiked level (ng/L) Recovery (%)
Intra-day Inter-day
0.1 88.38+6.52 7.38 9.77
Pb 1 91.52+2.46 2.69 222
10 97.21+0.27 0.28 6.60
0.1 87.42+8.19 9.37 15.67
Cd 1 94.17+1.57 1.67 4.04
10 98.81+0.22 0.23 8.08
0.1 83.92+5.16 6.16 15.05
As 1 96.09+2.06 2.14 4.08
10 100.5+0.42 0.42 0.98
Table 4. Expanded uncertainty (ug/L) in determination of migrated Pb, Cd, and As
Result of Sample Standard Calibration Reproducibility Expanded
Element analysis preperation preperation curve of recovery uncertainty
(ug/L) (usample) (Ugtandara) Weatibration) (urecovery) ) D
Pb 0.96 0.010 0.010 0.035 0.027 0.09
Cd 1.07 0.010 0.010 0.038 0.031 0.11
As 0.96 0.010 0.010 0.026 0.017 0.07

DBasis of 95% confidence, k=2.
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Table 5. Concentration (ug/L) of Pb, Cd, and As migrated from polycarbonate samples into a food simulant (4% acetic acid) analyzed

by ICP-MS
Sample Number of Pb Cd As
P samples 70°C 100°C 70°C 100°C 70°C 100°C
Cu 63 0.17Y 0.25 0.002 0.01 0.09 0.09
P ND-2.262 ND~4.67 ND~0.07 ND~0.49 ND~2.56 ND~2.71
Container o 0.17 027 0.001 0.002 0.12 021
ND~1.17 ND~4.49 ND~0.04 ND~0.05 ND~2.48 ND~2.91
0.04 0.06 0.05 0.13
Bottle 3 ND-0.45 ND~0.53 ND 0.0003 ND~1.00 ND~1.35
0.11 0.15 1.19
Spoon ? ND~0.23 ND~0.22 ND ND ND ND-~1.86
0.09 0.14 0.63
Ladle 6 ND~1.17 ND~1.20 ND ND ND ND-~1.74
0.17 0.18 038
Tong > ND~0.30 ND~0.33 0.007 0.008 ND ND~1.86

1)1\/1621.1'1 concentrations.

Minimum and maximum concentrations. ND: not detected or below LOQ.
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Fig. 1. Comparison of the detected concentration of Pb, Cd, and As migrated from polycarbonate samples into a food simulant (4%
acetic acid) at 70°C and 100°C. The number of positive samples is presented on the bar.
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