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Exposure Assessment of Heavy Metals Migrated from Glassware
on the Korean Market

Eunbee Kim, Joung Boon Hwang, Jung Eun Lee, Jae Chun Choi, Se-Jong Park, and Jong Kwon Lee*

Food Additives and Packaging Division, National Institute of Food and Drug Safety Evaluation, Cheongju, 28159,
Republic of Korea

ABSTRACT The purpose of our study was to investigate the migration level of lead (Pb), cadmium (Cd), and barium
(Ba) from glassware into a food simulant and to evaluate the exposure of each element. The test articles were glassware,
including tableware, pots, and other containers. Pb, Cd, and Ba were analysed by Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES). The analytical performance of the method was validated in terms of its linearity, limit
of detection (LOD), limit of quantification (LOQ), recovery, precision, and uncertainty. The monitoring was performed
for 110 samples such as glass cups, containers, pots, and bottles. a food simulant. Migration test was conducted at 25?
for 24 hours in a dark place using 4% acetic acid as a food simulant. Based on the data; exposure assessment was carried
out to compare the estimated daily intake (EDI) to the human safety criteria. The risk levels of Pb and Ba determined
in this study were approximately 1.9% and 0.3% of the provisional tolerable weekly intake (PTWI) and tolerable daily
intake (TDI) value, respectively, thereby indicating a low exposure to the population.

Keywords Heavy metal, Food contact glassware, Migration, Food simulant, Exposure assessment
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Table 1. The operating parameters of ICP-OES

Parameter Condition

RF power (W) 1,350

Pb (220.352), Cd (228.801),

Wavelength (nm) Ba (455403)

Flow gas Ar

Purge gas N,

Plasma gas flow (L/min) Ar, 10.0

Auxiliary gas flow (L/min) | Ar, 0.20

Nebulizer gas flow (L/min) | Ar, 0.55

Replicate 3
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Table 2. Recovery and precision of Pb, Cd, and Ba in 4% acetic acid

=A==

AT &7

Spiked lovel Recovery (%)" Precision (RSD, %) Linearity? LOD L0Q
Element (mg/L) Intra-day Inter-day Intra-day Inter-day (R?) (mg/L) (mg/L)
(n=3) (n=9) (n=3) (n=9)

0.02 102 +0.6 101 +1.7 0.56 1.69

Pb 0.1 105+ 0.6 103 +3.8 0.55 3.66 0.999 0.0021 0.0069
1 101 +£0.6 102+2.3 0.57 2.27
0.004 102 £1.2 101 £3.5 1.13 3.46

Cd 0.02 103+ 1.0 105+£3.9 0.97 3.69 1.000 0.0005 0.0018
0.2 102+ 1.0 104+ 1.4 0.96 1.37
0.002 101 +1.3 102 +3.3 1.25 3.26

Ba 0.02 101 £1.5 103 +£2.0 1.51 1.91 0.999 0.0001 0.0003
0.2 101 +0.4 103+1.9 0.42 1.85

DMean + SD.

2>Linearity range: Pb, 0.01 to 1 mg/L; Cd and Ba, 0.002 to 0.2 mg/L.
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Table 3. Uncertainty components, combined standard uncertainty and expanded uncertainty for the analysis of Pb, Cd, and Ba

Element Results Relative Combined standard Effective Coverage factor Expended
(mg/L)D | uncertainty (ur) | uncertainty (u) |degree of freedom (k) uncertainty (mg/L)?
Pb 0.111 0.060 0.007 23 2 0.013
Cd 0.022 0.041 0.001 46 2 0.002
Ba 0.022 0.051 0.001 29 2 0.002

USpiked concentration: Pb 0.1 mg/L; Cd 0.02 mg/L; Ba 0.02 mg/L.
PBasis of 95% confidence.
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Table 4. Concentration levels of Pb, Cd, and Ba migrated from glassware into a food simulant (4% acetic acid) at 25°C for 24 hours

Type of sample (No. of samples)

Migration concentration (mg/L)

Pb Cd Ba
Cup (16) NDY~0.0955 (2/16) ND ND~0.1009 (12/16)
Bottle (12) ND~0.0109 (1/12) ND ND~0.0721 (10/12)
Soda-lime silicate| Storing container (3) ND ND 0.0011~0.0063 (3/3)
(36) Bowl (3) ND ND ND~0.0007 (2/3)
Tea pot (2) ND ND ND
Average 0.0040 (ND~0.0955) ND 0.0093 (ND~0.1009)
Storing container (15) ND ND ND~0.0012 (1/15)
Tea pot (13) ND ND ND
o Medicine boiling pot (6) ND ND ND
Borosﬂlcs:ite glass Cup (7) ND ND ND
(54 Bottle (7) ND ND ND~0.0023 (2/7)
Pot (6) ND ND ND~0.0046 (4/6)
Average ND ND 0.0002 (ND~0.0046)
Cup (14) ND~0.7949 (2/14) ND 0.0004~0.1823 (14/14)
Crysglo)glass Bowl (6) ND~0.4454 (1/6) ND 0.0009~0.1178 (6/6)
Average 0.0693 (ND~0.7949) ND 0.0544 (0.0004~0.1823)
Total average amount 0.0139 (ND~0.7949) ND 0.0131 (ND~0.1823)

Detection

rate

0.05% (6/110)

49% (54/110)

UND is not detected or a value below the LOQ (Pb: 0.0069 mg/L, Cd:

0.0018 mg/L, Ba: 0.0003 mg/L).
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Table 5. Results of the estimated daily intake (EDI) calculations and risk assessments for a single estimate of exposure

CF,D £, M>) (mg/L) | MY (mgkg) | EDI (ng/kg bw/day) % Risk
Pb 0.185 1 0.014 0.003 0.066 1.87
Ba 0.185 1 0.013 0.002 0.062 0.31

1)CF,,, (consumption factor): fraction of the daily diet expected to come into contact with specific material m.
Df: food-type distribution factor.

9<M>: migration concentration from the food contact material, ¥, x C,.
“M (dietary concentration of substance) = <M> x CF,,.

SRisk calculated with EDI divided by PTWI (25 pg/kg bw/week for Pb (JECFA, 2011); 20 ug/kg bw/day for Ba (EC, 2012)).

Table 6. Results of the estimated daily intakes (EDIs) and risk assessments at different groups

EDI (ng/kg bw/day) % Risk
Group
Ps Mean Py;s Ps Mean Py;s
Total 0.014 0.066 0.192 0.39 1.87 5.40
Men 0.016 0.077 0.240 0.45 2.16 6.74
Women 0.012 0.056 0.136 0.36 1.57 3.82
1-2 0.031 0.095 0.185 0.88 2.66 5.19
3-5 0.031 0.084 0.161 0.88 2.37 4.51
Pb 6-11 0.023 0.065 0.121 0.67 1.82 3.41
12-18 0.013 0.043 0.088 0.36 1.20 2.48
19-29 0.010 0.066 0.227 0.30 1.86 6.37
30-49 0.016 0.079 0.264 0.46 2.22 7.39
50-64 0.015 0.067 0.183 0.44 1.88 5.13
=65 0.011 0.044 0.100 0.32 1.25 2.81
Total 0.013 0.062 0.180 0.06 0.31 0.90
Men 0.015 0.072 0.225 0.07 0.36 1.12
Women 0.012 0.052 0.127 0.06 0.26 0.63
1-2 0.029 0.089 0.173 0.14 0.44 0.86
3-5 0.029 0.079 0.150 0.14 0.39 0.75
Ba 6-11 0.022 0.060 0.113 0.11 0.30 0.56
12-18 0.012 0.040 0.083 0.06 0.20 0.41
19-29 0.010 0.062 0.212 0.05 0.31 1.06
30-49 0.015 0.074 0.247 0.07 0.37 1.23
50-64 0.014 0.062 0.171 0.07 0.31 0.85
=65 0.010 0.041 0.093 0.05 0.20 0.46
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