pISSN 1229-1153/ eISSN 2465-9223 J. Food Hyg. Saf
Vol. 33, No. 2, pp. 102~109 (2018)
https://doi.org/10.13103/JFHS.2018.33.2.102

U 9F SIS PLA) AES 717

o
U5 -

OFS
=1

a9

AN E

Journal of Food Hygiene

and Safety

Available online at http://www.foodhygiene.or.kr

Monitoring of Heavy Metals Migrated from
Polylactide (PLA) Food Contact Materials in Korea

Hyeonuk Kim, So-Yeon Park, Ye-Eun Jo, Yongchjun Park, Se-Jong Park! and Meehye Kim*
Imported Food Analysis Division, Gyeongin Regional Food and Drug Administration,
Ministry of Food and Drug Safety, Incheon, Korea
'Food Additives and Packaging Division, National Institute of Food and Drug Safety Evaluation,
Ministry of Food and Drug Safety, Cheongju, Korea
(Received February 14, 2018/Revised March 10, 2018/Accepted April 6, 2018)

ABSTRACT - In the present study, a variety of polylactide (PLA) articles (n = 211) were tested for migration of
lead (Pb), cadmium (Cd) and arsenic (As) into the food simulant (4% v/v acetic acid). Pb, Cd, and As were analyzed
by inductively coupled plasma mass spectrometry (ICP-MS). Migration tests were performed at 70°C and 100°C for
30 min. The amounts of Pb, Cd, and As increased at 100°C for 30 min compared with levels at 70°C. However, the
migration at both conditions was very low. The maximum level of Pb at 100°C for 30 min corresponded to 1% of the
migration limit. The estimated daily intakes (EDI) based on safety evaluation ranged from 2.5 x 10°t0 2.0 x 10~ pg/
kg bw/day for Pb, Cd, and As. The EDI calculated from migration of Pb at 100°C for 30 min in PLA was the maximum
value, 2.0 x 107 ug/kg bw/day, which corresponded to 0.055% of provisional tolerable weekly intake (PTWI, 25 pg/
kg bw/week). The data from this study represent a valuable source for science-based safety control and management
of hazardous heavy metals migrating from polylactide food contact materials.
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Table 1. Migration specification for PLA in Korea

Table 2. The number of PLA samples

Substances Migration Specification (mg/L) Sample Types  Domestics (n) Imports (n) Sum (n)

Pb not more than 1 Bottle 10 - 10

As not more than 0.1 (as As,O,) Bowl 13 5 18

Formaldehyde not more than 4 Container 17 - 17

Cup 10 9 19
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Table 3. Instrumental conditions of ICP-MS for analysis of Pb,
Cd and As

Parameter Value
RF power 1600 W
Nebulizer gas flow 0.96 L/min
Auxillary gas flow 1.20 L/min
Plasma gas flow 18 L/min

Ton monitored Pb m/z 208, Cd m/z 111, As m/z 75
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Fig. 1. Calibration curves for Pb, Cd, and As analysis by ICP-MS.
Table 4. The results of LOD, LOQ, recovery, and precision (n = 3)
: ) Precision (RSD%
Substances R? LOD LOQ Spiked level Recgvery ( 0)
(ng/L) (ng/L) (ng/L) (%) Intra-day Inter-day
0.45 106.67 + 3.54 1.00 3.06
Pb 0.9991 0.002 0.006 9.00 94.52 +£3.50 0.30 2.31
16.00 97.02 +£3.40 0.39 1.84
0.45 103.09 £ 4.45 0.57 1.91
Cd 0.9998 0.001 0.004 9.00 97.64 £2.53 0.50 1.25
16.00 101.25+2.52 2.14 0.24
0.45 102.32 +£4.11 3.69 1.47
As 0.9993 0.003 0.009 9.00 97.64 £ 2.71 1.43 1.43
16.00 101.42 £2.34 0.17 1.30

YValues represent the concentration of standard spiked into 4% v/v acetic acid

Table 5. The uncertainty results

Analysis result Relative Combined standard Effective degree of Coverage factor Expanded uncertainty"
Substances . .
(pg/L) uncertainty (u,) uncertainty (u) freedom k) (pg/L)
Pb 1.061 0.058 0.061 11.229 2.201 0.123
Cd 1.046 0.052 0.055 11.448 2.201 0.110
As 1.020 0.058 0.059 12.558 2.179 0.118

DBasis of 95% confidence
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Pb cd As
preparation [l preparation [l Preparation [l
Standard _ Standard _ Standard -
Repeatability - Repeatability - Repeatability [N
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Calioration ———

0 20 40 60 80 0 20

Relative standard Uncertainty(%)

Fig. 2. Uncertainty contributions of Pb, Cd, and As analysis in PLA.

A Hit 35S 40~120%)0 s, AL Fo
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3 AlxFEE 7]15(0.1 ppb : 63.2%, 1 ppb : 44.8%, 10 ppb :
31.7%) oS W=Esle] B Bao] 24E8 Zg|gElo|
T AEZNE oldHE |, 7I=E, HA B4 A
S Rl

ERE"s
A=d SFESTE W 1.061 £0.123 pg/L, 7FEE 1.046

+0.110 pg/L 2 ¥4 1.020 +0.118 pg/Le]ATH(Table 5). 7
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o] Fo] oS =R 3T} 70°C, 3087 823 HS
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Table 6. Pb contents in polylactide samples estimated by ICP-MS

Pb Concentration (ng/L)

Samples n
70°C, 30 min 100°C, 30 min
Bottle 10 0.55(0.13~1.00)"  0.97(0.38~1.84)
Bowl 18 0.68(0.35~1.28) 1.01(0.49~1.60)
Container 17 0.87(0.24~2.17) 1.64(0.43~4.11)
Cup 19 0.56(0.15~1.16)  0.81(0.23~1.37)
Kitchenwares 16 1.55(0.51~2.42)  2.82(1.58~4.28)
Packaging film 10 1.54(1.27~2.21)  2.58(2.15~2.90)
Tray 21 0.97(0.28~4.45) 1.50(0.38~9.57)
Tray disposable 69 0.84(0.23~3.88) 1.28(0.60~2.72)
Utensils 31 1.33(0.52~2.58)  2.25(0.87~5.20)
Total 211 0.96(0.13~4.45) 1.57(0.23~9.57)

YMean (min.~max.)

Table 7. Cd contents in polylactide samples estimated by I[CP-MS

Cd Concentration (pg/L)

Samples n
70°C, 30 min 100°C, 30 min
Bottle 10 0.01(N.D."~0.02)” 0.03(N.D.~0.05)
Bowl 18  0.02(N.D.~0.03)  0.04(N.D.~0.10)
Container 17 0.04(N.D.~0.17)  0.06(N.D.~0.31)
Cup 19  0.02(N.D.~0.05)  0.03(N.D.~0.09)
Kitchenwares 16  0.04(0.01~0.07)  0.13(0.04~0.46)
Packaging film 10 0.02(0.01~0.06)  0.10(0.02~0.37)
Tray 21 0.02(N.D.~0.09)  0.05(0.01~0.19)
Tray disposable 69  0.01(N.D.~0.12)  0.04(0.01~0.17)
Utensils 31 0.02(N.D.~0.08)  0.07(0.01~0.23)
Total 211 0.02(N.D.~0.17)  0.06(N.D.~0.46)

YN.D. is not detected or a value below the LOQ (LOQ: 0.004 pg/L)

YMean (min.~max.)

& A9 Tt=F oldFe H
2 046 pg/LE w§- 9 £



Monitoring of Heavy Metals Migrated from Polylactide (PLA) Food Contact Materials in Korea

Table 8. As contents in polylactide samples estimated by I[CP-MS

As Concentration (ug/L)

Samples n
70°C, 30 min 100°C, 30 min
Bottle 10 0.39(0.10~0.91)"  0.76(0.20~1.72)
Bowl 18 0.25(0.13~0.44) 0.41(0.18~0.69)
Container 17 0.37(0.09~1.08) 0.94(0.17~2.95)
Cup 19 0.23(0.09~0.47) 0.37(0.11~0.47)
Kitchenwares 16 0.43(0.16~0.70) 0.71(0.04~1.74)
Packaging film 10 0.46(0.39~0.58) 0.87(0.46~1.06)
Tray 21 0.26(0.13~0.55) 0.40(0.20~0.76)
Tray disposable 69 0.27(0.11~1.06) 0.35(0.20~0.75)
Utensils 31 0.54(0.13~3.80) 0.71(0.24~3.88)
Total 211 0.34(0.09~3.80) 0.54(0.04~3.88)

DMean (min.~max.)

Oo|AAL, AFIA mow HE
(Table 7).
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Fig. 3. Comparison of Pb, Cd, and As contents by migration con-
ditions in PLA samples.

U%, 7NE-tAE ek AEe A, A oldge E3 AF 100°CA &&3 AHRE HAE HEUS
3.88 pg/LE &&7+4 3 Blasf oF 3.9% ?%ol%lﬂ} Hla H, Fig 33 2ol &5 227 SRl meE AA F5
ojF el 7P E2 FH2 100°C, 307 8% 871= oM W, TIEE B HlRe] ojf o] Tbsks ATE B
Hit 0.94 ng/L =] A tHTable 8). At ZEM 70°Coll A &% 73%1%3} 7FEx71%1 100°C
AX &3 Adxe d, 7t=EE 3 vl o]y 7]
EEXUE oA Hat = - AU ¢ ‘%‘% TFEYS -'%"J‘E?}‘iﬂﬁ‘r
A Z AR E 4% acetic acidE AFE31e] 70°Col A
Table 9. Estimated daily intake and risk of Pb, Cd, and As from PLA food contact materials
Substances Migration conditions CF f; M (ug/L) EDI (ug/kg bw/day) %PTWI"
- 70°C 0.05 1 0.96 1.2x 107 0.034
100°C 0.05 1 1.57 2.0x 107 0.055
cd 70°C 0.05 1 0.02 2.5x107 0.003
100°C 0.05 1 0.06 7.5x107 0.009
As 70°C 0.05 1 0.34 43x10™ 0.020
100°C 0.05 1 0.54 6.8x10™ 0.032

YPb PTWI : 25 pg/kg bw/week (JECFA, 2010 withdraw)
Cd PTMI : 25 pg/kg bw/month (JECFA, 2010)
Inorganic As PTWI : 15 ng/kg bw/week (JECFA, 2010 withdraw)
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