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ABSTRACT - In this study, we investigated the migration level of items specified in the Korean Standards and Specifica-
tions for Utensils, Containers, and Packages (Ministry of Food and Drug Safety Notification) for 50 utensils and hygiene products
made of biodegradable resins. Our results revealed that one Polylactide (PLA) baby tableware contained 20 mg/L in consumption
of potassium permanganate, exceeding the standard of 10 mg/L or less. In all other samples, formaldehyde, lead (Pb), and arsenic
(As) levels could be considered very safe and remained below the standard. Moreover, we tested the PLA baby tablewares (n =21)
for migration into a food simulant (4% v/v acetic acid) upon repeated elution at 100°C for 30 min or UV irradiation for 2 h. We
detected increased formaldehyde and As amounts at the repeated 100°C treatment for 30 min compared to those upon repeated UV
irradiation. However, the migration level was markedly low under both conditions. Furthermore, the Estimated Daily Intake (EDI)
calculated on an infant-to-child basis from the formaldehyde and As migration at 100°C for 30 min in the PLA sample was at the
maximum value, i.e., 6.0x10* mg/kg b.w./day and 1.3x10" pg/kg b.w./day, corresponding to 0.40% and 10.42% of the Tolerable
Daily Intake (TDI, 0.15 mg/kg b.w./day) and Provisional Tolerable Weekly Intake (PTWI, 9.0 pg/kg b.w./week), respectively.
Therefore, in this study, we confirmed that biodegradable synthetic resins are safe to use for food.
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Table 1. The number of samples subjected to analysis by material of biodegradable synthetic resin

Material Sample types Domestic (n) Import (n) Number of samples
Baby tableware (Group 1) 21 1 22
Bowl - 1 1
Container_disposable 4 5 9
PLA Tray_disposable 2 - 2
Cup_disposable 4 - 4
Fork, spoon, knife disposable 1 3 4
Straw_disposable 2 1 3
PLA+PBAT Straw_disposable 1 2 3
PLA+PBS Straw_disposable - 2 2
Total 35 15 50
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Table 2. Analytical conditions of ICP-OES

Parameters Condition
RF power (W) 1500
Plasma 12
?Ejni‘r’lv)v Auxiliary 0.2
Nebulizer 0.5
Analytical wavelength Pb 220.353
(nm) As 193.696
Table 3. Analytical conditions of HPLC
Parameters Conditions
Column (4‘(6331132?)12;1,( sc )
Oven temperature 40°C
Detector PDA", 354 nm
Mobile phase 55% Acetonitrile
Flow rate 1.0 mL/min
Injection volume 10 puL

Y PDA: photodiode array.
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Table 4. Limit of detection, limit of quantification, linearity and recovery results of analytical method for biodegradable synthetic resin

Compound LOD" LOQ? Linez;rity Recovery
(mg/L) (mg/L) (R (average+RSD, %)
Formaldehyde 0.0046 0.0138 1.0000 105.67+0.75
Pb 0.0029 0.0089 0.9991 99.04+3.52
As 0.0019 0.0057 0.9999 101.89+3.45

DLOD: 3.3%06/S, limit of detection.
2 LOQ: 10x0/S, limit of quantification.

Table 5. Consumption of potassium permanganate in material of biodegradable synthetic resin

Consumption of potassium permanganate (mg/L)

Material Sample types N) MeaniSD Min Mo,
Baby tableware 22 1.50+4.15 0.06-19.91
Bowl 1 1.11 1.11
Container_disposable 9 0.52+0.20 0.25-0.85
PLA Tray_disposable 2 0.58+0.29 0.38-0.79
Cup_disposable 4 0.26+0.17 0.00-0.35
Fork, spoon, knife disposable 4 0.79+0.24 0.51-1.04
Straw_disposable 3 0.49+0.02 0.47-0.51
PLA+PBAT Straw_disposable 3 0.44+0.23 0.19-0.63
PLA+PBS Straw_disposable 2 0.38+0.13 0.28-0.47
Total 50 0.95+2.77 0.00-19.91
o A& AxZ HAPFAS FAIAL, Ha 0.999 o]/de] ) Agigel wel AFEAMEE 4% acetic acidS
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Table 6. Formaldehyde concentrations in material of biodegradable synthetic resin

Formaldehyde concentrations (mg/L)

Material Sample types ™) MeansSD MimMan.
Baby tableware 22 0.010+0.010 N.D.P-0.028
Bowl 1 0.020 0.020

Container_disposable 9 0.012+0.012 N.D.P-0.030

PLA Tray disposable 2 0.024+0.003 0.022-0.026

Cup_disposable 4 0.024+0.003 0.021-0.027

Fork, spoon, knife disposable 4 0.026+0.002 0.023-0.028

Straw_disposable 3 0.010+0.009 N.D.-0.015

PLA+PBAT Straw_disposable 3 0.005+0.009 N.D.-0.015

PLA+PBS Straw_disposable 2 0.014+0.001 0.014-0.015

Total 50 0.013+0.010 N.D.-0.030

UN.D. is not detected or a value below the LOQ.
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Fig. 1. Comparision of formaldehyde concentrations by migration
conditions in polylactide samples (n=21).
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Table 7. Estimated daily intake and risk of Formaldehyde from polylactide as baby tableware

Migration Y R EDI o 2
Substamee conditions CF ) (mg/kg b.w./day) /o TDI
100°C, 30 min 0.05 1 0.1792 6.0x10 0.40
Formaldehyde o
UV irradiation 0.05 1 0.0562 2.0x10" 0.13

Y M: migration concentration.
2 Formaldehyde TDI: 0.15 mg/kg b.w./day (WHO, 2004).

Table 8. Estimated daily intake and risk of As from polylactide as baby tableware

Migration

MY EDI

max. 0, 2)
Substamee conditions CF i el (ug/kg b.w./day) 7oPTWI
R 100°C, 30 min 0.05 | 40.0 1.3%10" 10.42
S
UV irradiation 0.05 1 8.8 3.0x10 2.29

Y"M: migration concentration.
P Inorganic As PTWI: 9.0 pg/kg b.w./week (MFDS, 2022).
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