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A Study on Migration of Formaldehyde and Phenol from Melamine-wares
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ABSTRACT - Formaldehyde and phenol used in the production of melamine-wares may be intended to come into
foodstuffs. So this study investigated the migration of formaldehyde and phenol from 222 articles Articles were
cups(14), bowls(75), plates(85), spoons(10), chopsticks(4), food trays(8), rice paddles(4), spatulas(9) and scoops(12).
The food stimulants were 4% acetic acid, 20% ethanol, distilled water and n-heptane. Korea regulation (Standards and
specifications for food utensils, containers and package) specifies migration limits for formaldehyde and phenol in
food stimulants. Formaldehyde and phenol are restricted by 4 mg/L, 5 mg/L respectively. In all cases the migration of
formaldehyde and phenol were below the limit set in Korea regulation. The level of formaldehyde and phenol
migrated to food simulants were in the range of N.D~2.949 mg/L, N.D~0.078 mg/L respectively. These migration
results of formaldehyde and phenol will provide a scientific basis for the safety management of melamine-wares.
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Table 1. HPLC analytical condition of formaldehyde

- Column C18(4.6 mm 1.D. x 250 mm, 5.0 pm)
- Oven Temperature 40°C

+ Mobile phase 30% Acetonitrile

- Flow rate 1 mL/min

- Detector UV (A =354 nm)

Table 2. HPLC analytical condition of phenol

+ Column C18(4.6 mm L.D. x 250 mm, 5.0 um)
- Oven o
Temperature 40°C
A: 1L of water

B: 1 L of acetonitrile
Gradient : A:B (0:100) - A:B (100:0) / 30 min
1 mL/min

+ Mobile phase

- Flow rate
Fluorescence (excitation wavelength =275 nm,

- Detector ..
emission wavelength = 300 nm)
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Fig. 3. LC chromatogram for phenol.
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Fig. 1. IR absorption spectra of melamine-ware.
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Table 3. Recovery and repeatability (expressed as RSD(%)) of formaldehyde from food simulants

. 74.6 pg/L 746 ng/L 1,865 pg/L
food simulants
Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
water 97.6 1.0 97.1 1.8 98.2 0.5
4% Acetic acid 99.0 2.6 97.0 0.6 99.5 0.6
20% Ethanol 97.8 1.9 95.7 1.1 95.4 0.7
n-Heptane 98.8 2.9 100.9 1.0 95.2 1.2
Table 4. Recovery and repeatability (expressed as RSD(%)) of phenol from food simulants
10 pg/L 50 nug/L 200 pg/L
food simulants
Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
water 94.0 4.6 101.0 32 98.7 0.2
4% Acetic acid 99.0 5.6 105.5 1.5 98.9 0.7
20% Ethanol 99.0 7.1 104.3 24 96.7 1.0
n-Heptane 103.0 29 103.8 1.0 98.8 1.0
Table 5. Migration levels of formaldehyde from melamine-ware
Samples formaldehyde, pg/L
type number water 4% acetic acid 20% ethanol n-heptane
cup 14 14~533(14) 148~2,949(14) 19~693(14) ND~33(4)
bowl 75 ND~307(72) 18~1,573(75) ND~406(74) ND~25(15)
plate 85 ND~662(81) 18~1,531(85) ND~595(84) ND~54(13)
spoon 11 ND~213(8) ND~1,002(10) ND~138(10) ND~11(1)
chopsticks 4 1~144(4) 21~546(4) 4~137(4) ND(0)
food tray 8 4~539(8) 71~1,043(8) 13~346(8) ND(0)
rice paddle 4 4~36(4) 64~263(4) 16~54(4) ND(0)
spatula 9 ND~294(8) 42~1,061(9) 19~220(9) ND~10(3)
scoop 12 1~200(12) 62~1,028(12) 18~198(12) ND~10(4)
Number in brackets are the number of samples detected positively for formaldehyde
Table 6. Migration levels of phenol from melamine-ware
Samples phenol, ng/L
type number water 4% acetic acid 20% ethanol n-heptane
cup 14 ND(0) ND~2(1) ND(0) ND~16(4)
bowl 75 ND~32.43(4) ND~15(3) ND~57(2) ND~15(10)
plate 85 ND~4.46(11) ND~6(13) ND~77(5) ND~10(14)
spoon 11 ND~1.61(1) ND(0) ND~2(1) ND(0)
chopsticks 4 ND(0) ND~2(1) ND(0) ND(0)
food tray 8 ND(0) ND~4(1) ND(0) ND(0)
rice paddle 4 ND(0) ND(0) ND(0) ND(0)
spatula 9 ND(0) ND(0) ND(0) ND(0)
Scoop 12 ND(0) ND(0) ND(0) ND~3(1)

Number in brackets are the number of samples detected positively for phenol
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