J Korean Soc Food Sci Nutr
33(6), 1056 ~1062(2004)

T Ez|AE|E

RERE LD LR

Migration of Low Molecular Weight Substances from Expanded
Polystyrene Cup to Aqueous Food Simulant

Dong Sun Lee', Bong Su Song’,

Jin Ok Choi' and Woo Po Park®

"Division of Food Science and Biotechnology, Kyungnam University, Masan 631-701, Korea
ZDept. of Food and Nutrition, Masan College, Masan 630-729, Korea

Abstract

Migration of low molecular weight components from expanded polystyrene (ESP) to distilled water was
measured at different temperature conditions. Overall migration and specific monomer migration were measured.
Diffusion model based on Fick’'s law was used to determine the apparent diffusion coefficients at various
experimental conditions. The overall and specific migration levels were estimated to give some practical impli~
cations for regulatory guideline development and safe package design. Diffusion coefficients for overall migration
in KMnO; oxidizable extractives and specific migration of styrene monomer from ESP at 60°C were 0.030
and 6.8%107° mmz/h, respectively. Their temperature dependence could be explained by Arrhenius equation
with respective activation energies of 80.5 and 98.6 kJ/mol. Experimental conditions ensuring desired migration
level were suggested for reliable examination of migration from the packaging material. Some explanatory
estimations of migrations were given for some typical conditions of potential usages.
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Table 1. Analysis conditions of gas chromatography for
determination of styrene monomer

Conditions
Agilent 6890 (Agilent, USA)

Equipment (GC-FID)

Column HP-FFAP (Hewlett Packard, USA)
50 mx0.32 mm 1.D.X050 um film
thickness

Carrier gas 2 (1.6 mL/min)

Oven temp 100°C (1 min) 3°C/min to 130°C

Injection temp Splitless 230°C

Detection temp 250°C
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Fig. 1. Overall migration of soluble organic material from
expanded polystyrene measured as KMnQO; oxidizable matter.
Food simulant was distilled water in single side contact.
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Fig. 3. Temperature dependence of overall migration from
EPS to water.
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Fig. 4. GC—~FID chromatograms for ST-monomer.
(A) standarc. solution, (B) polystyrene product and (C) simulant
solution migrated from expanded polystyrene.
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Fig. 5. MM, Vvs. t* of styrene monomer migrated from
11.4 g EPS cup to 777 mL of water (single side contact).
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Fig. 6. Arrhenius plot of styrene monomer migration from
EPS to water.
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Fig. 7. Time to reach certain degree of overall migration from
EPS of different thicknesses to water.
Container conditions are for container 2 in Table 2.
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Table 2. Maximally attainable overall migration from expanded PS container

Upper diameter

Lower diameter

Surface area for

Maximum KMnOy

Container Weight Fill volume for food contact for food contact Fill height food contact oxidizable extractives
(g) (mL) (cm) 2
(cm) (cm) (cm®) (mg/L)
1 11.0 615 117 8.8 7.3 295 2.4
2 76 281 8.8 6.4 59 173 35
3 104 598 16.1 10.9 5.0 306 2.3
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Fig. 8. Estimated styrene monomer migration from EPS
container to aqueous food.

Container :conditions are for the container 2 with 2 mm wall
thickness in Table 2.
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