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Analysis of Styrene Dimer and Trimer in Cup Noodle Containers
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Abstract

Styrene dimers and trimers from polystyrene cup noodle containers were analyzed by GC and GC/MS extracted
with various simulants. For the quantitation of styrene dimers and trimers, 1,3-diphenylpropane (DP) and benzyl-
n-butyl phthalate (BBP) were chosen as the standards. The results showed that the average of the styrene dimers
in the containers was 603 ppm, and that of trimers was 5731 ppm. Four styrene dimers, including 1,2-diphenyl-
cyclobutane, were identified as well as seven trimers such as 2.4,6-triphenyl-1-hexene. The migration of the sty-
rene dimers and trimers, from the cup noodle containers of polystyrene into foods, was conducted using sim-
ulants including boiling water as well as soybean oil and n-heptane. In addition to, the analysis of each migrated
styrene was also performed filled with boiling water into noodle and soup after certain time (5, 10, 20, 30
min). The results showed that the migration of styrene dimers and trimers from cup noodle containers was not
detected in the case of using boiled water or soybean oil as a simulant, while styrene dimers and trimers were
detected 1.18 ppm and 14.21 ppm, respectively, when heptane was adopted as a simulant. In the case of filling
with boiled water into noodle and soup, both styrenes were not detected at 5 min and 10 min, however, some
samples standing for 20 min released styrene dimers and trimers as much as 0.009 ppm, and 0.019 ppm for
30 min.
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Fig. 1. Extraction of styrene dimers and trimers from
cup noodle.
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Table 1. List of styrene dimers and trimers from cup
noodle

No. Compounds Mw"
D-1 1.3-Diphenylpropane 196
D-2 cis-1,2-Diphenylcyclobutane 208
D-3 24-Diphenyl-1-butene 208
D-4 trans-1,2-Diphenylcyclobutane 208
T-1 2,4,6-Triphenyl-1-hexene 312
T-2 [-Phenyl-4-(1'-phenylethyltetralin  (isomer) 312
|-Phenyl-4-(1'-phenylethyl)tetralin
T-3 . 312
(two isomers)
T-4 1-Phenyl-4-(1'-phenylethyl)tetralin  (isomer) 312
T-5 Triphenylcyclohexane 312
T-6 Styrene trimer (unknown isomer) 312
T-7 Styrene trimer (unknown isomer) 312

Ymolecular weight
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Fig. 2. Gas chromatogram of styrene dimers and trimers (a)
from polystyrene cup noodle.

and the mass spectrum of a styrene trimer (T1) (b)

D1, 1,3-diphenylpropane; D2, cis-1,2-diphenylcyclobutane; D3, 2,4-diphenyl-1-butene; D4,

trans-1,2-diphenylcyclobutane; T1, 2,4,6-triphenyl-I-hexene; T2, 1-phenyl-4-(1'-phenylethylytetralin (isomery; T3, 1-phenyl-4-
(1'-phenylethyl) tetralin (two isomers); T4, |-phenyl-4-(1'-phenylethyl) tetralin (isomer); T3, triphenylcyclohexane; T6, sty-
rene trimer (unknown isomer); T7, styrene trimer (unknown isomer).
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Table 2. Residues of styrene dimers & trimers in polystyrene cup noodle containers

Residue (ug/g)

Sum of residues (Ug/g)

Maker No.
D-1 D-2 D-3 D-4 T-1 T2 T-3 T4 T5 T6 T7 Dimers Trimers Total
A 1 29.03 29.63 173.95 360.86 1580.0 2101.5 960.5 12058 54.1 4736 1576 593.4 65332 7126.6
2 2246 24.64 11530 23670 1191.9 1470.1 6684 820.8 40.5 339.6 111.3 399.1 4642.5 5041.6
B 3 18.07 7421 69.07 488.53 1304.7 2116.7 947.7 11749 80.2 487.8 1572 6499 6269.2 6919.1
4 3171 23.88 235.54 295.89 25243 1319.4 5867 712.5 399 2864 937 587.1 5562.8 61499
C 5 2692 62.85 15096 497.79 1510.6 1816.1 838.1 10134 542 4049 1348 7385 5771.9 65104
6 1721 37.73 85.83 27198 1081.2 13962 6258 763.1 37.2 311.1 102.6 4129 43173 4730.2
D 7 2097 1445 2841 1963 2216 229 57 187 88 1472 9.1 835 4340 5175
8 12.19 56.52 6323 402.82 1117.1 1785.1 802.1 9842 68.6 413.9 133.8 534.8 5304.8 5839.6
E 9 1854 7532 7146 50042 1221.8 19622 8679 1079.7 752 4458 1449 665.8 57974 6463.2
10 12.19 56.91 100.50 544.81 1550.1 1825.3 846.6 1039.2 659 429.7 1399 7144 5896.6 6611.0
Average 20.93 45.63 109.43 361.941330.33 1581.55 714.95 881.23 52.46374.00118.49 537.945052.975590.91
Table 3. Migration of styrene dimers and trimers from polystyrene cup noodle containers into food simulants
Simulants Test Conditions Residucs (ug/g) Toral (ug/e)
Dt D2 D3 D4 T1 T2 T3 T4 T5 T6 T-7 Dimers Trimers
water 100°C, 5 min nd* nd nd nd nd nd nd nd nd nd nd - -
100°C, 30 min  nd nd nd nd nd nd nd nd nd nd nd - -
soybean oil
5% 100°C, 5 min nd nd nd nd nd nd nd nd nd nd nd - -
10% 100°C, 5 min nd nd nd nd nd nd nd nd nd nd nd - -
15% 100°C, 5 min nd nd nd nd nd nd nd nd nd nd nd - -
20 % 100°C, 5 min nd nd nd nd nd nd nd nd nd nd nd - -
heptane 25°C, 60 min nd 0.11 0.16 090 3.02 396 1.89 243 121 138 032 1.17 14.21

*nd: not detectable

Table 4. Migration of styrene dimers and trimers from polystyrene cup noodle containers into cup noodles

Residues (ppm)

Total (ppm)

Type  Test Conditions

D-1 D2 D3 D4 Tl

T-2 T-3 T-4 T5 T-6 T-7 Dimers Trimers

cup noodles 100°C, 5min nd* nd nd nd nd
100°C, 10 min nd nd nd nd nd
100°C, 20 min nd nd nd nd nd
100°C, 30 min nd nd nd nd nd

nd nd nd nd nd nd - -
nd nd nd nd nd nd - -
nd <0014 <0007 nd nd nd - 0.009
nd <0007 0037 nd nd nd 0.009 0.019

*nd: not detectable
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