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Abstract

A suitable method of sample treatments to minimize the analytical interferences was presented in order to
determine bisphenols [bisphenol F (BPF), bisphenol A (BPA), bisphenol F diglycidyl ether (BFDGE), and
bisphenol A diglycidy!l ether (BADGE)] in various canned beverages coated with epoxy resin by the reverse-
phase high performance liquid chromatography (RP-HPLC) equipped with a fluorescence detector and the gas
chromatography with mass selective detection. The recovery test of bisphenols was performed using 1, S, and
10 pg/L. bisphenols spiked beverages with the combined technique of the solid-phase extraction (SPE) and
the liquid-phase extraction (LPE). Both BPA and BADGE showed quite adequate resolutions in HPLC-
chromatograms. The recoveries of BPA obtained by LPE with diethyl ether were higher than those obtaind
with methylene chloride on coffee, shikhye and fruit juice. For cola and tea, the recoveries of BPA obtaind
by SPE were higher than those by LPE with diethyl ether. The recoveries of BADGE were less than those
of BPA for all beverage samples treated by either SPE or LPE method. In survey of bisphenols for eighteen
commercial canned beverage samples, BPA contents of coffee, cola, tea, shikhye, and fruit juice were in the
range of 1.3~11.6, 0.5~0.9, 1.0~1.3, 2.4~7.9, and 3.0~3.4 pg/L, respectively, but there was no detection of
BPA in beer sample.
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Fig. 1. HPLC-fluorescence chromatograms of coffee
extracted by (1), solid-phase extration; (2), liquid-phase
extraction with diethyl ether; (3), liquid-phase extraction
with diethyl ether and clean up.

Peak identity: a, BPF; b, BPA; ¢, d and e, three isomers of
BFDGE,; f, BADGE.
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Table 1. Recovery of bisphenols from beverages spiked with standards of BPA and BADGE

Sample SpikedugL) Extraction BPA BADGE
method” Found(jig/L) Rec.(%) Found(ug/L) Rec.(%)
0 a 10.13 1013 462 46.2
b 8.33 83.3 041 4.1
s a 483 96.5 1.64 28
b 3.11 62.1 027 55
Coft . a 0.82 824 033 333
otee b 0.52 52.0 0.10 103
- a 934 374
Av(x) b 658 66
a 938 75
RSD(%) b 15.9 33
0 a 9.41 94.1 598 598
b 8.44 84.4 432 432
s a 412 9024 224 4438
b 348 69.6 1.64 328
. a 0.83 83.4 032 323
Shikhye 1 b 0.31 312 031 31.0
- a 89.9 45.6
Av(x) b 61.7 356
5.7 137
RSD(%) b 27.4 6.6
0 a 9.24 924 6.26 63.0
b 8.62 86.2 5.62 562
s a 432 86.4 292 584
b 3.91 79.8 223 446
Fruit i . a 0.89 89.3 0.65 653
Tuit juice b 0.71 71.4 0.52 524
- a 89.3 622
Av{x) b 79.1 510
30 35
RSD(%) b 74 58
0 c 9.90 99.0 6.12 612
a 10.16 1016 3.64 36.4
s c 3.92 784 223 466
a 3.12 62.4 1.40 280
Col . c 0.65 65.4 031 314
ola a 0.55 55.1 0.19 192
- c 80.9 46.4
Av(x) a 730 278
169 14.9
RSD(%) . 183 8.6
: c 10.02 1002 697 69.7
a 8.92 89.2 497 497
s c 462 9024 2,69 538
a 401 80.2 1.92 384
. c 0.89 893 0.42 23
Black tea a 0.65 65.1 041 412
- c 939 552
Av(x) a 78.1 43.1
56 13.7
RSD(%) . 18 59
10 2 921 921 731 731
5 a 401 80.2 301 60.2
Boer 1 a 072 72.1 039 393
AV(X) a 814 552
RSD(%) a 10.1 17.1

Ya, Liquid phase extraction with diethyl ether; b, liquid phase extraction with methylene chloride; ¢, solid phase extraction.
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Table 2. Content of bisphenols in canned beverages

Beverage Cantype”  Top/Sides” BPA™(ug/lL)
Coffee 3p-steel Ep/Ep 1.32~11.6
Cola 2p-Al Me/Tv 0.52~0.85
Black tea 2p-Al Me/Me 1.02~1.31
Shikhye 3p-Al Me/Me 2.35~7.85
Apple juice 3p-steel Me/Me 3.04~3.42
Beer 2p-Al Me/Me ND®

D2p, Two; 3p, three-piece can; Al, aluminium.

PEp, epoxy phenolic; Me, modified epoxy; Tv, thermoset
vinyl.

PAll values are injected two times by HPLC and confirmed
by GC/MS.

“ND: Not detected.
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Fig. 2. Total ion chromatogram in GC/MSD scan of epoxy phenol ester can coating extracted to 4% acetic acid after

migration test for 6 hours at 60°C.
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Fig. 3. Result of NIST library search on peak obtained from GC/MSD total ion scan of Fig. 2. (1), TMS-BPA of epoxy
phenol ester extract; (2), NIST library.
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