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Determination of Bisphenols Migrating from Epoxy Can
Coatings to Aqueous Food Simulants

Kyung-Mo Kang and Hyo-Sun Shin
Department of Food Science and Technology, Dongguk University

Abstract

A method was presented for determination of bisphenol F(BPF), bisphenol A(BPA), bisphenol F diglycidyl
ether(BFDGE) and bisphenol A diglycidy! ether(BADGE) in 3 aqueous-based food simulants (water, 4%
acetic acid, 20% ethanol) by reverse-phase high performance liquid chromatography(RP-HPLC)with
fluorescence detection and gas chromatography with mass selective detection(GC/MSD). All the calibration
lines in the range of 5~800 ug/L had correlation coefficients greater than 0.9998 and detection limits of less
than 1.2 pg bisphenols/L.. Precision at 200 ug/l. was under 3.1%. Recoveries of bisphenols simultaneously
spiked to aqueous food simulants exceeded 95% for BPF and BPA but about 80% for BFDGE and BADGE.
However, recoveris of BFDGE and BPADGE respectively spiked increased upto 95%. Detection limits in
recovery test were less than 0.40 pg bisphenols/L. In migration test bisphenols were determined by RP-HPLC
coupled with confirmation by GC/MSD. Can coatings of epoxy phenol, modified epoxy, epoxy ester phenol
and thermoset vinyl were exposed to the 3 aqueous food simulants. BPF, BFDGE and BADGE were not
detected in all the can coatings but BPA was detected in 4% acetic acid and 20% ethanol in all the can
coatings except modified epoxy.
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WI, USA) A¥<, BADGEYX Fluka 3)AHBuchs,
Switzerland) MEF-E 77+ F8le] AHg31¢dv}l. BPR2}
BPAS] TMS =3 3}ell AM83F N,O-bis-methyl-
silyltrifluoroacetamide(BSTFARX= Merck 3|AH(Germany)
AFE, 1 9 AH8E 2E A2 HPLCE =+ &
FAIGE AMElIG T RS AMSE FIERRE
WatersB Al (Milford, MA, USA)2] OasisTM HLBE A}

43120}, Modified epoxy, epoxy phenolic, thermoset
vinyl(PVC organosol), epoxy phenol ester®] |32 1
¥ g FRHAL T AZJYA@RYADR, Fh
8 T3t AME .

HPLCO| 2f8H 22| 3 Mgt

H 28552 £ 9 AHFE autosampler(modet
717, Waters, USA), gradient controlle, ~L8]3
fluorescence detecter(model 474, Waters, USAY} %3}
¥ high performance liquid chromatograph(HPLC,
model 510, Waters, USAYE AMS-3l5iT}. o] AR 1.0
mi/min®] $422 acetonitriles} &2 ¥EE 35:65
(V)22 AlZ}ste] 308 59t acetoniwiled] ¥ T E
80%=. ¥ 5% 2 =5 A% F 1083 2)
z710=2 =HEoteA slgch 232 Capeell-Pak C18
(UG 120, 5um, 4.6 mmX250 mm, Shiseido, Japan)3]
o, vAsERe HEo| AME fluorescence detecter
9]  parameter™ attenuation factor’} 3291w,
excitation ¥4 emission -2 275, 300 nmE TA
AlA AMg-sigl

ZakM

Zgd =43-S ¢ BPF, BPA, BFDGE, BADGE®)
FF8H-L Lambent®?] whel] wle} 5-800 pg/Le] 5
=2 Azsged, 7t vadEsRie] PEeA e A
= Mormrisond] MPY @) w2} algdct. o] W A
3 v2dEsRY AYEE 200pgle] vlAsEF
FFEAE 63 BM3 ARe) JRFAxZ Pl

GC/MSDO]| 2/t &2

HPLCE P& v2dl5{8 $A37] A3 gas
chromatograph(model 8060, Fisons, UK)9] mass
selective detectorMSD, model 800, Fisons, UK)E &
28 GCMSD systeme AH8-3M3leh. 22 HP-1
fused silica capillary column(0.25mm LD.X30m
length, 0.25 um film thickness, Supelco, USAyS AR
31913, injector €= 280°C, oven X 140°CeilA|
287 fAE F B 10°CE 2200C71A] 29 ¥ B
@ 5C2 280°C7HA &3t $P1AE 4§ AHS
3l splitless modeol| A 2 g Fsleet. wlAws
7] A2 ShamanSel PO v} AR tota
ion chromatogran’d2] 7t w|2sEFe] WFFAI7HE:
EFe] 7 A ¥ 3L ZF 9)1322] mass spectrum
< libraryoll A 13}l et. MSDE EI' modeol| A
source temperaturex= 200°C, interface temperature:=



572 2| ekl A 32 A A 3 (2000)

280°C, mass spectrum scan range: 50~450 m/z2 3}
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Fig. 1. HPLC-flourescence  chromatograms of (1)
unspiked aqueous food simulant (20% ethanol); (2)
spiked aqueous food simulant with standard mixture of
bisphenols; (3) standard mixture of BPF (a), BPA (b), the
three isomers of BFDGE (¢, d, and e), and BADGE ().
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Fig. 2. Calibration lines for HPLC of BPF (X), BPA
(@), BFDGE (O ) and BADGE (A ).
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Table 1. Recovery from spiked aqueous food simulants with standard mixture of bisphenols”

Spiked’(uglL)  Bisphenols Distilled water 4% Acetic acid 20% Ethanol
pikec i P Foundugll)  Rec(%)  Foundugll)  Rec(%)  Found(ugl)  Rec%)
BPF 730 912 7.56 962 761 95.1
5 BPA 7.39 223 7.78 972 775 96.8
BFDGE 721 90.1 6.89 86.1 6.83 85.3
BADGE 77 96.7 6.44 85.9 7.00 87.4
BPF 3.99 999 405 101.1 393 98.1
6 BPA 4.07 101.8 403 100.7 395 98.7
BFDGE 327 81.6 330 82.4 338 84.4
BADGE 3.49 87.2 375 936 344 86.0
BPF 0.98 96.5 1.00 1000 1.00 995
. BPA 1.01 100.4 1.02 1014 1.01 100.6
BFDGE 0.60 60.0 072 712 0.66 66.1
BADGE 061 603 0.63 633 0.75 75.1
BPF 9538 9.1 976
A BPA 082 99.7 98.7
' BFDGE 772 799 78.6
BADGE 81.4 80.9 82.8
BPF 40 26 27
BPA 46 23 22
RSD(%) BFDGE 136 7.1 98
BADGE 115 22 109
BPF 0.16 0.16 0.16
Detction BPA 0.16 0.16 0.16
limitugll)  BFDGE 032 0.32 0.32
BADGE 0.40 0.40 0.40
BPF 0.48 0.48 048
Quantitation ~ BPA 0.48 0.48 048
limitugl)  BFDGE 0.96 0.96 0.96
BADGE 1.44 1.44 1.44

DAl values are means of tripilicate determination.

DSpiked with concentration of 8, 4, 1 pg/L of the BPF, BPA, BFDGE, and BADGE, respectively.
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Wed, d7Ps=r) 32 pgld 9 242 85.3~96.7%, 16
pgld Wi 81.6~93.6%, 4 ugld " 60.0~75.1%Z
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Table 2. Recovery of bisphenols from spiked aqueous food simulants with standard of BPF, BPA, BFDGE, and BADGE"

. . Distilled water 4% Acetic acid 20% Ethanol
Bisphenols”?  Spiked(g/L)
Found(pg/L) Rec.(%) Found(ug/L) Rec.(%) Found(ug/L) Rec.(%)
8.00 8.59 106.3 8.53 106.6 8.70 108.8
BPF 1.00 097 96.9 1.03 102.7 0.82 822
Av(x) 101.6 104.7 95.5
RSD(%) 6.9 3.6 15.7
8.00 848 106 8.49 106.1 8.52 106.5
BPA 1.00 0.99 98.2 0.98 97.9 0.99 98.8
Av.(X) 102.1 102.0 102.7
RSD(%) 48 48 5.5
8.00 771 96.3 7.88 98.5 7.95 99.3
1.00 0.98 96.9 1.06 105.4 1.00 99.9
BFDGE Av(X) 96.6 1019 99.6
RSD(%) 53 40 25
8.00 8.02 100.3 7.50 93.7 8.26 1033
BADGE 1.00 1.02 102.4 0.95 94.7 1.09 108.5
Av.(x) 101.3 94.2 1059
RSD(%) 2.3 14 37

URefer to Table 1.
YDetection limit, quantation limit; refer to Table 1.

Table 3. Migration of bisphenols from four types of coating obtained under two different test conditions into the aqueous

food simulants
30 min. at 60°C 6 hr. at 60°C

Food simulants” Bisphenols Can coating material types®
' ME EP TV EE ME EP vV EE
BPF ND? ND ND ND ND ND ND ND
Distilled water  BPA ND* ND ND ND ND ND ND ND
SWeCWaet  BFDGE ~ ND? ND ND ND ND ND ND ND
BADGE  ND° ND ND ND ND ND ND ND
BPF ND ND ND ND ND ND ND ND
4% Acetic acid  BPA ND 2.8 77 12 ND 48 157 44
cAcencact  BrDGE  ND ND ND ND ND ND ND ND
BADGE ND ND ND ND ND ND ND ND
BPF ND ND ND ND ND ND ND ND
20% Ethanol B2 22 24 6.8 78 51 44 8.2 14.1
anol  BFDGE ND ND ND ND ND ND ND ND
BADGE  ND ND ND ND ND ND ND ND

UTriplicate samples each injected two times by HPLC, measured in pg/L.
ME, Modified epoxy; EP, epoxy phenolic; TV, thermoset vinyl; EE, epoxy ester phenol.
3OND: not detected (<detection limits based on bisphenols: *¥1 ug/L; 2 pg/L) and comfirmed by GC/MSD.
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modified epoxy, epoxy ester phenol “L2]1l thermoset
vinyle] A2 FH S8 IR yH HFE F
ARSFIE 60°CE. 7FEste] Al HFel FA=AT 4

o AREEHA A F 60°CER LEE THY dF4
dry overelld 30% E= 647t F3F EARE W o
== v2EE7E HPLCZ ¥el3lal GCMSDH 2
g e s AHFE AIAE Table 3o HEMSIH

BPAS} BADGE:= EE AAelA 725 ubd BPF
= AZE=A oren], BEDGE= AAAM fahsh=
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F 7 SR W EE FEE AN 5
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Fig. 3. 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. 4. Result of NIST library search on peak obtained from GC/MSD total fon scan of Fig. 3. (1), TMS-BPA of epoxy

phenol ester extract; (2), NIST library.
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s} BPAT 1ug/L, BFDGE®} BADGEYX 2 mg/Lsi+.

Kawamura5022 W4ES AAZ APH a5
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TICIM epoxy phenol ester AJA|AM Bl2HEFE 5
HE= 31359 #55A|7HE TMS-BPF, TMS-BPA,
BADGE?} 77} 14.1, 156, 29.13%°]% 2w, BFDGE?
379 oAM= 22t 229 248, 26.1%01% . o)F
9] mass spectrum? libraryol]l M ZHA43 Z3 TMS-
BPATYe] QIHST. &, Fig. 4= TICAIA 1568
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9 HREXZE 2= 28 mass spectrum(scan
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9 AN 2NE QHEE WA FAELY 2y
e 9 Azks} el o W3 AFAFAL] dieln,
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