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ABSTRACT - Analysis method was presented for the simultaneous determination of nine bisphenol A related
compounds such as bisphenol A (BPA), phenol, p-tert-butylphenol, bisphenol A diglycidyl ether (BADGE), BADGE-
2H,0, BADGE-2HCI, bisphenol F diglycidyl ether (BFDGE), BFDGE-2H,0 and BFDGE-2HCI migrated from inner
coatings of metal food cans by high performance liquid chromatography (HPLC) with fluorescence detection. The
method was validated by examining the linearity of calibration curve, the limit of detection (LOD), the limit of quan-
tification (LOQ), recovery and uncertainty. The migration tests of nine BPA related compounds were carried out with
four food simulants; deionized water (DW), 4% acetic acid, 50% ethanol and n-heptane. There was not any compound
detected in DW, 4% acetic acid and 50% ethanol at 60°C for 30 min and n-heptane at 25°C for 60 min. BPA and phenol
were migrated into 4% acetic acid and 50% ethanol at 95°C for 30 min. The concentrations were ranged from 0 to
10.77 ng/L of BPA and from 0 to 2.35 pg/L of phenol. Canned foodstuffs mostly have long-term shelf life. We inves-
tigated migration of nine BPA related compounds according to the variation in storage periods (0~90 days) and tem-
peratures (4, 25 and 60°C). All compounds were not founded during 90 days at 4°C and 25°C, respectively. However
BPA and BADGE-2H,0 were founded in DW and 4% acetic acid at 60°C. The migration levels of BPA and
BADGE-2H,0 were close to the value of LOQ, respectively and did not change significantly as storage period. It was
founded from results that the migration of BPA related compounds from metal food cans was controlled to a safe level.
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Table 1. Instrumental conditions of HPLC

Parameter Condition
Capcell pak C18 UG120
Column (4‘2 mmpI.D x 250 mm, 5 pm)
Detector Fluorescence detector
(Ex. 270 nm, Em. 300 nm)
Oven temperature 40°C
A : deionized water, B : acetonitrile
Mobile phase A:B(70:80) > A:B(30:70)
Run time : 45 min
Injection volume 10 pL
Flow rate 1 mL/min

A (BPA), phenol, 4-fert-butylphenol, bispheol A digrlycidyl
ether (BADGE), bisphenol A bis(2,3-dihydroxypropyl) ether
(BADGE2H,0), bisphenol A bis(3-chloro-2-hydroxypropyl)
ether (BADGE-2HCI), bisphenol F diglycidyl ether (BFDGE),
bisphenol F bis(2,3-dihydroxypropyl) ether (BFDGE-2H,0)
9 bisphenol F bis(3-chloro-2-hydroxypropyl) ether (BFDGE-
2HCHE AFE-s o, &2 Merck (Darmstadt, Ger-
many)2] methanol (gradient grade for liquid chromatography,
99.9%)5 At&-stltt &&= Sigma-Aldrich (St.
Louis, MO, USA)9] acetic acid (ACS reagent, 99.7%)%}
Merck (Darmstadt, Germany)2| ethanol (gradient grade for
liquid chromatography 99.9%) % n-heptane (gradient grade
for liquid chromatography 99.3%)% A3, SFF=
Mili-Q ultrapure water purification system (Milipore Co.,
MA, USA)°| ¢J3] 182MQ +F2 & AAH ZHFE A}
&3t

MxXH

i = T
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Fig. 1. Chromatogram of BPA related standards (5 mg/L for 9
compounds, respectively).

Table 2. The linearity, the limit of detection (LOD) and the limit
of quantification (LOQ) of BPA related compounds

Analyte R? LOD (ug/L) LOQ (ug/L)
BPA 0.998 2.23 6.77
Phenol 0.999 0.19 0.59
p-tert-butyl phenol 1.000 0.57 1.74
BADGE 0.995 1.15 3.48
BADGE-2HCI 1.000 0.81 2.44
BADGE2H,0 1.000 0.32 0.97
BFDGE 0.998 3.03 9.19
BFDGE-2HCI 1.000 1.35 4.11
BFDGE-2H,0 0.999 6.90 20.90
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Table 3. Recovery and precision of BPA related compounds in aqueous food simulant from metal food cans

Spiked level (ug/L) RSD (%)
Analyte
20 400 1000 Intra-day Inter-day

BPA 109.75 +0.55Y 91.73 £ 0.67 81.88 +1.24 0.92 5.00
Phenol 120.18 £ 1.93 98.16 £ 1.12 90.10 + 0.81 1.22 3.04
p-tert-butyl phenol 11536 £ 1.22 96.92 +1.13 93.90 + 1.59 1.55 3.15
BADGE 119.17 £ 1.46 97.79 £ 1.00 82.52+2.96 1.95 2.23
BADGE-2HCl 105.25+0.37 92.90 +1.18 85.37+0.46 0.72 1.25
BADGE-2H,0 97.34+0.22 88.03 +£2.58 86.62+5.10 1.15 2.88
BFDGE 97.60 £ 0.52 84.24 +0.24 87.40 +1.00 0.65 1.93
BFDGE-2HCI 118.60 +0.28 96.99 +0.97 92.06 + 1.22 0.85 0.85
BFDGE-2H,0 126.31 +£0.46 95.92 +2.88 95.79 £ 0.23 1.20 0.65

! Average recovery (%) + standard deviation (n = 3)
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Table 4. Results and uncertainties of BPA related compounds in metal food cans

Analyte Concentration (mg/L) Coﬁgifa?;t??ﬁ?rd Coverage factor (k) Expan(é?gl/lg: I?rtainty
Phenol 0.40 0.012 2.11 0.03
p-tert-butyl phenol 0.39 0.008 2.08 0.02
BPA 0.42 0.014 2.11 0.03
BADGE 0.40 2.07 0.04
BADGE2H,0 0.40 0.012 2.02 0.03
BADGE-2HCI 0.41 0.009 1.97 0.02
BFDGE 0.42 0.020 2.02 0.05
BFDGE-2H,0 0.38 0.015 1.98 0.03
BFDGE-2HCI 0.39 0.010 2.00 0.03
! Basis of 95% confidence
AN 28-58%= 71 FA vrerst GRAT e e FELE st
MES 35 W ERH oY BUETY Hn} HOR Y LEX20] OE oY At
23579 AF8 35 W F 1617 i8] BPAE HE 2EFE W Aol St WEES 4717 B
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Table 5. BPA and phenol migration from metal cans into food
simulants at 95°C for 30 min

4% acetic acid 50% ethanol

Concentration Concentration

D/A" D/A
(ng/L) (ng/L)
BPA  1/23 7.04 5/23  7.84~10.77 (8.60)”
phenol  1/23 1.53 423 0.76~2.35(1.53)

DThe number of detected (D) / analysed samples (A)
PMin~Max (Mean)

SU(E, 4% A 20% o)

< 2 p-heptane)*| X BPAZ
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25wt =
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o
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Fig. 2. BPA and BADGE-2H20 migration from metal cans into
food simulants (a) deionized water (b) 4% acetic acid at 60°C
analysed for 0~90 days.
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