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Simultaneous Analysis Method of
BPA, BPEF, BADGE, BFDGE and Their Degradation Products in
Canned Foods and Food Simulants by HPLC

Jae-Chun Choi*, Suk-Hun Kyung, Gun-Tack Lee' and Kwang-Ho Lee’

Department of Applied Biology and Chemistry, KunKuk University
'Department of Food Sciences, Kangnung National University
Division of Food Packaging, Korea Food and Drug Administration

A simple and sensitive analysis method based on reverse phase (RP) HPLC with flourescence detector was
developed for simultaneous determination of bisphenol A (BPA), bisphenol F (BPF), bisphenol A diglycidyl ether
(BADGE), bisphenol F diglycidyl ether (BFDGE), and their degradation products, BADGE-H,0, BADGE-2H,0,
BFDGE - H,0, BFDGE - 2H,0, BADGE - HCI-H,0, BADGE - HCl, BADGE - 2HC], BFDGE - HCl: H,0, BFDGE -
HCIl and BFDGE-2HC], which were hydrolyzed and chlorinated forms of BADGE and BFDGE, in canned foods
and food simulants. These compounds were identified by GC/MSD with MSTFA-NHI-DTE derivatization.
Recovery study was performed at each 100 ng/mL levels of BPA, BPF, BADGE and BFDGE added to canned
foods and food simulants. This method was resulted in recovery of 90~114% with relative standard deviation of
4.1~7.0%, detection limits of 6~11 ng/mL and quantitation limits of 12~18 ng/mL. Calibration curves were linear
with correlatin coefficients of 0.9997 for BPF, 0.9996 for BPA, 0.9987 for BFDGE, and 0.9989 for BADGE.

Key words: RP HPLC, BPA, BPE, BADGE, BFDGE, MSTFA-NH,I-DTE, canned foods, food simulants
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Bisphenol A diglycidyl ether(BADGE; CAS no. 167554-
3)9} bisphenol F diglycidyl ether(BFDGE; CAS no. 2095-
03-6)= epichlorohydrin(ECH; CAS no. 10689-8)3} bisphe-
nol A(BPA) E+ bisphenol FBPRE S TAI7|& HHo=E
HAZII?, o]5 EHEL 3184 <2) WA (chemical resistance)
o] o HES AR, AAW, LF, okxnAL, AF
2, ErkEst 2o ANYER 2L BF, 3FPeud 2L &
E5¢ A9 WAS 29 BH02 AgHE oA 53
(epoxy resin)®] ELEF E= 2E27M=EF 4X|(organosol
resin}®] T8 AR Fo] AHS-ET®. Mt BADGE,
BFDGE % 7lr#sl & H3l (chlorinated) FeiQl 259
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£3)4HE-91 BADGE - H,0, BADGE - 2H,0, BFDGE - H,0,
BFDGE'ZHZO, BADGE -HCl1*H,0, BADGE - HCl, BADGE -
2HC1, BFDGE - HC1 - H,O, BFDGE - HCl % 2 BFDGE - 2HC1
= BADGES} BFDGE?] Ao AM-Ele 29232 BPA
2 BPF= AE9 ¥ 71A e ARRATNONA 2Fe=
olgid 4 lom off 7ledt olE EZAES Fg 19 UE
e}, o] BEES F3F Krishnan 59| in vitro Algol
A o3 A ZTEEQ] estrogendt AR ZHEE e AL
2 ggtozA JENA FlEdEZE EREHL AT A
274 o)lE EA9 EAldl:= Mestan? Morris®¢] TLCH,
Brydia ¥ Olmo $®"¢] GC £+ GC/MSH, Gandara
3 Roubtsova ¢72] LC/MSY % Gandara 5, Losada
3} Lambert®} Larroque®*?9] zp&jM B ¥4 AE7|E
23t oA (reverse phase) HPLCH, Biedermann 59 4
(normal phase) HPLCS} 94 HPLCY E49H % ‘4"&‘* 2

ozi ofil offt

Aol ALglol Stk SR oF BAWEE 2EE
oA AR EFo FEFEo] oA 7] AZ ﬂoﬂ/ﬂ
77t @AV 53zt F - (overlap) £ matrixtl] 7HEEZE
o B3 ToZ <lst dF =FATE —Ev—@u@' TR Sl
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Fig. 1. Chemical structures of BPA, BPF, BADGE, BFDGE and
their degradation products. ~

AL AATE B AP E FE2FEE o
5 ASERE E7% , Z
< screeningdl= DA (step 1), 3 FAEZE(weak polar
compounds, BADGE, BFDGE, BADGE - HCl, BADGE -
2HCI, BFDGE - HCl 2 BFDGE - 2HC)S A Féle &4
(step 2), 53+ =4 EZ E(intermediate polar compounds,
BPA, BPF, BADGE - H,0, BADGE - 2H,0, BFDGE - H,0,
BFDGE - 2H,0, BADGE - HCl - H,0 ¥ BFDGE - HCl - H0)
< BFshe DAstep 3)Z o] F0IF G4 HPLCHE AM
3td #1327 H3 (overlap) X matrixl] 729 W) =

T2 AL AFOEA & A A g EE2E
A AFE ¢ e SARAIHS Sy
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£ AFAM = HPLCEA Nanospace SI 2(Shiseido Co.,
Japan)E, GC/MSDEX GC 8000 seriesMD 800 MSD
(Fisons Co., ltalyyg 7+7] AHE-3lith. HPLC E4A] AR
218 U3 2tk 28 WAl 22 (Pre-separation
column): Capcell pack MF Ph-1G.d. 2.0 mmXlength
10 mm, Shiseido Co, Japan), ¥2]Z#: Capcell pack C,,
UG120G.d. 4.6 mmXlength 150 mm, Shiseido Co, Japan),
FAAE719 B 4719 275 nm, WETE: 300 nm, ©]
T4 A 100% DW, ©|%F7 B: 100% acetonitrile, Oven
temp.: 35°CE F82E ARSI ©A 1(FA oY ERE

2 A& FAM-1] 5 BPA, BPF, BADGE, BFDGE 2 E3|AME-2] T-A| 24 175

9] screening®)2 FAFYH {45 1.0 ml/min, F4EH ol
A re. 27] AEl~6 min: 75%(A): 25%(B), 6 min~38 min:
75%(A): 25%(B) — 10%(A): 90%(B), 38 min~43 min: 10%(A):
90%B) —> 10%(A): 90%(B), 43 min~48 min: 10%(A). 90%(B)
— 0%(A): 100%(B), 48 min~54 min: 0%(A): 100%B)—> 0%
(A): 100%®B)2} gradient modeS, ©A 2(2F3F FAHELE 9]
AEeHrye BAZEF % 06mbl/min, X2 o544 &
=: z7] El~35min: 50%(A). 50%(B), 35 min~40 min:
50%(A): 50%(B) = 35%(A): 63%(B), 40 min~45 min: 35%(A):
65%(B) — 10%(A): 90%(B), 45 min~56 min: 10%(A). 90%(B)
— 10%(A): 90%(B)2] gradient modeZ, Tl 3GF7 SR
E9] FFse EAEY /5 0.6 mL/min, A )54
BE: 7] AE~15min: 85%(A):  15%(B) — 65%(A):
35%(B), 15 min~30min: 65%(A): 35%(B)— 60%(A): 40%(B),
30 min~35 min: 60%(A): 40%(B)— 40%(A): 60%(B), 35 min~
40 min: 40%(A). 60%(B) — 10%(A): 90%(B), 40 min~54 min:
10%(A): 90%(B) — 10%(A): 90%(B)S] gradient modes 212}
ARg8ESITE. GOMSD 44 ARSRE 242 ot 223
E249: HP-SMS(id. 0.25 mmXlength 30 mXfilm thick-
ness 0.25 mm, Hewlet packard Co, USA), Carrier gas: He,
Carrier gas %: 1.5mL/min, Injection mode: splitless,
Injection volume: 10ul, Injector temp.: 270°C, Detector
temp.: 290°C, Solvent delay: 3 min, Source temp.. 200°C,
Interface temp.: 280°C, Ionization mode: EI, Ionization
energy: 70eV, Oven temp.. 140°C(2min)— 10°C/min —
220°C — 2°C/min — 230°C — 10°C/min — 280°C.
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¥F¥o2 AMES BPA, BPE BADGE, BFDGE,
BADGEH,0, BADGE-2H,0, BADGE-HCl-H,0, BADGE -
HCl, BADGE - 2HClI % BFDGE - 2HCI-2 FlukaAHBuchs,
Switzerland)?] Al BF-S AMS-SIHLL AlREE ZFEFC] =
BFDGE - H,0, BFDGE - 2H,0, BFDGE - HCl - H,O %
BFDGE - HCI9] 7%= Losada %3 Hammarling 5*'¢
o wpgel me B A% sl AHgsEOom, Wi
=5 A (internal standard: 1S)E AFE3 2,6-di-tert-butyl-p-
cresole %21 (Tokyo, Japan)ollA] Fgsted AMg-stdc). 7]
E} GC/MSD #2414 Fr=A8) Al R A3t N-methyl-N-
trimethylsilyltrifluoroacetamide(MSTFA), ammonium iodide
(NH,I) 2 dithioerythritol(DTE), %843 HPLC °l&4 2
FZguf AxA ARES tetrahydrofurane(THF), chioroform,
ethanol(EtOH), methanol(MeOH), acetonitrile, n-heptane, eth-
ylacetate %! water(D.W.) 52 Flukar}l, SigmaAHMilwaukee,
WI, USA) 2 MerckAH(Darmstadt, Germany)] 453 4]
kS A&
FEE M=

HFEOZ FlukaAlZHE 97% o] £=& Z+ BPA,
BPF, BADGE, BFDGE, BADGE - H,0, BADGE - 2H,0,
BADGE - HCI - H,0, BADGE - HCl, BADGE - 2HCl] %
BFDGE - 2HCIE, 1S.2 F%¥sMH o2 RE 95% °149 ¢k
E 2 2,6-Ditertbu-tyl-p-cresold THFA olE 4g
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THFY| 1mg/mLe] HEE 3AF thA] o] §d S DW.:
MeOH(1: 1, vv)o 34jsle] A}R-3%ith. BFDGE - H,08}
BFDGE - 2H,0 E%%e THFe =<1 0.1 mg/mLe] BFDGE
EF4d 1 ml& 4% ZAF 50mLol F7ela ©]E 80°Ce]
A 3087 wreAlA A ZE9Z BFDGE - HCI - HO$}
BFDGE - HCl ¥F#2 THFl %<1 0.1 mg/mLe] BFDGE
EFEEY 1 mLE 3% HCl 9mLel 718k S0°CollA 154]
ZF 9EEAIA A ZEA

HESHS M=

7} SlgE-S N9 o2 o] BPA, BPF, BADGE
2 BFDGEE Al171522, BADGE - 2H,0, BADGE - HCI -
H,0, BFDGE - 2HCI % BADGE: HCI& A2a§o=,
BADGE - H,0, BFDGE - 2H,0, BFDGE * H,0, BFDGE %
BADGE - 2HCI& A|32§°% BFDGE-HCl-HO %
BFDGE - HCIZ #4150 2 EF3$ o8 7t 2§58 1§
HE 538l EFEFLNOE 1 mgmLe] $EF 100ny
mLZ, 1S.= 2,6-Di-tert-butyl-p-cresol®] 1 mg/ml. 0% +=
FEE 100pgmLe] FEZ D.W.:MeOH(1: 1, vv)& A}»%
sto] A ste] Az

HEZMo| =Y

ARTHNE A1352 BPA, BPE, BADGE ¥ BFDGE]
N AAREdL 22} 5, 10, 25, 50, 100 ng/mle] FEE T
o] A IA S % FEHYE Aot AL
ZF 47899 1S4 7t S3ES Ha wde did v=
vle] AAE FTABRe EiAIAcR FAAEL. &, 3
SHE-9] AU (As/Ais)?} FEH](Cs/Cis)e] AIE BF A3
IAFAe R ZA3 ). Bronz 972wl wlgl Ea)ak
= 289 AR2aE, A31E 2 A41Fd &3 TF=EF
Eo sl = 313HE(parent compound)®} 7% (response
value)7} BIS23lTal By Hxe] ARIAE 2AAsR] &
BADGE ¢} BFDGE®| HAIAE 7+ E3j4it=ol g3k
ATz AT
MERAESOQ 20% EtOHO|| CHet S|

AE

Al 2 AEZFAETQ) 20% EtOH ZF 50 mL&
BT H & 7] 2ugml %29 BPA, BPF,
BADGE ¥ BFDGE E#%F89 05mL2 73taL ethylac-
etate SOmLS} acetonitrile 50 mLE 7}8ted 2087 2000
rpmE JBEAT. AEe §715S Hre Fr|He) v
olE & EZo| thA] ethylacetate SOmLS 713} %‘?4?‘& z
Aoz el HTt 432 ethylacetate®S A H Ll
olE 17153 #atd olg 45°CY WhEE 71011*1 %H‘
IANFHY FLAL T G AFEY MeOH 4.8 mL, D.W.
5mL, 100 ugmL 552 LS. 02mLE 7}8te] B&sti o
€ HPLCE ©]&3 3l4& Al AR5t

S84 4E &
70

‘zl"
23]

=

IR@! ME A MER
2 AMH
7\]-‘?} 2185 2 pheptane Z 50 mLe EHAFo) FH3 T

AR20HQ! n-heptanedll it 3

7)o 2ug/mlL %2 BPA, BPF, BADGE ¥ BFDGE &
FEEgd 0.5mLS 7F8}AL acetonitrile 100 mL< 718k 20
E74 2000 rpmO 2 Q&I 59 acetonitrile T2 E
9] £ wolE ¥ 28-f 2 n-heptane Fo THA
acetonitrile 50 mL& 7Fele] BAg A0 FHalgirt. 8t
Z=9] acetonitrile =& 9 HEE WolE acetonitrile 537
gate] o] F 45°CY ZFEE7INNA FEAIAF T S
1A :16— 9o ™EE MeOH 48mL, DW. 5mL, 100 pg/

w9 1S. 02mLE 7¥5td 8313l ¢)§ HPLCE ©l
ﬁ*" Algel AMg-8FaATh.
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(accuracy)®}t 78 ¥ %= (precision)S: Z/\]-S]-_LX]-
3 ARyl wet £49 7 REEEH iE
o) ABvfEIYNA Fo|ze] HAE FHTE O]E
W Fole 9 T FEaRAo LRy A8 B
NEz g AV of e 53 W)l
HH3)eea AYEZANE EUE Zewe AYUE
=431 th 2234 (limits of detection, LOD)9} A &gk
A (limits of quantitation, LOQ)E= ZAAIFAlo| A& 10 ng/
mL 559 FFEEAL #A3te & ARMEIYS 7E
& Morrison™®9] o] w} zb2} vt 7o) stk
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o714 Ase sample signal®] HT(H3]), Ab blank sig-
nal®] HF#(H4), 72]3 Sbi blank signal Ha (@A) X
FH=}olt).

GC/MSDOl 2l3t HME REXE AlEEde] =X
GCMSD £4& 93 Algdgde HPLC £4%9] 459
2 ethylacetate 50 mLE 23] %ﬁh% ALrrsg FE
A7 T AFE] Choi®t Chung 2 Vilchez 51202] ¥y
o wa} chloroform 0.1 mL¥ MSTFA-NH,I-DTE(1000:4:2,

viwlw) WA 0.1 mL& 718l EE8tE ©]E 60°CellA
30 minZF WHS-AA AFEHH T
Z% o ng
84 ssEFEEde &2
7h FFEELS IFEE IFHEEVIE AT 9 HPLC
of o)t} BAet L oW AMET 7+ 2FYE RFEEIH U
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Table 1. Retention time gaps of compounds vs. LS. for RP
HPLC analysis

Retention time gaps (min)

A1l = BPA, BPE, BADGE, BFDGE ¥

Compounds (LS -Comp)”
Group 1 Step 1 Step2  Step3
BPF 2374 24.20
BPA 20.18 15.45
BFDGE isomer 1 13.85 30.28
BFDGE isomer 2 13.08 2757
BFDGE isomer 3 12.42 25.07
BADGE 1043 15.36
LS. 38.13 52.87 495
Group 2
BADGE - 2H,0 26.65 28.40
BADGE - HC1 - H,0 19.13 12.37
BFDGE - 2HCl isomer 1 14.88 34.05
BFDGE - 2HCl isomer 2 14.24 3197
BFDGE - 2HCl isomer 3 13.47 29.20
BADGE - HCl 11.28 18.81
LS. 38.0 5295 4942
Group 3
BFDGE - 2H,0 isomer 1 31.18 3248
BFDGE - 2H,0 isomer 2 28.96 30.62
BFDGE - 2H,0 isomer 3 2697 29.00
BFDGE - H,0 isomer 1 2221 20.46
BFDGE - H,0 isomer 2 21.27 18.30
BFDGE - H,0 isomer 3 20.63 16.73
BADGE - H,0 18.70 11.28
BADGE - 2HCI 11.55 22,37
LS. 38.6 53.11 49.62
Group 4
BFDGE - HCI « H,0 isomer 1 22.60 20.51
BFDGE - HCI - H,0 isomer 2 21.67 18.541
BFDGE - HCI - H,0 isomer 2 21.67 17.79
BFDGE - HCI - H,0 isomer 3 20.74 1547
BFDGE - HCl isomer 1 14.94 33.99
BFDGE - HCl isomer 2 14.26 31.87
BFDGE - HCl isomer 3 1343 30.09
LS. 38.5 53.01 49.47

(LS.-Comp)": Internal standard-compounds.

GC/MSDY| ofgt HM

MSTFA-NH I-DTEE AH8-3t9 silylationA]7] ZF 159 3%
FE4 GOMSD £4A19] B4 ~HE-E 718 49l
BPF, BFDGE three isomers, BFDGE * 2H,0O three isomers,
BFDGE - 2HCI three isomers, BPA, BADGE, BADGE - 2H,0
% BADGE - 2HCIE Fig. 39l YeRSIth Fig. 3014 & <
AE Hebo] silylation 9] E4 E8o]2(m/z)2 =4 BPA
9] 73§ 3412, BFDGE three isomers®] 7% 3128
BEDGE - 2H,0 three isomers®] 7-$- 636, 638<, BFDGE
2HCI three isomers®] 73-%- 528, 530~ BPAS] 7§ 3542
BADGE®] 74%- 324, BADGE - 2H,02| 7-¢ 649, 651#
BADGE - 2HC1®} 73-%- 541, 543& ZHz} JEeRIgloy olepzt
2 AEe 7t %5‘:_194 ol24 ¥ ¥ Vilchez % Rauter®”
59 F 23 24 deidn 2 dXshs Aol

Rt o] A 177

1 Group 1 K
A M e
4 LS. e
4 Group 2 4
- 3b
i 3

R 3
- T
1 j/»}\\ JK/ ] e
1 4 [ &) |
<4 Group 3 3
J 2b

. e
] W}\ R 7
.{ Group 4 IS, -
e 2:

- 2c
N 1b e

B S

LA

Fig. 2. RP HPLC chromatograms of step 1 for: Group 1;
1(BPF), 2(BPA), 3a, 3b, 3¢(BFDGE three isomers), 4 BADGE),
Group 2; 1(BADGE - 2H,0), 2(BADGE + HCI - H,0), 3a, 3b, 3¢
(BFDGE - 2HCl three isomers), 4 BADGE * HCl), Group 3: 1a,
1b, 1c (BFDGE - 2H,0O three isomers), 2a, 2b, 2¢(BFDGE - H,0
three isomers), 3(BADGE - H,0), 4BADGE - 2HCI), Group 4;
la, 1b, 1¢(BFDGE - HCl - H,O three isomers), 2a, 2b, 2c
(BFDGE - HCl three isomers), L.S.; 2,6-di-tert-butyl-p-cresol.
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HPLCY ¢|3 #21% BPA, BPF, BADGE, BFDGE®] 74
F4& Fig. 4 JERSIT) Fig. 404 & < Sl= upel 2
o] aIgEe FxH¢t WA= FAFFE HAWAAN 47
A FAZE IS Y 5 deH, ’\]'J’Pﬁ]—r(correlatmn coeffi-
cient)yr= &

viepdel et B4l HestE o 31: ATt

él'%tl Aot Az gk A= Table 201 rehd
Aok, I8 90~114%, A EFHA A Hrelative standard devi-
ation; RSDYE 4.1~7.0%, HA&3Al(limits of detection;
LOD)h 6~11 ng/mL, A ZF3A(limits of quantitation; LOQ)

= 12~18 ng/mLE A%t} Table 29041 HAZ<<EL 103%,
Jﬂ&ﬁ-’é«‘#%}»— 57%E Reld wet o|7he A= AFE 4
2F #AF] 2] BPA, BPE BADGE, BFDGE % Eaj4t
5L By A3de Ho F Aogt silth 53]
§])\°o] _/r:gJH =l ;(]HP/H /\1% _1;__‘]:,0]]/\1 90% ])\ng _Or
39 AL Biedermann 590 94 HPLCR FE89=
EtOHD.W.(2: 1, viv) E3E8E, &4 HPLCE FE8=
MTBE(methyl tert-butyl ether)S Ztzh AMS-ES. 24 EOH/

DW.(2:1, viv) Egr)e] 4% Ay 2FolA oFst =4
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aBFDGE : v = Q0217 - 0,024
R = Q9967
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Fig. 4. Calibration curves of BFGDE (A ), BADGE ( @), BPA
(M ) and BPF (@) by RP HPLC.

o] ZZ4go] 70% ©)stggol uH3
ethylacetate$} acetonitrile ©]2] gt
A7 HEoR ALEET. o]epgo

Z9] BPA, BPE, BADGE, BFDGE ‘;»l EHEES B
71 943 dhd F 2 AFeA FAE 9 HPLCE
Tl SAEAE S AE 9 2F fART F¢ BPA, BPF,

\._

iu N . ™ BADGE, BFDCE ¥ EEE5S E4g 3o 258
Tl CRUEEIE LN  JE PR & -|i"r‘«— - S o)1 =7 R (overlap) FE matrix] 7HAIEZ]
A 2§ $¢ Hash ARoRA FYD olfT A o
R pgue BHT 9 gl AE A J1Ee) wy
& qlsld & Azhlel QA g Bde) B4 Fo] 7}
Fig. 3. Mass spectra obtained in scan mode for: (a)BPF, 3 Rl AeR AlREh
(b)BFDGE three isomers, (c)BFDGE - 2H,O three isomers,
(d)BFDGE - 2HC] three isomers, (e)BPA, (HBADGE, o ot
(2 BADGE - 2H,0, (h)BADGE - 2HCl after silylation by - =
MSTFA-NH,I-DTE.
o HPLCE olgs] 4F& ANM o198 A A% ¥
BAES F&scd #AVE IS MTBEY A9+ ol¢t AF §AHw ol R8sk BADGE, BFDGE % 7r23H
= R 584 AFdAN T SAEZES FEFAANU T P38} (chlorinated) JE|Q] 252 E31HE< BADGE-

Table 2. Analytical results of compounds by RP HPLC

. Spiked amount Recovery ) Detection limit =~ Quantitation limit
Matrix Compounds (ng/mL) (%) R.S.D (%) (ng/mL) (ng/mL)
BPF 90 6.6
BPA 107 6.5
Can beer BFDGE? 102 6.5
BADGE 96 6.8
BPF 109 59
BPA 103 49
20% EtOH
BFDGE 103 43 BPF=6.0 BPF=15.1
BADGE 104 4.1 BPA=6.1 BPA=15.0
BPF 100 o4 57 BFDGE=6.1 BFDGE=12.0
BPA 08 6.1 BADGE=11.0 BADGE=18.0
BADGE 101 7.0
BPF 109 59
o BPA 114 43
n-Heptane BFDGE 111 55
BADGE 107 5.1

DMean value from 5 measurements.
PRelative standard deviation.
FThree isomers.
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H,0, BADGE -2H,0, BFDGE-H,0, BFDGE - 2H,0, 9. Roubtsova, S., Hollander, J. and Franz, R. A rapid and convenient

BADGE - HCI - H,0, BADGE - HCI, BADGE - 2HCI, BFDGE -
HCI + H,0, BFDGE * HCl ¥ BFDGE - 2HC] %% BADGE
9} BFDGE®] Aol AMEEE E¢E2<) BPA 2 BPFS
Al o]5 £2& MSTFA-NH,I-DTE #5413} /\PLi
F=A3 A7 F GC/MSDE AAsHE BAIRAHS &
st3ich o] AhEe A AF 2 AF FAR Tl 2 100 ny
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