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0.1~0 wg/LIiEE M& M X & BAF; R EFR (W55 =1011) 405 pg/kg BADGE - 2HCIA 1 pg/ke); A3 AnizK T
T 10F 3R i F 08 AR B R R A 71.32%~96.14%, ABSTAR AR £ H3.19%~6.79% (n=6). %7 ik LA KT8 ZHEL
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Determination of BPA, BADGE, BFDGE and Their Derivatives in

Canned Tuna by UHPLC-MS/MS
Zhou Yong', Zhao Kai®, Huang Li', Jiang Ling-bo', Wang Wei-jie', Ma Yong-long®
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Abstract  An accurate quantitative determination and confirmative method for ten environmental hormone of bisphenol A,
bisphenol A diglycidyl ether and bisphenol F diglycidyl Ether and their derivative in canned tuna by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) had been established. The target compounds were analyzed
by UHPLC-MS/MS on a C,4 column by the gradient elution with methanol and ammonium acetate containing formic
acid in a multiple reaction monitoring (MRM) scan mode. External matrix standard solutions were used for the quantitative
determination and the calibration curves respectively showed good linearity in the concentration range of 0.5~100 p/L, 0.5~50
png/L and 0.1~20 pg/L for BPA, BADGE-2HCI and other environmental hormones. The limits of quantification of the ten
compounds were 0.5 pg/kg (BADGE-2HCI gone to 1 pg/kg) (S/N=10); The average recoveries of the ten compounds ranged
from71.32% to 96.14% at the spiked levels of 5.0, 20.0 and 100.0 pg/kg with the relative standard deviations (RSDs) of
3.19%~6.79% (n=6). The method was sensitive, stable, and well suitable for the determination of Bisphenol A (BPA) bisphenol
A diglycidyl ether and bisphenol F diglycidyl ether and their derivatives in Canned tuna.
Keywords high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS); canned tuna; bisphenol
A (BPA); bisphenol A diglycidyl ether (BADGE); bisphenol F diglycidyl ether (BFDGE) and their derivatives
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Agilent 1290 Infinity# @& S0 H B354 . €
Agilent/z}a; Agilent6460?$$ﬂ%@*&*¥?&ﬁﬁﬂ%ﬁﬁﬁ(
(LC/QQQ) : FE[E AgilentAF]; Milli-Q #BAIKES
%Millipore/z}ﬁl; Agilent Poroshell120 EC-C 5 (3.0
mm x 100 mm, 2.7 pm) , HITACHI CD6DEL.IMIL: H
AHITACHIAE]; R : HAREYELAAH; #3
F R A . KQ-250E, [

WEFA (BPA) , RUE A- — 45 /K H il fik
(BADGE ) , MUA— (2, 3-—FNEE) 4Kk H ik
(BADGE - H,0) , MEA-— (2, 3-" 374 ) Bk
(BADGE * 2H,0) , WEA- (3-5-2-FNIH) 4
K H B (BADGE - HCl) , WEyA-— (3-F-2-%
N3k ) B (BADGE - 2HCL) , WEyA- (3-FE-2-2KH
) (2,3-"FWNHE) @t (BADGE - H,0 - HCl) ,
W F- 45K Hillt (BFDGE) , XUHF-— (2, 3-
TR ) 4K HhEE ( BFDGE - 2H,0) , XU F-
= (3-F-2-FWNHE) 4K HEE (BFDGE - 2HCL)
FRAES . 4 =95%, Fluka/AH); ZFRZHE: HPLC
9, EKESigmaAwl; HEE: kg, fEEMerck2y
Al LPR%E: HPLCYL, FEESigmaZynl; HAMGH
FAy Rl s I K A 2 Milli- QU Ak i 8 i 7Kk At 3
RN R bt
1.2 AR A

TR BIMER FREUBPA . BADGE. BFDGE
KHATAEYIE100 mg (KEHIZE0.1 mg) T100 mLA 5
R, DVFEESK (1 1) SHEFIMERECH 1T 000 py/
mLAER R, MR HRRESK (1 1) BRERG
BEIIRWE., B8R T4 CFROLRES (nFESF
BAH D) .
1.3 FESL AL PR

FERE BT RE S S LA T AL B . FRE2 off
55 mLATRGBRIES . IREWTRTE20 min, SRIGTE

K O A AR B30 min. BUHJFTES 000 r/minkk
R B0 10 ming FFEB LIS R R8T, &
H—k, HIF LI, RERRREZEREN . 1
YIEHA T10 mLHIEES K (10 1) RGEWA, o
U8 S5 HERE T o
L4 (At
141 XU AR @GS 54

Agilent Poroshell120 EC-C %+ (3.0 mm x 100
mm, 2.7 wm) ; #HIR: 40 C; #HFEEE. 5 pl; K
. 0.4 mL/min; FaNAIA N2 mol/LESTRELS W, BA
s ELAACRE BE VR 25 DL 3R 1

F1 WERARIHEEE SRR 514

B 18] /min
0 4.5 7 7.5 7.6
CH,COONH,/% 40 10 5 5 40
CH,;OH/% 60 90 95 95 60

1.42 BADGEMIBFDGEF# {f 3 44
Agilent Poroshell120 SB-C % (3.0 mm x 100
mm, 2.7 pm) ; R 40 C; #H = 10 pb; Wi
B 0.4 mL/min; JsIHARE0.1%F BRAYS mol/LESTR
BERSWR, BRI, EAARR BRI AR LR,
%2 BADGEFBFDGEHRHE B 5 B & 14

B 18] /min
0 1 3 6.5 7
CH,COONH,/% 35 35 30 20 20
CH,OH/% 65 65 70 80 80
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1.5.1.1 = HEREPUSATFEE (QQQ MS) &

B MEFHEBEAE; AEMV: 600 V.

1.5.1.2 HEIZEE (ESI) &4
THRSARESE . 350 C; PSR E: 9 L/

min; Z5AbARE T 30 psi; ¥HAIRE: -380 C; B

Ui 8 L/ming BAEHE (=) : 4500 V; WIHEHE

JE (=) : 1500 V; SAbEWrERESEILERS,
#=3 WEARMNEFREIESHEYE

WA HET TET Z g R/ VALIE W R/ V ik b R/ V A

(m/z)  (m/z)

227.1  133.1 120 24 4 il
BPA

227.1 2121 120 16 4 il
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1.52.1  ZEHRRIURATEE (QQQ MS) &4
B IEE B 4EMV: 200 V.
1522 MR (ESI) 4%40F
THESRIRSE . 350 C; THRSIARRE: 9 L/
min; ZALEE 1. 45 psi; $ESUREE: 380 C; #YK
JiE: 8 L/min; BAIEHE (+) : 4000 V; BEHEH
JE (+) ¢ 1000 V; SAbEWRI BTG RESE LR,
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T °



4oz}

@ Sl

R4 B A- 457K H i BEAD B F- 487K = im B
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FAE Amik

BT FET LM

feeih m/z) (m/z) LE/N BE/N BE/NV it
BADGE 358 191.1% 109 9 7
358 1351 109 29 7 K
BADGE + H,0 376 209.1% 86 9 7 E
376 1351 86 29 7 E
BADGE - 2H,0 394 209.1* 105 9 7 E
394 135 105 29 7 iE
BADGE - HCl 3941 227.0% 106 9 7 K
3941 135 106 29 7 E
BADGE - 2HCI ~ 430.1 135 91 37 7 E
430.1 227.0% 91 9 7
BADGE - H,O - HCl 412 227.0% 106 9 7 K
412 1351 106 33 7 E
BFDGE 3303 133.1% 96 9 7 E
3303 1631 96 5 7
BFDGE - 2H,0 3663 181.1% 92 9 7 E
3663 1071 92 25 7 E
BEDGE - 2HCI  402.3 199.1% 96 9 7 E
4023 181 96 17 7
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2.1 S

R T AFRIRIREE . BREEARER | AR A
X TI0FM MG R M BN 0L, LR T O -k
FTH K 2R S A X B bR b &9 8 LR B 152
Wi, AR B AN, 40005 S0mE R E 5
1M CHE A HUHBT (55 B SRR, ANIE G 10FP 53
RIS o AT B T R 25 AR R, AR
TR - — AR H I = A E & T, IRk,
WO . B E s AL RSN, B R T
Pt — 7K 3 BhAH O — S 1 B T TR i R PR R S5 T
X HARMEA Y8 FACRCR B0 . FER s R AS
mol/LES TR B AT B TIHBRENER I T8, 1 inA0.1%1%)
A B FRp A B T e . iR 25 R B,
FHEE-7K (5 mol/LEGFREZ+0.1% R ) YRR shiAHT,
% B SN G55 thfes, HIgIE5r.
BZARAG T10F I B A B 451 ( LR a3 25
ILF1~3R2) .
2.2 FUEEIEREE

1) BPAR—Z0F 151 we/LEYBPABREIAW, LA
TAhES O A AHRmIZE (ESL) Jiii%.  FBPA L
FA) By 2 3 B 2R 3k 1 B &R FAE R M-H]
P FEESTH B TR T RUE el . PRSI s 1
WA T — T AT, A3 2R GR I BPAYE > T 15 F
Wgm/z 227.1, BIM-H]", & 2JRigmiE 5 24%, +
Bt emlz 212.1, 13315 —HBAE T (WKL) .
BPARYHE T F B Fmiz 227.1F K i3 - CH,JE flim/z
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BT, 1336 A8 F[M-H-C,H,OH] ; 7EBPA %4
WEEI, miz 212108 FF R, KISR0
DR, RS T AT R e A, PO
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SRR T 2 R T . DR UE T A o A R
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2) BADGE, BFDGE K AT A M A9 — 2 5% 43 1
TR 0.5 e/ LIRS TR AT sl 5 7 Xk
AHBEZE (ESI) Jii, #E1E e 80T P a8
DL M) T e e s . g5, &
WisIE B FHEEAT, Bisfk & aafinmEs+
B [M+NH, | FI[M+Na] b 82 &, [M+Na] 895 7ok
FEHGIM+NH, ] /Y & F 3R 8K, (H[M+Na] #9224 =X
W2z, JLFHRARI WA ST il E
FRALA PIR[M+NH, A Bl 75 2 A REES F, XAF
WALA P 1 lE 1 R o FAS A L S BT T Mk, 4%
AW TR R E B B o M S8 4. H
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DFP SRR, ORI TS e TR R ]
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BEPEA RN A THE USRI FL A FIRI T . AR B
HAR R ERvE T, BERENE . e, JEMamR s
BEUEATXT e o ZiRIR 45 R bu A R B0, FF B A TN 4
W, Zeiiara i, BTN, JEMZ
iR TR AR BCRCR AR AT Fo A i, (H 5 Bk i 2ead
PG T BT, TR eI 750 5 DL R AR )
R, AP CIR L IRAE BRI
2.4 hRiE LR AR %

x5 10MBIRMMEMESERE. ERAFRE. HEXRH
(r) FREEFRAIRSD
B KL R/ - K R ARAR R
N _ El oz
A #54 pg L BRTE g £/% m=6)
BPA 0.5~100  y=6788.455 4x— 0.9988  0.98
1728.893 7
BADGE 0.1~20  y=48 410732 4— 09995  0.72
2071.887 3
BADGE - H,O  0.1~20  y=10394.004 6x— 0.999 4  0.72
405.859 1
BADGE - 2H,0  0.1~20  y=6075.846 5v— 09992  1.43
190.027
BADGE - HCl  0.1~20  y=5362.875 8&x— 09996  1.07
162.44
BADGE - 2HCl  05~50  y=444.961 3x— 09995 157
38.028 3
BADGE - H,O - 0.1~20  y=2789.323 (x— 09991  1.44
HCI 722198
BEDGE 01~20  y=11387.971 6x+ 09998  0.22
183.940 9
BEDGE - 2H,0  0.1~20  y=3068.657 5v— 09998 051
14.4220
BEDGE - 2HCl  0.1~20  y=1821.1339x+ 09999  0.56
32.098 6

e UGS, R EESK (1:1) 1
VR B B W E 805, 1.0, 10, 501100 pg/
LEYBPASRME TAEW 0.1, 0.5, 1.0, 5.0, 10.0F1
20.0 pg/LAY A BRAE SR TR A AR TAER (o
BADGE - 2HCIP BT s ik FE th 4k £5°b0.1, 5, 10, 20
M50 pe/L) HABIHEREL0 L, #EATHPLC-MS/MS%)
Bro DhERPIEREEE N Wi ( MRM ) BT 1y g
AR (Y) XPARRN B HARY BT v B2 (X, pe/L) fiff

AR il bR M 26, I 10 wg/LAYBPA,
BADGE - 2HCIFRHE TAER MR bR e, 2
BHEREGET, TR I T AR A A X A o 22, 4 SR
5. MWFEATH, BPATEFTH K 40.5~100.0 pg/L
PR L, MR %r=0.998 8. figi & & =T
MER
2.5 FESINE

KA B9 BT 05 3k, X R AT 896
ol it AL T A 0 B S R AT BE LA A A DU, 45 S n
Lo, HEOWLIANL, HMHBADGE - H,0,
BADGE - 2H,0, BADGE - 2HCIFIBADGE + H,0 + HCI
PIA AR R, RIS EC/1895/20055 %%
BIRLE W RRAE, (R 7™ ks Hh 384T g i

*6 ELERHEERNE (BAI: pg-kg')

B 4740 Hanl Fom2 A3 R4 SRS ARG

BPA - - - - -

BADGE - - - - - -
BADGE - HL,O 2093+ 1098+ 413+ 549+ 2028+ 502+
BADGE * H,O  55.63+ 5099+ 5993+ 89.95+ 67.93+ 5098+
BADGE - HCI - - - - - -
BADGE * 2HCl 2143+ 6.650+ 1398+ 6.6546+ 20.049+ 8.652+
BADGE * H,O » 1595+ 9.098+ 20.038+ 20.873+ 15913+ 10917+

HCI

BFDGE - - - - -
BFDGE - 2H,O0  — - - - -
BFDGE - 2HCl - - - - -
E ST RERKE R 7 REAESRAUE R, 2SI TEE IR,

2.6 IR, A HRR S R

HRYEIFEFORE(E M L (S/N ) 4351 6 22 A6 H BR
(LOD) FEsBR (LOQ) o 7EBHMERR: S5 - dsfin
5, 20f1100 pg/kg 3MKFRTRGIRER IR, #1.375
TP AT AL, BAAKCFERENE6R, 1532105
HERP e, f PR S E wBE (WL3R7) o 1080
AR BR 402 we/kgMI0.5 pe/kg, TEREFR K05
pe/kgf1.0 werkegs HAEI MR ANFRAKSF- T 1050 HR
Wi RS 453 5 R 71.329%~96.14% , 7] LA S [ P 41
4tk BPA . BADGE. BFDGEXATAHHAY

K7 EiEARELF10F BB MFREIZ, RSDs, WHRFNESR

B 474 IR pg - kg ARGER/ pg - kg EDKE/% AAREARE% (1=6) IR/ pg - kg REFFR/ pg - kg
BPA 5 4.02 80.4 5.52 0.2 0.5
20) 16.69 83.44 5.12
100 88.9 88.9 6.08
BADGE 5 461 922 41 0.2 05
20 18.48 92.4 5.56
100 95.85 95.85 6.79
BADGE - H,0O 5 3.97 79.3 6.1 0.2 0.5
20) 14.26 71.32 5.58
100 73.91 73.91 441
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B AR IARHIE pg - kg mARER/ png kg ERE/%  AAIARERE% 1=6) e HFR/ pg - kgT EEFR/ pg - kg
BADGE - 2H,0O 5 4.12 82.3 6.25 0.2 0.5
20 16.09 80.43 4.84
100 83.81 83.81 4.12
BADGE -+ HCI 5 3.71 74.2 5.65 0.2 0.5
20 14.79 73.94 4.24
100 75.85 75.85 4.01
BADGE - 2HCI 5 4.77 95.4 4.98 0.5 1
20 19.23 96.14 5.67
100 95.28 95.28 4.18
BADGE * H,O - HCI 5 3.83 76.5 5.98 0.2 0.5
20 16.48 82.38 4.21
100 85.86 85.86 4.77
BFDGE 5 4.49 89.7 4.66 0.2 0.5
20 16.9 84.5 4.28
100 87.47 87.47 5.05
BFDGE - 2H,0O 5 4.77 95.3 4.97 0.2 0.5
20 18.72 93.61 5.34
100 93.78 93.78 4.89
BFDGE - 2HCI 5 3.76 75.13 5.21 0.2 0.5
20 17.09 85.44 4.95
100 89.24 89.24 3.19
PRy kAt R R ()] ARIAG E S, 2007, 34(11): 2094—
3 ig
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