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Determination of bisphenol A residues in milk by ultra performance liquid
chromatography-tandem mass spectrometry
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(Shenzhen Key Laboratory of Detection Technology R & D on Food Safety, Food Inspection and Quarantine Center,
Shenzhen Entry-Exit Inspection and Quarantine Bureau, Shenzhen 518045, China)

ABSTRACT: Objective To establish an ultra performance liquid chromatography-tandem mass spectrome-
try method for the determination of bisphenol A (BPA) in milk. Methods The residues of bisphenol in the test
samples were extracted with acetonitrile. After being cleaned up with mixed anion exchange solid-phase ex-
traction column, the residues were detected by ultra performance liquid chromatography-tandem mass spec-
trometry under multiple reactions monitoring (MRM) mode via negative-ion mode and quantified by an internal
standard method. Results The method showed a good linearity over the range of 1~100 pg/L for bisphenol A
with r?>0.990. The average recoveries were 92%~115% at three spiked levels in milk and the relative standard
deviations were 3.7%~6.6%. The limit of quantitation was 1 pg/kg. Conclusion This method is highly sensi-
tive, accurate and reproducible, and it can be suitable for the detection of bisphenol A in milk.
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; ( Agilent ); ( Caliper )
BPA , A(DE.R ), =97%;
(DNA ) , “ A-D16(Bisphenol A-D16, BPA-D16, ,
( (1.2] , BPA DE.R ) (Merck )
(Sigma ) ;
B34 ) 0.1% : 0.10 mL , 100
, mL , 2.0 % - :
BPA , BPA 2 mL , 98 mL , 60 % -
, BPA 60 mL , 40 mL ,
1 , 3
BPAL! : A
BPA A-D16(BPA-D16),
6 BPA 1.0 mg/L  0.10 mg/L ,
4°C
) A : A
- [5-12] A-D16(BPA-D16) , 60%
- , A 0 1 5 10 25 50
: 100 pg/L, 25 pg/L
: 22 BENHEEESRERE
’ A : Waters UPLC BEH Ci3(1.7 pum, 50
(solid mmx2.1 mm) A: ; B: ;
phase extraction, SPE) ol - 0~2 min, B 5.0% 35.0%:
> ’ 2~4 min, B 95.0%; 4~5 min,
BPA B 5%, 4 min 0.3 uL/min
’ 40 C, 5uL
(electron spray ionization,
SPE > > EST), (multiple reaction monitoring,
) MRM); : -3000 V;
) UPLC-MS/MS 800 L/h; : ; 150 L/h;
A ; : 110 C; : 350 C; A
1
2 ME5AE 2.3 HmErkE
23.1 BRI
2.1 XERFMRF 5g( 0.01 g), 50 mL
Waters XEVO TQS , (1 mg/L) 62.5 pL,
, ( Waters ), 2g , 25 mL 30 min, 9500
Waters ( Waters ); Waters r/min 10 min 10 mL 15 mL
Oasis MAX ( Waters , 45 C 0.2 mL,
); ( Sigma ); 5mL 0.1% ,
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Table 1 Agent parameters of mass spectrometry for the determination of bisphenol A
(min) (m/z) (mfz) (s) (eV) V)
227.2>212 20
BPA 3.77 227.2>212 0.1 49
227.2>133 26
241.2>223 17
BPA-D16 3.74 241.2>223 0.1 49
241.2>142 25
232 BEMFIHL
3 mL - ,
3 mL ) , 2 % - s A
1 mL/min ; , 29 -
5 mL 0.1% , 3 5 8 10mL) ,
10 min; 10 mL 8 mL
2.0 % - s 50 C ,
s 60% 1 mL, ,
1 min, , 10 mL
1
3 & R
31 REUATIAIZE 120
—+BPA
A , 100 | -=BPA-DI6
’ 80
;C)‘ 60
g
A , g 40
b b 20
, 80%
s 0
0 2 4 6 8 10
’ Eluted volume (mL)
> 1
> > Fig. 1 Effects of eluted solution volumes on BPA and BPA-D16
33 BIESEFHHR
32 HUFEHRIEE , -5 mmol/L
A , (pH 6.4) -5 mmol/L (pH
, 6.4) - -
, -5 mmol/L (pH
A s 6.4) - (pH 6.4) ,
A ; - -

Waters Oasis MAX

b
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, - [M-H]
b A b b
A A-D16 2,3
3.4 FEiNEFMHMIL ’
5 mg/L A A-D16 ’
> , 30 pL/min ’
3PA-DOCT2 1 (0.507) Sm (SG, 2x0.50); None Daughters of 228ES-2.25¢5
133.17
100
21142
c\° 3
92.79
212.19
226.94
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Fig. 2 MS/MS spectrum of BPA
BPA-D16-DOC 1 (0.118) Sm (SG, 2x0.50) Dau hters of 24 1ES-8.29¢4
100 - 22331
241.27
=3
142.22
222.93
221.431
192,55 N
w 224.06
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Fig. 3 MS/MS spectrum of BPA-D16
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Table 3 Recoveries and relative standard deviations of
, BPA (n=6)
, A

Y ) X ) ; (ng/kg) (%) (%)
’ > ’ A 100, 10.0, 92,115, 108 6.6,3.7,6.2

, 100 ’ ’ T

s A
1 ug/kg
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Table 2 Regression equation, correlation coefficient li-
near range of BPA

B

4 BPA BPA-DI16

(ng/L)
10 pg/kg
BPA 0.9923 Y =1.10x10* X + 5.0x10? 1~100
(MRM)
3 N
. 4 FEHIEF
A 3 ,
92%~115%, A
3.7%~6.6% , 4 4 ,
BPA2010-0509 Sm (Mn, 2x3) S10 MRM of 4 Channels ES-
3.76_ 241.2>142 (BPA-d16)
100 5 624\ WUBA d-16 6.71¢3
% ] ‘,l | Area
I\
0 T T T T T T T T T T : T T T T T |
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
BPA-2010-0509-6 Sm (Mn, 2x3) MRM of 4 Channels ES-
100 - 375_ 241.2>223 (BPA-d16)
1255‘\ WA d-16 1314
LRCE / Area
/A
0 IR BRI B SUSUILAL BURLE S BLULELELE B LU RURLELEL BLUELELALE ILLLLE B RLLELELE BN ELSURL AL B R LR EUARLELE BURILSLE LI IR SULLLE B |
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
BPA-R010-0509-6 Sm (Mn, 2x3) MRM of 4 Channels ES-
100+ 3'797‘. WA 227.2>212 (BPA)
337/} 3.72¢3
KE )‘ | Area
0 - e R A B R RARRR R
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
BPA-P010-0509-6 Sm (Mn, 2x3) MRM of 4 Channels ES-
. 3,79?\ WA 227.2>133 (BPA)
. 131,\ \ 1.58e3
2 _,"‘ Area
0 e e e (IR LT LA UL PUR UL L |
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
BPA-2010-0509-6 o MRM of 4 Channels ES-
. . 4 T T TIC
100 \ﬁ‘;\ SR 3.04c4
% a
0 IRAARL AR U R A AU A A LA LRI UL '|"'|""|""‘|'r‘"|"' LR e Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
4 (MRM) ( 10.0 pg/kg)

Fig. 4 MRM chromatogram of spiked milk sample



3442 5
¥ O =B gl ==
x4 ?HSIE#;_‘U}#;:M,: SR A MELR gens by HPLC [J]. Pract Prev Med, 2004, 11(2): 360-361.
Table 4 Determination results of spot milk sample 3 A
information and bisphenol A B3] ’ ’ »
[J]. , 2007, 28(2):
A ng/kg
419-421.
! Zhou JK, Zhang QL, Han K et al. Determination of Bisphenol
2 5.6 A and diethylstilbestrol in Milk Powder for Middle Age and the
3 43 Aged by RP-HPLC [J]. Sci Technol Food Ind, 2007, 28(2):
4 419-421.
5 3.2 [4] , . A [7]. ,
6 2008, 29(7): 316-317.
7 Yang CD, Song LH. Study on determination method of bisphenol
aresidue [J]. Food Sci, 2008, 29(7): 316-317.
8 3.6
[5] , , . -
? AlJ].
10 12.9 ,2011, 28(2): 154-156.
11 3.7 Zhao YF, Song JY, Xu LB, et al. Determination of bisphenol a in
milk by ultrasound-assisted dispersive liquid-liquid microextrac-
, 5 BPA, 6 BPA tion coupled with high performance liquid chromatography [J]. J
1 Hg/kg, Qingdao Agr Univ: Nat Sci, 2011, 28(2): 154—156.
BPA 12.9 pg/kg (6] o AU
,2012, 37(8): 286-289.
5 ?E ilt\, Tian HZ, Xu J. Quantitative analysis of bisphenol A in milk
samples by HPLC [J]. Food Sci Technol, 2012, 37(8): 286-289.
[7] ) . -
A )
AlJ]. , 2010, 7: 145-147.
’ Yu Y, Zhou Q. Determination of bisphenol A in milk by liquid
> UPLC-MS/MS chromatography-tandem mass spectrometry [J]. Grain Oil Proc,
; 1~100 pg/L 2010, 7: 145-147.
2
, r 0.990, [8] , , .. _
, - Al , 2011,
92%~115%, 3.7%~6.6%, 29(5): 399-403.
1 pg/kg Wu XH, Ding L, Xiao JY, et al. Determination of bisphenol A in
R milk by liquid chromatography-tandem mass spectrometry
coupled with solid phase extraction of monodisperse magnetic
. submicron particles as adsorbent [J]. Chin J Chromatogr, 2011,
27 3k
29(5): 399-403.
[1] : : , o, . -
[J]. ,2002, 19(6): 419-421. A [J]. ,2013,23(3):
Liang ZH, He SH, Sun CJ, et al. Preliminary study on the envi- 584-594.

ronmental endocrine disruptors causing malformed frogs [J]. J
Environ Health, 2002, 19(6): 419-421.

[2] , , . .
,2004, 11(2): 360-361.

Wang L, Liu HH, Li LS. Determination of environmental estro-

Chen B, Xiao F, Zhao QH, et al. Determination of bisphenol A
and its epoxy derivatives in dairy products by high performance
liquid chromatography tandem mass spectrometry [J]. Chin J
Health Lab Technol, 2013, 23(3): 584-594.

[10] Khim JS, Lee KT, Kannan K, et al. Trace organic contaminants



11 .o - A 3443

. . . L AN
in sediment and water from Ulsan Bsy and its vicinity, Korea[J]. 'ﬂE% 18] 71

Arch Environ Contam Toxicol, 2001, 40: 141-150.
[11] Heemken OP, Reincke H, Stachel B, et al. The occurrence of REE i+, SEIRIN, FE
xenoestrogens in the Elbe river and the North Sea [J]. Chemos- MRABARBREREEN .
E-mail: zhangjianying1001@163.com

‘ '
phere, 2001, 45: 245-259.

Waste Manag Assoc, 2001, 51: 499-513. -
.-

(At R R) d b

[12] Rudel RA, Brody JG, Spengler JD, et al. Identification of se-

lected hormonally active agents and animal mammary carcino-
EiRlE, B, ARA, TEMAR
FHHERREBELBN.
E-mail: yuezhenfeng@163.com

gens in commercial and residential air and dust samples [J]. J Air

2014 12

, 2014 12 10 E-mail

wiwmAN:
: www.chinafoodj.com

E-mail: tougao@chinafoodj.com
(RS EAMFIRY S



