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A,
1,2 1,2 3 *1,2
'( ) 100069)
2( , , 100013)
3 ( 21 s 100038)
A, - (UPLC-MS/
MS) (SPE) (GPC) s
- 1:1,V/V) ,  GPC
.3 0.25~1600 ng/L, R*>>0.999;
s (LOQ) 0.2 pg/kg; LOQ 0.4 pg/kg. 3
85. 9% ~117.0% ,RSD<C20% )
, 0.27~1357 pg/kg, A,
; ; As ; ; -
1
A(Bisphenol A, BPA) . (Nonylphenol, NP) (Otcylphenol, OP)
021 BPA , NP OP
R s [3] [4.5] . [6] . [7.8]
o] . BPALNP OP , .
o / (FAO/WHO) ol 30 ,
BPA ; Lu 04 466 , NP OP
. BPA o
NP BPA , Milli-Q BPA 1~8 pg/LH#1
, NP BPAE-T,
Kuch ,
, 200~400 pg/L.  OP.NP  BPA, s
s (GPO) , -
(UPLC-MS/MS) s NN BPA.NP  OP o
2
2.1
Waters ACQUITY™ Xevo™ TQ ( Waters ) Milli-Q (
Millipore ); CHIST ALPHAZ2-4, LDplus ( CHIST )5 BuCHI MixerB-400
( BuCHI )3 Accuprep MPS ( J2 Scientific ) 4011 (
2011-09-19  ;2012-01-16
(No. 200902009) ” (No. 2011BAK10B06)

% E-mail: shaobingch@sina. com
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Heidolph ); Sep-Pak NH, (500 mg, 6 mL), Sep-Pak Silica (500 mg, 6 mlL) Sep-Pak Florisil
(500 mg, 6 mL) ( Waters )3 Varian NH, (500 mg,6 ml.) ( Varians
)3 Cleanert NH, ,Cleanert PSA,Cleanert Silica,Cleanert Florisil, Cleanert PestiCarb ~ Cleanert Alumina N

( Agela Technologies )3 Supelclean LC-Florisil ( Supleco )

(LC-MS Merck ) s N . N N (HPLC ,
Dikma ) Na, SO, ( ) (28%~30% sw/w, Acros Organics ) A
(98.5%, Dr Ehrenstorfer GmbH ), 4-NP( Tokyo Kasei Kogyo ), 4-OP(99% , Sig-
ma-Aldrich ) BPA-d, ,4-n-NP-d, 4-n-OP-d,; ( 97.8%, CDN Do
2.2
10 mg , 10 mL, 1000 mg/L ,
-20 C . , 4°C o
2.3
, 100 mLL )
s o N 4.0.4.0 2.0 g, 50
mL , 10 mL - (1:1,V/V) , 15 min, 4 °C 3000
r/min 15 min, 5 mL GPC . GPC Biobead SX-3 (300X 10
mm) , - (1:1,V/V), 3.0 mL/min, 12.5~17.5 min
100 mL , 30°C 120 r/min , 1 mL o
s 400 C 4 h, GPC
o 10 o
2.4 -
tsl :ACQUITY UPLC™BEH Cy; (50
mmX2.1 mm,1.7 pm); : Waters Isolator Column (P/N: 186004476) ; .40 °C; A
.B 0.1% (w/w) ; :0. 3 mL/min; .0~2.0 min,35% A
90% A; 2.0~5.0 min,90% A 99.9% A, 1.9 min; 7.1 min . 4
min; 5 ul,
: s (ESF); ;2.8 kV; :150 C;
:400 °C; :800 L/h; :50 L/h, MRM
3
3.1
) 40 mlL, 2 , 0.5 mL o ,
NP (0.1 pg/L), ,
NP,  0.4~1.7 pg/L. NP (6] .
3.2
10 mL . N - 1:1,V/V) o 2.3
, 25 ng/kg. 30 min, . ,
Na, SO, , , 1mL 0 - (1:1,V/V)
y 1 mL y 1 mL o 1 s
4 , , 3 , 62.3%~117.
8% o - (1:1,V/V) , . ,
,GPC - (1:1,V/V),

3.3



536 40

120, 20384 120 1320384 140+ Pl E32 03804
_ 100f _ 100f _ 120
80 o 80 [y 190
] o I}
g z £ %0
L 60F 2 60 o
f z o 60+
i L - L M-
£ ow L w £ ol
- 20} 20t - 20t
oL BN L Z N P 0 s ol . :
ALETA THE ) AR MErA T 5L LB A A TRy EHEM
Bisphenol A Nonylphenol  Octylphenol Bisphenol A Nonylphenol Octylphenol Bisphenol A Nonylphenol Octylphenol
(BPA) (NP) (OP) (BPA) (NP) (OP) (BPA) (NP) (OP)
A B C
1 (A, (B ©
Fig. 1 Recoveries of target compounds in muscle (A), egg (B) and infant formula (C) using different extracting
solutions
1. - (Ethyl acetate-cyclohexane, 1:1,V/V); 2. (Acetonitrile) ; 3. (Methanol) ; 4.

(Methyl tertiary butyl ether)

3.3.1 , , - 1:1,V/V) )
,LC-MS/MS ,NP OP 70%
¢ D, o NH, .Silica
Florisil NP,NH, Florisil 3 ng,Silica 100 ng,
NH, , 10, 20, 30, 40 50 mL - (1:1,V/V) ,NP
) NP .
, N o ; (0.5 g
5 mL - 1:1,vV/V) ’ 1h 1mL ; ,
5 mL - 1:1,vV/V) , NP BPA . 7 , Cleanert
NH, ,Cleanert PSA, Cleanert Silica, Cleanert Florisil, Cleanert PestiCarb, Cleanert Alumina N Supelclean
LC-Florisil, , NP , 0.4 ng;
NP , 0.8 ng, 0
[17]. Florisil 130 C 16 h NP(NP 0.1ng,
2.0g, 10 mL , 10 mL ,
, 5 mL - (8:2,V/V), 1. 0 g Florisil ,2500 r/min
1 min, , , , 50%C 1),
3.3.2 GPC 1
Table 1  Matrix suppression of target compounds in infant
: GPC formula after different cleanup procedures (n=3)
e GPC Method  BPAC%) NP(%) OP(%)
NP , 1 26 77 79
; .RSD<C I 3 m o
13%., ; - (1:1, I - - -
I: (Extracts directly concentrated); [ : Flori-
V/V) , GPC , sil (Purified by Florisil); Il : GPC (Purified by
90% ,3 10% GPC), BPA: Bisphenol; NP: Nonylphenol; OP: Octylphenol,
C D, GPC . (0.25 pg/L).
3.3

3 0.25~1600 pg/L , 10 pg/L,
Y X(ug/L) ,BPA,NP  OP
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Y=0.0684X +0.0738,Y=0.1027X +0.1273 Y=0.1266X +0.0424, (R®
0.999, S/N=3 (LOD),
S/N=10 (LOQ), LOQ 0.2 ng/
kg, LOD  0.07 pg/kg; LOQ 0.4 pg/kg,LOD  0.13 pg/kg,
3.4
3 s ( ) BPA  OP
0.2, 1.0 4.0 pg/kg.NP 1.0, 5.0  20.0 pg/kg;
2 6 . s
(RSD), 85.9%~117.0%; 97.2%~115.5%;
93.3%~111.2%, 2, 5d ;
NP, OP BPA 3 <20%., .
2 N 3 (n=6)
Table 2 Recoveries and RSDs of 3 target compounds in meat, egg and infant formula (n=26)
.. RSD . RSD
Sample Compounds 512: /kf;g) R?;;/)Cry % Sample Compounds <i§/kﬁg> R(?(C;:;ry (¢79)
0.2 94.9 17.0 0.2 102. 7 15.0
BPA 1.0 106. 6 8.6 BPA 1.0 99.5 17.0
4.0 85.9 4.3 4.0 103. 8 6.1
1.0 103.7 6.6 1.0 111.2 7.6
Muscle NP 5.0 117.0 6.6 Egg NP 5.0 93.3 5.9
20.0 104. 2 3.6 20.0 106. 9 8.7
0.2 86.7 20.0 0.2 111.0 13.0
OP 1.0 104. 4 18.0 (0) 1.0 93.3 15.0
4.0 96.9 5.2 4.0 103.3 2.9
0.4 109.1 7.2
BPA 2.0 109. 6 13.0
8.0 102. 9 10.0
2.0 112.0 17.0
Infant NP 10. 0 103.7 9.2
formula 40. 0 106. 7 7.1
0.4 114. 8 13.0
OP 2.0 97.2 12.0
8.0 115.5 6.4
3.5
o OP; 10 ( . .
. ) 8 BPA, 0.2~4.5 pg/kg.8 NP, 0.5~80. 3 pg/kg;
30 5 BPA, 0.4~0.9 pg/kg,NP 100% ,
(1.5~1360 pg/kg); 13 BPA, NP, 4.9~203 pg/kg; 19
1 BPA, 0.35 ug/kg; 3 NP, 0.27~1.09 pg/kg.
,NP \ s o
s NP o
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Determination of Bisphenol A, Nonylphenol and Octylphenol
in Animal Food by Isotopic Dilution Liquid
Chromatography-Tandem Mass Spectrometry

NIU Yu-Min'?, ZHANG Jing"?, ZHANG Shu-Jun®, SHAO Bing*'**

'(School of Public Health and Family Medicine, Capital Medical University, Beijing 100069, China)
?(Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning
Beijing Center for Disease Prevention and Control , Beijing 100013, China)

* (Administrative Center for China's Agenda 21, Ministry of Science and
Technology of the People’s Republic o f China s Beijing 100038, China)

Abstract A comprehensive analytical method based on ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) has been developed for the simultaneous determination of bisphenol A, nonyl-
phenol and octylphenol in meat, egg, infant formula and milk. In this study, solid phase extraction (SPE)
and gel permeation chromatography (GPC) were compared and the background contaminations of the target
compounds from the pretreatment procedure were studied. Samples were extracted by ethyl acetate: cyclo-
hexane (1:1, V/V) and purified by GPC. Satisfactory linearity (R*>>0.999) was obtained over the range of
0.25—1600 ug/L. with limits of quantification (LOQ) of 0. 2 ug/kg in meat and egg, and 0. 4 pg/kg in in-
fant formula. Mean recoveries of three target compounds (spiked at three concentration levels) ranged from
85.9%—117.0%, with relative standard deviations (RSD) less than 20%. The method was applied in the a-
nalysis of meat, egg, infant formula and milk taken from Beijing. As a result, nonylphenol presented a high-
est detectable frequency, in the range of 0. 27 —1357 pg/kg. In addition, bisphenol A was also detected in
this survey.

Keywords Animal producing food; Gel permeation chromatography; Bisphenol A; Nonylphenol;

Octylphenol; Ultra-performance liquid chromatography/tandem mass spectrometry
(Received 19 September 2011; accepted 16 January 2012)



