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(1. BERFHERBBER P OMAEYRIRRL, BEARFE  830000; 2. JbIT AT B i Fh.o & ¥ b 32 W) i
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W = B8 @] RIS R 9 - 45 K H Il B (bisphenol-diglycidyl ethers, BDGEs)Z&
N 43 W T P 9 0 R R A0 A 8 3 - 3R B TR 3 9% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS). 753 FEAEBERRERZZ vhisi )5, FH 0.1%H R BV ORI, k)5 FIE
C.4EbRE, Oasis PRIME HLB REAHZE IR 4k, 7 25 FRL 5 1 88 B2 (A e AR % - R IR B 34X
PEATRGIN, bR E R R XSENE RS 9 i BDGEs 284 Fi7E 0.5~100.0 pg/kg ¥ FE TG RN £kt o6 &
RIF, HEREKRT 099, HHEMHEHRA 0.1~0.5 pgkg, ERFRHA 0.5~1.0 pgkg; TEERR. 2.0,
10.0 pg/kg 3 NEMKFET, AEAE PR T 9 Fl BDGEs 254 /5 1944 ISR h 80.16%~115.27%, H NAE
SERBON 2.13%~11.15%, HIAIZEFREON 7.24%~18.62%. K% kxt 28 (3 i A EAL S UEA 740 Hr, 10 4t
WHE S K BADGE-2H,0, #5 &N 35.71%, WETLE R 0.020~6.450 pg/kg. 4 HbURFE & A H
BADGE -H,0-HCI, K& H 14.29%, WETLE N 0.26~0.42 pg/kg G5 A ik oA 55 0 R B0 FERf 12,
& T stk £ bt b 9 F BDGEs 25 N 43U T4 4 5% B St A [ s A 00 R i ot

XBRI: WU - AR K e, XOE; R R OO - R BT NI TR

Simultaneous determination of 9 kinds of bisphenol-diglycidyl ethers
endocrine disruptors in egg and pork by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous detection of 9 kinds of bisphenol-diglycidyl
ethers (BDGEs) endocrine disruptors in egg and pork by ultra performance liquid chromatography-tandem mass

spectrometry (UPLC-MS/MS). Methods The samples were diluted with phosphate buffer solution and extracted

EE&WB: EERESH LRI H (2017YFC1600501)

Fund: Supported by the National Key Research and Development Program of China (2017YFC1600501)

EEEE: Ao, ML, AU G, ERISr O P e R RV . E-mail: lihui@bjcdc.org

*Corresponding author: LI Hui, Ph.D, Associate Professor, Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food
Poisoning, Beijing Center for Disease Prevention and Control, No.16, Hepingli Middle Street, Dongcheng District, Beijing 100013, China. E-mail:
lihui@bjcdc.org



5521 W iy

BEOR-ARIEAR, S5 RSO - A R Bk (R A XS SRR A O b ...

=]

8421

with 0.1% formic acid-acetonitrile solution, and the samples were degreased by n-hexane, purified by Oasis PRIME
HLB solid phase extraction column, and detected by ultra performance liquid chromatography-tandem mass
spectrometry in positive ion mode of electrospray ionization using internal standard method for quantification.
Results The linear relationships of the 9 kinds of BDGEs in egg and pork samples were good within the
concentration range of 0.5-100.0 pg/kg, and the correlation coefficient (+*) was greater than 0.99. The limits of
detection were 0.1-0.5 pg/kg, and the limits of quantitation were 0.5-1.0 pg/kg; at the limits of quantitation, 2.0 and
10.0 pg/kg levels, the average recoveries of the 9 kinds of BDGEs in egg and pork samples were 80.16%—115.27%,
the intra-day coefficient of variation were 2.13%-11.15%, and the intra-day coefficient of variation were
7.24%—18.62%. A total of 28 commercial egg samples were analyzed by this method, BADGE-2H,0 was detected in
10 batches of samples, with the detection rate of 35.71% and the concentration ranges were 0.020-6.450 pg/kg.
BADGE H,0-HCI was detected in 4 batches of samples, with the detection rate of 14.29% and the concentration
ranges were 0.26-0.42 pg/kg. Conclusion This method has high sensitivity and accuracy, and is suitable for

simultaneous detection and accurate quantification of 9 kinds of BDGEs endocrine disruptors residues in animal food.

KEY WORDS: bisphenol-diglycidyl ethers; egg; pork; ultra performance liquid chromatography-tandem mass

spectrometry; endocrine disruptors
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W - — 45 7K H 9 ik 2 (bisphenol-diglycidyl ethers,
BDGEs) & % 43, 4% X By A- — 47 7K 1 i1 ¥ (bisphenol A
diglycidyl ether, BADGE) X B F- 4 7K H i B (bisphenol
F diglycidyl ether, BFDGE) X HATAEY), 1E N & MM
RHRZEEREURH 2 T & SRR RER iR )22, 7R TR,
XA A HE S MR 90% LA B ek o —2%
LT ) M 8 2R 2SI BT N 43 Wb T 4 9 (endocrine  disrupting
chemicals, EDCs), Al ki B2 BYE AN, XL
WA BRI R AT B R R A3 TR AL, TR
ZERESr H 25 e TEN O Bolioiseds h, e dm o A
(bispenol A, BPA)FI BADGE 7£ N (1) EDCs ] g 214 il gk
TECHE B A AU, AN T S AR, Bl R R . Bl
W sz v T . 2005 A, BR OB AN A 3k M
No.1895/2005, FRZ BADGE K HUK AT A M 7E 12 b A
SR T AT RS MR <9 me/kg® . IR BT 2011
ARk T BFDGE 7E&&h bk b i . Har, &
] 9 A AT 222 o ) 2 A B AR v, e LA A
W M AEE—E ML 2k . T BDGEs KXYk £ %
T RER R ARIR)Z, WTRERE S nport . R i ey
JR Y5 YR B ELF B TR R BRI, PR B R
B R A G P R e S M B S PR R e Ak, E T &
SHAE S SR R R Y Ik, A7 T B
Ytk bttt BDGEs W5 YK P-4 T I, 25 ik sk
BY R AP T, 8 VI BT R TR A AT R A
B RS YEE LT R BDGEs 95k BT .

HHT, &ahth BDGEs Z89) BTl s i2: 3= 2 A W
Rk (liquid chromatography, L)Y, AR ff 1% o 16 33
¥ (liquid chromatography tandem mass spectrometry, LC-
MS)HOISIE 5 A o 3% ER K T 3% ¥ (gas chromatography
tandem mass spectrometry, GC-MS)!'"), {H i A4 [7] B 46 51
Yt a9 F BDGEs 2R BB SEE . DRI, ABIFSE
3Rt 7 — Rl AT SRR e OB (3 - A BB BT (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS) I A5 s M £ bl 9 Fl BDGEs, “Asli#)
P it BDGEs #4975 3% Wil f fthe R S

1 MR5ERZE

1.1 MR5RF

BADGE( 4 £ 90%) . BADGE-H,0( 4l & 95%) .
BADGE-2H,O(#li £ 97%) . BADGE-H,O-HCI(4E & 90%) .
BADGE-HCI(#lif¥ 95%).BADGE-2HCI(ZEJ¥ 97%) . BFDGE(4l;
J£ 95%). BFDGE-2H,0(4lif 95%). BFDGE-2HCI(ZliEE 90%)
B3 = Sigma-Aldrich 24 7]); BADGE-ds RfESH (A1 95%,
JIn# K CDN Isotopes 2> ); BFDGE-Cy, FRifd (S 99%, 2
[ Cambridge Isotope Laboratories 2 ).

Oasis PRIME HLB [ 4125 BUAE (200 mg/6 cc, 3%
Waters A H)); FIEE . LA (B4, 3&E Honeywell A F]); 1E
O, 2Bk, 26 Dikma /A R]); HERGEEE 99%, 2%
[E Across A Fl); LMREEGTEE, B RBRHARA ),

ATIEFE A b 5T T IR Y T SR S XS B VRS R RE
FHY AR 7R 4 A0 2 B 1, HFic SRR . TR
S5 B, 20 °CIATFA H .
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1.2 UFE5E%

ACQUITY UPLC I-Class #B B2 AH (G 1% . Xevo
TQ-S = PUMATFIEIL . ACQUITY UPLC BEH Phenyl
%R (100 mmx2.1 mm, 1.7 um) , Waters [&AH2E B (35 [F
Waters 23 F]); Milli-Q #B4li/K (3 E Millipore 2 #l);
Vortex-Genin 2 & Jié 9z 1% 75 (32 [E Scientific Industries /A ));
N-EVAP-116 Z M AL (3 E Organomation 23 7 ); 08895-27 i#&
75 IE Ve (32 Cole-Parmer A Fl)o
1.3 fRER R ECH

4% ) UE B Fx BL 10 mg BADGE . BADGE-H,O .
BADGE2H,0 . BADGEH,0-HCl .BADGE-HCl, BADGE-2HCI ,
BFDGE-2HCI, BFDGE-2H,0 1 BFDGE-2HCI #ifisfh, F
BRI NEZRE 10 mL, BB 1000 mg/L 1Y
FRUERE BT, —20 CCTRAT o AR IERE A8 B B LR A PR E T T,
B il 5l 2R SRR E TAEI 100, 10 F1 1 pg/ke, 4 °CIRAT

23 S HERR W B — E #E) BADGE-dg /I BEDGE-"C,,
[ 2 N AR A TR, P P B B BB f Ve o | mg/L Y
PRIV, —20 CCIRAF o 5 IFRTE A VA B F B R A TR R,
it BT W A 100 ng/mL 1IN AR TAEIR S0 .

1.4 UERFEH

(O

{6384} ACQUITY UPLC BEH Phenyl (100 mmx2.1 mm,
1.7 pm); Jii#: 0.3 mL/min; #EFEE: 10 uL; #7E: 40 °C; #
FERHIREE: 10 °C; WizhHH: 0.5 mmol/L ZFR%%(A)-H FE(B).
B YRR N 0~6.0 min, 40%~90% A; 6.0~6.5 min,
90%~100% A; 6.5~7.5 min, 100% A; 7.5~7.6 min, 100%~40%
A; 7.6~9.0 min, 40% A.

QiS4

B PR HLIBE2E HL 2 U (electrospray ionization, ESI);
FREA B TREESD), E BRI 22 O i
(multiple reaction monitoring, MRM); B4 H JE: 3.0 kV,
HEfLHLE: 30 V; & TIRIREE 150 °C; B FISIREE: 450 °C;
BRI S E: 900 L/h; RFESAE: 0.12 mL/min, 53414
MBS SR 1.

#*1 970 BDGEs L &R ERNRHRIESH
Table 1 MS parameters of 9 kinds of BDGEs and the internal

standards

wEY B F(m/z) TFET(mlz)  WifEREE/eV
BADGE 358.0 191.2" 13
135.1 30
BADGE-H,0 376.1 209.17 16
135.0 26
BADGEHCI 394.0 227.0° 12
135.0 28

£
= 1)
e HET(niz) T8 T (mi) ﬁf*f"iiﬁﬁ

BADGE-2H,0 394.1 209.0" 15
135.0 30
BADGE-2HCI 430.0 227.0" 11
135.0 32
BADGE-H,0-HCl 412.0 227.0 13
135.0 30
BFDGE 330.0 163.0" 11
133.0 16
BFDGE-2HCl 402.0 199.0" 11
181.0 18
BFDGE-2H,0 366.1 181.17 13
107.0 26
BADGE-d, 364.0 197.1 12
BFDGE-"C), 342.1 169.0 11

I FRERE T

1.5 #maritE

HEREFREL 1.0 g BESL, fA 100 uL R TARR -GS,
RHENR 30 so FIIIA 2 mL BERERZE i (pH 7.4)F1 S mL Z
HE(F 0.1% P IR, WRHERS), A HEI 20 min, 7 4 °C.
9500 r/min 25 F 0> 10 min, ¥ FIEWRER 20—
BLOET, DA 5 mL IEC ¥, EiEEAIE, 5000 r/min, 4 °C
B0 S min, FRIECEZ . BUFZHEEASRE 2 mL,

JMA 6 mL BEIRE: Z2mi W (pH 7.4) 8, ERETE
5L Oasis PRIME HLB [EAH#£ B4 (200 mg, 6 cc, 5 mL
FREFD 5 mL /K43 536 4k), F 3 mL 40% F BE-/K 261 1ifkt,
5 mL HIEEHATYENL . WO VEIR R, 40 °CAAMF T AR 2L
T, 1 mL HEE-7K(40:60, V:7)& ¥, 10000 r/min 4 °CZF T
#5.0> 10 min, 7% UPLC-MS/MS 43#7.

2 GER5HH

2.1 ‘IEENRK

3 HIH# T ACQUITY BEH RP Cig (100 mmx2.1 mm,
1.7 pm) . ACQUITY BEH Phenyl (100 mmx2.1 mm,
1.7 pm). ACQUITY CSH Phenyl-hexyl (100 mmx2.1 mm,
1.7 pm) 3 Rl @384 %5 9 F BDGEs 28 3 T34 10 3 5
BOR . K3 ACQUITY BEH Phenyl (&8 1 Al AR5 40 4 (14
SFERCR, HEMES YIRS EE ), Ha
BROR BT . Bk, ABFREE ACQUITY BEH Phenyl
O FERE AT AR
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100 — 3.08

/BADGE~2HZO

§§ BADGE-H,0-HCI
B osor ADGE-H,0
ﬁ BFDGE2H,0 Q7 426
=
| i \ BADGE
2,32 BFDGE-2HCl
541 BADGE-HCI
5.20
«+—BADGE-2HCI
0 | | | | | | | 1 l |

1.50 2.00 250 3.00 3.50

400 450 500 550 6.00 650 7.00

£ B3 B ] /min

B 1 9Fl BDGEs 24¥)Jfi% ACQUITY BEH Phenyl %4143 25 1 3 55 T3 (435 18 (50 pg/kg)
Fig.1 Total ion current chromatography of 9 kinds of BDGEs separated by ACQUITY BEH Phenyl column (50 pg/kg)

2.2 MHRACEEHMTK
2.2.1  RBUEF 69440

B FIRBUAR P B/ 250, vvy. L. W
G, Vo) ERUT S B (L, VoY), Y
WAL, V). SN 0.1% P R ER AR . 45 R W] (]
2), FIFIHE/ ZHE(1:1, V- 4RI, X 9 Fh ) F-1
MR 14.60%~65.91%, TiRAHEL/ZHE:1, V-V)+R
B JE 4742 B, 9 F BDGEs 43 #r ¥ 4 - 2 [a] g &
20.03%~85.04% . ZH BT EE/ R EE(1:1, VoY), LI/
PIER(L:L, Ve V)3 B P35 [ R4 50k 10.12%~96.87%
28.67%~117.15%, K LI NAREUE A, Bk BADGE
H1 BFDGE-2H,0 [ [EI A 88440, Fo A 5 i) [l i 4 0] g
(<50%). FH 2 (0.1% 1 BR)VE Jhy 2 B 0 s e B AR 1
I g, BB T . Ik, A5 e &k FH 206
(0.1%HTER)VE Ry S U 1
222 HAT KR HEA

YR A 5 0.1%F BR)IRBUS, "TA S ERk
EART., 255 HIECREBIRERER L Z&B .
SR, sl £ b L 50 v A7 o] BB A7 A oAt 2% T,
=R LT s . AR T REEE T Oasis
HLB. Oasis PRIME HLB, Bond Elut C,3 #1 Carb-GCB 4
ol BT AE AL TRURE (9 5 (R AR . th BT 3 AT, SR A Oasis HLB
[ AR AE BCRE ¥ AL i, 9 Bl B AR 2 BT 9 1 [BICR
3.82%~113.21%, JiH & BADGE-HCI fl BADGE-2HCI
M EICEIIRT 20%. 4 Cps BB EL)E, 9 FH
FRAb& Wi [E ] 3] 56.57%~92.38%, i Oasis PRIME

[ A ZE BORE b )5, 9 B H AR AL A G Il il 2R AT 3k
81.31%~94.79%, % & Oasis PRIME X} Kk Z % Hinib &
PRy R R, HERER RSP, Bk, RFRCRA
Oasis PRIME [EAHZE BUH: F T gh WPk it v 9 #h B AR ik &
YAk

Wl R (1:1, V)
L ZHE

EE /20 (1:1, V:V)+ A
E WAL T ERBYFEE (1:1, 129)
I 7. ji5 /75 R (1:1, V)

& EEE 20 (0.1%Fm) -

140 -

120 ~

EICR /%

Hinat

2 9 Fit BDGEs ZE¥) BAE A R IGE T (9 A 1l e (n=3)
Fig.2 Spiked recoveries of 9 kinds of BDGEs under different
extraction solvents (n=3)
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160y . Oasis HLB YyiEi7iE i, Hirh BADGE, BADGE-H,0. BADGE-2H,0 .,
140 A BS ERE BADGE-H,0-HCl . BADGE-HCI . BADGE-2HCI X i
120 Ecab-Gs BADGE-dg /E W #&, BFDGE . BFDGE-2H,0 A

< 100} | BFDGE-2HCI A BFDGE-"C, fE R Iz 45 R, 9 Fi

= 7 & B 0 O e 2% ~ bl 28 X

ﬁ sl /] / ,E é é é 1 g BQQEEW%FEE 0.5~100.0 pg/kg FLHIK erialz?j AH 2

2 ol | 1 rTerR RHODBKT 0.99, WEMGA T 9 Fi BDGEs K4k
60 - / "‘ /ga "‘ / g" / 7 / . . . . .

g“ ég é; %g gé %é gé 22 %é Y A6t BR (limits of detection, LODs) Al i FR (limits of
Yy v Y o )
40 % éé g? g? % gé % g% % quantitation, LOQs)43 %4 0.1~0.5 ug/kg. 0.5~1.0 pg/kg.
dinanrEnnln PSRRI 2.
YR N FE EE W
o I R L R
F & o8 S © «@9 O ’ g TR
Y AR @ <7 ‘ . .-
&§ Q,vs’o&"‘v?& Q& & c§¢» F 9 Fi BDGEs 2544008 T He a0 0 A bRt v e v
¢ ¥ QFQ ‘5‘ C§° § F) 28 (ARES, #HT LOQ. 2.0, 10.0 pgkg 3 AR AR
RHRsbi ISR, AR ACTI 6 44T, ST 3 #HEA

B3 KRG R A 9 F BDGEs AU ERUR L (n=3)
Fig.3 Comparison of the purification effects of 9 kinds of BDGEs
in chicken using different purification methods (n=3)

2.3 FAEHZLMTEE SR TR
23 5% I ¥R BADGE-dg 1 BFDGE-"C, %f H#rfb &

2 970 BDGEs XHFRH&KMSE. HXEH. KRURFE

SR ERE B L G5 R R IH, 9B 9 Fh BDGEs K4 R TE
3 ANISINH KR B BIUL R R 84.36%~115.27%, H
WA R RN 222%11.15%, H [ 28 & & 5N
7.24%~18.62%. ¥ AT 9 Fft BDGEs M Ji1E 3 Uk
BE KR E % 80.16%~108.36%, H P28 SR %
K 2.13%~10.25%, H [E1ZE 5 RECH 7.62%~18.56%(F% 3).

2R

Table 2 Linearity ranges, determination coefficients, LODs, and LOQs of 9 kinds of BDGEs

SN L1 Bl (ng/kg) iy LIPS (0] LODs/(ng/kg) LOQs/(ng/kg)
BFDGE 1.0~100.0 Y=0.0788X-0.1311 0.9991 0.5 1.0
BADGE 0.5~100.0 Y=0.1312X-0.1007 0.9998 0.1 0.5
BFDGE2H,0 0.5~100.0 Y=0.0642X-0.0809 0.9944 0.1 0.5
BADGE H,0 1.0~100.0 Y=0.1213X-0.1201 0.9998 0.5 1.0
BADGE-HCI 0.5~100.0 ¥Y=0.1046X-0.0990 0.9990 0.1 0.5
BADGE-2H,0 0.5~100.0 Y=0.1838X%-0.0867 0.9993 0.1 0.5
BFDGE-2HCI 1.0~100.0 Y=0.0708X+0.0158 0.9962 0.5 1.0
BADGE-H,0-HCl 0.5~100.0 Y=0.1111X-0.0968 0.9944 0.1 0.5
BADGE-2HCl 0.5~100.0 Y=0.0435X-0.0343 0.9995 0.1 0.5

3 XBEMIERT 9 BDGEs XY RMFEH W RFIEEE
Table 3 Mean recoveries and coefficient variations of 9 kinds of BDGEs in egg and pork
LOQ 2.0 pg/kg 10.0 pg/kg
o FRE Tpigox HER HRVERR  miex HAES HRERZR  miex HAES HERR
% BREm=6) H(n=18)° % REm=6) H(n=18)° % BEn=6)" F(n=18)"

BFDGE X 108.55 6.53 10.04 99.78 7.83 12.64 101.11 5.36 7.24

A 95.56 5.65 10.29 98.57 6.42 15.00 100.46 2.13 9.65

BADGE X525 89.95 6.58 11.23 98.15 2.78 10.62 99.05 9.28 9.58

o 101.37 3.27 9.88 100.58 4.56 8.26 100.05 6.18 10.34

BFDGE-2H,0 X5 91.62 6.85 13.45 93.64 8.22 11.25 88.56 7.43 9.68

$E 88.20 5.30 10.24 83.24 7.14 15.27 93.17 2.51 14.30
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LOQ 2.0 pg/kg 10.0 pg/kg
o PR Ty HWESR OWERR  Ehcr HRES HEERR  Eior HWES HRERR
%  RE(n=6y H(»n=18)° 1%  RB(n=6) HF(n=18) %  BBn=6) K(rn=18)"
BADGE-H,0 ME  93.84 5.58 15.63 87.98 10.14 16.08 85.78 222 10.26
WA 9024 9.35 18.56 105.36 6.51 12.34 95.28 436 11.28
BADGE-HCI BE 85.69 6.91 14.84 93.42 6.95 15.27 115.27 425 8.28
MW 80.16 5.33 11.64 85.26 4.30 9.34 108.36 3.55 7.62
BADGE2H,0  #ZE  100.04 9.33 17.25 94.56 3.56 15.37 84.36 3.58 9.72
A 99.26 6.10 9.57 95.69 4.16 11.47 89.14 7.17 13.28
BFDGE-2HCl W&  98.66 2.46 10.13 95.32 4.56 10.88 90.85 3.00 8.59
WA 95.63 5.78 9.32 96.57 4.36 17.27 100.62 8.17 13.14
BE  103.06 7.15 18.62 105.83 6.21 7.84 110.26 9.49 14.85
BADGE-H,0-HCl

WA 10536 5.23 12.56 99.56 3.26 12.37 108.27 6.97 16.25
BADGE-2HCl X%  108.56 5.21 11.33 104.51 11.15 14.50 97.38 5.54 12.66
A0 99.68 4.67 9.57 95.66 8.56 12.33 93.26 10.25 15.64

TE: T H RS R BN, AR 6 P47 (n=6); TTET H IS R AR, JESEIE 3 4it, BRI 6 1 TAT(n=18),

2.5 EPRMESRMNE

SR FAASHI S B 37 9 ) P A T R T S 1 28 4338
RS 9 Fl BDGEs 28 4 430 T4 05 Yook kA 74
W, S5 EoR, 10 #LRFES G BADGE-2H,0, 5
9 35.71%, WEEILHEIH 0.020~6.450 pg/kg. 4 HLURKEL
¥ i BADGE-H,O-HCI, #H 3K 14.29%, ¥ B4 51K
026, 0.42, 0.26, 0.32 pg/kg. MiAHFFT K ARG ERE
HAETE—E 1) BDGEs ZR¥)5T5 4L il REJE tH F il gl fE s
BT TR 25 28 DY RE TR AR R e AL B R Rt R E08 1Y
TG, B AE 58 8 R FE A e o L s o) sl 4 il ek iy
W&, BFFTiRiETE i, 2T BDGEs 5N 404, A
Sk B SR AT AR N S B M ) Bl A Y HE A M
BDGEs "', BADGE-2H,0 # BFDGE [ £ 5 5", XIAO
S ROV T G R N 4 I T AR BPA Y5 YK E R
0.28~1.05 pg/kg, XU P (bisphenol P, BPP)HI5 Lk Ji 2 ik
13.77 pg/kg. KT, A5 KIMPH: & F P hlfedE —g
JKFi) BDGEs 2154, Pl 2 AR F5H
iz —, ik, % BDGEs 28 Py 24 9 B B 52 7K A
DU PR dh 2 e BT

3 4 i

AW 1 AT RGN Sk e a9 Ff BDGEs
KPS THRIH UPLC-MS/MS 4Mi k. B 2 wiEh
RIS, T 01% RN, 1EChRIE, 2
Oasis PRIME HLB [EHIAHUH: 4k, UPLC-MS/MS Kol J5

Wik B 0.1~0.5 pg/kg, A 0.5~1.0 pg/kge AJr
LR A, ST RS 9 Fh BDGEs
FEN 43I T I % B 2 0% [V s A U R o 6 o o
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