F202EFIH
2016 £3 A

SR BEREEE
ANALYSIS AND TESTING TECHNOLOGY AND INSTRUMENTS

KEMUBAER  BRREHRHIR AR E (001 ~008)

K 7= i R & TR R R T B B B 0 i T A 3R

P35 M
(BMAZE MKFQ BHNAFERELLEHNELLEF BHE BN 350002)
FEE . 57 T RIFHE 7 P e 58 88 VR (g — SRR B k. AR T, RN 2 0 R A et R A
KRBIIKT 0.995 7, K BRAT 0.500 0 ~50. 00 ng/mL JE . faNHAL C,, /IMEEL ST 4.0 mL ZIE-7K
(FRFRIE 5 £ 95,% ) kiE,2.0 mL ZJE— /K (EFHEL 95 1 5, % ) Ve, =M e (MR el £ 5 60) ¥k
HOBLIY A R, I 8 30 RS M R, b Il 85.70% ~ 120. 9% . 7k R, 36
FoK 7= A MR R 2R B Y R I R
SE4RRR] M SRR AR B VRORH €23 5 AR BB T3 s /K 7=
FESES: 0657.3 X HEFREAD B
DOI.: 10. 16495/. 1006-3757.2016.01. 001

X EHS1006-3757(2016)01-0001-08

Mass Spectrometry Analysis of Diverse Estrogens
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Abstract: Simultaneous determination of seven estrogens residue was developed using liquid chromatography tandem mass
spectrometry. Under the optimal conditions, target compounds presented good linear relationship with correlation
coefficients larger than 0. 995 7 and limit of detections in the range of 0. 500 0 ~50.00 ng/mL. Fish tissue was extracted by
a C;—solid phase extraction cartridge, washed with 4.0 mL of acetonitrile=H,0 (5 : 95,V/V,% ), and then eluted with
2.0 mL of acetonitrile=H,0 (95 : 5,V/V,% ). Both bisphenol A and dienestrol were detected in three different fish
samples, while estradiol and estrone were detected in part of the samples. Recoveries were in the range of 85.70% ~

120.9% . The proposed method is rapid, accurate and suitable to analyze diverse residue of estrogens in aquatic products.
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RO A o WA € — R B S (HPLC-MS/
MS) DA fEtEom | RBRE & A4 o, I ). Uk
FE VAT BTGE (QTOF-MS) R4 A HE e s
PR, T RS AT A g T g SR b
P00 2 A6 W S i 2 7 HE 9K 3R A5 24 W e R R rh L
A R AT N .
1 RKIEEBH
1.1 E5iRXF

1200 2 51 ¥ AH {03 - 6520 4 PU 2 F1 K 47 15} [A]
IR % A (Agilent, USA) ; Milli-Q #4li /K R 4
(Milipore, USA) ;7018-00 [EFHZEEEE ¥ (J T Baker
NTIDR

ME=EE (E,) W E A (BPA) M —FE(E,).
2,4-"FKM (2,4=dep) . C M MEB (DE) W A
Sigma—aldrich A 7], SRUEEE (EE) MERR (E, ) 14 H 12
E Dr Ehrenstorfer Gmbh 2 #@l. &4 JiE N 6 3% 4§
(Sigma-aldrich 23 ®] ), & R & W H K H 1 =R
ez R, s K B gtk A 3R 0 FH AT
1.2 BAREFHARIIEMZLT

PRIRES R HER R IBUE AR TR o , SV i, TiC
HilA% 1 000 we/mL & ,4 CWAF. LTREGT WL .
FREL0.77 ¢ STR%E , EZEE 1 000 mL, M BEAL 5.0,
1.0 mmol/L W , T )5 225

TAERN LR 2 . TR A b o B0 FH R 211K 3% S R
B A5 — RN TAER . fEm U T IE,
R H15 06 T R 55 A0 7 3R 1) OC R 2] TR 2k
1.3 &HEBIE-FREEG

%R Agilent Zorbax SB—C (®5 wm, 4. 6%
150 mm) ;0 A H,O(A) -2 (B) Gk &
BBEEVENG ; Ui 0. 4 mL/min; SR & 8 wL; A iR 35
C. JFigkvEdt ESI(-) 12 iy WA= ; 45 < i
J£ 350 °C Jiik 10 L/min; B0 1 0. 276 MPa;
BN R 3 500 VEZ4 R 140 V2 GHz sh& 4
R R, m/z 100-310. X5 T FH SR N AR
(2h > 99. 9% ), fill 8 < b & 2l /R (2
>99.999% ).
1.4 HRE

FEM IR i fa e iR 225 I [ AN 5 R
K= st i g, Ak B B R, B A
A AT k. FREC0. 50 g ks, A

5.0 mL i, B HEEL 10 min, 10 000 r/min &0
10 min, JEIEW. FRIEFHH 2.0 mL LI EEZ R,
GIFPR LW, PRBORH E CBENAE, Bk &
3.0 mL, EE#AE IR FRAIEC K, AR T,
2.0 mL H,0 % f#f5EH.

[E AL (SPE) : Bond Elut—C,, /ME (200 mg/
3 mL, Agilent A %) 1 3.0 mL FEEE4L 3.0 mL 7K
AT RO AR, 4.0 mL g 7K (KR IL 5 -
95,% )WPE 2.0 mL ZHE-K (TR 95+ 5,% ) I
T, WA R I, R 4, H,0 BAE 1.0 mlL, 1
I8 5k HPLC-MS 4347

2 HRSHE

2.1 BIERNEEE

HESE Zorbax SB-C s 4354 (D5 pum, 150%x4.6
mm) , FELNE-/K  LE-1.0 mmol/L LR E M &
E=5.0 mmol/L ZFRELAE R Ui sl AH I A5 L, 45 SR
K1 (a) s, BRI R0, TR S Tk BE 15 ) Mk
BRI SRR TGS BCRH K -H,0 K
TLBNAR , I A e 1 A3 B BOR FRAR. AR S
ARG B BRI BRSSO e S
FE. 2 T 2 T BANE G W o B . 45
BRI, LR B DELRE T 7.0 ~ 4.0 min, 45
65% B;4.0 ~4.1 min,65% ~97% B;4.1 ~8.0
min, 4E4% 97% B;8.0 ~8.5 min,97% ~65% B,
A 0.4 mL/min. FERLIR ST 455 , 7850 v A
A e
2.2 MS &GMMTK

7 FhMERCR B A g5 R A K 2 R, L5
T AN AR R B s U T, B ESI(-) B
W, R ORUERE RS R A AR ORI A 1 B
ZLEERYRZ MR, Qi 1 (b) Fron. HEER B SN T
140 ~ 150 V Z [a] , 3B 73400 J5 114 Wi 7 {7 B AK 1 5
IR ZLH TR 140 V. HiAb B i 2 50 e e 2
Ry T O S AR R BRI 4 8 TR R
2 feAl, i E TR 350 °C, T E 10 L/
min. ALFOET  FFNPITE 8 min WIS BT, HIE
ARG A [ M—H ]~ Bk 257 AT 8k 7y [] 437 3R e (
Kl 3 FiR).
2.3 BIRMIEFERE

XTI TR C g /MER A BUSUR. 45 R k8L,
Pro Elut—C,, /IMEXT E, F1 BPA f4 [ 5 FEAE (I
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Fig.1 Effects of different concentrations of ammonium acetate (a) and fragment voltages (b) on response of compound
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Fig.2 Structures of seven estrogens
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Fig.3 Extracted ion chromatogram and mass spectrograms of seven estrogens under optimal conditions
(1) E;(500 ng/mL) ; (2) BPA (100 ng/mL) ; (3) E,(500 ng/mL); (4) EE (1 000 ng/mL) ;
(5) 2,4-dcp (500 ng/mL); (6) DE (500 ng/mL); (7) E, (500 ng/mL)
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Fig.4 MS/MS spectrograms of seven compounds under optimal collision energy
(a) E;(60 eV), (b) BPA (35eV), (c) E,(55eV), (d) EE (55 eV),
(e) 2,4—dcp (30 eV), (f) DE (30 eV), (g) E,(45 eV)

2.5 FHEWIE
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MR, UL 3 A5 M e o R B, 25 R n 3k 1 P
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ZHNTF0.995 7 ~0.999 9 LK. LA 200 ng/mL
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Table 1 Analytical parameters of seven estrogens
L . KR H IS %8/ (n=5,RSD, % )
ST LEESE3
/(ng/mL) /(ng/mL) 1 B I ] i THT 5L
E, 2.500 ~2 500 0.999 6 1.000 0.219 6 5.101
BPA 0.800 0 ~800.0 0.999 9 0.500 0 0.320 4 6.205
E, 25.00 ~2 500 0.998 2 10.00 0.287 1 8. 164
EE 80.00 ~5 000 0.995 7 50.00 0.226 9 8.519
2,4~dcp 5.000 ~ 1 000 0.999 9 2.000 0.153 4 8.427
DE 2.000 ~2 500 0.999 1 1.250 0.244 1 9.074
E, 4.000 ~4 000 0.999 3 2.500 0.168 2 4.767
F2 3faR 7 FENERAKNER
Table 2 Results of real samples in three different fishes (pg/kg)
FE i E3 BPA E2 EE 2 ,4—=dep DE El
fi 11 ND 9.180 124.1 ND ND 64.920 ND
Z M ND 8.040 ND ND ND. 61.060 ND
Je Al ND 6.920 ND ND ND 54.480 50. 840

TE:“ND” AR A .
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Table 3 Recoveries of real sample
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