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Method for determination of zearalanol, diethylstilbestrol,

hexestrol and dienoestrol multi-residues in bovine urine—
LC-MS-MS method
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GRAEKRFERE.CHIER.
= e EE B | SO0 I B S B RO RE
M8 B 18- 5 B B ik

1 SEE
ASRMERLE T 4R EKREEE . C MR . C b M B DU ME B 2% B B RO Bl B I TR U €
Ttk

ArEEH T4 RS ERFBE.CHRER . CHRMER . OUGH BB BRNE.
AR HER I R R ERAREEENC Se B 4 0.5 pg/L, O MER A XURMER i 1.0 ng/L.

2 MEHIIAXH

THISCAF PR R RGE S AR AT AR R K. LT HHsI X, KR A
PSR CRERERRAS BB TR A E R TAIRHE, AT, SR 8 A bR HE K 5L I & 5 iR
REFERXEHFNEFRA . LERDE B BN X, A EH T ARE.

GB/T6379.1 MEFEEERMWERE(FHESKEE H1HT:- AMEEX
(GB/T 6379. 1—2004,1SO 5725-1:1994,IDT)

GB/T 6379.2 MEFESHERNERE(EHRESHEEE) S22 - HERBENRFRER
5 FIE R B AS 7 15 (GB/ T 6379, 2—2004,1S0 5725-2:1994,IDT)

GB/T 6682 433 = FA K BUAR #3858 77 8 (GB/T 6682—1992,neq ISO 3696:1987)

3 RiE

e R AOAE A S A B Fr S MR DT AL £ 1 5 URE o O A M B L 2 e O T U O BB R K SR IR
BRI TU R E G A R K BEAE R 25 2% B . R ot 10 50 e A0 P B 7 A A B AR IR BE AR . ik
TRORTWBAR 5 3 - BB B BRI 2 , IRE R R AT T EE L EH, Atk E R .

4 WA

5 A LA S BT AR B O 4 B 4L K Ol GB/T 6682 #LE B — 2K,

1 HE. Ak,

2 B g,

3 5.k,

4 WUEWK ¥ Randox M &Y R ELAMR IR R A 258 Tk % 1 20 Wik,

5 YEBW:ZE+K(70430), B 70 mL ZE(4.2)5 30 mL £B T KRS,

6 fE&W K Randox A &P REMVMFIRBHES TKIE1: SHE.

7 L EFMBZHA Randox BAH % .

7.1 ERGEBEEFEMENE . ZERENEREERN 100 ng EXRAFERE,

7.2 ZRZBREENENHE . FMENBERERRN SO ng CHEMER,50 ng T MM .50 ng

D AEX-FERENT HEARENERAE IFARSR ™ s B AT . a0 R At 7= ah 88 A A8 R B9 BRI AT 4
FIX LB 7
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4.8 HEREDR: EXFBEHEGERE « EXSNBEM BFERFTE, & 500, 4E=975%; O #
B, i B =>99 %6 5 O hEME R , 41 5 =98 %0 5 UM BEBS , 4l =980

4.9 BEFRHEE W TR BGE B A EOR AR RE L T B L O b M B RS0 M B AR R B R
BEC4. DFEEHIAL 1.0 mg/mL AR AERE & AR . AR 98 75 22 LA P M o) A R B O TR B A ME T BT O
TR BT 4Cokssh . aI =4 A.

4.10 WARTREY R : ERFRER-4 RV o ERATR-4 AT B-E KR FER-4 A, %& 5000,
A RE =99 065 M MEEY-8 AR =980,

4.1 AR MEIS W MEFARBUE B R R B R4 RN C % M B8 SR PR IR, AR Ry ) BC A
B 1.0 mg/mL ARHERE F VAW . TH LA B BERR R GE AR JE IR & R AR v TAR W W R FF T 4°C KA
FLAER=AA

4,12 JERE.FL4E 0. 45 pm,

5 2%
1 B - B A BE A RAE L &SR,
.2 Bl EKTF 3000 r/min,

.3 ARWRFEA
4 RIERDIAE .

oo e oo

[o2]

HENHESRE

[o2]

R ERHE

BUR RRMERE & R R R AL KRR W, BT RS I B AR
2 AEREF

WikHEE T 2°C~8C TR

(o]

~

MES R

~

O ERBEARERBENS &
101 EERERER
5 APESRES,. S 10 mL, F 50 mL BLOo®EF,3 000 r/min B L (5.2) 15 min, 8] 5 3

10 mLiEH . A HMARFANBRAWEI/FEBFRG O, FERFEBENCRERKRE N
1.25 ng/mL.2.5 ng/mL.5. 0 ng/mlL,12. 5 ng/mL.25 ng/mL ; & M B A UG HEBR MK E R
2.5 ng/mL.5.0 ng/mL.10 ng/mlL.25 ng/mL.50 ng/mL, F45MAEER S NIRRHERB A 1D,
LA A 10 ng/mL, A 3mL .0 /54 R LIEW, R E (5. 430 s M. frigfl .
7.1.2 &

15 mL MR 4. O BIRBGERBERAMBENAE W DL ME A KT 3 mL/min, B, BRRE
. A5 mL B LA KT 2 mL/min B3 M. SFAREZRE— K. 80 5 mL ZEFKRUA
KT 2 mL/min B9 ML, F 4 mL BB 4. 5B MEAKTF 2 mL/min, BRI K. HIEHR
W AE B ASIRE AL (5. 3) EF 40C/KIBE KT, A 1 mL JEHH IR HE 30 s . WRAMEEG 12>
TR G, BRI - BB BUE E .
7.2 HERBEHHE

B £ 3000 r/min .0 15 min J5EMAS 3 mL F 50 mL B.08 9, A W Ards E TAERS R, i
SEY N 2.0 pg/kg, FET.11RT.L 2 B4E
2

~
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7.3 ZEERBENH&E
BU%: 3 000 r/min B> 15 min MRS 3 mL F 50 mL B0 H, 8 7. 1.1 #1712 #4E.
7.4 BE
7.4.1 WHHEBHEEY
a) i . ZORBAX Eclipse SB-C¢,3.5 um,150 mm X 4.6 mm 40 4 E ;
b) HE.25C;
o WBEIHE: ZHE+K(T0+30);
d)  #E:1.0 mL/min;
e) HHE.50 pl,
7.4.2 RiE&#
a) BT KRRELFERE;
by HA#HTE T M
c) K H = . L O i (MRMD) ;
) BEFHERE:325C;
e) FEALRIES:0.103 5 MPa;
f) RHFESRES:0.069 0 MPa;
g) HBIRHES:0.241 5 MPa;
h) BEFERER: -5 pA;
D HEBFEHEE:—4500 V;
HDOENET . ERE TN MESEENEHERELLL,
F1 MHEENAHAGYNEEEFS EEBTFHMESGKERMNEFERE

HY AR EHE T (m/2) ERE TN (m/2) MESER/V EERE/V

321.1/277.2 35 —100

EXFEE 321.1/277. 2
321.1/303.2 —35 —100
325.1/208. 9 —36 —100

EARREE-4 TR 325.1/263.1
325.1/263.1 —38 —100
267.0/222.1 —40 —90

© 4% M By 267.0/222.1
267.0/237. 1 —40 —90
265.0/221. 1 —35 —90

45 M iy 265.0/235. 1
265.0/235. 1 —32 —90
269.0/119.0 —22 —~175

C. e M B 269.0/134.0
269.0/134.0 —46 —175
275.1/227. 9 —40 —73

0% M-8 At 275.1/245.0
275.1/245.0 —40 —74

7.4.3 WEEE-BEKRENE
7.4.3.1 EMEMNZE

FRGMH S ERE1ANEET 2 AU EFE T EMRRBRAMET R 5 R0 BN iR 8 Y
1R B B U] 22 B, R R X A B ) 5 9 R T o A OR o Xe R X % B A (] A 2 7E 2. 506
Z P95 BE L R A 4 43 S R B T R T R O Y TR R A o A o RS L¢P X LY E A
BT RO AR 3 BT HO A, IR 2 AN A R 2 WLE S L ORI RE S R P A T I B 45 T
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2 EHERINBANBEFEENSEALTRE %
AR FEE >50 >20~50 >10~20 <10
AFHBRKIRE +20 +25 +30 +50

7.4.3.2 EEAE

BB THESAET  ERIRSHEBR . DR, U TER R E B AR, EB A
MR A HIARME DRI ZR . SRAIWARIEEIT E B E . HABERPIRAER.C R . C b B A
U WE B R AW DL NI E TAE R TERE N . LA BREEA MR T Ar Y A 6355 B
I Y £ R RE W (MRMD 8 18, 2 LB AL 1,

A% 77 s W E SRR S U R B
7.5 ETRE

UL R W — AT TR R E .
7.6 ZARKE

B A FR B RE A . Y8 B3R 25 BRI 58 L2 k3

8 HRIE

TR P B A 1 T 5 5 R T B B AL B R AR AR B BT R AT K (D3R

X:CSXAAX%XQX&XM cerrnrnecesisneaen (1)

XA

X— iR P B Y5k B &, AN B (/L)

B bR AR D B W B N N R T (ng/ml)
A0 RE V8 W AP I 4 ) £ 33 0 1T R

A, 3 R o T AE VA VB By B £ 3 W T AR

EREIE R AR YT IR B, B N W B Z T (ng/mL);

BT TR B b iR R E , AL I W FZ T (ng/mL)
A FE FUbR fE AR O AR 1) 3 e T A
AR O AR B A 0 TR

Vo BBELEFEBL RO ZTF (mL)

V—— BB A AR, B N Z T (m)

T ORI 2 R O 07 M 8 ot 048 TR R B0 085 1 9 91 2 HL TR S A A 0 R AR R U e B A

Cs

&

Csi

9 RBEE

AR UE %5 35 BE B0 R 4 B8 GB/T 6379. 1 #1 GB/T 6379. 2 WML EWEN , EE M H R HNE
LA 9590 9 A] {5 R IHE .
9.1 BEEH

HEEERE AT FEOMRB LM RE RN AE EEAABTEEER o FRPEMEED
EETUEAREREFFRLES.

IR ER M, N A #0455 0T BT 50 P IR BN R A E
9.2 HHH

TEFEB R &M T KGR B O 7 RS R EXT ZEAB T FIMER R, 4 Ry WA E M
HENE &AM REILE 3.
4
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LUAE /B EREE/ (rg/L HEMEHE - HHMERR

ERAER 0.25~5 lg r=0.965 6 Ig m—1.089 7 lg R=0.962 5 lg m—0.712 8
B M 0.5~10 lg 7=0.719 2 lg m—0. 268 5 lg R—0.788 3 g m—0.292 6
S I B 0.5~10 lg r=0.531 2 lg m—0.312 7 lg R=0.750 7 lg m—0. 248 7
£ e e Ty 0.25~5 lg r=0.772 8 lg m—0.418 5 lg R=0.869 8 Ig m—0.283 0

HE:m ARKUEGROERFE.
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M ® A
(AR R
EXFERE.CAER. O R . UGB R EY R
REXFEE4 TR .CHREDH-8 MR ARYE S R KM (MRM) &k H

EAFER.CEME OB W% B PR R & R R B R4 AR O M-8 SRA AR
Y £ K 87 oIl (MRMD 3% 1, LI AL 1,

2.54
g 2.28 EHRABE  321.1/277.2
z
—
= ‘ I ' i t/min
a) EXRERE
2.54
& FRARBE-4TAC 325.1/236.1
z 2.28
| .
= ' ' ' t/ min
by EXRABEE-4 TR
2.97
5 3.5 CAMEEY 267.0/222.1
z
= » s
¢/ min
o) OB
2.99
5 Oy 269.0/134.0
z
g
E . .
t/ min
) Ol
2.94
&
z { AUHHERY  265.0 /2351
— .
- {/ min
e) XU MR
2.97
& a5  CIBMER-SHUY 257.1/245.0
2
7/ min

D CEHER-8 MR
HAl EXAEER.CHEH. CRER. USERREDR

REXRFEE4 AR .CHEDH-8 MARARYHNS KK ENMRM &EE
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Mt % B
(AHEMHF
B ¥ =

7% 7 0 o P R I R LT R A IR B B, R B L
KRB AAZPEAHRFIMREREEYERERBHE

BMELF BINR BE/ Cpg/ L) -2y el W/ (%)
0.5 85. 30
EXFERE 2.5 99. 29
5.0 96. 99
1.0 80. 81
C 4 5.0 101. 40
10.0 100. 20
1.0 105. 20
XL 4% T 5.0 93. 30
10.0 97.50
0.5 83. 74
2 & i B 2.5 88. 95
5.0 103. 20
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