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R LC-MS/MS HIB55 IE B T . 2 50 Wil >R 4E (multiple reaction monitoring acquisition, MRM)JI € , £55R
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extraction combined with liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods The samples
were hydrolyzed by gluconidase/sulfatase, salted out, purified by CNW veterinary drug quantitative detection and
dispersive solid phase extraction purification method, and determined by LC-MS/MS electrospray positive ion mode
and multiple reaction monitoring acquisition (MRM). Results When the standard levels of 4 kinds of f,-agonist
veterinary drug compounds in blank samples were spiked at 2.5, 12.5, and 50 pg/kg, the recoveries were
95.39%—-106.46%, and the relative standard deviation were 0.98%—13.26%. The limits of detection of the 4 kinds of
target compounds were 0.1-0.3 pg/kg, and the limits of quantification were 0.3—-1.0 pug/kg. The target compounds
were detected in 66 beef samples on the market, but the results were not detected. Conclusion Compared with the
traditional solid-phase extraction method, quantitative determination of veterinary drugs dispersive solid phase
extraction purification method has better purification effect and lower matrix effect. CNW veterinary drug
quantitative detection dispersive solid-phase extraction method can be used for rapid detection of 4 kinds of
pr-agonist veterinary drug residues clenbuterol, ractopamine, salbutamol, and terbutaline in beef.

KEY WORDS: p,-agonist veterinary drugs; liquid chromatography tandem mass spectrometry; CNW veterinary
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drug quantitative detection and dispersive solid phase extraction purification method
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SEEIG RBENG, T8 o) Ay A TE - T LA R AR I A 200 g 25
61 By 524, PIEFsk S E - LM A S =GE b B
PEh R SRR, B, - Z AR Eh I
irRes R E B S, REEFIRA K, ATk
ARG, FEARME IR, B s s Py k),
I S-S AR B B 2T G A AR AR R AR Rl iz fif
A, Hrh e GRS MR R ARG . 5251k T — 25
AR, NSKIRE B - SARMEh I sk i sh e i
mnfa, 27RO RN, FEALE S RN, ™
EHEZERIGET, BB EH AR A B,
— ZURBSIFRI LG (S AN A S E R A
VIE RS 50 2 EL A D ARDRH A IR R FHAE S | 2 S5 8 5
FERR . BEE 2016 A ST MBS B A SR AR
2447 SN, B SRR EE A W A28 S, EEAR
HZ LA B E T, BRI s 0 B, - %
WEERIR WA, DMRBEIRE R R0 S AR

AT, B - SZZAEEFIR kR 2, AR 4 Pk
R R 32s . BEEEC B % W BfH2: (enzyme linked immunosorbent
assay, ELISA) . VAH 1 (liquid chromatography, LC) . JAH
o % e B BT 3% % (liquid  chromatography tandem mass
spectrometry, LC-MS/MS) . S 1 & i & 1% B% FH 7% (gas
chromatography-mass spectrometry, GC-MS)Z&61% H:rirk [
SelR RATH ESR T 30 245, 40 GB/T 22286—2008¢ 3
YRR 2R B, - ZUEShTIERER B IE A G5
FRIRITIG: ) , GB/T 21313—2007 {ShHilitE it b po-s2
AR BRI Iy i AR EGE- BT/ gk ) 55, BT
DT, T IR G2 AR IR A 4 PRSI 15 125 B A 15T {08 B3k,

R BAPERIAE SRS, 2 5 it s, O - Bk
kAR Z AR i bnife, [Eh TO7 A 20, 1R
YRR A%, AL R OB (B R P AR,
FERL BT AL T B, — SRSl 5 i OB ) e
BRI NG, FETECHT R ETAL Ry 22 i 2 AR AR
A2 AR AR 2 SR U B e AL i HEA TR, (L
LT A S T B L A, N BRI, A
REFF A E R Tk ST, AOTCR AT B AR AR
WA T RIS RIS &, FEXITREA AT T, 928
THE B - ZWETHAS N A Z S5 iR AL,
G 1 T B L AR T B AR O, PR

R R, LA AL H AT e At A A T
L, O FLH i O e [ B P (AR

1 MRERE

L1 {EFFRRF

Thermo Scientific ™TSQ Altis™ = B PU T i % (35
Themo Fisher Scientific 2% 7); T25 Basic ¥4 i #§ (35 [
Sigma Zy#]); Thermo Scientific ™Accucore™ RP-MS #i:
(2.1 mmx100 mm, 2.6 um, 3£ [E Themo Fisher Scientific 2
F); Milli-Q 4l K il % £ 4t (3 [ Millipore 23 F); ME204
ST RF(0.0001 g, Ji LA FRED-HT R 228 FD).

AW AR ZE B (dispersive solid phase extraction, dSPE)
P E BRI R EUAL . CNWASPE & il 5 255k (1
W LTRSS B e A IR AR ); i/ M6 mL 150 mg,
SEE SR, LBREE (R, dbatiR) ), B A B
B/ BRI (100000 uit/m, K[E Sigma A wl); ZME(EHE
4li, 3% [# Thermo Fisher Scientific 23 ]),

T REZ (clenbuterol), 35L& E i (ractopamine) . ¥
T (salbutamol)  F5AT AR (terbutaline)br A 5 (40 B K F
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98.0%). FLILFEF -D9, VT EE-D3. KL EE-D6 .
P A A AR-DO(LEE KT 99.0%) (&K TRC 2 Hl).
1.2 FRERRAE

S ERRRBGCCRRY | ST E . YT e, Fifi
HARERAER 4 0.0100 g, F 10 mL i P, FH BRI R kR
B2, FBRUESL AR (1.0 mg/mL) T—20 °CORFRIR AT T
B U A 0.1 mL BT 10 mL A g sieh, B
100 f5)5, Hk 10 mg/L MTRAHPIEE . (A RRKE e
DL EERR BB A | mg/L VR -G ARHEIR T 4 *COKFRIRAEE .

T ARG BB -D, ¥ T HiliE-D3 . L
ERE-D6 . FEfiifllbk-D9 rifEdh 45 0.0100 g, & 10 mL )i
o, W BA IR B EZIRE, B2, VERRIERh B &
W (1.0 mg/mL) T -20 °CUKFFIRAE . T B0 45 UGk 45 W
0.1 mL #F 10 mL AF AR, HlA 10 mg/L HIRA
V¥V o {6 A P T R LA P s PR T AR 1 me/L TR A A
WEW T 4 CUKF AT H
1.3 #@ATRE

FRELAIBRESS 2.00 g T 50 mL Z5045 9, 43311 25 uL
100 pg/L B, AR AN FEANFRHE 10 min, JIA 10 mL
0.2 mol/L ZFR%&(pH=5.2)/ W1 100 uL B~ 2 W /i
FRTREG . 37 °CT RS, #EREIREEL, A CNW
dSPE & R A% % H-2l o i & A4 UL, A 10 mL 21,
A 5 min, R4 30 s, 8000 r/min 5.0 10 min, ¥ K
F 50 mL 2.0, EERRK, SIFHREOR, FaEEs
% 20 mL, 10 mL E§f#5 CNW dSPE 5E il 8 25L& k.
R4 30's, 8000 r/min #5.0> 5 min, BUAHE FWEREM . 35 °C
RRELT, MA 1 mL 50%ZA5KER. FHH 10 mL FfF
W, 2GS AR BURE, AR IR IR IR A 30 s
8000 r/min #.0> 5 min, HUEF EFFRE, A 1 mL 50%
/RSB Z5 /A T30 LSR5
1.4 UFBEH

FH LC-MS/MS Hil 55 1F i 8, £ [ iR AR
(multiple reaction monitoring, MRM)E o AR A3 554 8
JFF: Thermo Scientific ™Accucore™ RP-MS (2.1 mmx

100 mm, 2.6 um)BAH 24 @A, FEiR: 40 °CLHsIH A 5 0.1%

HER/KIEE, B 24 0.1%HT B2 AR, R FABE VRN, #6E
YERFR: 5% B—50% B (0~5 min); 50% B—100% B (5~
6 min); 100% B (6~8 min); 100% B—5% B (8~9 min); 5% B
(9~10 min). ¥i3#: 0.3 mL/min, PFEEMAFR: 10 uL.

Fi A R HiZ5 2 I (electrospray ionization,
ESI); BANEHE: 3.5 kV; BRI 350 °C; HiEh=0m
PURE: 325 °C; #5<: 50 Arb; FHENS: 10 Arb; $H 7 IE
BT = 2 WA (multiple reaction monitoring,
MRM); SEPEEFRT, EREX, AifERE R IR 1.

x1 RiEsH
Table 1 MS parameters

s £ B ) ] HEF  FET HEER

/min (m/z) (m/z) v

108.0 32

e fhAk-D9 2.50 235 125.9 25
153.1* 17

107.0 31

EEX(TRILE N 2.50 226 125.0 25
152.0% 17

148.0* 19

YT R 2.54 240 165.9 14
222.1 10

151.0% 20

Vb T D3 2.53 243 169.1 14
225.1 11

150.1 22

B e w3 4.18 302 164.1 16
284.1%* 14

120.9 24

L M HE-D6 4.18 308 168.1 17
290.1%* 13

168.0 30

TSRS 4.40 277 202.9% 17
259.0 10

169.0 31

SLARFES -DY 437 286 203.9% 17
268.1 12

TE N ERE T

2 HER5HH

2.1 FHERMK

BB BN T Bo- 2 RSB 70 AN A0 LAFF B B 4K
PR ARSI F ok 3, S MR SR BRIV R 2 R
PR A PR D A {3 I o A — R R ), {HLER
FALG L WERR/ MBI ZFML A P 5k
BRI, T CNW dSPE J5 PURS <5 fe A £ A R I Fvge
A, TEBYEREAIIA 25 ug/ke TRFR, SR G 0T
ATAbFE, EHARib G P 0 4a Xt mm i 25 55 FAE 8 LB /M .
N4 e 28R B T B LR IEL (B D) RT B A B R R
(clenbuterol) . 3¢ 7 £ [ i (ractopamine) . V> T B B
(salbutamol) . 4FAfifb Ak (terbutaline)d iy Fiig aI AL, CNW
dSPE ¥ TAL G ikl / Mk, JoI 2 st i 2 sk
w2 LR 2 AN AR S o B SR LR/ IV A 2 XeF i
RN 21%~41%, i CNW dSPE 751k 42%~102%, #&4ATT
7, CNW dSPE Rijab B35 T4 58 B R /e Rip b 2%,
AT AR AT IR R . R AE 2. 3 X L4
ZWEIR/IMEELEE S CNW dSPE bk LIE ], CNW
dSPE ¥ ik i RN, Re il B A VD T R 5 3 v 2 T
AR EH AT LU 23K 2% 5%, dSPE ik B B i 42
BT P, mifege Luhe/MEN TP B . WEH FE,
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1% 5 [ AR 2K BBORE S AL B —, AN B TG J 52 2 B o 1) Ak
R PP CNW dSPE ik 5 i AU BB A i b B
PISER P 5 . WERE . RIS Ze, [l 5155008 A
W7 %T L, W/ mrAk BT A BB . CNW dSPE ¥kl
Pl T [ A AR BORE BE A R R PR A, OB A )
14 A e 4 S TR RS, — I REAR I AT AL BEAA 30 min,
TAEGE R E R TENTGRE 2 h Db, i@ RS s oA
IS, BRI i, W S M S R A R 5 BGA L [R)
P, HIL CNW dSPE kX PREE T A 4T, $HAE i i Pk,
HUORE JF AL 5 R e iR % st v EALOW LR L 4), H3E AT
2 PRI i R S 5 24 88 R 1 PR A
2.2 FHERZMTEE MG R

I3 IR 100.0 pg/L B, — SR AR A AR HEN T,
JA 100 pg/L B, — Z USRI NFRIE AR I, 48 B,
ZARBSIH S R BOPRER (S S ng/mL H RO BERE S
WSE S HT R RIARMER 2R, LR S bR 73 1 b 20 et i vk
JE (ug/L)-5 068 17 4 ATAR [V 28 DA 06 T L B 228 1 A 1

RT: 1.93 - 7.06
100 335

Mk, FNPRETHE A P Z RS R & it gk 2, %%
B B TR LT B R R RRvERRZR, DL Yl A 0d
NG, X HORIBOR AR (ng/L), e BRI R T
2, 4 Bl B AR LA [ E BRI AR 5 R B () KT 0.9990,
FEHAR T H AR 1.0~100.0 pg/L % BE T I PN 52 R ARkt

= AR ESh
G EBEAR/ M
= CNW dSPE

80000000
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40000000

TR

20000000

FRREE RREEE VTR bk
Hizgy

Bl 4 FeE 2R BTEAIR kAL LC-MS/MS LTI
(25 pg/kg, n=3)
LC-MS/MS upper peak area of 4 kinds of veterinary drug
residues purified by different methods (25 pg/kg, n=3)
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100 - 5.04 m/z="77.05-354.97 F: + ¢ ESI SRM ms2
E 302.038 [121.112-121.114,
E 164.195-164.197, 284.178-284.180] MS
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Internal standard peaks of 4 kinds of veterinary drug residues in LC-MS/MS standard by traditional de-phospholipid column purification

method (2.5 pg/kg)
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) R NL: 1.56ES
RT:2.49-6.10 333 m/z= 97.12-337.20 F: + ¢ ESI SRM ms2
100 Rtk 226.038 [107.124-107.126,
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E 01
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0 E257 273 279293 314 3.19325 348 3.58 3.65 385 3.97 406 438 4.63 32551 573578 5906.01
498 NL: 3.10E6
100 - ; m/z= 97.12-337.20 F: + ¢ ESI SRM ms2
E 308.088 [121.112-121.114,
50 E L EfE-D6 168.195-168.197, 290.279:290.281]
E 4.81 MS R3
ok .56 2.632.75 2.86 3.00 3.13 3,18 336341 3.51 3.603.76 3.82 3.924.06 4.12 4.33 4.42 4.54 } ) 520 530 546 5.64 5.69 5.83  6.01

2.6 2.8 3.0 32 3.4 3.6 3.8 4.0 4.2
£ BRI} 8] /min

44 46 48 50 52 54 56 58 6.0

K3 CNW dSPE &bk 4 R 205% B LC-MS/MS Frifl i I AR IG P (2.5 ng/kg)
Fig.3 Internal standard peak diagram of 4 kinds of veterinary drug residues LC-MS/MS standards by CNW dSPE purification method (2.5 pg/kg)

KFR o A IRESRAT AT BRI R A ik, 183041k
o FIRA PR WA P el sk 24 0.0, 1.0, 2.0,
5.0 pg/L MIARIEI, T8 A RBORAR (i B T RS 145
BT, DAMERE LR 3 A28 FURE S S N A 5 e A s B
(limit of detection, LOD), {5t A 10 s FIAR S 3B AR
1Y &5 € F BR (limit of quantitation, LOQ), 4 i HFr#Iib&
YIROAS I BRAE 0.1~0.3 pg/kg Z 0], ERPFRTE 0.3~1.0 pg/kg
ZIE], ik R
23 FHEREREBEE

3 gk ) 23 P AR PR R R T R VR N a3 B R AT
DA 2 5 1 A VR 8 RO 2% B Fc A  2 ig /A CNW
dSPE X bR AE il b4 740 BRI %2, SR A ARk E AT T
B, SRR 30 1ZIYMEBSRE S AR S, IBCRRE
KB 80%~120%, BEM W AN 1Y FE 2, (H 48 X7 (B
FEXFREAR, SR he 2 RIS v 22 EL e 1 TP BH s fIG, B
ROV T RER R, FUO EIBCRAE 70%LL 1, {65 ok S i
VDT e AR A AR TH T 44k ™ 5, {H CNW dSPE
ARIBBAL Gt SRR /IMERCR I 3G . 4 Fh B, - 24K
SR E PR bR AP ZE 2.5, 12,5, 50 pg/kg T,

CNW dSPE #:[EICE A 95.39%~106.59%, HIXTHRAE(w 2%
(relative standard deviation, RSD)A 0.98%~13.26%. Jli#x [F]
WSS B 2 SR R B Ay IR (VRS % R A 3 SR R,
Wk 2002/657/EC it 5% B8 A 7 34 B9 L AE

A

\ CNWdSPE¥HL 1k 84k

58 AR UM B B AR

[ 4 ARG A ZEIRUIMETLBAER CNWASPE L iR AR 14
Fig.4 Flow chart of SPE method and CNW dSPE
purification method
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FR2 AMERNLMEFRE. KMEE. HXRHK.
EEMR. WHR
Table 2 Linear equations, linear ranges, correlation coefficients,
limits of quantification and limits of detection of 4
species of animal residues

. LR RS
o 2 b & M ] LOD/ LOQ/
/(ug/L) (ng/kg) (ng/kg)
¥TE
N Y=21.52X-535 1~100 0.9999 0.2 0.6
(Y73
FEAfAR  ¥=3.72X+0.61 1~100  0.9991 0.3 1.0
W Y=12.45X-5.06  1~100 0.9994 0.2 0.6
RS y=229X-0.70  1~100 0.9991 0.1 0.3

2.4 SEBREEGRINE
RAEACFUH XA TR X3, AR T 5 9 2 1124 AR
66 PFUEATIN, YRR By — Z ARSI

3 4 i

AWFFEES. T CNW 25 7 S A I 20 B AR A el Al
BEE LC-MS/MS iU 4= P e R4S | SR 21
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