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FESLBEZK %, Oasis MCX BHES F B AHAEBUNIEE LIS, 8 8 808 €3 - 5B BT 22 5 Wl (multiple reaction
monitoring, MRM)BLZI 5 . @ 3%41: AQUITY UPLC BEH C5(100 mmx2.1 mm, 1.7 pm); ¥E¥k: 40 °C; #E5h2
T 4 °C; FahA: A HINRIEZ NG, B HIH 0.1%H /K, BAEEEVEL; Jiid: 0.3 mL/min; #FFEARRL 10 pL.
LR 0.1~20.0 pg/L JEFE N 16 FEEEH Y v B2 15 0 135 06 10 BRI 1o 22 IR DG R AT (r=0.995) S fiffs: i R
H70.03~0.7 pg/kgo X ENLEA 89.7%~114.0%, RSD 4 0.4%~16.9%., £ AF kK MR, BEER, &
FHF2F A B R 28 24 5 BR R U
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Determination of 16 sedative residues in beef by ultra high performance
liquid chromatography-tandem mass spectrometry

FENG Jing, ZOU Miao, CHEN Xi, QI Zhen-Zhen, HUA Zheng-Gang*

(Liaoning Center for Disease Control and Prevention, Shenyang 110005, China)

ABSTRACT: Objective To establish a method for the determination of 16 sedative residues in beef by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The sample was
hydrolyzed by alkali, Oasis MCX cationic solid phase extraction column was purified and determined by HPLC-MS
with multiple reaction monitoring mode. Chromatographic column was AQUITY UPLC BEH C;g (100 mmx2.1 mm,
1.7 um), column temperature was 40 °C, sample temperature was 4 °C, mobile phase was gradient elution solvent,
with the mobile phase of A phase of acetonitrile acidification, and B phase of 0.1% formic acid water. Flow rate was
0.3 mL/min, and injection volume was 10 pL. Results The 16 pesticides had good linear relationships in the range
of 0.1-20.0 pg/L, and the correlation coefficients were larger than or equal to 0.995. The limits of detection (LODs)
were 0.03-0.7 pg/kg. The recoveries were 89.7%-114.0%, with the relative standard deviations (RSD) of
0.4%-16.9%.Conclusion The method has low limit of detection, and high precision, which is suitable for
determination of sedative residues in beef.
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RGN, 7N R, NIV K E Ry
PG RZ, EPR R R B s R MR
E SRR R ] 8 L0 DA R BT S 2 ke B FR(EL B T
FHLED) . F B 2002 44O HE 176 5 19F1 235 S04
XF 10 FEEFHIZEZ5 B0 TR BRI AR S . BT,
PSR ) BRI 2 P8 B (A 5 12 AR €3 )|
SOM @ 1% - BT 3% Wk A 7% (gas  chromatography-mass
spectrometry, GC-MS) R K 2 13 - 53 16 T3 156 FH 325 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)>}
E, XIH LC-MS/MS BHAT kAL AW i 2. £
ISR Y e AR 0, - ES SR TR S 3 00 2 Ak £ 8 o 7 i
FEIRIR A AL 2R R SRMREOVEE ST & A P 10 FRz R
B B ) o 20RO 0 3 - B OB S T I i, SR T AR
FMESERRON, (A NbRYIRERE B R Al %R
FIHPLC-MS/MS A4S P b 8 Rt R sk i IR Tk &
P, PR IE e . LC-MS/MS 1R N2 5255k
BRI OE C 2R 2, (HHAENE i FE P e BT, 45002
BINZRE mRAEE Z FOR i TeRU
It HAE HE W TAE R ORI, A PR BT xd H AR i 4
HR AR (B) A7 BTS2, O ELTE 5t A M 49y s W7 A7 [) ot
i R BE TP B, 8 57 A R B, SR H s
DN RIS 2R AR MELASRAT, IOy 0 sy 1 e B A7
TEARE BRI o AT S AERE S IE— B e & P (LA
PAE BT AR B R ST, 3 Ok B SRR T HE R
BE, AN 7 A v S R0 2 2 W 3 B ) DRI A 4 6 R
SN E 5] salllprpr=e 2

2 MR5EREE

2.1 #E5IRGH

FRORBERE | IR, HOPOPE . SR0E . WUPPeeE. iR
MELVEE AR, MENEIH . LR BTFLURRE |
FATFLWRESE . PR H S EE . TRRIERE . FVRFIZ
IR (Gl =99.0%, fE[E Dr Ehrenstorfer 23 )); HR., &
iR SEAEN. 2K, bk 1), IECkE. 2.
FH ({04, 22 Fisher 242 H)); Oasis MCX6cc/150mg [FAH
ZERUAT (3E1E Waters /A T)); K 4K,
22 UHFESRE

Acquity Xevo TQ i =R AH 2155 - 53 5 BT A3 (35 ]

il

Waters /3 7] ); Thermo ST16R & i ¥ % & O AL (£ EH
Thermo Fisher 23 ]); TurboVap LV &MY (ZEE Caliper
Life Sciences Z\#)); Vac Elut SPS 24 FEAHFEEL(EE
Aglient /A H]); Vortex-genie2 iR iR A7 (32E Scientific
Industries 23 ]); KQ5200DB 87 i 15 Y (B 1L i 8 5 A
A BRA 7)o
23 ELWHE
2.3.1 iR B

FRUERE ST A BIMERIRRER 16 FEEERSIAREDI IR, LA
PR P M T IR BE 1000 mg/mL FARUMERB AWK, 4 °CIRAT o

TRAPREE T W A &4 nE =, LA
15 328 £ R R BB A 100 ng/mL AR & AR MEGE W, T
—20 °CUKFHIRAT
232 AR T AR KB

WEBRFREL 2.0 g 25 [ A SE AR b, AR W IGE 4
TR AR AESE A, T 16 FMEEBR AR viE AR 4
JEFA 0.10, 1.0, 5.0, 10.0, 20.0 ng/mL, Ffihfe2.3.4
TR AbFR S AS IR T AR ZE . DAFEIR T AR fh 2o B Sk A 7
E R E o
233 &Lt

3%F: AQUITY UPLC BEH Ci3(50 mmx2.1 mm,
1.7 um); FE: 40 °C; FEMEIRE: 4 °C; WalM: AR
B 0.1%HR), B AR 0.1%F BR /KA, #hBEVEL S50
W32 1, Wik 0.3 mL/min; #FEEAB: 10 uL.

®1 BESEBERREST

Table 1 Elution program of ultra performance liquid

chromatography
B 7] /min A% B/%
Witk 5 95
4.0 28 72
5.5 28 72
8.5 30 70
12.0 68 32
16.0 5 95

234 BB ELAMt

B IR FLNEZE BV (electrospray ionization, ESIY);
EHEHE: 1.5 kv, BFIHFEIRE: 150 °C; #ifL R
e A, 50 Lihg BRI UIUE: 500 °C; BV i
A, 1000 L/h; £ /2 i Wil (multiple reaction monitoring,
MRMBERCRAR . 16 FHEESR BUESEOLE 2 PR
235 HEBATAE

PR MEFIPREN 2.0 g O & 4F B4 A RE A T 50m] 28
RHELLAE T, A S mol/L Z A LN 0.40 mL, AR
HIaT 70 CARKBHIICE 1 h, BUHJE LB KOK R A,
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Table 2 Parameters and retention time (tr) of mass spectrometry for the determination of 16 sedative residues

st BTX (miz) HEFLHLE/V AR R /eV  ARMEXTIRAY t/min  JEFX A A te/min
FOR R I 221.26/90.09", 221.26/164.18 34 22,28 4.34 435
L 251.27/132.14"251.27.96/91.07 44 28,40 9.84 9.80
Hb PG 285.30/193.23", 285.30/154.14 38 30,24 11.45 11.43
NG 285.36/198.17", 285.36/86.18 22 26,16 8.65 8.30
L RURE 287.34/241.23", 287.34/269.29 30 22,14 9.89 9.89
THR o 222 299.39/116.22", 299.39/222.26 36 20,20 5.38 5.35
AR 300.31/227.27°, 300.31/283.26 22 26,14 5.16 4.92
e i 308.39/235.36", 308.39/92.11 46 36,48 4.94 4.96
AN 319.32/86.18",319.32/58.14 32 18,28 10.83 10.99
N % 327.37/86.18", 327.37/58.14 30 20,26 8.63 8.06
B+ WK P 328.40/121.17", 328.40/147.17 32 22,19 4.08 4.07
B LR it 330.48/121.17°, 330.48/149.19 30 22,26 3.56 3.57
PR — R B oy g 341.45/86.17", 341.45/58.14 34 20,30 10.70 10.40
HUIRIE e 376.43/123.13", 376.43/165.21 34 40,24 8.77 7.77
FIRF £ 380.46/165.217, 380.46/194.26 26 26,16 6.18 5.63
)y 404.44/171.27°, 404.44/143.19 38 24,26 10.08 10.07
P RORILE T T2 I,
[FIFAIA 1.0 mol/L £hRRIF L 10 mL, WABEIRS, MAHS 3,5 piws ooy

10 min J5 LA 10000 r/min B3 BE, 4 °CF &0 10 min, i1
FISWE T 5 — 50 mL B0, 7808 P A
1.0 mol/L FhIREW 8 mL, TETEHURIE, A IWIKIRBUR
FFF 1.0 mol/L RV E A % 20 mL. B BRI T8k .

Al MIRBORPINAES S 20 mL, RETR S
5 min J5 LA 10000 t/min FY#EE, 4 °C F B0 10 min, HEGRES
BUR 23U 10 mL ZHEH 6 mL . 6 mL KiE{LRY
MCX [EFHZBUME |, fREReemtiE, KA 5 mL
0.7 mol/L FHFRIF WA 5 mL 80% FF B MMk v /I S B /1N
FEVEAH T . F S mL 5% 201k H BEDR B/ IV, R e A
W, HZKE-K1:9, VIVIER 1 mL @, Bkt
0.22 um JEME, FEM,

3 HBR50H
3.1 BIEFEML

ik b, 16 iR R R XY Ok 55 B M SRR B,
ACQUITY %41 CSH Cg HEXT B Ak A5 P e A HL s 2%
o SN TR Y RE S B B AL AR, B
WA TR L R I I S, 2 TR T P S A S 0 3o
% ACQUITY UPLC BEH Cg (a3 H:AF Jy [F E 4H

16 FEEETINLER Y8 & A /T ke &
W, AT ESI IE& PR, A P AGE &Y
A A AP e, B N, 78T A Ak
2 R U RS A 5 oy AN FEAEL AT R R R A DA B
1% FF 18 AT 28 1 W 7
Fip S-Sty wid
DR R0 2 H R AR B 2 e AE & 1, R AR
SCEEFEELT Waters Oasis R 51 A3 ] HLB a3 F: LK}
DB Ab A e S B8 19 55 PH S 58 i WCX A A& FH
B2 MCX FE . SEI0 43 6] H R ) /K B ORI
PEEM TR ZIERIL 2 M %, LB LB H L
1.0 moL/L EhRVE AR MIRBGRINT, ARGZXT H i IE
4 Hib A — & BUTVE S FEIT, DARRRR/K VAR S 2 30
B3 A 5 PH B - S R B A v LR o s, DR AR S
TRV VR MR BRI H s . RIS Hhn b &4
YA eE b &4, AT A HLB A BUME, B4
PR PH B oS A SN 3E . SEIRXT 55 BH B 58
ekt WCX AT FI5R BH B F 3840kt MCX A1, SERR A5 R R 2
Al AR A BORE I BE X H AR PSR 88, EIR 55 PR 7 503t
. WCX H:BFRBRARR FR Ak A W R RE Ty 258, DR Il

3.3
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ST 325 A (BT UAC A A1 T30 PH 8 28 Bk MCX AT, AR SE 56
K MCX HEXTAE ST l, Z5RULE 1. [RIE, 7EE)5
BN BRI R A SR I, A PR T X S R X PR
B R B B [ 52, IR Gl A SR ] B R o B
—5 BARPAH R 25 XHE 32 5 LR R B i T4, R &)
FEAEARBAPERINT, S DL 2, BRI LR 2,
3.4 FrofEphZ RNt R

FEARUHESE T R A U AR TR AE o 358 BT 458 T kAT
M, LA 16 FEEE R AR Y 3l LASS 20 VR
X BAT A 534, 1Lt IR SAHC RS, UL 3 %
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R O 22 ()2 vk 56 R R 1.
35 WBEEMERE

HEBRFRI 18 I SI IR A Y51 2.0 g [APERR S AE AR
&, AR L & 3 AN E KT A AR R SE G,
ANWRBEEAEHEAT 6 FATEAE, FEMAABRI AT, LALIE,
W E LSS 3. 16 FhEE 225 W58 65 1 - 25 [ i %y
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T LHRMERR; 20 Z2IRER; 30 HUPEVE; 40 SRR 50 BYDBEPE; 6 MRMLGEE; 7 S 8: WEILIE; 91 RNHR; 100 ZIENER; 11: BiHL
WRRE; 12: BUFLURE; 13: PT6E P 2L e 14 SUURNERE; 15: SRFIZ; 16: A7) 5%k
Pl 1 HLB A, MCX FEHI WCX FEXF S0 G i 26 6) [0 (9 52 7] (n=6)
Fig.l1 Effects of HLB, MCX and WCX columns on the absolute recoveries of 16 sedative residues (n=6)
F3 16 MEEBFINEITSE, HXEHK. RHR. EWEMENIREREN=6)

Table 3 The regression equations, correlation coefficients (r), LODs, recoveries and RSDs of 16 kinds of sedative residues (n=6)

1% h [+

oty AIER g ¢ LOD Y % RsD WMcE RsD  EMCE  RsD
(ng/L) (ng/kg)  /(pg/kg) o 1% o % o 1%

DR e 1.0~10  Y=133.8X-1282 0.995 0.3 1,4,8 103.8 1.5 96.1 4.1 94.4 0.9
B MRl 1.0~10  Y=3102X-12.5  0.998 0.3 1,4,8 92.0 49 99.9 1.8 98.5 0.6
HpE L 0.1~10  Y=607.3X+266.7 0.996  0.03 0.1,1,5 93.3 55 98.3 7.5 100.4 0.8
S 1.0~10  Y=57.31X-63.44 0.996 0.3 1,4,8 114.0 1.6 98.1 2.0 98.2 0.7
HYL PP 2.0~20 Y=7.427X-8.894 0.997 0.7 2,10,15  95.1 5.9 99.8 5.5 99.5 0.8
TR 2 0.1~10  Y=106.2X+5.551 0.996  0.03 0.1,1,5 93.3 5.5 100.8 5.5 99.73 1.0
AAF 2.0~20 Y=6.210X-9.509  0.998 0.7 2,10,15 925 43 104.8 5.4 100.4 0.8
T L AE 0.1~10  Y=379.6X-23.84 0.998  0.03 0.1,1,5 98.3 4.1 89.7 43 100.5 0.8
AN 0.1~10  Y=1238X-33.18 0.995  0.03 0.1,1,5 96.7 53 107.5 1.6 100.4 0.6
N % 1.0~10  Y=871.2X-486.3  0.998 0.3 1,4,8 97.8 52 100.2 1.7 97.9 1.1
B LR [ 2.0~20 Y=67.23X-75.96  0.995 0.7 2,10,15  100.0 52 100.6 4.9 94.8 1.0
BT FLR it 1.0~10  Y=379.1X-348.5 0.998 0.3 1,4,8 106.0 2.2 99.3 1.7 97.2 1.2
I = AL EE  1.0~10  Y=803.0X-102.6  0.997 0.3 1,4,8 98.7 23 100.4 22 99.5 0.4
TR IE B 0.1~10  Y=850.0X+1328 0.996  0.03 0.1,1,5 96.7 16.9 103.0 2.0 100.6 0.9
FIRF = 0.1~10  Y=546.9X+5.342 0.995  0.03 0.1,1,5 933 5.5 1052 26 99.3 1.0

SN 1.0~10 Y=145.7X-0.8069 0.996 0.3

1,4,8 92.0 4.6 99.2 23 99.8 0.7
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Fig.2 Comparison of retention time of chloroazide in methanol (A, B) and beef matrix (C, D)
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Fig.3 TIC diagrams for mixed standard solutions of 16 sedative residues
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