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ABSTRACT: Objective To establish a rapid detection method for the simultaneous determination of 24 kinds of

veterinary drug residues in pork by QUuUEChERS technique combined with ultra performance liquid
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chromatography-tandem triple quadrupole mass spectrometry (UPLC-MS/MS). Methods

The samples were

extracted with acidified acetonitrile, salted out by 3 g magnesium sulfate anhydrous and 2 g C;3 E, separated by

Thermo-Fisher Hypersil GOLD aQ chromatographic column (50 mmx2.1 mm, 1.9 um) via gradient elution of

acetonitrile and 0.1% formic acid aqueous solution. The gradient elution of acetonitrile and 0.1% formic acid in

aqueous solution was performed in the mode of electrospray positive ion scanning. Results The linear relationship

of 24 kinds of veterinary drugs was good, and the correlation coefficients were greater than 0.9910, and the detection

limit ranged from 0.2—-10.0 pg/kg. The spiked recoveries varied between 70.2%—110.3%, and the relative standard

deviations were 1.2%-13.8%. Conclusion The method is simple, rapid, accurate, practical, and suitable for

detection of multiple veterinary drug residues in pork.

KEY WORDS: QuEChERS; pretreatment technology; ultra performance liquid chromatography-tandem mass

spectrometry; matrix effect; multiple veterinary drug residue

0 35

T EZE NIRRT, HESFHIRE, B
7 S B E, S T B Sh B . s & 7
Jo ik, R 2 ORI A A 4 ) AT
AEZ . BT, 2 EX S bh B2 5k BRI 0
RER T LA AR B E, — AR T 2B
PERCSS, FESRREM AT, W1, R, gy — RS g
), R, MERRTER . SRR H A3
PEE St b Z 2GR B RN A ik, Wb A R
MBS 2 S

TR HTAL IR R TS R R,
2% ARG I I 1 22 B A7), QUEChERS Aif &b #i 4%
ARAE Sy —Fh 2 B FT AL BLER, )8 T T R B A 25 5%
ARG, PR | AT IR M RSO S b
Hi3a FIF I T8 K5 v 2 R 2 G I e T g
WA I3, H TR 2 ik aE #O= [F — 280k &
PRl A, (EAN R RD R A B2 (RS . ek, K
BRI, HUREESS, PUAF A HUR AU )R] A6 I (1
CAERCH L

YT, AWF5EHEET QuEChERS FAbFRHE AR, 454
A TR TR £33 R BB = B PUAR AT 3% (ultra performance
liquid chromatography-tandem triple quadrupole mass
spectrometry, UPLC-MS/MS), L& A6, 14k 2B

F, 0 E B KR SO, R AN TR A 7R B A ROR
Lo B JFORAONE, LA O 2 24 24 5 B DR ARG A R A —
H‘J%%C
1 MR5RZE
L1 RS RF

B AR AR AR BT RO BT )

il

Mg, W, Foki(migal, f8E Merck AF]); H
MR (54, T5EE CNW 2nl); JoKBRREN . Sk, Jok
WREREE[ e, PN T.EERNA AR, Cix E B
(3£ E Welch /A +l); ODS Cig #i. & ZM&-N-T§ 3 ff b
(primary secondary amine, PSA)( 3& [E Agela /A #]),
QuEChERS dSPE EMR-Lipid &g /3 B b fu (36 [ 2258
BHEA R .

Fek 2 A (tilmicosin, TIL)(4EEE 80.71%) . # 7) £-D5
(norfloxacin-D5, NOR-D5)( 4l & 80.40%) . ¥ $i V> 2
(sarafloxacin, SAR) . 4:WI%EHE(amantadine, AMA). 4|2
B¢ (rimantadine, RIM) . ¥/ N ¥ A -D8 (ciprofloxacin,
CIP-D8). Eifi¥bE-D5 (enrofloxacin-D5, ENR-D5). %R
b 5L -DS[2 W K% (BePure)- B i 28 1 Hi (X S BE & A BR A T
itk Ji 7] — A 45 0E-D6 (sulfadimethoxine-D6, SDT-D6). fiff
J 4k — F 48 M50 -D3 (sulfadoxine, SDX-D3)(##E WITEGA
D), 4 MBERE-D15 (amantadine-D15, AMA-D15)(_Fifg%
WA R B AR A ), 4 & R -13C2
(erythromycin-13C2, ERY-13C2)(®k 7% SIGMA-ALDRICH 2
A)), HAy 21 ARk ATEE DR. Ehrenstorfer /2],
Al =92%,

12 UFE5EE

TSQ Endura = PO AT H BB . Ultimate 3000
B SO A 27542 . Thermo-Fisher Hypersil GOLD aQ it
(50 mmx 2.1 mm, 1.9 um)(3<[E Thermo Fisher Scientific ¢
#]); VORTEX GENIUS3 iR g {{ (T8 [E IKA 23 7)); Milli-Q 42
B 3h o 4l K ML (% B Millipore 2 # ); SQP
(PRACTUMG612-ICN) H F K F (¥ & 001 g .
MSE225P-ICE-DU % Hi - K- (K5 & 0.01 mg)(4 [ Sartorius
45#)); Sin-QUEChERS Nano #-255% /1 43 #1i4+fb A . m-PFC
mEEBESRAE(EERAEREARERAA)
QuEChERS-HF ¥tk (T g A @ BB A BR A D).



88 B dn 2 4 R R I A 4R

%16 &

1.3 ZWFE
1.3.1 EikBE

A3 AR BGE BEARAE S, EEEC AR | mg/mL B4R
AW, WERA RS B — 2 B ISR ERR AW, D I e bk
1 pg/mL PIRAARE TAER, BUFBIEL; [FmH N ds T
YEW
1.3.2 #emaras

FREUERTIRY 5 g(REHAZE 0.01 g)F 50 mL .08,
JOA 2 mL ZJEMAIE S BE; A 10 mL 0.1%F R 405, 3 ¢
TC/KBRBRSH, INTEIAE 1 min, B 5 min, 8000 r/min E5.0»
5 min; B AZEEEUR T 2 g Cs E b, #7S
5 min, 4000 r/min &.0> 3 min; HEFFEIS mL F iR T AWK
B, 40 CARET, F 20%HEE-K(VNEAEZE 1 mL,
WIE, 1 0.22 um A HLUEME, ft UPLC-MS/MS MI%E
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14.1 &iEfu

{67%4F:: Thermo-Fisher Hypersil GOLD aQ {jif:(50 mmx
2.1 mm, 1.9 um); #:7f: 40 °C; #i#: 0.4 mL/min; FEAEAR
5 pL; MBI A: 0.1%H BRKIETR, WaltH B: LIE, B
VEBFEFE: 0~0.5 min, 90% A, 10% B; 0.5~3.0 min, 90%
A~10% A, 10% B~90% B; 3.0~4.0 min, 10% A, 90% B;
4.1~5.0 min, 90% A, 10% B,
142 Figdktt

B B R, EE R, BIE R
3500 V; WSS 45, BRI 13; WRHES: 2, BAEREE
FE: 350 °C; ZEKIREE: 300 °C; fffE Sk S1: WX 2 mTorr;
Q1 FUgYE: 0.7 Da; Q3 FU5TE: 0.7 Da; FHIBIX: £ 0
W, 24 FEZ BHESEOLE 1.
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Table 1 Retention time and mass spectrometry parameters for each veterinary drug

o= LAWHT R mn EE T FETmE) R W‘f\?’%
1 Tiff iz F BL 1 1% (sulfamerazine, SMR) 1.29 265.0 156.0%,172.0 17.1,17.1 108
2 ik 4z FP S (sulfamethoxazole, SMZ) 2.35 254.0 156.0%,108.2 16.6,25.0 105
3 fifi i — FF 5 E (sulfamethazine, SDM) 1.80 279.1 186.1%,124.2 17.6,25.6 116
4 SDT 2.61 311.1 156.1%,1082  21.6,29.6 118
5 Tith i 6] FP 48 % 0 (sul famonomethoxine, SMM) 220 281.1 156.1%,215.1 18.6,16.0 111
6 Tk e WA IE (sulfadiazine, SDZ) 0.94 251.1 156.0%,108.2 15.6,24.6 93
7 Tigh e Ak (sulfachinoxalin, SQX) 2.62 301.1 156.1%,108.2 17.1,26.1 116
8 SDX 2.36 311.1 156.0%,108.1 18.6,26.6 119
9 fitf e A %8 (sulfachlorpyridazine, SCP) 222 285.0 156.0%,108.3 15.6,25.1 96
10 CIP 2.01 332.1 288.1%,245.1 18.1,26.6 140
11 ENR 2.15 360.2 316.2%,245.1 19.6,29.6 146
12 %2570 2 (lomefloxacin, LOM) 2.11 3522 265.1%308.1  22.0,16.0 150
13 NOR 1.92 320.1 276.2%,233.1 17.6,15.0 139
14 S J D 5L (ofloxacin, OFL) 1.94 362.2 318.3%,261.2 18.0,27.0 150
15 B9 L (pefloxacin, PEF) 1.97 3343 290.1%,233.1 16.0,15.0 142
16 SAR 2.29 386.1 342.1%,299.1 19.1,27.6 153
17 ERY 2.70 734.4 576.3%,158.1 15.3,30.1 204
18 KAl 55 Z (lincomycin, LIN) 1.20 407.1 126.1%,359.1 23.3,15.1 153
19 % 4145 % (roxithromycin, ROX) 2.92 837.4 679.5%,158.2 16.9,36.4 214
20 TIL 2.57 869.4 696.5%,174.0  37.9,41.4 298
21 AMA 1.78 152.2 135.1%,93.2 15.0,25.5 77
22 RIM 2.49 180.2 163.2%,81.2 12.6,19.9 87
23 ZETiEk I (levamisole, LEV) 1.10 205.1 178.1%,91.1 20.1,37.7 101
24 4 540 i (metoclopramide, MET) 2.13 300.1 184.0%,212.0 31.3,30.4 121
25 SDT-Dj 2.60 317.1 156.0 183 168
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26 SDX-D; 2.35 314.1 156.0 15.7 146
27 CIP-Dg 2.01 340.1 296.2 15.7 146
28 ENR-D; 2.15 365.1 321.1 18.4 157
29 NOR-D;s 1.91 325.1 307.1 20.4 138
30 ERY-"C, 2.70 736.4 160.1 31.1 199
31 AMA-D;; 1.71 1673 150.2 157 78
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Fig.l1 Recovery of different kinds of veterinary drugs in 5 kinds of
extraction solvents
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MALs 25 #2514 0.1%H iR Z I VE MR BUE FI R, [l
B0 R T (P<0.05)HAth 4 FPHREGA . MLAs 255252 HL
BOBRARICN: 0.1%F 1 ZNE>1.0% PR 2 5>0.5% M R 2>
>R R - FoAth 4 FHEZGTE 0.1% R LI . 0.5% R
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WL RE 0.1% M H IR 25 A 24 Fh e 25 3REBUA

®2 TRIEANWEHTE 5 MREUETAIRIVEHRF
Table 2 Order of extraction efficiency of different kinds of
veterinary drugs in 5 kinds of extraction solvents
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B, ARWFFEHELET NaCl, Jo/K Na,SO,. Jo/K MgSO0, 15k
ARBCR, Wk 2, W& 2 AIA SAs 288251 NaCl #IJeK
Na,SO, 1E R BRI, I W2 22 5 (P>0.05), A&
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PCRMR R 16.40%%2.22%, FIAEMIEIAJE QNs 5T Mg
B AY, AAIZEI ., MALs 258825 JG/K Na,SO4 1
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MALs 28825 L JE/K NaCl B /K BT, ERY A LIN [B[1%
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Fig.2 Effects of 3 kinds of dehydrating agents on the recovery of
different types of veterinary drugs
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Fig.3 Effects of anhydrous Na,SO4 dosage on recovery of different
kinds of veterinary drugs
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Fig.4 Effects of 4 kinds of purifying agents on the recovery of
different types of veterinary drugs
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Fig.5 Effects of Cis E dosage on recovery of different classes of
veterinary drugs
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Fig.6 Effects of 4 kinds of mixed purifying agents on recovery rates
of different classes of veterinary drugs

2.3.3  QuEChERS #HbAE i fb 5CR H

QuEChERS b 2 I JLAE 12 5 Ab 57 A L il 1 2%
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M 7 AT, SAs Zeia2h | HoAth 4 FhE 25 LA m-PFC &2
U8 AT e Ak B, Wi i 25 % T Sin-QuEChERS
Nano #2555 B 3 Hridrfb k£ (P<0.05) . QUEChERS-HF ¥k
FE. QNs 2525 K MALs 85825 L m-PFC = g i
fb#E 5 QUEChERS-HF bt e fbit, IR IE B2 2 7
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FRER A A At . i QUEChERS LA HESE m-PFC &/l
B bl Y



92 B dn 2 4 R R I A 4R

OSAs EQNs B MALs O HiAth

a

90
80 a
70

o
= >

60 | b
50 ¢ b
40 |
30 }

TR %

10 }

Sin-QuEChERS m-PFCH I

Nano

QuEChERS-HF

QuEChERSH¥HEA: RN

€7 3 Fill QUEChERS WAL A Ao AN 7] 24 i £4-2% i1 [l e < 5
Fig.7 Effects of 3 kinds of QUEChERS purification columns on the
recovery of different classes of veterinary drugs

DL HR AR, S b BOR BRI : 2 g Cis E.
QuEChERS dSPE EMR-Lipid B I§ 43804+ b 2 . m-PFC &
N2 U8 v A i 5 B T I R SRR LA T Y
FETTRON, PERESE AN /S B Ay SR AR R B4 1Y
E IR S
234 RREAEA IR AOS R

e AT 2 W BRHAE i T Ak BT O B R A AR, AN
[ B Al SR TR AR — R, Hage b 5 B 5L BN,
WA A —FE2S30 . ME ZE220%2 [l i, k55 38 B,
FEART L ZBE AT ME 3 Bl 7E+£20%~+50%0F, b rh 2t
TN ; ME<—-50%8 ME>50%H, i 5 [ 410 ] a0 5L o
B TSN B, R T A S A T S A R R

AL T 24 FpE 254540 BRI [R5 40 5 ik
JFi(2g Cis E. m-PFC A5 ZS B uE 5 {LAE . QUEChERS dSPE
EMR-Lipid BRIR/BUAAL) LTk, K 8 @R T 24
T2 7E 4 FASTRgAE 20T L RO /3 A i . A
8 AT, Wik A BT B 0 B AN 1 2 H,
S5 B O A0 AR5 T AN 1R 2 85 L BH S 1EEH 3 R
HeAk Jr I REAA RO BT TR XS R A e, A
YHMiE, 2 g Cig B AUSCREML, HEIL TS S 25 H
215 ), #ILFOY B ZEE @ . nTREERE
AL TR SH KA . |ARK . Igiimgid:
FEYIT, Cig E 2B/ A0 I e B S A AR, X
AL A B PRE RRE, SR Z A VLEE R,
SRR TR AR R i A s T AL 2 Pk K
LG AL RCR L TR0 P EL B, AR R IIFSS te ik 4% 2 ¢
Cis EfE AR
235 24 #EHERGREEER

24 FpE AR A B TR T E 9 iR

%164

16 o5 o mig

14

12
% 10
]
R
g6

4

2

0

Josk#l  2gC,E  QuEChERS m-PFCREE%
dSPE EMR-Lipie
NG v

B8 4 FORREIGAL T T 24 P2 i 3 Sk 234 18
Fig.8 Matrix effect distribution of 24 kinds of veterinary drugs
under 4 kinds of different purification methods

100 2.14 215
90 2.28 2.58

M JO7 345 5
3

0 05 10 1.5 20 25 3.0
{4 B4 HsF 8] /min

35 40 45 50

9 24 P EBRER LS B TR A
Fig.9 Total ion flow diagram of the standard solutions of
24 kinds of veterinary drugs

24 FEFWIE
241 AMXZR, BEBEREEER

24 FE 2GR R B L 2 ) 2 R AR R,
IR B 0.9910~0.9987 Z [H], 5 HiFR(limit of detection,
LOD)7E 0.20~10.00 pg/kg 2 [8] . 24 Fi-E 245765 A B4R il
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RS, CIP K 2K 6.02%, ENR #H2H 27.7%,
SMM K ik 2.41%, NEREFEN 1.81%, HEILE S, HA;b

BRI AR I . HARRARAT]
£33 BEAD 24TELREMSIE. ZMSEE. HXEHK. LODs & LOQs

Table 3 Linear equation, linear range, correlation coefficient, LODs and LOQs for 24 kinds of
veterinary drugs in pork

B, TESRAE

254

WFEH, QNs M H HIPTER, 78
AFEBREET . Fb . AR, DRIEE AR R b

Wi

FErp, RLXTX BT

=] LR LALFEE/(ng/mL)  HFERE) LODs/(pg/kg) LOQs/(ng/kg)
SMR Y=9426X+3552 2.0~200.0 0.9974 1.50 4.50
SMz Y=3459X-2880 2.0~200.0 0.9952 1.50 4.50
SDM Y=28050X+26130 1.0~100.0 0.9977 0.50 1.50
SDT Y=0.05514X-0.03152 5.0~500.0 0.9959 3.75 11.25
SMM Y=4368X+1465 2.0~200.0 0.9962 1.00 3.00
SDz Y=7080X-1290 2.0~200.0 0.9966 1.00 3.00
SQX Y=5209X+7109 2.0~200.0 0.9950 1.50 4.50
SDX Y=0.01824X+0.006095 1.0~100.0 0.9974 0.35 1.05
SCP Y=4943X+2716 2.0~200.0 0.9961 1.25 3.75
CIP Y=0.01907X-0.001773 2.0~200.0 0.9949 1.50 4.50
ENR ¥Y=0.0167X+0.01084 1.0~100.0 0.9968 0.40 1.20
LOM Y=15670X-10420 1.0~100.0 0.9940 0.50 1.50
NOR Y=0.02841+0.01053 5.0~500.0 0.9938 3.00 9.00
OFL Y=17300X-18420 2.0~200.0 0.9922 1.00 3.00
PEF Y=14980X-15360 2.0~200.0 0.9914 1.00 3.00
SAR Y=7766X-10900 2.0~200.0 0.9941 1.50 4.50
ERY Y=0.06472X+0.129 10.0~500.0 0.9910 5.00 15.00
LIN Y=44850X+1301 1.0~100.0 0.9975 0.50 1.50
ROX Y=28960X+27330 2.0~200.0 0.9954 1.25 3.75
TIL Y=5831X+2852 10.0~500.0 0.9974 10.00 30.00
AMA ¥Y=0.01712X+0.009924 2.0~200.0 0.9974 1.50 4.50
RIM Y=45670X+8737 2.0~200.0 0.9983 1.50 4.50
LEV Y=36910X-7324 1.0~100.0 0.9979 0.50 1.50
MET Y=36080X+19560 0.5~50.0 0.9987 0.20 0.60
F 4 EAR 24 MEBEENEEE(0=6)
Table 4 Recovery and precision of 24 kinds of veterinary drugs in pork (n=6)
2 AR K/ (ng/ke) jﬁig/'f/:qﬁzz RSDs/% 2l AR K/ (ng/ke) jﬁig/'f/:qﬁzz RSDs/%
5 81.4 24 9 109.9 4.1
SMR 10 78.0 5.0 NOR 18 922 5.8
50 84.8 3.0 90 108.7 5.0
5 87.0 8.6 3 76.2 8.0
SMZ 10 75.2 7.4 OFL 6 76.7 8.7
50 78.0 4.2 30 73.9 53
71.0 5.5 3 76.7 7.7
SDM 74.8 6.2 PEF 6 77.8 7.8
20 82.7 6.3 30 77.8 6.5
11 97.4 34 5 70.4 3.5
SDT 22 100.5 34 SAR 10 70.2 8.0
110 105.8 1.6 50 76.4 1.2
3 74.6 5.6 15 90.3 6.2
SMM 6 73.6 5.5 ERY 30 98.7 8.4
30 77.2 10.8 150 90.4 10.9
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=A%)
=] TR /(ug/kg) Trﬂjfl/ e RSDs/% B HFRKF-/(ug/kg) $ﬂJE1/ e RSDs/%
o o
3 87.5 12.2 2 75.9 2.9
SDZ 6 80.7 5.9 LIN 4 76.7 1.6
30 87.1 3.5 20 72.3 3.9
5 78.5 1.5 4 74.3 4.4
SQX 10 73.6 7.7 ROX 8 71.6 53
50 82.1 2.2 40 71.6 1.4
1 102.6 7.4 30 71.1 7.7
SDX 2 98.5 13.8 TIL 60 70.6 3.8
10 108.9 4.5 300 80.5 7.8
4 72.6 3.7 5 108.6 8.7
SCP 8 78.2 7.3 AMA 10 102.6 11.0
40 74.1 9.8 50 107.3 4.8
5 91.7 4.8 5 72.4 7.0
CIP 10 109.1 2.6 RIM 10 72.8 4.5
50 110.3 4.2 50 75.5 7.3
1 104.0 5.1 2 71.5 7.6
ENR 2 108.3 8.8 LEV 4 78.3 6.5
10 106.9 3.3 20 74.3 5.6
78.1 4.9 1 70.9 6.5
LOM 4 72.7 10.6 MET 2 74.0 9.5
20 79.3 4.2 10 72.8 7.2
#5 HEBRBERTEHERERNER(ug/ky)
Table 5 Test results of veterinary drug residues in commercially available pork samples (ng/kg)
RS CIP ENR SMM [FEE R CIP ENR SMM
2024001 / 96.10 / 2024093 / 45.60 /
2024006 / 23.50 / 2024097 / 12.50 /
2024010 / 8.31 / 2024099 8.46 63.10 /
2024015 27.30 267.00 / 2024101 / 77.10 /
2024019 / 12.50 18.2 2024103 9.12 68.20 /
2024023 / 76.30 / 2024106 / 23.10 /
2024027 / 21.40 / 2024110 / 9.25 87.30
2024034 / 6.21 / 2024113 / 5.56 /
2024040 / 54.10 / 2024117 / 41.00 /
2024041 / 61.00 / 2024121 5.12 21.50 /
2024049 35.80 38.8x10° / 2024124 / 42.60 /
2024053 / 12.00 / 2024125 / 8.11 /
2024060 / 9.32 / 2024131 / 33.20 /
2024067 / 5.08 / 2024135 / 18.50 /
2024069 / 12.40 / 2024140 12.00 491.00 24.10
2024072 / 13.50 / 2024144 / 6.12 /
2024075 10.10 34.60 56.3 2024147 / 6.50 /
2024078 / 95.10 / 2024152 / 14.20 /
2024080 / 10.60 / 2024155 / 12.00 /
2024081 / 21.30 / 2024157 / 9.91 /
2024086 / 16.10 / 2024161 6.03 35.60 /
2024089 / 20.10 / 2024162 / 24.80 /
2024091 6.11 74.60 / 2024164 10.12 55.90 /

TE: PIARK
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