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Simultaneous determination of 27 kinds of veterinary drugs and their
metabolites in swine meat by liquid chromatography-tandem mass
spectrometry with solid phase extraction
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ABSTRACT: Objective To establish a simple and fast analytical method for simultaneous determination of
residues of 27 kinds of veterinary drugs (sulfonamides, quinolones, and benzimidazoles) and their metabolites in
swine meat by liquid chromatography-tandem mass spectrometry with solid phase extraction. Methods The
homogenized meat samples were extracted with 80% acetonitrile solution. After extraction, a solid phase extraction
procedure was carried out with EMR-Lipid cartridge without activation procedure. Then, the effluent was collected
and directly used for chromatographic separation on an ACQUITY UPLC HSS T3 column with a gradient elution of
0.1% formic acid in water with 5 mmol/L ammonium acetate/acetonitrile. The compounds were monitored in

electrospray positive ion mode and quantified by internal standard method. Results Good linear relationship had
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been obtained ranging from 0.075 to 50.000 pug/L for the 27 kinds of veterinary drugs and their metabolites, and the

correlation coefficients (r*) were higher than 0.9980. The limits of detection and quantification were 0.06-0.30 pg/kg

and 0.20-1.00 pg/kg, respectively. The average recoveries of 27 kinds of veterinary drugs and metabolites were

88.5%—-104.0% and the relative standard deviations were 2.6%—8.0% at the concentrations of 1.0, 10.0 and 100.0 pg/kg.

Conclusion The method has high accuracy and sensitivity, simple and fast pre-treatment, and is suitable for the

simultaneous analysis of sulfonamides, quinolones and benzimidazoles in swine meat.

KEY WORDS: swine meat; sulfonamides; quinolones; benzimidazoles; solid phase extraction; liquid

chromatography-tandem mass spectrometry
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2.1 mm, 1.8 pm)@i%A: (35 R Waters 23 F]); Sigma 3K15 &
P EOHL(SEE Sigma 2 F]); Ultra-Tyrrax T25 BRI ii#s |
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FRAESTRECH]: B FRE RS 10 me, FHHERA
fEFFREZST 100 mL A, B BUTTERHEE N 100 pg/mL 1)
PRER#AIR, —18 CCLATRAFE ] 23 ml R RS IBUE brifEfif
W, FR SR SREICAL 2.0 pg/mL AYIRARIEE R
1.0 pg/mL FIR-E APIPREIG MERRSIUR GBI . TRG
PRI B, 1 0.1%HIRRIFIR(ES 5 mmol/L ZIRER) ZIEHCH]
JEERHEH 0.075, 0.150, 0.500, 2.500. 10.000 F1 50.000 pg/L,
PRSI N 2.5 ng/L B FRIIARIE T AR

0.5 mol/L ZEREIR: MERIFRELZ iR 3.85 g, /K
PIBIEFRTEZE 100 mL.0.1% FH BRIA W MERRSBUH R | mL,
TR EAZE 1000 mL, 0.1%H BRI (7 5 mmol/L Z
R 4%): MEFIASEUH Z 1 mL A1 0.5 mol/L Z FREX VAR 10 mL,
FHKFRBEAZ 1000 mL, 80%Z IR HEMBIZ I
800 mL, FA/KHifEEZ £ 1000 mL.
122 #Hdmegaras

TERRFRBORAE 5 gCRHI 2 0.01 g) T 50 mL .04,

JIA 100 uL ¥R-A AR, K5 A 10 mL 80%Z iFW
W, FXFESLL 10000 r/min DL FAHE BER TR 1 min, FLU
8000 r/min B.0> 2 min, BH FIEW 4 mL Ll 1~2 mL/min
MR E S EMR-Lipid FAHZEBUNME, WEESHR, RS,
HETIAL I 0.25 mL 1 HE R 0.1% F BRVE (& 5 mmol/L 2,
FREOFREZE 1.0 mL, WHEIRST, 0.22 wm JEREEUE, EHL
5317 o

123 BBEH

K Acquity UPLC HSS T3 (100 mmx2.1 mm, 1.8 um)
AYES, MBI A MR 0.1%H RV T (% 5 mmol/L ZFREL),
B M ZHE; HHIR 40 °C; HERERL 10 pLo BB UEMRR T
0~2.0 min, 80% A; 2.0~8.0 min, 80%~40% A; 8.0~8.1 min,
40%~5% A; 8.1~10.0 min, 5% A; 10~10.1 min, 5%~80% A;
10.1~13 min, 80% A.

Ji S WSS B OE B TR £ R N
(multiple reaction monitoring, MRM); B HJE: 1.5 kV;
BRI EE: 150 °C; Bl <k E: 500 °C; HEFLiE:
50 L/h; JBEAFIACHE: 1000 Lih; fFHERHLE: 650 V;
RS W IS A LR L.

*1 BRCEYRNRERE, Bt EEBFMEES

Table 1 Retention times, qualitative ion pairs, quantitative ion pairs and collision energy of target compounds
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ik e WA R b -2 C . 6.16 307.1>162.1 16 AR A-D;s 1.65 365.0>261.3 30
T g BEME D, 1.72 260.0>96.0 25 KD 5L-Ds 1.69 339.1>295.2 19
ik e — T B E-Cg 2.76 285.2>186.1 14 %S -Ds 1.99 357.3>270.2 20
i g ] FPY A e - C 3.65 287.0>97.9 35 SRR IE-1C 4.06 244.2>83.2 30
ik e T e -3 C 4.80 260.0>162.1 15 B35 18- D 7.68 269.3>234.0 20
T e g - C 1.71 257.0>98.0 27 FAR M -Dy 7.51 317.1>282.2 24
TR JHe 405 — Y AU A IE -D5 4.61 314.1>156.0 18 2- 5 FE GO k- C 4.79 262.1>129.0 25
By 242 35 AR - D 5.11 301.0>224.0 28 FH 2R DK -Dy 7.12 299.1>264.1 20
] 24 15 W I - D 2.98 285.1>208.0 23 5k F R R e - Dy 4.75 301.1>266.2 20

B 24 15 W -2 - L - D5 1.38 243.2>133.0 25
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B R MassLynx FCPEHETSRAE AL IR, oljicse | A
XA o 25 FbR o i 2 2t AR AT Excel 2010 SEFTALEE,
F£43 518 F Word 2010 1 Excel 2010 #1726k 1 2241

TR SR R I DG A v V5 YR b o pY 2R PR 5 7%
TR o o 8 YA U 2R AR B R AT PR HR A T
0.8~1.2 FRILFRV AR, T 1.2 F£an A ] AL
SR, KT 0.8 FRo A I I o 4 ) 200
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2.1 UBEFHHML

BV RIS % K 2 SCHR A IR 2 | B U N ke
MR 2P TERRYE 25 1F TS IR A A ife g i [M+H]', [
I R FH PR IE 5% TF B B CalE A7 W P20 Ak 5 LA
0.1%H PRV RS BEICH) 1.0 pg/mL & BAFRFRIER, FEF)
FIALES A7t Intellistart BT T B A R0AL, Tifb)m
M ST SR PR IR 1.

Xt FIRAR 38 55, ABFSEFIA Acquity UPLC HSS
T3 EREFEAELL 0.1% FH BRIEW . 0.1% H FRIE MR (% 5 mmol/L
ZREE) N 0.1% P BRI W (7 20 mmol/L Z R %%k) 53 HIAE R 7k
M, IR RS FIVE DA HUAE A R XX 3 2254 3L
AR 10 1AW SO 588 P AT 1SS o ST R A X B AT T
KW ME RIS 25 L B 6 Rl I ks 2k 2 4y Fif it
Y1, 0.1% P RV (F 5 mmol/L ZBRER)WE AR I i 1o 5
FE B, TN R E 20 0.1% FF BRIAVRFN 0.1% FF BRIA (&
20 mmol/L Z BR %) 53 HIAE A A FH A i 1o 5 5 () 1.3~4.7 F5 0
1.5~9.0 fif; ZEHRIFEEA AIAE A A LA S b o 17 S )8,
M 3 3 22 52459 E 30% AN . 31X HOU A Acquity

BEH Cg (il (e Ak T sh AR 5T 45 R A — B, TRk A
IO A SRR SR 0.1% BRI (S 5 mmol/L 2R
) BN 0.1% FF ERIE (5 mmol/L £ BRER)/FH I . % &
BN ZEVE A HUAR 5420 I S AR X 5 P I i 5 85 A XoF
B2 R EAR X 22, 0.1% BRI (& 5 mmol/L Z,
M2 54 ) L W L R AR S IR Bl A
22 REEHFSMK

X T 1 2 22 B B A3 T O ik, BRI R
K ZHEP S 20 R A R AR R
TR 25 R P S IR HE TR T B D 2] 25 A 80% 2 BV TR
MBI T TRFSE . BRI R 5 g, $RBURIART 10 mL,
1 RARE, S5RPEULAE 1o A 1 Fml L, B/ 2y (K
TRME | T SR | SR R IR IR | R e A B R A
MY, 80% Nt VA B AR BUHCR (CF 3 46 5% [BICR A 77.6%)
TT ZIE IR BUSUR CE 248 5 BISCR N 72.4%) % JE B 3%
FT L KA R AL R AR L E i, & 80% 4
i VST M A S BB
23 ABUEHFSMRK

F % EL S 25 EMR-Lipid /ME AL e, 5256 )
FHHE A ZS FARE SR 48 80% NG T B BUS I ABR HEZ T 7
R TAFAFREEER M (2.0 mL, 4.0 mL FI4FRIEEE)
REAE ISR B . DFFR AR R, 2.0 mL SRR LA 4R
SVD A BT R A ST R A 4% B CR R T 82%,
IXATRESE f T/ NVEX 3 Ry ms A Wi, AR T T
IR A 4 X RN I TE 91.5%~104.8% 2 7] o S {fiib ik AT
ISR el D s FE TR, AR AR E ) 4.0 mL. 52
AITEAREET) ABFSE E S 9 EMR-Lipid i HE4 k7 vk
T G AR, FARETEACR 3 min A4, ZE LS
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Fig.1 Fortified experimental results with blank pork samples under different extraction solution (n=3)

B 31 RE 2E B 2 g, ) B, b 3 1 7 Bk S B 0
S QUEChERS 7711202 e fin f 2.

2.4 ERMN

RIOAL SRR T, A 27 b K A W e
0.075~50.000 pg/L I [l PN 110 37 350 o 7 12 S0 R 5 I DL i ot
WEVETRAEAT T o0 HT, JRAMRIE A T i, [l k25 8 SE
AR Xof 5 JOT DTG e s S R A 1 TR AR 2R SR B v T
PR LR BRI DT T B e AW el
16 0.82~1.09 Z[H], FMARJRRON 5T, i ik
LR BT

2.5 FHAEFWIE
251 ZHMETEEH

X 1.2.1 FCHIARIE RS TAEE A 7401, LA B ARk
B 0 R 2 S X 06 1T AR A R PN AR ) (T e — PR S
SR P e 48 — F AU M e - D5 i ke P W o | i e P G
Mt e TR i S ik Vg SR P Tk i ) — H AR -Ds E B )OS 1
Xof U TR R AR A DA AR R (YY), s T AR T ek VA 32 R B AR (X,
pg/L), hibRiEdiZe, 25R RN 2, SR ER, 27 Y
R AR YITE 0.075~50.000 pg/L T N Ltk RLAF, A6
FH(r)HITE 0.9980 LU F

#2 BIRMCAYNEMESEFHEXAER

Table 2 Linear equations and correlation coefficients of target compounds

a=L/EA LM HHIE R E(r) a=L/EA LM B3 ()
T fiie — Y S5 e Y=0.1485%X+0.0074 0.9993 AR Y=0.4939X+0.0039 0.9988
it frg o e Y=0.8342X+0.0145 0.9987 Wi b 2 Y=0.4899X+0.0045 0.9990
Tk Ji 1] HF 4 e i Y=0.8699X+0.0175 0.9990 KR Y=0.5336%+0.0078 0.9986
ik e F e Y=0.4598%+0.0039 0.9985 KR R Y=0.4378%+0.0028 0.9989
itk iz F 1 — s Y=0.3848X+0.0016 0.9992 2 3k s Y=0.7660X+0.0069 0.9990
it file — FH g i Y=0.5640X+0.0087 0.9994 ] 24 K A AR Y=1.4147X+0.0238 0.9987
it frle FR L i Y=0.7030%+0.0057 0.9986 ] 2% 25 T I AR, Y=1.1185X+0.0070 0.9994
T e 400 — Y S i e Y=0.5537X+0.0036 0.9987 o] 2 K e -2 - e BN Y=0.5611X+0.0040 0.9989
i e v e Y=0.4735X+0.0042 0.9996 FH 2R o Y=1.4327X+0.0073 0.9992
itk Joe SRk R Y=0.3756X+0.0069 0.9987 5-F2 3 PRk mg Y=1.6217X+0.0261 0.9991
it fg e I bl Y=0.4148%+0.0027 0.9990 AR TR e Y=2.0055%X+0.0131 0.9992
T e [ — F A i Y=0.5599X+0.0056 0.9992 I 2Rk e Y=0.9384X+0.0051 0.9988
B2 Y=1.0128%+0.0020 0.9993 2-B LR IR Y=0.5615X+0.0032 0.9994

EINR Y=0.3098%+0.0063 0.9986




5517 3

PIVERHE, 2 AR 2R B IRA (3i- FR DR T DR D 2 A 27 i i 24 S A ok e 35

252 FikEHE. WEEAZBE

7 A R TORG 8 B S0 R R P 2 IR S P S I
VW = TN RE, I EE 4312 1.0.,10.0 F1100.0 pg/ke,
FARIEVCE 6 APATRR, HohEsfh i ReRIoR, H%
JEFAE AR 25 3R, SCIRAE R AR 3, IRINSEIRE AL
TEDLIE 2, R RTRG R A R BR R, HAp A R
3 FE(EME L VR, E R R 10 RE(E MR LR BE, 45
RAFERE 3. IFE 3 ATAL 3 AU BRI el ik R 7
88.5%~104.0%Z ], FHXTIRIUEMR2ETE 2.6%~8.0%Z [,
HBRTE 0.06~0.30 pg/kg Z[Al, 7 & FRTE 0.20~1.00 pg/kg Z

Fo MATFREE A, MY ERHANRLER, Bk
R AT TR WS PO e 2 gk BE ARV ST B A bR ik 2
VA A - R I BT A AT A R BN, Rl BT A 2
e B FRIAE 0.5 MRL AR .
2.6 SEFRFESRAAT

A ST 3 7 B 5 0] 2024 4F 3 H 52865 BEVLYE
AR T A R AT SE ) 10 055 PAE St A 1o Bl
SRR, A RS A B R (R 0.74 pg/kg).
ot 2 IS T AR N R A, LA Tk .

®3 BEAPERUAYIRNERE, ERERE. RHRFESR

Table 3 Recoveries, relative standard deviations, limits of detection and limits of quantitation of target compounds in pork

[FT 2 /% (n=6)

AERIARAEDN 22/% (n=6)

A%k 16 4 R/ FE TR/

1.0 ug/kg 10.0 pg/kg  100.0 pg/kg 1.0 ug’lkg 10.0 ug/kg 100.0 pg/kg (ng/ke) (ng/kg)
T e — Y S 97.5 93.8 98.4 3.6 6.1 5.2 0.15 0.50
Tk Jrig o e 101.0 98.5 94.6 4.1 4.4 4.9 0.30 1.00
Tk i ] Y 4 s 93.7 95.2 89.5 3.8 3.7 5.1 0.30 1.00
ik i FP e 98.6 96.1 95.8 2.6 6.2 43 0.15 0.50
ik i FF e e 104.0 99.9 93.1 4.1 3.5 5.8 0.30 1.00
T e — F e 94.6 99.4 101.0 6.0 3.7 3.1 0.15 0.50
T g R s 98.2 94.4 98.6 5.2 6.3 4.4 0.15 0.50
T P 4 — Y A s e 96.8 101.0 96.2 7.3 43 6.4 0.30 1.00
ik i v 91.5 93.5 94.2 4.9 35 5.8 0.10 0.30
Tk Joe S ik R 100.0 90.5 942 7.5 45 6.2 0.30 1.00
i i nes 91.1 96.5 96.4 8.0 3.6 7.1 0.30 1.00
Tt e ) — FFY 4R I 102.0 95.8 88.5 5.4 45 3.9 0.30 1.00
Bitiih 2 103.0 102.0 93.2 5.7 3.8 4.7 0.15 0.50
WHT R 95.8 95.5 91.8 5.3 33 4.1 0.15 0.50
AR R 98.0 95.3 93.2 6.2 6.8 5.8 0.15 0.50
iR 96.5 96.8 95.2 5.7 4.1 6.3 0.15 0.50
KRR 102.0 92.4 98.7 6.0 6.5 4.8 0.15 0.50
R A 95.6 98.2 102.0 7.7 4.5 5.6 0.15 0.50
] 24 3K s 98.6 92.4 93.2 5.3 55 6.1 0.10 0.30
i 2 S5 AR, 96.2 93.0 97.2 4.8 4.6 5.2 0.15 0.50
i 25 K 1 I R, 93.5 99.2 97.3 6.0 3.9 5.6 0.30 1.00
BT 2 R W -2 - 2 SR 93.6 98.4 91.4 4.7 33 5.9 0.30 1.00
FH R Dk s 102.0 91.3 97.7 5.5 6.3 4.7 0.10 0.30
5-¥2 5 F R mR e 94.7 94.0 96.3 3.6 4.8 5.2 0.06 0.20
SRR IRk 102.0 93.3 99.4 6.6 5.1 5.5 0.30 1.00
BRIk 96.8 95.9 95.8 3.8 49 4.7 0.15 0.50
2-G LA B 101.0 98.5 95.4 5.2 4.8 6.9 0.15 0.50
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< 100 1.65 362.3>318.3
B { SR
# oL T . . . .
100 200 3.00 400 500 600 7.00
LR R B 8] /min
< 100 1.65 362.3>261.3
2 { AP
#Hooo L . . . . . .
100 200 3.00 400 500 600 7.00
£ 84 B 7] /min
1.65 TIC

100
{ AR D,
0

FRE/%

1.00 200 3.00 400 500 6.00 7.00
£ 83 B 7] /min

301.1>156.1

FRE/%

100
{ T M A )
0 1 1 1 1 1 1

1.00 2.00 3.00 4.00 500 6.00 7.00
{454 15} 8] /min

301.1>92.2

TR R L

FRE/%

IOO{
0

1.00  2.00 3.00 4.00 5.00 6.00 7.00
£ B3 B 8] /min
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