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UPLC-QQQ MS/MS with solid phase extraction for
simultaneous determination of 68 veterinary drug residues
in Galli Gigerii Endothelium Corneum’

LIU Meng, ZHANG Liang, CHEN Fang—fang, LI Zhi-mei~, ZHANG Chong—sheng

(Wenzhou Research Institute for Food and Drug Control, Wenzhou 325000, China)

Abstract Objective: To establish a method for the determination of veterinary drug residues in Galli Gigerii
Endothelium Corneum by ultra high performance liquid chromatography-tandem triple quadrupole mass
spectrometry (UPLC-QQQ MS/MS) with solid—phase extraction. Methods: The samples were evenly dispersed,
extracted with acetonitrile and acetonitrile containing 0.5% formic acid, and cleaned up with Oasis PRIME HLB
solid phase extraction columns. The extracts were separated on Agilent ZORBAX Eclipse Plus Cjs (3.0 mm x
150 mm, 1.8 um) using 5 mmol * L' ammonium acetate and acetonitrile (containing 0.1% formic acid) as mobile
phase by gradient elution. The detection of veterinary drug residues was detected by tandem mass spectrometry with
positive electrospray ion source under multiple reaction monitoring (MRM) mode. The matrix—matched external

standard method was used for the quantitation. Results: The method exhibited good linearities within a certain

* WA T B A FRR AR T 00T H (CY2022227 ); i T TR R B 5 H ( ZN2021002)
w5 SE{EEH Tel: 135874095315 E-mail : 565508006@qq.com
H—1E#  Tel: 13587627800; E-mail : 9709281@qq.com

RWLHREL



-+ 890 -

5 M) 4 KT 22 & ChinJ Pharm Anal 2025,45(5) ‘JPA

concentration range r = 0.995 8. The limits of detection (LODs) were in the range of 0.1-3 pg * kg™'. The limits of

quantitation (LOQs) were in the range of 0.2-10 pg * kg™'. The good recovery values (61.9%—-121.5%) were achieved
for all the 68 veterinary drugs with RSDs ranging from 0.50% to 8.4% for spiking 3 different levels. Out of 50

batches of samples, 5 batches of Galli Gigerii Endothelium Corneum were found to contain veterinary drug residues,

including amantadine, doxycycline, enrofloxacin, and florfenicol. Conclusion: This method proves suitable for

the rapid determination of multiple veterinary drug residues in Galli Gigerii Endothelium Corneum, with a simple,

quick, accurate and procedure.

Keywords: solid phase extraction; ultra high performance liquid chromatography—tandem triple quadrupole mass
spectrometry (UPLC-QQQ MS/MS); veterinary drug residues; Galli Gigerii Endothelium Corneum
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Tab.1 The sample informations of Galli Gigerii Endothelium Corneum

R JBT b et
('sample No. ) ( quality standards ) ('processing product )
1~15 2020 4F i € [E 245 ) —3 ( ChP 2020. Vol 1) X4 (Galli Gigerii Endothelium Corneum )
16~25 2020 AR E 25 ) 38 ( ChP 2020. Vol 1) JER8 N 4 (fried Galli Gigerii Endothelium Corneum )
26~40 2015 4R AT H 254 1 BEE ) ( Zhejiang Province Standards 3% 4 ( Galli Gigerii Endothelium Corneum )
of Processing Chinese Crud Drugs 2015 Edition )
41~50 2015 4E R ATV H 25 M0 METE ) ( Zhejiang Province Standards #5484 ( gried Galli Gigerii Endothelium Corneum )

of Processing Chinese Crud Drugs 2015 Edition )

2 REHE
2.1 AL

K H Agilent ZORBAX Eclipse Plus Cy5 ( 3.0 mm x
150 mm, 1.8 pm) @35, LG (5 0.1% H R )
TiEhAl A, 5 mmol « L™ ZREKER (5 0.1% HIR )
S shAE B, BREEVEE (0~0.5 min,2%A ; 0.5~1.8 min,
2%A — 15%A; 1.8~3.5 min, 15%A — 20%A; 3.5~
6 min, 20 %A — 25%A ; 6~7 min, 25%A — 30%A ; 7~
11 min, 30%A — 35%A ; 11~16 min, 35%A — 100%A ;
16~26 min, 100%A ), it 0.45 mL « mim™ , #7545 C,
iR 5 ul,
22 JREKME

BT EST R, OF s st IR
350 °C, TR 325 °C, TS 8 L min™';
ZAkAR 7 310 kPa, B4 L 4 000 V, W5 HL

500 V, iF 24 166V, B SR EE 350 °C, i AU ik
12 L min™", WAL 22 52 07 W ( MRM ), 68 Fif
P PHERESHILE 2.

2.3 TR HE AR A T

43 S EL 68 Fif 5 2 Xk A 35 R, i H I AT
s 6 FR 5 R B M 1.0 mg + mL™! 8 X IR A R
~18 CHEAE3A H o Wi B Al 43 51l W B 4% 45 245 %)
R A 28 O TR A, VY A R L VR R
1 pg - ml™" BRGNS IR
2.4 A T &

HBOW P 4k A (i 120 B ) 29 2 o, KSR E,
BHTEOED K IMAZLZ R (pH 5.0 )5 mL,
A 3 mm AFEER 2 K, WEIRE 1 min 5, FK
BN NG 10 mL, B HER A 1 min, A LA 1 ¢
FIBR R4 4 g, 8 000 r+ min™" B0 5 min, 5 %5 L

RO
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Tab.2 Theacquisition parameters of 68 veterinary drugs by mass spectrometry paraments

o e ARXS 3 B BEEs T TET HlfARE fiE LA BRI i) B R
(No.) (compond ) (relative (parention) ( daughter ion ) ( collision (' retentio'n (ionization

molecular mass ) m/z m/z energy ) /eV time ) /min mode )

1 4WikEhE (amantadine ) 151.1 152.1 135.0°, 77.1 20, 52 5.23 [M+H]
2 %% (chloramphenicol ) 323.1 321.0 257.07,152.1 12,32 9.50 [M-H]
3 4% % (chlortetracycline ) 478.1 479.1 4440, 154.1 20,32 8.03 [M+H]*
4 PYIHTP A (cinoxacin ) 262.1 263.1 245.0°,217.0 16,24 8.51 [M+H]*
5 HWYAE (ciprofloxacin ) 331.1 332.1 314.0",231.0 20, 48 5.34 [M+H]
6  hiFE#E (clarithromycin ) 747.5 748.5 158.0°, 83.1 32,56 13.71 [M+H]
7 FHEIP A (canofloxacin ) 357.2 358.2 340.17, 82.1 24,52 5.63 [M+H]*
8 BRI (difloxacin ) 399.1 400.1 382.17,299.1 24,32 7.02 [M+H]*
9 Z“HEHBKME ( dimetridazole ) 141.1 142.1 96.17, 81.1 16,28 5.23 [M+H]
10 4,4— "R T HR 302.2 301.2 137.0°, 107.0 12,52 15.28 [M-HT

(4, 4 —dinitrocarbanilide )

11 ZPHE (doxycycline ) 4442 4452 428.17,410.0 20, 20 5.91 [M+H]*
12 MKikETP R (enoxacin ) 320.1 321.1 303.3%,231.8 20, 40 4.95 [M+H]*
13 Bi#vP A (enrofloxacin ) 359.2 360.2 342.27,316.2 24,20 5.94 [M+H]"
14 2% Z (erythromycin ) 733.5 734.5 576.3", 158.1 20,32 11.38 [M+H]
15 RN (fipronil ) 4372 435.1 330.17, 250.1 40,24 16.16 [M-HT
16 FH N (fipronil-desulfinyl ) 389.1 387.1 351.0", 282.1 36, 16 16.28 [M=H]
17 SRR fipronil-sulfide ) 421.2 419.1 383.27,262.0 48,44 16.48 [M-HJ
18 JHUIEHN ( fipronil-sulfone ) 453.2 451.1 282.17,244.0 32,56 16.44 [M=H]
19 PV (fleroxacin ) 369.1 370.1 326.0",268.9 20,32 5.25 [M+H]
20 HAJEH (florfenicol ) 358.2 356.0 356.07, 185.1 48, 60 8.78 [M-H]
21 FARJEENE (florfenicol amine ) 247.3 247.7 230.07, 130.0 16, 40 3.11 [M+H]
22 FH M (flumequine ) 261.1 262.1 244.17,202.0 20, 40 13.22 [M+H]*
23 FRHIELIFAKME (hydroxydimetridazole ) 157.1 158.1 140.0°, 55.2 8,18 4.22 [M+H]*
24 FIEFME (hydroxyipronidazole ) 185.2 186.1 168.0°, 122.0 12,36 6.27 [M+H]
25  FIEHEEME (hydroxymetronidazole ) 187.1 188.1 126.1°, 123.1 16,8 3.76 [M+H]
26 SEAIME Cipronidazole ) 169.2 170.1 124.17, 109.0 12,8 9.20 [M+H]
27 MR (lincomycin ) 406.2 407.2 359.27,126.1 20, 36 4.33 [M+H]*
28 ¥FEVE (lomefloxacin ) 351.1 3522 308.2", 265.0 16,28 5.51 [M+H]*
29 HiybhL (marbofloxacin ) 3354 363.2 320.17,72.2 16,28 4.84 [M+H]*
30 HIfiEME ( metronidazole ) 171.1 172.1 128.1, 82.2 12,24 4.14 [M+H]"
31 I A (norfloxacin ) 319.1 320.1 302.17,231.1 24,48 5.00 [M+HT*
32 EGHI A (ofloxacin) 361.1 362.2 318.2",261.1 20, 32 5.07 [M+H]*
33 BV A Corbifloxacin) 395.2 396.2 352.1°,295.1 20, 28 6.07 [M+H]
34 BEMERR (oxolinic acid ) 261.1 262.1 244.0°,216.0 20, 32 12.79 [M+H]"
35 +E# (oxytetracycline ) 460.2 461.2 44327, 426.1 12,20 5.29 [M+H]*
36 Hig AL (pefloxacin ) 333.2 334.2 290.17, 233.1 20,28 5.15 [M+H]+
37 &NIZJH (rimantadine ) 179.2 180.3 163.2°,121.2 16,32 8.34 [M+H]*
38 WLIFREFE (voxithromycin ) 836.5 837.5 679.4",158.0 24,36 13.74 [M+H]
39 VHiIPP R (sarafloxacin) 385.1 386.1 368.17, 342.1 24,20 6.59 [M+H]*
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F2(%)
) wan HAR 531 it g FET AR g B st i) BB
(No.) (compond) (relative (parention ) (daughterion)  (collision (. retentio.n (‘ionization
molecular mass ) m/z m/z energy ) /eV time ) /min mode )
40 AAYP A (sparfloxacin ) 392.2 393.2 349.0",292.1 20,28 6.83 [M+H]
41 FRHIBERERE ( sulfabenzamide ) 276.1 277.1 155.97,92.0 12,36 9.50 [M+H]
42 [EFEESEE (sulfacetamide ) 214.0 215.0 156.0°,92.0 12,28 2.89 [M+H]*
43 Jilife Rk (sulfachloropyridazine ) 284.0 285.0 156.0°,92.1 16, 36 7.50 [M+H]
44 fEEEELE (sulfadiazine ) 250.1 251.1 108.1°,92.1 28,32 461 [M+H]*
45 Rl P EEE (sulfadimethoxine ) 310.1 311.1 156.07,92.1 20, 40 8.21 [M+H]
46 fififik - F BEPEIE (sulfadimidine ) 278.1 279.1 124.0°,92.1 28,40 4.14 [M+H]*
47 R — P A E (sulfadoxine ) 310.1 311.1 156.07,92.1 20, 36 8.21 [M+H]
48 Ik (sulfaguanidine ) 214.1 215.1 156.0", 108.0 12,24 2.89 [M+H]*
49 [EHIHERELE (sulfamerazine ) 264.1 265.1 156.07,92.1 16,32 5.48 [M+H]"
50 AN AU E ( sulfameter ) 280.3 281.1 215.1%, 156.0 16,16 6.26 [M+H]*
51 G e ik ( sulfamethizole ) 270.0 271.0 156.0", 92.0 12,32 6.04 [M+H]
52l H O EERE ( sulfamethoxazole ) 253.1 254.1 156.0",92.1 16,28 8.12 [M+H]*
53 B4R (sulfamethoxypyridazine ) 253.1 281.1 108.17,92.1 32,36 6.26 [M+H]*
54 i IE) PR AR E ( sulfamonomethoxine ) 280.1 281.0 156.0", 126.0 20,24 7.05 [M+H]*
55 ffHHERE ( sulfamoxole ) 267.1 268.1 155.9", 108.0 16,28 5.77 [M+H]*
56 WHHCAEAR (sulfanitran ) 335.1 336.1 293.97,156.0 8,8 13.11 [M+H]*
57 BAAENLRE (sulfapyridine ) 249.1 250.1 156.0", 92.0 16,28 5.14 [M+H]*
58 iR ( sulfaphenazole ) 314.4 315.1 158.1%,92.0 16, 28 10.31 [M+H]*
59 TMMERERE ( sulfaquinoxaline ) 300.1 301.1 156.0", 92.0 16,32 10.07 [M+H]*
60  fiificIEME ( sulfathiazole ) 255.0 256.0 156.0°,92.1 16, 32 477 [M+H]*
61 il SEEERE (sulfisomidine ) 278.1 279.1 124.1°,92.0 24,36 4.14 [M+H]
62 il —H 5L ( sulphisoxazole ) 267.3 268.1 156.0°,92.0 16, 36 577 [M+H]*
63 PUIE (tetracycline ) 444.2 4452 410.17, 154.2 20,32 5.74 [M+H]*
64  FKFER (tilmicosin ) 868.6 869.6 696.4", 174.1 48,48 9.43 [M+H]*
65  HHEZ (thiamphenicol ) 356.2 354.0 158.0",290.0 20, 44 5.94 [M-H]
66 ik ( tinidazole ) 247.1 248.1 121.07, 82.1 24,52 5.66 [M+H]*
67 W4 RIE (trimethoprim ) 290.1 291.2 261.17, 123.1 28,28 493 [M+H]*
68 & ( pentachlorophenol ) 266.3 268.7 288.7 5 15.26 [M-H]
266.7 266.7 5
264.7 264.7 5
262.7 262.7° 5

 (note ): . A HEES T (quantitative ion )

VW 2 mL, . EEOE TR IMA S 1% H
FR 1 N 2 mL, IR HETR A 1 min, 8 000 1+ min™' B>
5 min, K% R FIE 2 mL, 555 1 DRI T
W4 Jf. 3 Oasis PRIME HLB [& AH 26 B i, & /1 B
Ui, WSCHE L U, FH 80% 2 3 mL ik A BN,
G, Wi T 45 CERWIE T, I 60% 4
I 1 mL &%, IRIEIES 1 min, i 0. 22 pm PTFE €

R AR B R A . B 237 U SRR IR &

IR 5 50, O 2 1 1 %

Y, s o i) 1S 3 S5 DT BC AR VA W, T UPLC-MS/MS
30T o

2.5 HIEHRAE

2.5.1  ZRMEVERE AT RR A E ERR RS 2,37 10
ISR BUR A X IR R GE B, FH A LB

RO
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il B3 R B 433 0.1.5.10,20., 50,200 ng * ml™!
4 ZR B % IR, ERE DN 5 o SR FHAMbR e Bk, LA
FACE YR R AR AR , A5 W) B BT IR LB

G S

=+

VAR
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x3 KUEABERBXRE(r ) ENR.ESR ERYE

Tab.3 The linear equations and correlation coefficients(r), limits of detection(LOD),

limits of quantity (LOQ) and matrix effect

NABAR, FEATERAE A, AR IEIT 2R 5 AR LY > 3
R 0 7 B DA RGN PR, (5 1% L34 > 10 IR A9 9 JBE A 7
MR 4RI 3.

i lasg?] LR LOD/ LOQ/ SN
(No.) ( compound ) (linear equation ) ' (ng-mL™")  (ng-mL")  (matrix effect ) /%

1 &Rk (amantadine ) Y=1.081 x 10°X+2.617 x 10°* 0.999 9 0.2 0.5 -8.7

2 548 % (chloramphenicol ) Y=1.093 x 10°X+5.873 x 10 0.998 2 0.2 0.5 -14.6

3 4% (chlortetracycline ) Y=1.859 x 10°X-4.225 x 10' 0.998 7 1 5 16.8

4 VYD AL (cinoxacin ) Y=1.080 x 10°X—4.440 x 10* 0.998 9 0.2 0.5 422

5  HHPPA (ciprofloxacin ) Y=1.670 x 10*X+8.840 x 10° 0.999 3 0.3 1 100.7

6  whiFZE (clarithromycin ) ¥=9.167 x 10°X-3.971 x 10* 0.997 3 0.1 0.5 -28.3

7 PRI AL (canofloxacin ) Y=6.002 x 10°X-9.413 x 10’ 0.999 5 0.3 1 63.7

8 MU A (difloxacin ) ¥=3.505 x 10°X-1.192x 10*  0.999 6 0.4 1 -39

9 Rk ( dimetridazole ) ¥=3.525 x 10°X-2.211 x 10° 0.999 4 0.7 2 1.0
10 4, 4— RS 2R Y=1.171 x 10'X-7.737 x 10° 0.999 6 0.1 0.5 -13.2

(4, 4 —dinitrocarbanilide )

11 Z7HE (doxycycline ) Y=7.211 x 10°’X-1.790 x 10 0.999 8 0.3 1 17.7
12 fKitivh B (enoxacin ) Y=3.697 x 10*X+9.790 x 10 0.999 6 0.6 2 108.5
13 R AL Cenrofloxacin ) Y=6.618 x 10°’X-2.070 x 10*  0.999 6 0.3 1 -6.8
14 2% % (erythromycin ) Y=6.043 x 10°X-3.631 x 10°  0.997 5 0.3 1 -37.2
15 HUH (fipronil ) Y=6.167 x 10°X+3.109 x 10° 0.997 7 0.2 0.5 88.9
16 S (fipronil-desulfinyl ) Y=2.348 x 10*X-1.870 x 10’ 0.999 7 0.2 0.5 9.0
17 FHUE AR (fipronil-sulfide ) Y=1.349 x 10*X-3.591 x 10° 0.999 2 0.1 0.5 27.8
18 FRHUEI ( fipronil-sulfone ) Y=1.383 x 10'X-1.539 x 10° 0.999 7 0.2 0.5 -4.6
19 VA (fleroxacin ) Y=6.440 x 10*X-5.630 x 10° 0.999 8 0.2 0.5 -5.0
20 FHAJEH (florfenicol ) Y=3.435x 10°X-1.217 x 10° 0.996 0 3 10 -7.3
21 FAJEHHE (florfenicol amine ) Y=5.787 x 10°X+3.610 x 10 0.996 1 0.2 0.5 5.2
22 FHE (flumequine ) Y=1.649 x 10°’X-2.777 x 10" 0.998 3 0.4 1 -17.4
23 RS APEME (hydroxydimetridazole ) Y=5.271 x 10°X-2.453 x 10° 0.999 4 0.3 1 -8.2
24 FRILF N (hydroxyipronidazole ) Y=8.985 x 10°X-4.000 x 10° 0.999 6 0.2 0.5 22
25 FRIEEHIEME (hydroxymetronidazole ) Y=8.474 x 10°X+8.928 x 10 0.997 4 0.2 0.5 -49.9
26 SEAAPE (ipronidazole ) ¥=6.934 x 10°’X-2.813 x 10° 0.993 2 0.2 0.5 -16.2
27 MAEEE (lincomycin ) Y=5.653 x 10*X-4.586 x 10° 0.999 4 0.2 0.5 -30.2
28 ¥RV E (lomefloxacin ) Y=3.706 x 10°X-1.894 x 10 0.999 9 0.4 1 -1.5
29 HEYP A (marbofloxacin ) ¥=8.297 x 10*X-1.235 x 10" 0.999 4 0.3 1 4.6
30 Hi§mE ( metronidazole ) Y=1.941 x 10'X-1.081 x 10* 0.998 8 0.1 0.2 -3.1
31 WEFEIPE (norfloxacin ) Y=1.409 x 10°X+4.868 x 10’ 0.999 5 0.3 1 145.8
32 ERIE (ofloxacin ) V=8.826 x 10°X-1.515 x 10* 0.999 3 0.3 1 10.7
33 BHIPA (orbifloxacin ) ¥=6.713 x 10*X-5.368 x 10° 0.999 3 0.2 0.5 -14.7
34 BEMERR (oxolinic acid ) Y=4.247 x 10°X+9.243 x 10’ 0.999 3 0.3 1 -16.1
35 1% # (oxytetracycline ) ¥=3.259 x 10°X-2.754 x 10° 0.999 7 0.7 2 73.7
36 HEEUPE (pefloxacin ) Y=3.294 x 10*X-5.310 x 10° 0.999 6 0.3 1 -1.3
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(No.) ( compound ) (linear equation ) (ng+-mL™) (ng*mL™) (' matrix effect ) /%
37 4WIZ Bk (rimantadine ) ¥=9.256 x 10*X-5.884 x 10° 0.999 9 0.2 0.5 0.0
38 WL (roxithromycin ) Y=2.727 x 10°X-1.180 x 10* 0.998 5 0.2 0.5 -17.2
39 VIV AL (sarafloxacin ) Y=1.781 x 10*°X-3.932 x 10° 0.999 0 0.3 1 9.9
40  AAYP A (sparfloxacin ) Y=6.255 x 10°X-2.441 x 10* 0.999 7 0.3 1 -10.7
41 ZRHEERE (sulfabenzamide ) ¥=9.860 x 10°X-3.723 x 10° 0.999 9 0.2 0.5 25
42 BENEREE (sulfacetamide ) ¥=9.676 x 10°X-2.522 x 10° 0.999 9 0.6 2 0.1
43 S mEE (sulfachloropyridazine ) Y=4.746 x 10°X-2.021 x 10° 0.999 8 0.2 0.5 11.4
44 [ENEEENE (sulfadiazine ) ¥=9.565 x 10°X-4.661 x 10° 0.999 9 0.2 0.5 11.2
45 i A ENE (sulfadimethoxine ) Y=2.441 x 10°X-1.383 x 10* 0.999 8 0.2 0.5 7.8
46 i I BEMERE (sulfadimidine ) Y=4.415 x 10°X-1.646 x 10* 0.999 0 0.2 0.5 -16.7
47 AR I (sulfadoxine ) ¥=1.315 x 10°X-6.322 x 10° 0.999 7 0.2 0.5 -0.7
48 ik ( sulfaguanidine ) ¥=8.070 x 10°X-2.678 x 10° 0.999 8 0.2 0.5 1.5
49 fifi e HLBEIE (sulfamerazine ) ¥=9.572 x 10°X-3.500 x 10° 0.999 8 0.2 0.5 1.5
50 B A ERE (sulfameter ) Y=1.969 x 10°X-8.110 x 10° 0.999 7 0.2 0.5 25.8
51 i gE Ik (sulfamethizole ) ¥=6.058 x 10°X-2.443 x 10° 0.999 6 0.2 0.5 1.5
52 i R SREEME (sulfamethoxazole ) Y=8.508 x 10°X-4.536 x 10° 1.000 0 0.2 0.5 10.4
53 il AUk ( sulfamethoxypyridazine ) Y=1.055 x 10°X-2.883 x 10° 0.999 1 0.7 2 -15.1
54 T iz i) B 425 0E ( sulfamonomethoxine ) Y=4.919 x 10°X-2.387 x 10° 0.999 9 0.2 0.5 3.9
55 gk (sulfamoxole ) ¥=6.533 x 10°X-2.688 x 10° 1.000 0 0.2 0.5 5.9
56 ffilEiS AR (sulfanitran ) Y=2.423 x 10'X-5.358 0.995 8 2 10 -25.8
57 BEBEMEEE (sulfapyridine ) Y=1.101 x 10°X-9.653 x 10° 0.999 7 0.2 0.5 9.5
58 AR ( sulfaphenazole ) Y=1.091 x 10°X-3.947 x 10° 0.999 4 0.2 0.5 45.7
59 il BismEmE (sulfaquinoxaline ) Y=5.703 x 10°X-3.025 x 10° 0.999 5 0.2 0.5 32
60 it BEME (sulfathiazole ) Y=7.445 x 10°X-3.899 x 10° 0.999 9 0.2 0.5 25.4
61 fififi — 1 S EEIE ( sulfisomidine ) ¥=9.322 x 10°X-4.960 x 10° 0.999 3 0.2 0.5 37.7
62 i —H REmE (sulphisoxazole ) ¥=9.831 x 10°X-1.426 x 10* 0.999 9 0.2 0.5 22.1
63 PUME (tetracycline ) Y=6.682 x 10'X-1.003 x 10° 0.999 0 0.4 1 232.0
64 B A (tilmicosin ) Y=1.387 x 10°X+1.013 x 10° 0.983 3 0.2 0.5 —44.1
65  HNEZ (thiamphenicol ) Y=3.404 x 10°X+6.654 x 10" 0.999 2 0.2 0.5 49.6
66 Fhigme (tinidazole ) Y=2.412 x 10°X-1.238 x 10° 0.999 6 0.3 1 -0.2
67  HACRIE (trimethoprim ) ¥=5.827 x 10°X-1.980 x 10* 0.999 5 0.2 0.5 -14.8
68 A ( pentachlorophenol ) Y=5.808 x 10°X+1.282 x 10" 0.999 5 0.2 0.5 10.2

252 FEFURON AT TN & B T 3 TR
Y5 Hbr b & W7 B 7R SE g B, s H bR ik
A 7 5 FBE B, R R A AT A SR 1) o e
FIRT SR . B “2.37 T ZR 81k B VR A %o O 0 T
F1 2,47 T B 5 DT AR VA W, 4 217 227
AL, DL A Y BT i R B X R A A
B, £ B W T R Y S AR b, 226 bR o R 2k IR
LR . BE RO (ME ) = ( 3 J5 DT g 1R A A
YRR BB o 1 £ B A 3R/ G L o DC JC YR A5 b v VR TR
M ZE A% -1) x 100%, 25 R WL 3£ 3, ME < 0, &R

FEAEINH B s ME > 0, F 7R 7776 B850 ; 24 ME
FE —20%~20% i, 7R FE TR0 A B 5 1, AR Scrp
A 21 MEA YA I I s, R, SR 25 1
JE U VG AR o i 2 FH T s AR, DA ORI 25
HED

253 R E A AR 2.0 g, 318 1,
FAR P 3 A IR K, A il A TR R vk B
1 pg - mL™ BIRAXTHR SRR 2., 100, 200 pL, BPES N
K43 5120 1,50, 100 pg - kg™, #EAT I A8, 1
AT INAKT- RIS F RSD, 85531 I3 4,

RO
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F4 ERERBER (n=6)

Tab. 4 The results of recovery experiments

15 (low ) # (middle ) 7 (high)
A EY
(No.) (compound) miiv&s RSD/ M &S RSD/ M RSD/
(recovery ) 1% % (recovery ) /% % (recovery ) /% %
1 4 MIERE ( amantadine ) 110.0 1.6 103.5 22 106.0 1.6
2 4% % (chloramphenicol ) 101.7 0.89 101.9 1.1 109.0 0.86
3 475 % ( chlortetracycline ) 61.9 73 82.6 4.4 922 6.1
4 PP A (cinoxacin ) 101.4 2.9 94.5 4.8 101.5 3.4
5 IRV A (ciprofloxacin ) 92.9 1.0 93.1 2.7 99.9 1.0
6 TehiAE 2 (clarithromycin ) 115.0 7.4 75.1 6.7 79.6 7.8
7 FFE TP A (canofloxacin ) 103.3 1.8 94.0 2.9 103.7 1.3
8 XD A (difloxacin ) 95.9 3.8 90.5 4.6 98.7 1.9
9 ZHASBKIE ( dimetridazole )™ 116.5 7.2 111.7 5.9 108.1 1.8
10 4, 4~ “fl3EE T FEHR (4, 4 =dinitrocarbanilide ) 88.0 4.4 104.7 1.5 99.7 1.8
11 Z Vi3 % (doxycycline ) 110.1 2.7 97.2 2.4 108.6 5.7
12 U 1L (enoxacin ) 90.6 3.6 83.3 5.0 85.4 5.3
13 BikTh A (enrofloxacin ) 110.7 6.0 103.3 3.8 1143 2.1
14 #1175 % (erythromycin ) 105.0 1.3 83.2 4.1 91.3 6.4
15 FLHU (fipronil ) 108.0 6.6 102.1 2.8 101.0 1.1
16 FELH A ( fipronil-desulfinyl ) 108.4 32 96.4 1.5 99.4 1.5
17 FRHUIE AR ( fipronil-sulfide ) 112.9 2.6 110.8 1.6 93.1 6.2
18 FELHUEBR ( fipronil-sulfone ) 112.7 0.73 112.6 3.9 85.4 3.1
19 TP U A (fleroxacin ) 106.0 8.2 103.1 2.5 104.7 2.0
20 FORJE# (florfenicol )™ 106.2 2.3 102.5 2.0 109.5 1.8
21 SRR JE % i ( florfenicol amine ) 105.0 5.4 101.5 2.1 97.0 2.8
22 S 1 (flumequine ) 104.7 6.4 9.5 2.0 102.9 2.0
23 2 B BEHFRSEPE (hydroxydimetridazole ) 1113 1.4 105.1 2.0 108.1 1.8
24 PRI AL (hydroxyipronidazole ) 109.8 15 105.4 0.95 104.4 22
25 FRFEHIREIE (hydroxymetronidazole ) 121.5 8.3 115.8 7.6 104.3 49
26 SEPITME Cipronidazole ) 109.3 25 104.6 0.56 107.3 2.4
27 WA (lincomyein ) 101.5 42 86.0 0.98 103.3 1.1
28 %9200 A (lomefloxacin ) 102.0 2.1 92.7 1.0 100.1 1.0
29 v B (marbofloxacin ) 99.8 55 92.4 0.82 107.2 1.0
30 FTi§m% ( metronidazole ) 85.5 5.7 78.4 4.9 65.9 6.2
31 WP & (norfloxacin ) 102.2 53 96.4 5.9 107.6 0.79
32 I (ofloxacin ) 102.4 1.8 91.6 0.81 98.4 0.98
33 BV (orbifloxacin ) 99.4 44 100.2 1.2 100.0 1.8
34 BEMEFR (oxolinic acid ) 97.7 2.2 100.0 1.0 97.3 0.57
35 + %5 % (oxytetracycline )" 92.6 2.7 84.9 0.94 90.6 0.68
36 R A (pefloxacin ) 94.1 5.9 90.8 5.1 98.2 4.1
37 &M Z B (rimantadine ) 108.4 2.8 101.1 1.3 100.4 2.1
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Falg)
fi& Clow ) 1 (middle ) 7 Chigh)
hiacs EY
(No.) (compound ) mlles RSD/ e RSD/ &S RSD/
(recovery ) /% % (recovery ) 1% % (recovery ) 1% %

38 4155 % (roxithromycin ) 97.6 1.1 100.0 0.63 100.1 12
39 VWi vh & (sarafloxacin ) 98.6 1.6 96.7 1.0 104.6 1.2
40 AATP A (sparfloxacin ) 106.0 2.7 97.9 1.6 101.5 1.3
41 HH BRI ( sulfabenzamide ) 111.4 1.4 102.1 0.92 101.1 1.0
42 TR EE ( sulfacetamide )™ 119.4 3.0 118.0 0.80 116.7 0.99
43 JHie W5 ( sulfachloropyridazine ) 104.1 0.75 98.0 0.97 103.3 0.48
44 T mEIE ( sulfadiazine ) 96.2 2.0 97.6 0.85 99.6 1.1
45 i i — 1 4205 BE ( sulfadimethoxine ) 104.8 4.7 99.2 1.6 101.4 1.0
46 T e — FP L mERE ( sulfadimidine ) 92.1 2.4 85.8 0.97 90.5 1.7
47 T 40— HY 4205 ( sulfadoxine ) 99.7 5.6 98.3 3.8 101.3 2.2
48 T )1 K ( sulfaguanidine ) 104.4 1.0 98.4 0.91 95.2 1.0
49 it JFie FF BE IS E ( sulfamerazine ) 100.9 1.3 100.0 2.8 100.0 1.9
50 TR AT Y 4UmEE ( sulfameter ) 104.6 1.7 103.0 2.0 102.0 8.4
51 i i FH E % ( sulfamethizole ) 99.7 1.8 95.4 1.5 100.6 0.92
52 it i PP 5 S ( sulfamethoxazole ) 103.1 3.1 95.6 1.0 99.4 0.57
53 fitf e FF 4EE I (sulfamethoxypyridazine ) 111.9 5.8 85.8 1.6 89.4 2.5
54 Tz ] HF 4AUM E ( sulfamonomethoxine ) 104.0 4.8 98.4 1.4 100.9 12
55 T HEREME ( sulfamoxole ) 103.9 3.3 92.8 1.2 98.7 0.90
56 TSR ( sulfanitran )™ 97.7 6.6 95.9 6.0 97.7 53
57 iR IE ( sulfapyridine ) 105.8 5.1 98.4 2.4 102.3 24
58 TR ( sulfaphenazole ) 1135 4.1 105.5 5.8 108.4 1.8
59 fif gk ( sulfaquinoxaline ) 98.2 47 94.7 49 97.5 2.7
60 fitf i BEME ( sulfathiazole ) 99.5 4.9 93.7 1.6 100.5 1.4
61 T — H S5 E ( sulfisomidine ) 74.2 6.9 93.6 1.1 104.7 1.3
62 i i — 1 S5 ( sulphisoxazole ) 112.6 1.6 116.7 22 118.1 1.6
63 PUFRZ (tetracycline ) 101.7 0.89 90.0 1.1 97.1 0.86
64 Bk A (tilmicosin ) 102.7 7.3 105.4 4.4 102.4 6.1
65 FHH % Z ( thiamphenicol ) 99.5 2.9 100.6 48 107.8 3.4
66 ML (tinidazole ) 102.9 1.0 102.9 2.7 98.7 1.0
67 FARE (trimethoprim ) 112.7 7.4 100.4 6.7 103.5 7.8
68 FLEW; ( pentachlorophenol ) 104.3 1.8 99.4 2.9 100.3 1.3

TE (note ) : . BMAKSE4Y 51028 2,50, 100 pg kg (add levels at 2, 50, and 100 pg * kg )3 B 5R 10.50., 100 ug * kg" (add levels at 10,
50, and 100 pg * kg™)

2.6 FEALEZIN
W1 IS NG RER 4% 2,47 TURJIARCH] A A 255k B R BRI DT A R PUWREZS

PUKA IR WO A SCONE Bl A0 TR IE, JL W55. A 55 24 5k A Pt kS Hh 5 5 3 22 X 1)
H S LR SR S 2R B R RO 8.3% (R 5), BRI A AR U AR
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Tab.5 The detection results of positive sample
.255% 8 (veterinary drug residues )/ (g kg™ )
R — -
( sample No. ) VTS EZi25 3 B A FReFE
(‘amantadine ) ( doxyeycline ) (‘enrofloxacin ) (florfenicol )
s2 25 ND 57 ND*
S9 ND ND ND 67
S28 ND ND 67 ND
S33 ND ND ND 37
S37 ND 48 ND ND

7E (note ): ND. A& H ( not detected )

3 iTig
3.1 RBUAFIIE

JUL PR S5 8 P o5 e 2 o PR o v R 24 5 B 11
IO ) 20 N, 38 3 m ARV B2 /9 EDTA ikt
e R E Frga Y, Bl TN Egh &
IKEAR, S FH & EDTA 1922 [QZ% il (pH 5.0 ) X
AT, A R THEEUAEFIS A MR RT3, F
TIRSRE R X T Tam S S8, A
R B ) F R, W g P 2 E SR IO R v i 1Y,
ASCXT L S NE TR Es A T8 k BE H 2 (0.1% . 0.2%
0.5% . 1% ) X} 68 -2 RIS A 52, & 0% 0.2%
H R I CRE XTSRS U 2R SE HAME A A
AR BUSOR | IS RAE 80%~120%., {H K S %k i
b AW KR < 60% , 1T BE S Fh T filf e 2 Ay 55 Bl
PEAL G, FE 3 i R TR PR P R IS P2 A A Y R
AR o ARSCRA 2 IR 7 =X, B4 3R H G
T 0.2% WIRW CNEHEATII, & IF$E B0k, 1T
Jagkib, it 2 HRIER, RZE B AR b & ik
RAE 80%~120%.,
3.2 HborUiitk

Sl PR R R 2 5k B DU B, R Cos
PSA™! Oasin PRiIME HLB™  Bond Elut HLB SPE £}
AL, B T REINA) B EEDRH R, i AR
P BT U 55 0 A R o6 T [ A 2 BRI Rk
SEIREIR A B S . ARSCGERELLL 4 Fligib oK,
F 35 H G v A R (R 52 ), 25 SR B, Oasin PRIME
HLB X§ K Z 8 B ¥k & 9 151 7E 80%~120% , 5t
R e . HEH ATRERAS N & LA SRR, £

AL HREL

BN R R AENE , Oasin PRIME HLB XK BE45
YT (Anwkig e B AR AR . H v —BRSE ) HAT 5k
FRT B R Y
3.3 SR R B s

50 AR S I 22 25 S R, K00 P 4 R B R AR
PZER R . RS 2020 AR b E 25 ), KOXE N 4
XN & i M B2 TR0 B P SCHER R K3 Py
S T4 KB HIstE] 120 s, K0 HIEEE 215 C; 4
VPR IRE 200~201 °C, ML [E] 60 s5 200 CH%
il 5 mino R TRD X Py A 0 J6 R EE 3K 200 °C LA
e PR, P A A D o A T RE S | Ak 2 0
ARSI A B2 5 B 200 pg - kg R P A AEALRE
ZELHAE 200 CHNPA[a] i8] 5 H4- 25 5% R HE 022 1k
E (L) KA o525 5% B4 & ] LIAE 200 °C Jin 4
5 min B BH 5 R EUAS () 0 21 524 8 B b o8 At ol
ZESIER, o PR R b A R M 3

W “2.67 T BHPE AT & 42 R SCRik [22] i 4
il 25, F 200 CHEH 5 min, FCBH T HT 5 245 5%
wARME, R 6, A BUE 25k B s 1
T T
4 g

AL TR P 4 68 B2 5k BRI E 5k
A T AN [ R BRI TR R AT 2 YRR, 228 [ AR AR U
AL UPLC-MS/MS 65381 o 1% 5 Wk HR A i R
SRR AT, R R EREE A, v LU T 3h )
F 2y 2GR A AW . RISt & B, b mT
DAREARNS N 4 28R B i, g N & I T2tk
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Fig. 1 The effects of heating on veterinary drug residues
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Tab. 6 Veterinary drug residues of positive samples after processing
B g YL 5 -2 5% B (veterinary drug residues after processing )/ ( pg + kg™ )
EIEERES N N [ it
13 EAUTTS 3 JioN: e BRI E
('sample number )
(‘amantadine ) ( doxycycline ) (‘enrofloxacin ) (florfenicol )
S2 17 ND 30 ND
S9 ND ND ND 33
528 ND ND 28 ND
S33 ND ND ND 18
S37 ND 21 ND ND
7 (note ): ND. A4 (not detected )
B3 30k (2] WpubZs. P2y R A5 AR E [ M) AN - hi R
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