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Rapid screening of 111 pesticides and veterinary drugs in
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chromatography-quadrupole-time of flight mass spectrometry
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Abstract: The consumption of agricultural products has increased in recent years owing to abundant
production and improved living standards. Veterinary drugs are highly commercialized and widely
used in animal husbandry to ensure animal health and production performance. Moreover, pesticides
can become enriched during animal breeding, resulting in animal-derived food pollution through
foraging, drinking, and environmental disinfection that can potentially damage human health.
Consequently, food-safety issues associated with pesticide and veterinary-drug residues have at-
tracted considerable attention. However, few reports on the multi-residue analysis of livestock and
poultry meat using ultra performance liquid chromatography-quadrupole time of flight mass
spectrometry (UPLC-Q-TOF/MS) have been published. Therefore, developing high-throughput and
efficient screening methods for monitoring various illegal and/or restricted drugs in animal-derived
foods is imperative. In this study, we developed a protocol for simultaneously examining seven

pesticide and veterinary-drug types that uses an accurate mass-spectral library. UPLC-Q-TOF/MS was
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then employed to screen 111 such compounds, including quinolones, macrolides, cephalosporins,
and antiviral drugs. The developed protocol was subsequently used to establish a method for
quantitatively analyzing more than 90 compounds in livestock and poultry meat. The formula,
theoretical exact mass, experimental exact mass, and retention time of each analyte were recorded
and used for identification purposes. The main factors affecting the response and sensitivity of the
method, such as the LC separation conditions (chromatographic column and mobile phases) and
MS parameters, were optimized during instrumental analysis. Pork and chicken samples were
extracted with an 80% acetonitrile aqueous solution, after which the supernatant was purified using
an Oasis PRiIME HLB solid-phase extraction column. The 111 target analytes were separated on a
Waters HSS T3 analytical chromatographic column (100 mmx2.1 mm, 1.8 wm) after being blown
with nitrogen and redissolved, with gradient elution performed using mobile phases composed of
0.1% formic acid aqueous solution and methanol. The analysis process included a flow rate of 0.4
mL/min, a column temperature of 40 C, and an injection volume of 5 wL, with positive electrospray
ionization (ESI) and time of flight mass spectrometry full scan information-dependent acquisition-
product ion (TOF MS-IDA-Product Ion) scanning modes used. The method was validated in terms
of linearity, limits of screening and quantification (SDLs and LOQs, respectively), matrix effects,
accuracy, and precision. Quantification was performed using matrix-matched external-standard
calibration. All target compounds exhibited good linearities in their corresponding concentration
ranges, with all correlation coefficients (7°) above 0.99. The SDLs of all analytes were in the range
of 0.5-10 pg/kg, and the proportion of LOQs within the range of 0.5-10 pg/kg were 88.3% and 86.5%,
respectively. The compounds quantified in pork and chicken exhibited recoveries of between 60.2%
and 100.2%, and 61.1% and 116.7%, respectively, at spiked levels of LOQ, 2xLOQ and 10xLOQ, with
relative standard deviations (RSDs) ranging from 1.1% to 13.9% and 1.0% to 14.1%, respectively.
Simulated positive samples and commercial livestock and poultry meat samples were screened using
an in-house-constructed mass spectrometry database. Commercial samples were screened while
enrofloxacin was detected in two pork samples and tilmicosin was detected in one chicken sample,
with content in the range of 4.94-29.1 png/kg. The method developed in this study is advantageous
because it involves simple sample processing and is less time consuming than existing methods;
consequently, it is suitable for the rapid and high-throughput screening of pesticides and veterinary
residues in livestock and poultry meat.

Key words: ultra performance liquid chromatography-quadrupole-time of flight mass spectrom -
etry (UPLC-Q-TOF/MS) ; livestock and poultry meat; pesticides and veterinary drugs; rapid

screening; multi-residue analysis
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1.1 B ARF S H R

SCIEX X500R i 2 &5 i AH €015 - DU AT K AT B
] 5T 1% 1% (2% F AB SCIEX /3 i) ) ; BSA223S-CW #l
L K7 (Bt 0.001 g, 75 6 98 2 Rl #7124 &) ) ; Multi
Reax % Z 4 i i€ ¥k % #% (18 [E Heidolph A ] ) ;
CR 18 RT B 50 R B DAL ( LIS B R EAF] ) 5
N-EVAP 112 B AL (3£ [F Organomation 24 ] ) ;
Milli-Q 78 4 /K ML (3% [& Millipore A F) .

111 e #4825 5 o W ot (L 95 29 Fofr nds 325 i 2%
16 Bl K H P4 B2 (3 Fiobk AT Bk i 25 18 i Sk i B 3R
28 22 PP AF AR 2 7 PTG EE IS 16 Rl R 25 %
B HAR L2 1) 43 5000 F KL R 3 B A R A
Al A A AT B IR R B B I BT R U A S
BB B Ay A PR A W) Horh 18 RSk f B R RS
Wy T IR TR RN G M 2T B 2 Ok 2 >85% 1 [ A A
HEW T, Fo A 91 bR o 5 Dy T R B 100~1 000
pg/mL YW A br %5 W ; Oasis PRIME HLB [& AH #€
HUHE (6 mL/200 mg, 36 [ IR FF 24 w) ) 5 R |
N ({53 4l , 7% [ Merck 24 ) ;0.22 pm 5 Y 4
LN (PTFE) g B (36 B L 5848 2 | ) s 56 R3S
FE S GG SE) .
1.2 #RAER KA ES §

6] A A o 0 SO A 0 VS ik 32 S [ 1 i K
o 43 5 B BR RN R PR R FE Mb 418 R AR E
J, P P EEETEC AR % 1 000 wg/mL (1) 5 v fi £ T T 5
BPR I 18 Tl Sk 8 18 R KA MED i, DL S -KIR &
VWL (13, v/v) g 0 L AR 100 pg/mL (3R A R
EA 5 VST, 7E - 18 CF L AR A7 o e il TR A b 1
VW, T e AR B [R] 28 ) IS I 10 wg/mL (1Y IR
AR UE T AR W, A I LA 50% FR S 7K 7 T ahl
111 # 100 ng/mL (IR A AR TAER W .
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1.3 #HmuErkE

WIS B R B BT, -18 CLL TR AF . L5
RS AT O VK2 2= =R . BRI 2.00 g 5
J& BIRE Sy, A 8 mL 80% Z i K MW L 8% 20
min, 10 000 r/min & .0> 5 min, B¢ 5 mL F ¥ & i
Oasis PRIME HLB [& A # B4 AL FE , Al A T 75 1%
b VB A D IR AR A R U U, HE A% 4 mL
TlE P, 40 CTEAW T, MA 1 mL 50% s K i
W BEIR AT L3 0.22 wm PTFE 3§, 7 EHLAHT .
1.4 @EiEEH

Waters HSS T3 4 3% 4+ (100 mmx2.1 mm, 1.8
pwm) ; A9 40 C ;5 3 £ 0.3 mL/min; FEFE R .5 wL;
TS A A 0.1% R /K 5 T, B A A B i 5 6
Ve 2 FF : 0~1 min, 5%B; 1~8 min, 5%B~30%B ; 8~
11 min, 30%B~50%B; 11~16 min, 50%B~95%B; 16~
17 min, 95%B; 17~17.1 min, 95%B~5%B; 17.1~19
min, 5%B.
1.5 RiGE&EH

B R 25 B 1 I (ESD ; AB SCIEX H 3l
KIER G (CDS) : 5 6 M H A IE — K, BKIE W
i 0.05 mL/min; FHE L IE & % 11
HLHE 05 500 Vs B T IR IR E - 550 C; 5 L i i 55
L/h; SR U 2 35 L/ Fif B U i 2 55 Lhe B0
BEESFIR B KT 100 cps I 5 3515 B AR A 1 55 1
KA, TOF-MS Z 8 FH#i i |l m/z 100~1 100, 2 7%
ML JE 80 V, filf 1 AE i+ 10 eV, TOF-MS/MS &% : {1
i 5 Bl m/z 50~1 000, 2 7% LR 80 V, filf i f& &
(35£15) eV,
1.6 BIEENE
1.6.1 — 2K # F & #H ¥ E

7£ Library View 4 P2 3 {4 g A 111 Fh e
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2.1.1 @GN HE

HEr a2z e i 45 = b A 2
ZH W 5 i HOM L SR 2 A iR AL &, o T R
PR 32 b Sife Jost P A 20 43 199 0 9 R 0 e 0L A 7 N
038 25 R ABIE 25 18 — ZEATO0 AL, TS B 111
T AL & W0 00 TR 23 A o S SIEBG L A8 T AN T) R AN
[l R A2 B9 4 Fb KA (4 3% AE Waters HSS T3 (100
mmx2.1 mm, 1.8 wm) ,Waters BEH C18(100 mmx
2.1 mm, 1.7 pm) . Agilent Eclipse Plus C18 (100
mmx2.1 mm, 3.5 pm) 1 Phenomenex Kinetex F5
(100 mmx2.1 mm, 2.6 wm) X} H #r 1t & % (50
ng/mL) i W5 ALY 52 M . S5 R FW], KA L&
Yy 1 Waters HSS T3 (&% A 1 59 R 80 8, 70 B
ROR B4, JC R Sk R R 2K 25 W) 7 Waters HSS
T3 A b i e {8 5 2 v T A 3 b g A, 45
LA T

®1 1MMAHUEYDHRERE . RESHREEAMBAFMNFHER(SDL)MEZMR(LOQ)

Table 1 Retention times, MS parameters, limits of screening detection (SDLs) and limits of quantification (LOQs) of the

111 compounds in pork and chicken

Theoretical Experimental Adduct Mass Pork Chicken
Compound Formula R precursor ion precursor ion . error/ SDL/ LOQ/ SDL/ LOQ/
(m/z) (m/z) on 10°  (pgkg) (pg/kg) (pg/kg) (pg/kg)
Quinolones (ME3EEIZ )

Oxolinic acid (&M Az ) C,H,NO, 11.99  262.0710 262.0704 [M+H]" -2.42 0.5 0.5 0.5 0.5
Flumequine (/1% ) C, H,FNO, 1331  262.0874 262.0869 [M+H]" -1.81 0.5 0.5 0.5 0.5
Cinoxacin (P§i% 70 &) C,H,N,0, 11.51  263.0663 263.0658 [M+H]" -1.61 0.5 0.5 0.5 0.5
Difloxacin (WU P 2) C,H,FN,O, 992  400.1467 400.1464 [M+H]" -0.83 0.5 1 0.5 1
Sarafloxacin (¥ fiybst)  C,H_,F,N,0, 10.17  386.1311 386.1307 [M+H]" -0.99 0.5 0.5 0.5 0.5

2007177277373
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Table 1 (Continued)
Theoretical Experimental Adduct Mass Pork Chicken
Compound Formula R precursor ion precursor ion . error/ SDL/ LOQ/ SDL/ LOQ/
(m/z) (m/z) o 107 (pg/kg) (pg/kg) (pg/kg) (ng/kg)
Ofloxacin (% P ) C,H,FN.O, 8.5 362.1511 362.1511  [M+H]" 0.17 0.5 0.5 0.5 0.5
Enrofloxacin (B i#PA)  C,H,FN,0, 9.46  360.1718 360.1714  [M+H]" -0.96 0.5 0.5 0.5 0.5
Lomefloxacin (¥3¥b /) C H,F,N,0, 9.72  352.1467 352.1468 [M+H]" 0.32 1 1 0.5 0.5
Pefloxacin (J; 7P A) C,,H,FN.O, 8.66  334.1562 334.1560 [M+H]" -0.46 1 2 1 1
Norfloxacin (MW AE)  C,HFN,O, 893  320.1405 320.1407 [M+H]" 0.73 1 1 1 1
Ciprofloxacin (FHVAE) C H FN,0, 924  332.1405 332.1409 [M+H]" 1.32 0.5 1 0.5 0.5
Nalidixic acid (552 ) C,H,N,0, 13.13  233.0921 233.0916 [M+H]" -1.98 0.5 0.5 0.5 0.5
Enoxacin ({Kifib ) C,H,FN,0, 873  321.1358 321.1358 [M+H]" 0.23 0.5 2 0.5 2
Danofloxacin A 2) C H,FN,O, 9.54  358.1562 358.1564 [M+H]" 0.79 2 2 2 2
Marbofloxacin (#772) C,H ,FN,0, 801  363.1463 363.1463 [M+H]" -0.12 2 2 2 5
Fleroxacin (F % b i) C,H,F,N,O, 8.8 370.1373 370.1371  [M+H]* -0.64 1 2 1 5
Gatifloxacin (&)  CH,FN,0, 1051  376.1667 376.1662 [M+H]" -1.43 2 2 1 1
Orbifloxacin (RILPAE)  C H,F,N,0, 993  396.1530 396.1528 [M+H]* -0.45 0.5 0.5 0.5 0.5
Sparfloxacin (MM &)  C,H,F,N,0O; 1090  393.1733 393.1728 [M+H]" -1.21 1 1 0.5 0.5
Pipemidic acid (MtWRAR)  C,H_ N,O,  7.68  304.1404 304.1410 [M+H]" 1.99 1 2 2 5
Clinafloxacin (3e#k¥b /) CH,CIFN,0, 10.84  366.1015 366.1021 [M+H]" 1.64 1 5 1 -
Antofloxacin (%% 4) C,H,FN,O, 884  377.1620 377.1618 [M+H]" -0.30 1 1 1 1
Nadifloxacin (TR P &) C H, FN,0, 1386  361.1558 361.1557 [M+H]" -0.21 0.5 0.5 0.5 0.5
Miloxacin (K& b2 ) C,HNO;  11.97  264.0503 264.0498 [M+H]" -1.83 2 - 5 -
Garenoxacin (MEH WA )  C,H,F,NO, 11.76  427.1464 427.1461 [M+H]" -0.78 1 1 1 1
Balofloxacin (B4 &)  C,H,FN,0, 11.37  390.1824 390.1823 [M+H]" -0.16 1 1 0.5 0.5
Mequindox ( £ Pt ) C,H,N,0, 921 219.0764 219.0762 [M+H]+ -0.83 5 - 5 -
Sitafloxacin (Pi 7P &) C,H,,CIF,N,0, 11.96  410.1078 410.1081 [M+H]" 0.75 1 5 1 1
Moxifloxacin (P40 E2) C,H,FN,0, 11.13  402.1824 402.1820 [M+H]" -0.98 2 2 1 1
Macrolides (K3 NEE)

Tylosin (%R F %) C,H,NO, 1346  916.5264 916.5280 [M+H]" 1.71 5 5 5 -
Timicosin (%K% &) C,Hy N0, 1228 4352903 4352900 [M+2H]*  -0.78 2 2 2 2
Spiramycin ( #iE# %)  C,H, N0, 1130 4222643 422.2640 [M+2H]*  -0.59 5 5 5 -
Josamycin (X # ) C,H,NO,, 1401  828.4740 828.4744 [M+H]" 0.54 5 5 5 10
Kitasamycin (# flt# %)  C,HNO, 1349  772.4478 772.4501 [M+H]" 3.01 5 10 10 10
Erythromycin (£1% %) C,HNO,, 1349  734.4685 734.4679 [M+H]' -0.84 2 5 1 1
Oleandomycin (f#k#%) C,H NO, 1286  688.4267 688.4263 [M+H]" -0.50 0.5 0.5 0.5 0.5
Azithromycin (F/## %) C,H,N,0, 11.60  749.5158 749.5170 [M+H]* 1.63 5 5 2 5
Medecamycin (F#i# %) C,H,NO, 1380  814.4584 814.4581 [M+H]" -0.28 2 2 5 10
Telithromycin (EF%&%) C,HN,O 11.84 8124804 812.4831 [M+H]" 3.35 5 5 2 5
Erythromycin estolate C,H,NO, 14.16 790.4947 790.4961 [M+H]" 1.73 5 5 5 10
(KAEH A RER)
Clarithromycin C,H NO,, 1410 748.4842 748.4835 [M+H]" -0.84 0.5 0.5 0.5 0.5
(LRiREER)
Roxithromycin C,H,N,0, 1417  837.5319 837.5328 [M+H]" 1.18 1 1 1 1
(B aGR)
Tylvalosin (% J7 W %) C,H,NO, 1438 1042.5945 1042.5972  [M+H]" 2.63 5 10 5 -
3-0-Acetyltylosin C,H,NO, 1362 9585370 958.5395 [M+H]" 2.65 5 - 5 -
(3-0-Z BT RER)
Neo Spiramycin I C,H,N,0,, 10.78 350.2250 350.2246 [M+2H]** -0.91 5 - 5 -

Chrigiede %)
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Table 1 (Continued)
Theoretical Experimental Adduct Mass Pork Chicken
Compound Formula R precursor ion precursor ion . error/ SDL/ LOQ/ SDL/ LOQ/
(m/z) (m/z) o 10 (pg/kg) (pg/kg) (pg/kg) (pg/kg)
Lincosamides (#Rk¥] BEf#3%)
Lincomycin (#AT] %) CH,NOS 7.60 407.2210 407.2207 [M+H]" -0.88 0.5 1 0.5 0.5
Clindamycin (JEbk#5 %) C,H,,CIN,0,S 1243  425.1872 425.1868 [M~+H]" -0.82 1 1 0.5 0.5
Pirlimycin (ML %3 ) C,H, CIN,O;S 1223  411.1715 411.1711  [M+H]" -0.98 1 1 1 1
Cephalosporins (GkFIH R )
Cefazolin ( 3k I M mk ) c,H,NOS, 957 4550373 455.0391 [M+H]" 3.89 5 5 2 5
Ceftiofur (K 7mEnk) C,H,N,0,S, 1206 524.0363 524.0374 [M+H]® 2.15 5 5 2 10
Cephalexin (k1% ")  C,[H,N,0,8 885  348.1013 348.1022 [M+H]* 2.85 5 10 5 -
Cefapirin (k7 EHk) C,H,N,OS, 654 424.0632 424.0642 [M+H]® 2.57 1 1 2 10
Cefetamet pivoxyl C,H,,N,0,S, 13.68  512.1268 512.1268 [M+H]" -0.01 1 5 1 10
(kB SEME)
Cefoperazone (SkTIREH) C,;H, N,0,S, 1036  646.1497 646.1515 [M+H]" 2.80 10 10 10 10
Cefotaxime (GkffIBE}5)  C H, NJO,S, 9.14  457.0720 457.0691 [M+H]" -3.37 5 10 5 5
Cefquinome (k7M7)  C,H,NOS, 746  529.1322 529.1342  [M+H]" 3.77 5 5 5 5
Cephalonium (k73 F) C,H,N,0.S, 729  459.0791 459.0810 [M+H]® 4.05 5 5 5 10
Cephalothin (k7fBEMy) €, H,N,0,S, 12.00  414.0788 414.0804 [M+NH,]"  3.76 2 2 2 2
Cephradine (Gkfifii)  C HN,0,8 972 350.1169 350.1181 [M+H]" 3.36 2 2 1 -
Desacetylcefotaxime C HN,OS, 642 414.0537 414.0549 [M+H]" 3.06 5 5 5 10
(% Sk A e N5 )
Cefdinir (k{EH#1)E) C,H,NOS, 7.84 396.0431 396.0441 [M+H]" 2.52 10 - 5 10
Cefodizime (Gkfflh%)  C,H,)NO,S, 11.66  585.0349 585.0369 [M+H]" 3.48 5 - 5 -
Cefpiramide (3k#MCJE)  C,H,N,0.8, 1029  613.1282 613.1301 [M+H]® 3.03 5 5 2 5
Ceftizoxime (k7M7)  CH N,OS, 777  384.0431 384.0434 [M+H]" 0.68 5 5 5 10
Cefathiamidine C,H,,N,0,S, 10.63  473.1523 473.1515  [M+H]" -1.67 1 1 1 5
O L7 )
Cefpodoxime CH,NOS, 871 4280693 428.0701 [M+H]" 1.82 5 5 5 5
Ch AL )
Antiparasites (FL %4 W)
Albendazole (FfZ&ikmt)  C,H,,N,0,S 13.84  266.0958 266.0953 [M+H]" -1.94 0.5 2 0.5 0.5
Albendazole-sulfoxide C,HN,0,S 11.31  282.0907 282.0893 [M+H]* -2.95 2 2 2 2
(o7 24 35 1 TP K, )
Albendazole-2-aminosul - C, H.N,0,S 696  240.0801 240.0801 [M+H]* -0.08 0.5 0.5 0.5 0.5
fone (B4 5k -2- 2 BT )
Albendazole sulfone C,H/NOS 1173  298.0856 298.0847 [M+H]" -2.99 5 5 2 2
(BT 248 35 1 1)
Fenbendazole C,H,N,0,S 14.65  300.0801 300.0791 [M+H]" -3.48 0.5 10 0.5 5
(FF A M)
Fenbendazole sulfone C,H,N,0,S 12.77  332.0700 332.0690 [M+H]" -2.80 0.5 0.5 0.5 0.5
(FF R IR TR )
Flubendazole (£ iAM) C,H,,FN,O, 13.95  314.0936 314.0930 [M+H]* -1.72 0.5 0.5 0.5 0.5
Mebendazol ( F 2 BRIk ) C,H N0, 13.68 296.1030 296.1023 [M+H]" -2.31 0.5 0.5 0.5 0.5
Mebendazole amine C,H /NO 1122  238.0975 238.0969 [M+H]" -2.36 1 2 1 2
(oL P R k)
5-Hydroxymebendazole C,H N0, 11.57  298.1186 298.1175 [M+H]" -3.86 1 1 1 1
(5-3 2R ke )
Oxfendazole ( #7%ikm:)  CH,N,0,S 1251  316.0750 316.0746 [M+H]" -1.43 0.5 0.5 0.5 0.5

Oxibendazole (N4 WKM:)  C HN,0, 1237  250.1186 250.1177 [M+H]" -3.80 0.5 1 0.5 0.5
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Table 1 (Continued)
Theoretical Experimental Adduct Mass Pork Chicken
Compound Formula R precursor ion precursor ion . error/ SDL/ LOQ/ SDL/ LOQ/
(m/z) (m/z) on 10°  (pg/kg) (pe/kg) (pg/kg) (pg/kg)

Thiabendazole (WEKiAME)  C, H,N,S 8.57  202.0433 202.0427 [M+H]" -3.00 0.5 0.5 0.5 0.5
5-Hydroxythiabendazole C,,H,N,08 7.70 218.0383 218.0375 [M+H]* -3.26 0.5 2 0.5 1
(5-FRHLBEFR IR )
Triclabendazole €, H,CLN,08 1598  358.9574 358.9563 [M+H]" -3.05 0.5 - 0.5 -
(ZORkm)
Triclabendazole sulfone  C_,H,CLN,O,S 15.54  390.9472 390.9476 [M+H]" 0.98 1 - 1 1

=GR DR )
Triclabendazole sulfoxide C,,H,CLN,0,S 15.60  374.9523 374.9527 [M+H]" 0.97 1 5 1 1
(=R DRI B
2-Aminoflubendazole C HFN,O 11.55 256.0881 256.0880 [M+H]" -0.41 0.5 5 0.5 1
(-2 FE A B )
Cambendazole C,H,)N,0,S 1245 303.0910 303.0902 [M+H]" -2.74 0.5 0.5 0.5 0.5
(PR k)
Ketotriclabendazole C,H,CLN,0, 1538  328.9646 328.9653 [M+H]" 2.02 5 5 5 -
(=SB )
Febantel (4EPEK/R) C,H,,N,0,S 1531  447.1333 447.1327 [M+H]" -1.39 0.5 0.5 0.5 0.5
Decoquinate (3$AMERE)  C,H, NO, 16.96  418.2588 418.2579 [M+H]" -2.15 0.5 - 0.5 -

Antivirals (FREZR)
Amantadine (4 NI 5gHE) C,H,,N 927  152.1434 152.1433  [M+H]" -0.28 2 2 1 1
Rimantadine (4N Z %) C,H, N 1225 180.1747 180.1742 [M+H]" -2.90 0.5 2 1 1
Memantine (3 4:Hl) C,H,N 12.59  180.1747 180.1746  [M+H]" -0.18 0.5 1 0.5 0.5
Imiquimod (i B4 ) C,H,N, 1142 241.1448 241.1441 [M+H]" -2.64 0.5 1 0.5 0.5
Moroxydine (1% #fAIK) C.H,,N,0 0.96  172.1193 172.1188 [M+H]" -2.56 1 1 2 2
Oseltamivir (5 & 155 ) CHN,0, 1251 3132122 313.2124  [M+H]" 0.59 2 2 2 2
Famciclovir (iZ# %) C HNO, 895 3221510 322.1504 [M+H]" -1.92 0.5 0.5 1 1
Pesticides CRZA R HZK)

Omethoate (% 4k2R) C,H,NOPS 536  214.0297 214.0300 [M+H]" 1.35 0.5 1 0.5 1
Pyraclostrobin C,H,CIN,O, 1571  388.1059 388.1059 [M+H]" 0.09 2 - 1 1
(b e o 7 5 )
Imidacloprid (i # k) C,H,CINJO, 9.77  256.0596 256.0601 [M+H]" 1.85 1 1 1 1
Clothianidin (% i ) CH,CIN,O,S 9.80  250.0160 250.0168 [M+H]" 3.20 2 2 2 2
Thiamethoxam (B ) C.H CIN,O,S 8.00  292.0266 292.0275 [M+H]* 3.04 2 2 2 2
Propamocarb (7% &) C,H,)N,0, 513 189.1598 189.1596 [M+H]" -0.58 0.5 0.5 0.5 0.5
Carbofuran (5% F &) C,H/NO, 1312  222.1125 222.1122  [M+H]" -1.39 0.5 0.5 0.5 0.5
Carbofuran-3-hydroxy C,H NO, 10.72 238.1074 238.1078 [M+H]" 1.81 2 2 1 1
(3-BIETT IR
Carbendazim (£ 1§ R ) C,H,N.,O, 7.30  192.0768 192.0766 [M+H]" -0.56 1 1 2 2
Flusilazole (fifkm:) CHFNSi 1531  316.1076 316.1074 [M+H]" -0.80 0.5 0.5 0.5 0.5
Diflubenzuron (Bk #tfix) € H,CIF,N,0, 1531  311.0393 311.0401 [M+H]" 2.58 1 2 0.5 0.5
Forchlorfenuron (& MAK) C,H,,CIN,O 14.10 248.0585 248.0585 [M+H]" -0.09 1 - 1 1
Buprofezin (Wi ) C,H,,N,0S 1628  306.1635 306.1629 [M+H]" -1.70 1 - 0.5 -
Profenofos (577 ) C, H,BrCIO,PS 16.25  372.9424 372.9428 [M+H]" 0.95 2 - 1 1
Indoxacarb (i dUjs) C,,H,,CIF,N,O, 1587  528.0780 528.0780 [M+H]" 0.01 1 1 1 1

Flumorph (A% Hk) C,H,,FNO, 1420  372.1606 372.1602 [M+H]" -0.90 2 5 1 1
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Fig. 1 Effects of different chromatographic columns on the response intensities of the 18 cephalosporins (n=3)

Compounds: 1. cefazolin; 2. ceftiofur; 3. cephalexin; 4. cefapirin; 5. cefetamet pivoxyl; 6. cefoperazone; 7. cefotaxime; 8. cefqui-

nome; 9. cephalonium; 10. cephalothin; 11. cephradine; 12. desacetylcefotaxime; 13. cefdinir; 14. cefodizime; 15. cefpiramide; 16.

ceftizoxime; 17. cefathiamidine; 18. cefpodoxime.
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Fig.2 Extracted ion chromatograms of carbofuran-3-hy-
droxy and mebendazole amine in different mobile
phases
a. acetonitrile-0.1% formic acid aqueous solution; b. methanol-
0.1% formic acid aqueous solution.
Peak identifications: 1. carbofuran-3-hydroxy; 2. mebendazole
amine.
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Fig.3 Extracted ion chromatogram of the 111 compounds
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(a) Extracted ion chromatogram, (b) MS isotope mass spectrum, and (¢) MS/MS mass spectrum of cinoxacin

120% 3 Bl P9 W9 15 0 40 i Le 43 300 R 76.5% Al 83.3%,
Giitah BN 2 s
F2 BEATGHE LS WERE B K EEE A 5%t

Table 2 Statistics of compounds in pork and chicken
within different recovery ranges

Pork Chicken
Compounds
60%-70% 70%-120% 60%-70% 70%-120%

Quinolones 6 21 4 22
Macrolides 5 9 3 8
Lincosamides 0 3 0 3
Cephalosporins 2 14 3 12
Antiparasites 7 12 4 15
Antivirals 1 6 0 7
Pesticides 2 10 2 13

24 FHEKA
2.4.1 BB AR AR A

T 2 AR S5 ST IE X AR KSE R 10 wg/kg
(R R i R AT O A S0 UE o AR i 2 AL S DK, 4
BRFF DA S 111 R H AR A P 00K 5 5 4K
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