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T RE CRIF R IF 2T BT BT A48T )P 45 A R Bk, BRI 02%F 52-80% T i R IE ik R I,
B, B AERAEANL, Rk L%, KA Waters Acquity BEH Cjg &34 (2.1 mmx100 mm, 1.7 pum) 4%~ & , A4 0.1% F 82
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BMESFEEF, SREAN ASHEHERFTHRE 1~2000 py/L SE B ALKEX R R4, X RH KT 0.9959;# H i’
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quadrupole —Orbitrapl high resolution mass spec-
trometry , UHPLC-Q-Orbitrap HRMS) %5 &, & 1E i
A 6 BRI E W IFIE T 45 R 2558 B0, Ry KAt
Sl TR i bR 2 ke T A DR O A I R A
HARSH,

1 MRERE
1.1 MR AFIRNESES

SN RFRE 54 LW 58 IF 40 I R XS 1S
JHE RGO HEVR ), W) >4 Mg B i 37 A i
i

NG W (2% ), 32 [F Thermo Scientific
ol R OR SR (%9 ), K IH Sigma Aldrich
oNHEl BB (100/pk), 25 Agilent 247 ;
Oasis® PRIME HLB [EAHZEBURE, 35 [# waters 2
Al Al K (R B R A 18.2 MQ/em,25 C), 3£ [H
Millipore 23 7] ;45 P8 25 bR U 5 (205 R 5 b5
B MATEHER BREE BREE BITWRER M
MR R ZHER PREER VAER SHEER .
MARER MUAR LHR EZNLHR ENEH
ROEWEGER A NIRRT v
MR OBUEPUAR &R PSR N
BTN R FEh R FRRIREE R R R Sk 6 DUk |
S (LY IS S IR U NS RE (D = SN S (L2312
JiE L e A SR S R SRR R R LR AL
e WIBENE N O AR TE % e i) AR g 2 AR
B BFLIE R, i =95.0%) , #5E Dr. Ehren-
storfer GmbH A7),

Vanquish UHPLC-Q Exactive Plus & 45 % Jit
1 245, 2 E Thermo Fisher 23 8] ; e 45 & WA, &
Biotage Caliper Zymark 28 7] ; ME203 A1+
K, Hit METTLER TOLEDO 23 &) ; Milli-Q #
4k 245, JE Millipore 28 7 ;3K15 5 3 4  B
L, € E SigmaAldrich 22 ] ;ORTEX3 i i 1R ~J
@ T18 basic H AL, [ IKA A+,
1.2 REHZE
1.2.1 FESETAEBE  ERAFRIL 2.00 g CR§ i 2 0.01
o) A1 HARFE BT 50 mL B (PP) B0, Jn
A 80% NG KW (75 0.2% FH 12 )10 mL, i & 15
min J&5 A PRORL B 25 24 o, PRk el 29I 4 01 e
W3R % 30 min (2 000 r/min) , f# £E 5 58 5 #OTF

9 500 r/min = B0 5 min, BT R A AL B
5 mL MERR R HLA L3 WGE 6 mL 200 mg [ Oasis®
PRiME HLB [ AHAE B, B2 mL 3 A /S
T2 1 mL, ¥R A EZ i 0.22 pm AL
UERE S EHL,

1.22 U841 UHPLC 514 :Waters Acquity
BEH Cjs 34 (2.1 mmx100 mm, 1.7 wm), & .
25°C, ik 0.5 mL/min, W3IAH A 4 0.1%H R-
LR #E (20 mmol/L) /KWW, T sl Al B R L0 o
FEg 10 pL, BEEEVRMERE P L3R 1,

x1 REGLRIEEERRER

Table 1 Liquid chromatography mobile phase gradient
elution procedure
B AR LR,
o #l/min it/ A(0.1% 7 8 -20
mL-min?  mmol/L 28 % B(TH)
K i)
0 0.5 98
0.5 0.5 98
1.8 0.5 85 15
35 0.5 80 20
6 0.5 75 25
0.5 70 30
11 0.5 65 35
13.5 0.5 45 55
16 0.5 15 85
20 0.5 0 100
25 0.5 0 100
25.1 0.5 98 2

HRMS Z& 04 I # i 5 25 85 U — 4/
B AR G R L (Full MS/dd-MS?) 5 15 55
HLJE :3.5 kV (+),-3.0 kV (=) 5 8 1% fi & F i #4
AR 1325 CCHI 450 °C ; 85 SR B S0 (N) K
35 arb F1 10 arb; KA . 100~1 000 m/z; 433
2,75 000 (Full MS) .17 500 (dd-MS?) ; C~Trap
B TR KA B (AGC target) :3x10°(Full MS) .,
2x10°(dd-MS?) ; C=Trap " KiFE A KA . 100 ms
(Full MS) .50 ms(dd-MS?),
123 H¥EEmE L S5 AH & T TraceFinder
4.1 il mzVault 45 @ 5E)E . 3T TraceFind-
er 4.1 BAF  TEWUEAL G W AE B ny 26l E A
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Table 2 Fingerprint information table of 45 veterinary drug compounds by color mass spectrometry

Tl 48 RE i 2L, B T mzVault B 2 HCD %

A T PR DG TR A T R 5 PR

Ko sd CAS % HFR IR R ET rE
ZH A 18] /min
aEE 59319-72-1 CyHgNO 5 734.4685 158.1176,127.0754,116.0706,83.0491 10.39
EwEE 1392-21-8  CoHgNO, 7864634 558.3279,402.2505,229.1436,174.1126 13.79
109.0653,83.0499
W EE 154-21-2 CisHauN,O6S 407.221  389.2101,359.2173,126.1276 4.17
ERBE 1401-69-0 CxH#NO, 916.5264 174.1123,145.0858,132.1018,101.0596,83.0490 11.33
HREE 108050-54-0 CuHgoN>O 5 869.5733 696.4670,174.1123,132.1017,116.0704,88.0755 8.69
EFEE 63428-13-7  CoHoNOws  1042.5945 814.4590,229.1436,174.1127 14.73
Mg & 7060-74-4 CssHNO, 688.4267 644.3477,189.0789,158.1181,110.0721,72.0816 9.61
$5ME  117704-25-3  CyHu0, 8995151 113.05971,145.08592,314.22382,245.11722, 18.79
219.17434,177.12739
YR E 70288-86-7 CHA40,, 897.4971 753.4182,609.3397,449.2509 19.50
Fuagkk 80214-83-1 CyH76N,O 5 837.5319 679.4381,158.1176,116.1074,98.0970,83.0498 13.80
LEE 57-62-5 CoHaCIN.O; 4791216 462.0948,444.0843 ,371.0316,154.0498,98.0600  8.06
BAHEE 564250 CoHaNoOs  445.1605  428.1340,410.1233,339.0862,321.0756, 154.0498  8.56
v I E 60-54-8 CoHaN,0s 4451605  428.1336,410.1229,154.0497 5.87
+EE 79-57-2 CoHLN.0,  461.1555  426.1179,381.0601,365.0652,337.0702, 201.0544,  5.26
154.0497
EGEEE  14206-58-7  CoHuN,0,  461.1555 426.1184,381.0606,337.0701,283.0602,201.0549,  5.10
154.0502,98.0607
EZwmeEE 14297-93-9 C,HxCIN, Oy 479.1216  462.0949,366.1100,197.0005,98.0608 6.94
XVALEX 127-33-3 C,H,,CIN,O4 465.1059 430.0707,289.0265,198.9972,70.0660 6.75
RF 09 Ak T177-48-2 Ci6HsN;O.S 350.1169 192.0475,174.0548,160.0425,106.0650 4.63
ok 7 AR 66-79-5 CioH sN;O5S 402.1118 243.0762,172.0755,160.0425,144.0443,114.0371 14.30
Fonk 5 AR 61-72-3 CoH sCIN;O5S 436.0729 277.0371,206.0365,178.0052,160.0425,114.0371 14.90
PrEE I 3116-76-5 CoH,CLN;05S 470.0339 310.9981,239.9975,211.9662,160.0426,114.0371 15.60
HEE 113-98-4 CieHsN,O,S 335.106  189.0692,176.0706,160.0427,114.0372,91.0542 5.29
T 32 0% Ak 26787-78-0 Ci6HsN;O5S 366.1118 208.0439,134.0602,114.0013 4.00
A A% 50-53-3 CsH oCIN,S 319.103  274.0446,246.0134,239.0759,85.0969,58.0658 13.81
Pk 60-87-7 C7H5N,S 285.142  240.0837,198.0369,86.0968 ,84.0813,71.0735 11.47
LR % 61-00-7 CoH,N,0S 327.1526 282.0947,254.0636,222.0912,86.0971,58.0659 11.36
Rk 7361-61-7 CpH NS 221.1107 164.0527,147.0916,111.02639,90.0378 6.81
A davd vA 63590-64-7 C1oHsNsO, 388.1979 290.1610,247.1189,221.1034,231.0877 6.51
ok v v 19237-84-4 CoH5N5O, 384.1666 247.1187,231.0875,95.0133 7.70
Sk Fé I ik 24356-60-3 CsH 72N;06S, 424.0632  320.0520,292.0574,181.0432,152.0167,124.0220 3.86
Sk FavE RE 84957-30-2 C3H2uNGO5S, 529.1322  134.09643,167.02736,324.05834 3.86
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(8% 2)
fe bt % Ax CAS % ¥ X ﬁ#ﬁ A BT %g,
F# #F 4] /min
kFakrk 80370-57-6  CuHiNOS;  524.0363  396.0430,324.0580,285.0108,241.0387, 9.69
210.0204,126.0120
KIATE  15686-71-2  C,HNO,S  348.1013  332.1063,304.1114,243.0434,199.0536, 4.77
158.0270,119.0491,56.0131
kFaekdk 25953-19-9  CL,HLNO.S;  455.0373  156.0112,153.0480,132.9888,112.0214,100.0504  6.70
FAokHE 120068-37-3  CLH,CLFN,0S  434.9314 329.9584,249.9577,183.0169,57.9755 17.13
FOREEFL 120068-36-2  CL,H.CLFN,0,S  450.9263 414.9486,281.9917,243.9887,218.0091,82.9607 17.47
FRAEFEAL 120067-83-6  CLH,CLFN,S  418.9365 68.9958,416.9653 17.52
AFH 205650-65-3  CLH,CLFN,  386.9644 68.9958,353.0034 17.28
ETEM A 134746-81-3  CuHuN,0, 345.1809 327.1701,161.0830,150.0916,118.0655,91.0549 10.84
ARG 768-94-5 CoHpN 152.1434 1351171 5.04
&R 1501-84-4 CHyN 180.1747  163.1482,121.1016,107.0860,93.0705,81.0706, 8.17
67.0550
BERA M 108656-33-3  C,HFNOS  248.0751 230.0647,182.9853,130.0650 3.20
T R R 4205-91-8 CoHoCLN; 230.0246  212.99808,186.9820,171.9709 4.70
R E 73218-79-8 CoH,oCLN, 245.0355  209.0588,174.0900 420
BIRE  64461-82-1 CoH{CINS 254.0262  209.9893,69.04472 4.50
124 BEEFROV R THE fF 45 MBS PR REsEH T W O T HAnfb & W ook i A8 V2R

Y it ] 28 R AR T, AR AT T Tl 8 R R
W [ — Py B R AR o ZRER Z L, ARSI
FEFUE AT o FEBUSON (ME% ) 11582

T
ME%e (’ 25 PSR bR R R 2R 1 AR
U RO E R LR
TEM AR . 1)80% <ME% < 120%, X5 3400
AJ 2% ;2 )ME%<80% 5% ME%>120% , 17 1F %5 & 54
N o

x100 (1)

2 ZER5H5H
21 U ETbE &Y
2.1.1  RBURF MRBORE EHET 6 FiE LR

WA 6 Fhsh i 3 ot 45 1424 10 4 BOK
KW la, OTR OB s 4R Y ic £ Hali o
I B2 5y S EORE Ah AE R I AT AR ORI
BT LROTEMALONE, Xl 5 LW K
HA B 09 38 A ULTE VR A G 5 80% 1A BLUor K iy
LK WA IR R 5 T 90% R BLUor 2y, n]

P12 T AN 5 4 e B B I T AE 809 14 B 43 4L
() 2N K V8 W AR i 0.29% HY R 1 32 B R &
1.0% 9 2 , v] RE 2 = VR 3 HR TR RIS T ol Vs A 1
S B TR Ik #E 0.2% H 1R-80% s 7K
VW R B B 711

JF A 5 Ay AR S I, 5 R IO VRO TR I . 7
TE I O ) A Sl 1 3 RARE, DL 6 BRI E
SEJT R 45 b2 1 7 359 100 0 3R Oy B8 BURCR I A
WA | 25 B4 IO BRONT 5 2 $ USR5 ), &5
KB FEHRE 1K 2 KA 3 IR L REAh 2y
YISy R e B E 22, ATRE R
0.2% M 1R -80% £ N5 /K ¥ W 42 B 1 IR 2 52 B X 24
P 76 A P, N TAERCR AN AR 45 07 T 25 6 %
JE I AR T IR,
2,12 [EAHZEHCR: M OB i Sh IR T 4
A% S AR BUS AR 22 0, W AL b 3 4y
W % %% Cj.Oasis HLB Oasis PRIME HLB I
Captiva EMR Lipid 4 25 BURE XS 6 255 5 45
P25 73 B RSOk . B R 2a AT, SR Cg
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BF,6 25 HFIE ™ & b 45 B 25 1 57 2 )i 3 i
I, AT REJE i TARGE Cos W B 50 X LA (] g SHe Jst oy A4
P25 5, Oasis® PRIME HLB 1 44 1k 505 45 #H
WA TF Oasis® HLB il Captiva EMR Lipid, %]
Oasis® PRIME HLB G % 55 4 kb W BEASE 5 v i)
BRI (R 55 2%, PRIME HLB by £ #.5% £ F H.
& T o B B A O, AR e TR AL S
A AR A OR AE A RRUASERE i PR
E 3L

GITES

Recovery/%

R
\\‘“o\\
Ao

(a)

e
Recovery/%

i 5

100 -
9% |-
uf T
94 |- ¥ EmIR
92 |
§; % F
ol
8 84 - e L4 '
= 8 =
8 w
7
7%
7
7t
70 1 1 1 1 1 1
A I £ ol Lol H5RF
E-95i3
Matrix
(b)

FRREAR (a) RIBEURH (b) 3 45 7 & 24 [0 45 2 49 22 0

Effects of different extraction solvents (a) and extraction times (b) on the recovery rates of 45 veterinary drugs

I8 W] 2 % %5 T Oasis PRIME HLB #0k} H
# (1 mL 30 mg;3 mL 60 mg;3 mL 150 mg;6 mL
200 mg;6 mL 500 mg) %t H #5414 Wz B4 AL SR |
m I 2b Al SECELR 1 mL 30 mg 34 %] 3 mL
200 mg B, 6 253l IR % A6 R el 2 5 5 Y
HURHE M 6 mL 200 mg Al 6 mL 500 mg B, P&
XA IHE A RS HE o 245 0 %) W R e A S8R A Y
T X0 LB 3 28 20 I 58 Joi iy R A 205 SR ) B
U, HAEERHE R 6 mL 200 mg.

(b)
B2 AEZERNH(a)RERE(b)XT 45 fi £ 25 B I R0

Fig.2 Effects of extraction column (a) and packing amount (b) on recovery of 45 veterinary drugs
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2,13 AFBERE AR B AR B S b S Y
DK vk v B T 1) R ) o 78 A ek 0k . DA B S Y
R 5 R 2o B AR i v Al 0 AR L AR R 3T
P4, X 0.22 wm FE UG 20 (A) 022 pm JE
Te BB (B)F1 0.22 wm R EEDA(C)3 Fh ik 5 Y 15 Ak
ROR SR FE s i 28 3 Mookt ot 2k i
WugfE, WARBEAESWHGE, HrbRA 0.22
pm VUGS R A S Y %, 1 W] DR
Ik B A RROR B U 3 Rl U R SR AR R
0.22 pm VU 2 4>0.22 pm JE JE I A >0.22 wm
RBEOR , g 1 e RARBE /N 24 B P 2K, e 24 3 ]
JE VIR LM A TR IR (0.22 m) i 9

2.2 fitry UHPLC &%

221 faiEFE H % T Thermo Accucorea Q Cig
(2.1 mmx100 mm,2.6 pm) Agilent Eclipse plus
Ci3(3.0 mmx150 mm, 1.8 wm) LA J2 Waters Acquity
BEH Cy (2.1 mmx100 mm, 1.7 pm)3 Ff 3 5 635
FEXT 45 L& Wi 2 B ROR o S5 5 B, A S 3
7B Z57E Thermo Accucorea Q Cig (O FE I i
PR 7 Hi FE FL 42 | Agilent Eclipse plus Cg (3%
IE290 N (= 2T R S Y - B (SR s N 7N A ) 2]
WIAFAEVE TR B BE R 22 (I A . 1T Waters Ac-
quity BEH Cys (030 HERE R UF M0 IR B8 45 FliL &
Yy, RSB X FR HLICW] 4 2 L4 X AT fE 5 1%
AR b 1 B g R e i s e R A
F AR R OR B PERE A G . B & IEFE Waters Ac-
quity BEH Cg (354,

222 UiEAIR R KA UERE R TS AR A &R
B Sy BT W) A L B I () AT RS | T 45 Fh2l
W oy i 7 O 3 il ik G- K L S B -5
mmol/L. 2. & % .0.1% W & — £ 5 =5 mmol/L (20
mmol/L) £ TR ¥ %5 4 Flf shAH 414 2:47 B3 404
SRR, G- KANE R ik Bl AH IR | 2% 2 5 (1% 0 Al
B2 HAE B i 321K ; 6 -5 mmol/L £ & %6 i
PRAATEERI IR OLT CME-K 55 U R N 5
RRYE R T 8 CTREEHE I 2 20 mmol/L
A A AR 145 3 WYt 23 | R 22 W) 15 -20 mmol/L
CTREEVS W AN 0.1% H TR | 1 B 45 15 10 47 e 7
IR B e, R WA 3 1 i AR R A ) T ek S e Y
ARG AR FR : £ -20 mmol/L £ R %% (0.1%
R ) KV R

K BB EE VR LA SE B SE 44 85 . B SENE I IR
TS AR B N 98% , (AR P K i ) Jo ot i 0 | B s
REAIR I 0 1R vk B T DR BV BE 8 3 I, LAy
FROA 20 3 %) W It a] 6 ORI 30 A A A P A E —
A s M AR L Bl B MR AR AL, DL vk EE 2
PRAF—BCIRFIA] s AN ] B 3 T 1) Ak P Rk
U A (B T I T S SRS O TR BE R R ) IR v
JEARIEARFF AT, 255 75 i 38 1 py 0 20 R A
JE | IR [ 55 R 3R A B R R P B LR 1
2.3 fR4LHI HRMS &4

45 Fi L& W0 E HEST AL B VR R 77 A4 2 Fh o 2
TR T, R A AR g A (Full
MS/dd-MS2) &A%} 45 Fh 24 Wi G A HE I WA T
IEfE S8 — R ek E, s
Py (RO B O e PR I A T IR I SRR T 45 Rk
W B K 0 5T A O 22 34/ T 1 ppm, T 2 SR
TR [ TEZ T PR B E P R, 2 — R4
FUHG B HER A 75 000, B A — g% 41 4 i
A PR R 17 500 B, B A R0 A S5 R S 5
(R T HIE 40 4 5 B R 2 43 5 i oy (LA 3 WY W 4 g
FWIAE I 23 B 55 1 T R B b B R T A BT
ROHE . 3 2 45 Fh 24 U B 1 g K
24 BERHUENER

NI RE BT 1o S A, A A0 35 o 0 ) el v
SN I AT BB BRI AN T T, X
JHE AR SR XS R RS A 6 FhRE S T
FEFRRON PPN . G5 AR I AR R R
FOES JHF RS S 350 7 70 5 B A8 o v A JHF 3R
PR A iR ST 24 o LA L O AT R R
JOF, RA B JI0T o ff FAG  55 SR A A Y 3
J5 DE TG A 7 7 4 >R 71 I i ik 355 66 B R0 1) 52
25 FEMEEXR KWHRMESR

¥ 6 Tl sl Wy I IE 25 52 BOROIC L 45 ik &
Yy bR HE TARW, TR 20 B S5 4 S e, L E
B Al ) £ i DA T AR (y ) S HE X I 20 3 TR 2 (o) 22
HARE AT 2, TR AR R ) 5T 0 e e [ml U9 7 7
KHM KRB (r) ., 3 0LL 3 5151 L (SIN=3) FI
10 F5 45 W LE (S/IN=10) 3575 2 A K 13 BR (Limit of
detection, LOD) FlE # R (Limit of quantitation,
LOQ) . &5 RFEM Y By 1~2 000 pg/L 1,
45 FAb AW B B R I 2R 56 R T 6T VL A A
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R o 8 ] ]
L3 .
g f = * g = 8 = =3 e
o & = 2 LEE =E & LEE T E cE
z cgg S = =2 3" z: 8 =
= o B = ef. £ &
"
+o £€R 89 R £5s R = R N
Q\\WEL_.—R_-N—L_..“—P—M Wn“—ﬁﬂ—mﬂ— &u\wa_uﬁﬁ_u:ﬂmﬁ M‘/jﬁﬁbm LN\»\M.A:A»NM::}_Q»N Ma_—ﬁﬁvm Qk\\b.\:—m—:nﬂ:?w v./m._mﬁﬂm &u\wa—uﬁﬁ—ujﬂmﬁ M‘/ﬁﬁﬁbm
S M o B EE EET R
& 2 8 2 &
u5 "
* = - ® g ® 2 = ® = 8 e
5 -2 g & gsizE & =E* 8 st =
Le — D < e | e e — O 2Fe —
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Fig.3 Extraction ion chromatograms of 45 veterinary drug compounds

KRB r HRTF 09959, Jikmk b RAE /R ok, 2 3 51 H G TS RURE 5 45 Fh 2 P i 2
KA 0.5~20 pglkg A1 2~50 we/kg, B R iE  OCR K RMERR,

K3 BHPASHBEDANEEXR RHRMEER

Table 3 Linear relationships, limits of detection and limits of quantification of 45 veterinary drugs in pig liver

£ 25 4 AR Lo E )2 o A2 LMHTER/wg kg AX FZEr  LOD/wg-kg! LOQ/wg-kg!
aFE y=23446x+14567 1~200 0.9971 1 5
ERIE &3 y=437654x-2498 1~200 0.9992 1 5
W EE y=34987x+56734 1~200 0.9973 1 5
REHE ¥=45301x+980 1~200 0.9967 1 5
HBAREE y=66378x+23470 1~200 0.9978 1 5
RARAFE y=44571x-34798 1~200 0.9977 1 5
A EE ¥=459032x-56792 1~200 0.9969 1 5
EX:A s y=39127x-10089 1~200 0.9958 1 5
G ¥=59032x+4901 1~200 0.9968 1 5
YukE y=54567x+279 1~200 0.9959 1 5
eHEFE y=39034x+2793 5~500 0.9985 5 15
A EFE y=61293x+4427 5~500 0.9990 5 15
IR & y=88632x-1091 5~500 0.9979 5 15
+E5% y=55342x-49031 5~500 0.9971 5 15
2+t EE y=44789x-22647 5~500 0.9972 5 15
E2meEE y=73981x-6645 5~500 0.9974 5 15
*PAEEE y=33782x+4452 5~500 0.9966 5 15
AT Ak y=33470x+33791 5~500 0.9965 5 15
R G A y=399034x+2396 5~500 0.9959 5 15
Ak M y=56732x-36781 5~500 0.9976 5 15
GG y=30456x+2032 10~1 000 0.9973 10 20
HEE ¥=6516x—-5423 1~200 0.9982 1 5
I 3 75 A y=35492x+5472 5~500 0.9977 5 15
A AR y=79201x+33678 1~200 0.9965 0.5 2
It W% y=83289x+58943 1~200 0.9970 1 3
LEER %R ¥=65672x-401 1~200 0.9978 0.5 2
E oA S y=88340x-2236 2~200 0.9969 2 5
vk vh y=50982x-1973 2~200 0.9973 1 5
Tk v R y=27361x+55672 5~500 0.9976 5 15
3k L IT ok y=85236x-53720 5~500 0.9972 5 15
PRy y=26152x+7782 1~200 0.9971 1 5
K FarE ek ¥=19170x+696 20~2 000 0.9964 20 50
PR e y=29231x+38745 2~200 0.9981 2 5
3k Favd ok y=47321x-3376 1~200 0.9975 1 3
P9y y=11534x+5209 1~200 0.9972 1 3
.k B AR y=10542x+19923 2~200 0.9968 2 5




224 T

HLB %1t/ & o # k. RBE R ik Beik 35 S ahp A b 45 Fr 2254 8

295

(8E3% 3)
B 2% 4 AR Lot w )3 2 LHTEA/wg kg MK EZEr  LOD/pwg-kg! LOQ/pg kg
B I AR y=46329x+1981 2~200 0.9978 2 5
AF y=41235x-67309 2~200 0.9973 2 5
RTB A y=45236x-39812 1~200 0.9967 0.5 2
P y=31249x-88932 1~200 0.9968 1 5
&R T y=63671x+33651 1~200 0.9963 1 5
RO R M y=47654x+2785 20~2 000 0.9994 20 50
TR E y=49831x+3490 2~200 0.9984 2 5
ZERE y=29404x+33134 2~200 0.9979 2 5
HILRE y=11784x-26793 2~200 0.9965 2 5

26 EXRMBEEE

G396 Fhsl B I RE B 25 ERE L HER N 45
T 5 2540 5 W ) s R A ROSC AR BH PR R i, R IR
ST BT AL B S o3 A 5 s 7R 1A LOQ L5 %
LOQ H1 10 15 LOQ 3 AS#S i 27K - T 4% 5 42 )
FE 6 W, KA 2 8] SO X AR 1 A 25 (Rela-
tive standard deviation,RSD). &5 B~ , WK
SEAE 1% LOQ~10 £ LOQ 5,45 Fh 245 4 78 5 T
1 51 R R 76.5%~103.8% ,RSD A 6.1%~9.6% ;

A I A B TR 72.0%~102.5% ,RSD M 5.7%~
9.6%; I By IR KRy 79.8%~112.2% ,RSD W
5.0%~10.3%; XS () [EICR R 72.5%~103.6% ,
RSD 4 6.19%~9.5% ; $5 i v (¥ 1R Sk 78.5% ~
104.5% ,RSD N 6.2%~10.5%; & & 1Y%y
83.6%~109.6% ,RSD } 5.4%~9.3% , WA 5¢
ST I 7 T Y RORG  BE E Re  oR 3R
4 g W AP L RY (R TE XS T ) BE S AR 45 Rl 2 4 1]
WO TIORG %

R4 A5 ThE 25755 BT A0 X8 AT fh 59 [ 0 2= A0 48 3T 4R 4R 2= (n=6)

Table 4 Recoveries and relative standard deviations of 45 veterinary drugs in pig liver and chicken liver (n=6)

1 4% LOQ 7 Aok F 4 =l %

542 LOQ # ok T 89 w1k &

10 £ LOQ # Ao K F i w4 ¢

2 4 AR (RSD)/% (RSD)/% (RSD)/%
¥ I A JiF ¥ I 5 JH Lt 5 fiF

B 79.1/6.2 73.6/9.4 77.5/6.8 89.3/6.8 89.2/7.4 72.5/9.1
EX S 83.2/8.5 75.6/6.3 79.4/16.8 87.4/7.9 85.4/7.5 72.9/6.8
TR E 78.9/9.1 78.9/6.5 79.8/8.7 88.3/8.9 86.3/7.1 82.4/6.3
E s 76.5/6.1 89.4/6.8 92.4/8.3 87.1/9.5 89.3/7.9 92.1/8.2
HAREE 77.8/6.3 79.8/9.8 92.3/6.9 93.1/8.4 97.4/7.1 96.3/6.5
RTAE 79.2/9.1 87.1/7.9 103.1/9.2 76.3/7.4 92.4/6.8 95.4/6.7
HhWEFE 81.3/9.3 82.1/7.2 100.8/6.8 93.4/6.8 96.2/6.2 89.1/7.2
EEN -3 102.5/8.2 85.2/6.7 96.3/6.8 88.8/7.6 102.3/6.2 82.5/6.5
B X 88.2/7.4 85.4/6.9 78.9/9.2 81.2/6.8 100.3/9.1 84.2/7.2
Fugk 84.3/8.1 86.3/6.5 85.2/19.4 79.2/6.3 76.8/9.5 85.9/6.3
eEFx 86.2/7.1 76.3/6.9 86.4/7.2 90.4/7.6 77.9/6.8 95.6/8.3
%A EF 99.1/7.8 73.3/9.3 85.9/9.1 89.5/9.5 79.1/6.2 99.9/6.8
RN 96.8/8.2 73.8/6.3 86.3/6.7 99.1/6.2 101.8/6.3 101.2/6.3
rEFE 97.4/8.7 78.9/6.5 81.4/7.8 83.2/6.5 102.1/6.5 100.8/7.8
EwtrEE 78.2/9.1 79.8/6.9 88.9/7.2 78.9/9.1 92.3/6.5 96.3/7.2
EREEE 79.4/8.2 85.2/6.3 86.3/6.8 78.5/6.1 94.8/8.6 85.2/6.4
SV heEX 79.3/7.1 86.3/6.3 82.7/7.1 77.8/7.3 77.1/6.9 87.9/8.9
s RS 98.5/9.2 89.1/6.7 89.7/18.4 89.2/9.1 79.8/8.1 86.9/6.7
R 0 A 79.1/7.5 88.2/6.3 82.4/6.9 81.3/8.3 84.5/6.3 82.3/6.4
A T 100.8/6.5 95.2/8.1 81.3/6.7 92.5/8.2 86.9/6.8 79.2/6.1
A M 102.1/9.4 102.4/6.8 99.4/7.8 101.2/7.4 99.2/6.8 75.4/8.2
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(ZEx4)
1 45 LOQ i Am ok P 84 =1l 5 545 LOQ 7 Jo Ak a9 ol % 10 4 LOQ 7 An Kk F 49wl %
& 3% 44k (RSD)/% (RSD)/% (RSD)/%
T A8 i AT iy I iy
5% 78.6/7.4 103.1/9.4 97.5/6.8 84.3/9.1 99.6/8.6 81.3/9.1
T 35 7 4k 84.3/7.5 89.1/9.2 77.7/6.8 76.2/7.1 91.8/6.8 86.3/9.2
ELT 86.5/8.9 85.7/9.2 79.4/8.1 81.2/7.4 78.8/6.3 95.4/6.7
% Ak 99.7/8.2 78.9/6.4 85.2/6.9 85.4/6.5 79.2/6.7 96.7/7.3
TR % 92.7/9.1 89.1/6.8 89.6/8.7 89.3/6.9 76.8/6.9 100.5/6.2
Rk 99.3/8.5 79.1/8.2 79.6/8.4 90.4/6.1 89.2/8.2 98.8/7.2
B gk vk 101.2/6.8 79.5/6.5 78.9/6.8 91.4/7.8 84.5/8.3 75.6/6.4
vk 77.4/6.2 88.8/6.6 95.2/8.9 92.2/7.2 79.2/6.4 74.8/8.2
& 70 I8 ok 79.3/6.8 82.3/6.5 96.7/6.7 101.2/7.2 82.4/6.3 79.4/6.7
kT vk 5 87.4/6.9 83.4/6.5 91.4/9.2 86.8/9.5 100.8/7.8 103.1/9.1
k ok 82.3/6.9 96.8/8.3 93.7/8.2 77.9/7.8 102.7/8.9 100.8/6.3
kIEFE 87.1/9.5 93.7/7.2 102.4/6.8 79.2/6.2 93.6/6.3 79.9/7.2
sk o e ok 103.1/9.4 86.7/6.8 103.4/9.3 103.6/7.3 93.6/8.6 84.5/7.6
FRy 96.3/6.4 101.1/6.3 100.5/6.8 100.1/6.5 95.4/8.1 86.5/6.8
. & A, 95.4/6.8 102.7/6.8 99.8/7.6 92.3/7.5 84.2/6.5 98.7/6.8
.k T AR 96.8/7.4 96.3/6.3 95.6/6.8 91.8/8.6 86.5/7.1 76.6/8.8
R 89.4/7.8 94.5/6.2 92.4/6.9 77.1/7.9 82.4/7.3 79.8/9.4
TR A 79.2/7.8 98.7/8.1 93.6/8.1 76.8/8.1 93.4/7.1 77.9/6.4
4 A 8 83.4/6.8 89.2/7.5 89.2/7.1 84.5/7.3 95.6/8.2 101.8/6.5
&Rl T 88.8/6.6 83.5/6.8 85.2/7.2 94.5/8.3 79.1/6.4 96.3/6.8
R RE B 89.2/6.8 78.2/6.3 86.7/8.2 79.2/7.4 78.8/6.5 88.8/9.1
TR R 79.2/1.3 85.7/9.8 89.4/9.6 89.4/6.3 79.3/8.3 79.8/6.5
BERR 92.4/7.6 82.4/6.3 85.9/6.7 90.8/7.8 76.9/6.1 89.1/6.4
IR 99.5/6.5 79.9/6.5 103.8/6.9 100.2/6.8 102.7/8.4 84.1/7.5

27 ERHERBELER

1E T3 EREHLR B 54 R Sh 8 AT IERE & (3%
1= 1S o1 SR S L S SV | R P Bi B 102
A 22 A BERD AL S AR T R Rd
i, B SORBIE B 5 HCD AR R Fr g
TR RE S 45 R 25T 2 H AR A S 80 UE, (f
FH 3 5 DT it b o i 2 i 25 SR WK AE 1 HEO
JHF ek /b B B 4 R R (6.7 peke)  £F A
PR AR AR A (<100 pg/kg) , FAYRE i 4 R 46
45 #h5) ,

3 Hig

e 4k PRIME HLB Fif &b 28 4% 74 1 5L a1
I 5 53 BT % AR 3 ST 1) H T AR B 2 o3 B
bRk &, 32 TR ) 2 H bRk Wi ae oy, B
YT T PR 0 A 6 3 W I IE 2 4 R 5T v 45

Fl #4425 () UHPLC—Q—Orbitrap HRMS %, Fik
{14 77 AL L FRT SR A R R T S A Sh A E R
P2 % B RV TR 5 e R HE A AR A R SR

s X

X Wk
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(pig liver, bovine

liver, sheep liver, chicken liver, duck liver and goose liver) was established by using Prime HLB solid—phase extraction

(SPE) purification and UHPLC—Q-Orbitrap high resolution mass spectrometry. The drugs were extracted with 0.2% formic
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acid and 80% acetonitrile aqueous solution, centrifuged, purified on Oasis Prime HLB solid phase extraction column,
and redissolved after nitrogen blowing. The separation was performed on a Waters ACQUITY BEH Cjy column (2.1 mmx
100 mm, 1.7 wm). The mobile phase consisted of ammonium acetate (20 mmol/L) containing 0.1% formic acid and ace-
tonitrile with gradient elution. The determination was performed in the first—stage full-scan/data—dependent two-stage scan-
monitoring mode. The results showed that the linear relationships of 45 veterinary drugs were good in the concentration
range of 1-2 000 pg/L, and the correlation coefficients were greater than 0.9959. The limits of detection were between
0.5 and 20 pg/kg, and the limits of quantification were between 2 and 50 pg/kg. The recoveries were 72.0%-112.2%
with relative standard deviations (RSD) of 5.0%-10.5% at 3 supplemental levels. This method has the advantages of
simple pretreatment, high throughput, accuracy and reliability, and is suitable for rapid screening and confirmative anal-
ysis of 45 veterinary drug residues in animal liver.

Keywords SPE purification; UHPLC-Q-Orbitrap HRMS; animal liver; veterinary drug residues; rapid screening



