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ABSTRACT: Objective To establish a method for the simultaneous determination of 22 kinds of veterinary drug
residues, including 6 kinds of f)-agonist residues, 8 kinds of sulfonamides, chloramphenicol, florfenicol, rimantadine,
amantadine, malachite green, leucomalachite green, diazepam and dexamethasone in animal-derived foods such as pork,
beef, chicken, aquatic products and other animal derived foods by ultra performance liquid chromatography-tandem

mass spectrometry (UPLC-MS/MS). Methods Samples were extracted with acetonitrile, 2% formic acid acetonitrile
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and 90% acetonitrile (containing 1% formic acid) and redissolved with 10% acetonitrile (containing 5% formic acid)

after nitrogen blowing at 40 °C. The samples were separated by C;g column and determined by electrospray ion

source in positive and negative ion multi-reaction monitoring mode. Results When 2% formic acid acetonitrile was

used as solvent for the extraction of 22 kinds of veterinary drugs, the recoveries of all components were high; the

linear relationships were good in the range from 0.2 to 40.0 pg/kg, with 7>0.998, and the limits of quantification were

0.2-1.0 pg/kg; the recoveries were ranged from 62.6% to 120.0% with the relative standard deviations of

1.4%—-11.0% with 3 spiked levels of 1, 5 and 10 pg/kg. Conclusion The proposed method is simple, fast, accurate

and sensitive, which greatly improves the detection efficiency of multiple veterinary drug residues. It is suitable for

rapid analysis of multiple veterinary drug residues in food safety emergencies, and has important practical

significance for monitoring drug residues in animal-derived foods.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; animal-derived food; veterinary

drug residues
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1.1 UBE5RH

Ulimate 3000-TSQ Quantiva %8 253080 H (1% = T Py
WA (B A ESI VAN TraceFinder & fAbFRAR {4, SE1H
FEER R /RBHE A AD); HC-3018R Bl 5 v 7k 85 AL (22
R AR R LA AT BR A A]); Milli2Q AU 4l K & (3 [
Millipore A /); i Swix MV BEA TR HENR it (JEE Neuation
Bl A w]); N-EVAP 112 ZMAL(3EE Organomation 23 );
MS105 7430 K. ME204E B, T34 Gt Mettler
28 F)); 5~50 mL Foer 20 1 s (75 E Brand A F).o

RS e AR (99.30%) . VD T IEEE(99.90%) . EhER
2 EH(95.00%) . Fifi fbkFmERER(99.80%) . s TN
F(98.40%) . HEF2(99.20%). HFFE-Ds (100 ng/pL), &
HEFLAE A1 28(99.60%) . fifk iz FF FLMEBE (99.70%) . i 4B —
FH 48 E (99.14%) i i 5 K 1% (99.10%) il Jide 1 3% ok
(98.90%) (f#[E Dr. Ehrenstorfer GmbH 2\ #]); b 1 s
-D; (98.80%) . 3£ 7% B iE-Dg (100 pg/mL)(IM%E K C/D/N
AHED); T EE R Dy (99.80%) . BB L 48 7 4% -Dy
(100.0%) . fifk iic 4l — FH AR M BE -Ds (99.8%) . Tk e 8] — H1 48
BEIE -Dg (99.9%)(F5 [ WITEGA A l); FL4E A %4(100%) .
4N 22 (98%) . 3E4:WI-Dg (100.3 pg/mL) (il% K TRC
o), FLEALE-Ds (99.5%) . & NILil(98.2%) . & kAT
HI#A-Dy (9.7 pg/mL) (F# ANPEL Aw]); &RI%elk-Ds
(100.0 pg/mL) . 7K JE % (100.1 pg/mL) (3% [ First Standard
s, HUPEPE(99.90%) b FEOK B (99.8%) | ik i Wk g
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(99.90%) (+h EI 2 S A= il iR 2 BT ), FVANEE 2£(99.30%)
AR PR ZRUK K (100%) . ik Jide FPY AR (99.60%) . ik i 1] FR 4
WENE(97.5%) (Ff B i 2 s R AR Be)

. PR (G TEal, EE Merck AR, BRI
Mred, EAEBAFRRARAR), PG, -
WAL T AR R ARAR), LRERKN
Milli-Q #4fi7K (32 [ Millipore 22 ).

1.2 WA
1.2.1 b

PRUERIRICH: 430 HERRFREL 10 mg 1Y 3R B AL
10 mL MZ A, FH 2 B s ot /2 9 B 45 2920 1 mg/mL
FIPRHERE &, T 18 °CLRAFE; 435 UE 5 hr i i 45 W,
H ZIE AT Y 1 ng/mL IR S AR ME LAER . 11
Tl A A T TR RE B 5 i BE A 1 pg /mL (9IRS AR LAE W

90% Z K5 K (% 1% HBR): B 90 mL Z A, WA
9mL 7K, SRJEIMA 1 mL B, 182,

2% R ONERIGH: R 20 mL, HZMEHREE
1000 mL, J&5],

10%ZE K (F 5% HR): B 10 mL ZJiE, finA 85 mL
K, RIEIA 5 mL HAR, 1BA.

1.22 Heuarkt®

(DRAF AN i 55

ke A RREE A AT &R 2 500 g, FI4123 5
ML EEIR AT, ¥4 A 2 0, Al AT ae e Rt
FE, B, FEPREIRRIC, HIREEE T-18 CHOBLRATE .

(2)$ IR

HEFIFRIL S ¢ BEML T 50 mL B0, fiA 100 uL iR
G NRIER, IMAFTZEHF, K458 10 mL PIF 3
FhE R (A)90%LNEK(E 1%HR) . (B)ZE . (C)2%
HER TG, RIZURG RN T, SR)5 IR 5 min, &
7R 5 min, 8000 r/min B> 5 min, B EIHE T H— T4
9 50 mL HIEEL.E T, IR FEH 10 mL 32 H0% I &
BRI LR, 6IF HIFR, &M,

)tk

BH A BRRREIMN ELERETHEE

QuEChERS ¥bA5 & 150 mg B W/ 2 IR LR 90 % &2
& #F (polyme/layered silicate-nanocomposites, PLS-A)#l
50 mg Z T -N-TN 3 i g Ak 5 I (primary  secondary
amine, PSA)]H, #WHEE~A] 1 min, 8000 r/min .{» 2 min,
WA

SRR RI FIEWK 5 mL, T 40 °C/KI A
ART, SAEH 1 mL 10%Z K 5% P IRERE R, WiE
P& 1 min, 1 0.22 pm HALERESS, i LC-MS/MS M7E .
123 AR &% BT % A0t

()WRAH 35 451

AR ¥EAE 4 CAPCELL PAK Cis H:(150 mmx2.0 mm,
5 um), FHAH: ZHE(A)-/K(B), HH: 0.2 mL/min, #FFEHA
5 uL, ARl 35 °Co BREEBEBIRRT: 0~2 min, 10% A; 2~
8 min, 10%~60% A; 8~10 min, 60%~90% A; 10~13 min,
90% A; 13~13.5 min, 90%~10% A; 13.5~25 min, 10% A,

QBTG &1

LB A5 R % ZE B T UK (electron spray ionization,
ESI); AR A/ G Ay = e son i
{ill (selective reaction monitoring, SRM); #55 & J7: 30 Arb;
ARSI 5 Arb; IRESREST: 0 Arb, 78 & E:
300 °C; B 7L A O 350 °C; TR
3500(iF )/2500(f11).

2 HER5SH

2.1 FgEEHMHKE

SECRA 1 pg/mL () EaARBRAE SRR, 8 A R
TEAFRSEIERER Jy X, 5535 24 90 2 14 9 st A G R] HE A
TEAL b o Ak G Wtk A B 55 8 IR S T2 U BB, 4R
7 A R T 2 R M SRk B, BRI B &2,
AR E N RS . BFESR, E28H
(Full-Scan)t=C T AT ML & . #5R. BBV XL BWRAMELE
B g K FLfAR T AR 43 B S AT HL R (RF Lens)
S R T OL A, BEPRTR B AR | U RRUE IR A AR
SRR o 22 FPEEES K 11 Rl AR YIS S R
SR WE L.

®1 2MEAR U HEMNEARNRIESH

Table 1 Mass spectrum parameters of the 22 kinds of veterinary drugs and the 11 kinds of isotope internal standards

&Y B4 A ) /min EEE 5™ BEBSF (m/z) TE T (mlz) ey AN IAY SEHAGE B RV
VT Wi 2.07 ESI* 240.2 148.0°,222.1 18, 11 42
LETRILVAN 2.09 ESI* 2263 152.1%,107.1 16, 30 45
RS 2.96 ESI* 277.0 202.9%,258.9 16,10 49
P e AuNii 2.69 ESI* 302.0 164.0°,121.0 15,22 53
HEZREIR (O 6.01 ESI* 260.1 116.1°,183.1 18,17 68
RS A C RS 2.44 ESI" 263.1 245.0%,132.0 10,27 38
&N 432 ESI* 180.1 163.17, 81.1 17,24 33
S WIE R 227 ESI* 1522 135.37,93.3 18,28 35
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eS| {554 B[] /min HiRR BB T (mlz) FEF(mlz) S E/V FHE SV
PG 11.46 ESI* 285.1 193.3", 154.2 31,27 92
L ALk 7.62 EST* 329.2 313.2%,208.1 37,37 112
B LA A 4 14.57 ESI* 331.2 239.2",316.2 32,22 90
RER 8.76 ESI- 321.0 152.0°,257.1 15,10 83
HARRE 8.57 ESI- 356.0 336", 185.1 10,19 66
HiZERA 9.63 ESI 437.1 361.2",307.1 17,31 57
il g e 6.37 ESI* 251.1 156.2°,108.3 15,23 55
T i P e 8.72 ESI* 254.1 156.2",92.3 16,25 57
Tk e SR A R 8.99 ESI* 285.3 156.2",108.3 15,26 57
T e 4 — Y 4 e 8.58 ESI* 311.0 156.2", 108.3 18,25 69
Tk e s U 9.53 ESI* 301.0 156.2",108.3 1,7,26 62
il e P e e 7.15 ESI* 265.0 108.3", 156.2 24,17 63
T g ] FH AU 8.24 EST* 281.1 156.2",108.3 17,26 67
il e — e 7.63 ESI* 279.2 186.27,124.3 13,22 0
b T Dy 2.06 EST* 2432 1517, 225 18,10 44
AT Dy 2.92 EST* 286.0 203.9", 268.0 16, 11 48
K2 B E-Ds 2.69 ESI* 308.3 168.2°,290.2 17,13 59
AR E-Ds 8.74 ESI- 326.0 157.1°,262.0 16, 10 86
2% 4:NI-Dg 4.84 ESI* 186.3 169.2°, 110.1 17,28 34
S NILENE-D;s 2.24 EST* 167.2 150.2", 86.2 19,33 30
fL#E A 4%-Ds 7.61 EST* 334.2 318.2%,213.1 36, 34 104
W fLA4E A1 4%-De 14.51 ESI* 3373 240.2",322.2 32,22 85
AL FA-Ds 8.95 ESI 410.3 334.2",300.2 17,32 58
T e 408 — FH 4RURE 5 - Dy 8.55 EST* 314.2 156.2",108.3 18,26 70
i Jie (] — FH 4205 g -Dig 9.27 EST* 317.2 162.3",156.2 23,20 75
TN ERE .
2.10E6
22 REifEAERETIL
T2 A5 a0, RABERIE S TE Wi 1.68E6 -
B A5 LA CAPCELL PAK C 5 H:(150 mmx2.0 mm, 5 pm)
YR EIEEE, BT HIBE-K . WEE-0.1%H K . 5K, i 1.26E6 |-
L0 1% WKV 4IRS AR R, M AR:
H T HACE IR IE & AT AR LB . SR F 8.40E5 -
FW, M CIE-KAERNTRSIAEEE, I &P Re R4
IR TR T B LR . 22 FRESZG T 11 RN IR 2R ARG 420851
BT AN, W PR, - AANLM.<M I
23 REUAFILE 0 2 4 6 8 1012 146

H5f 8] /min
LR RIORAIE LI LI, AT Z
T 2%HERCIER 90%ZIEK (T 1% L) 3 Fhmus ik N
0 ‘ 7 : iz 37 2 P AR BB B R
17 e, SRR, EHRIRIVKYF, i 2%HZ, L 22 AL RIS TR

Fig.1 Overlapping extracted ion chromatogram of 22 kinds of
= e s e ; SR 3 ) ; . A
B E R PRIBGA TR 25 2 A (R 4 [ R sy, HEIL2R 2, veterinary drugs and 11 kinds of isotope internal standards
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Table 2 Recoveries in different solvent
90%ZIiE7K
X _ I 2% IE 2% W RN 90%Z K (%
G R X 17 B AT 2% RSD/% & 1%HTR)
S 14 [T /% S [ETICR /% RSD/% 1%F R) RSD/%
S [EIfCR SER R R T % FHR)
VT RERE BRI VT HERE-D, 101 8.0 104 8.5 103 9.1
Fefifthbk  IARIE VBT NEE-D;s 100 3.7 98 35 90 42
R AR TR -Dy 108 32 115 3.6 100 43
F¥wEB Nk 3K 5 % B HE-De 107 1.2 105 1.4 98 2.0
LK IR - ; .
E'f,fif A[7N7S U T JHeE-Dy 75 3.5 77 2.7 74 4.2
(M)
L ., "
7N FE% -D . 4. 2 .
(T bR RS -Dy 70 53 85 5 8 5.6
NI ARk F4WI-Ds 102 3.5 116 3.9 94 4.1
SWIkiE  NARE ERIGENE-Ds 106 24 93 2.0 89 23
PGP SR / 45 47 80 4.6 54 48
fLEAZ bRk FLAE A LE-Ds 96 3.0 107 3.3 92 3.5
e fLae ~
lRedE bR B fLAE 1 Lk-Ds 88 3.0 81 2.7 118 3.1
FaE= S
AR AR FAEE-Ds 104 52 104 5.4 109 5.7
FARE  IMRE / 113 2.8 103 2.6 101 3.0
HIZEKHY  NAREE SALFTAYHS-D;s 42 25 86 2.7 190 3.0
TERGERE  AbRTE BERRAR AR RE-D, 91 11.1 81 10.8 74 12.3
TR M AR AR A RE-D;, 82 4.7 86 44 105 5.0
AR AR AR A RE-D, 76 4.6 81 43 74 48
T4 — ~
Hf fB . " (2T 7707 S 7 7 G = ] 7 o 98 1.2 104 15 72 2.1
S R E
T ARSI A E-D, 80 4.8 88 4.4 91 5.0
fitfi e . e A e
gfqi% bRk TS0 — H A Mg IE -D, 91 7.5 97 8.2 42 6.8
B IE
'ﬁﬁ iz ‘E A — - ) =
Ei;ijﬂ] " NARTE B4R — FF 4B RE-D; 78 5.4 84 52 65 5.8
il
Tl file — - - -
;% 4 NARTE B4R — FF 4B NE-D; 116 45 62 43 86 5.0

24 ZMXFR

HER B BUR A ARE R R, F 10% 2 KIS (% 5%
FIRFRREAL 0.25, 0.5, 1.0, 2.0, 5.0, 10.0, 50.0 ng/mL
1) R GWBRE TAES R (NAR BT MR EE Yl 10 ng/mL), SMxR
2 DAAS SRR B 7 0 i S i 0 T AU AR bR YO B 12
FCRAE B T e 5 L [, 28 N BRI I TR R EE R 0
ARBR), o T i P R VR P (X, /kg) P A AR 22 T o v
TAENZ, W3k 3. 22 FHEZHTE 0.2 ~ 40.0 pg/kg MM EETE
BN 2R AT LR R, r BIKT 0.998,

25 HWHRAMEZMR

WN—& B AR A AR HEP RV 5 ¢ 25 FUE RS
h, ZBRECRINAE, L3 55 MR LG (S/N = 3)% L Yk FEAR
TR R, K BRTEE A 0.1~0.5 pg/kg; Lh 10 fi5{50
Lt (S/IN = 10) X K 9 e B2 A o 8 /PR, 22 it PR Y [ o
0.2~1.0 pg/kg.

2.6 EIWRRSKEZE

TEZS VAN AP, XS K SRR R ISR
PRUEF I, SRR AL AL S W BRI 22500 1.0, 5.0,
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10.0 pg/kg, BTN 3 F7, FEIBULILE BB
PR DA AN TG, A5 BA) i IR B %
SERFIEA S 22 FMEAPIFISCRTE 62.6%~120.0% ],
A% B AR B UE R 2 (relative standard deviation, RSD)Z&/R ]
TE 1.4%~11.0%2 [8); P 22 Rk a4y i 3G H
65.6%~115%, K52 1.2%~9.1%; #a P 22 Fib-& ¥ al
WG R 60.4%~119.0%, RSD A 1.2%~14.2%, Hrvgph
22 P A ISR B % P A TS SR % 3 R . & b
RSO TERT A, 22 FE2G 5% B AR N [R) 3 5 v ) RDCR AR
60.4%~120.0%2 8], KEHELE 1.2%~14.2%Z (8], it GB/T

27404—2008 { S8 B A Fran BAKEN ) B20R .
3 HFi5ifie

ABIFFEHE L T — Tl i 2RO € - A5 1B T Y A )
ZPIRTE R bl 22 FPE2G 5k B )5k o IR R
RS . 2B, AT T A8 P AR S IR £ i rh 2 R 25 )
e PRSI, FESEBRN T H H AR B Ry, B
by, AR T B AR AR B T — R
ARTBe, MR R A S A T80 . T2 A |
TREE R Al 2 RA BB S

&3 EAT 2 HBEAWEESRE. BXRYK. EWEMBNITERZEN=3)

Table 3 Regression equations, correlation coefficients, recoveries and RSDs of 22 kinds of veterinary drugs in pork (n=3)

&2 LML/ (ng/kg) M IR ((ug/kg) [l /% SEHEEER /% RSD/%
W T 1.0~40 Y=8.335E-2X+7.043E-4 1,5,10 99.9,118.0, 114.0 111.0 8.6
AT AR 1.0~40 Y=4.686E-2X+9.318E-3 1,5,10 95.2,97.5, 102.0 98.2 35
TR 1.0~40 Y=3.415E-2X+-2.28E—4 1,5,10 111.0, 111.0, 118.0 113.0 4.0
B AN 1.0~40 Y=93908E-2X-6.663E-3 1,5,10 109.0, 106.0, 108.0 108.0 1.4
EZRIEIR 1.0~40 Y=1.078E5X+-3.936E3 1,5,10 76.3,78.5,76.7 772 15
iRteivd 1.0~40 Y=1.222E-1X+2.186E-2 1,5,10 88.7,83.7, 83.3 85.2 3.5
SR 1.0~40 Y=7.408E-2X+2.892E-3 1,5,10 104.0, 106.0, 112.0 107.0 3.9
EAli 1.0~40 Y=1.102E-1X-6.129E-3 1,5,10 101.0, 107.0, 110.0 106.0 43
H PG 1.0~40 Y=1.461E5X+3.635E—4 1,5,10 76.5,75.4,78.2 76.7 1.8
L sk 1.0~40 Y=4.711E-1X-4.321E-2 1,5,10 117.0, 118.0, 111.0 115.0 33
et LA sk 1.0~40 Y=9.887E-2X+4.113E-3 1,5,10 115.0, 117.0, 111.0 114.0 2.7
AER 0.2~40 Y=7.379E-2X+3.697E-2 1,5,10 122.0, 113.0, 126.0 120.0 5.5
HARRHE 0.2~40 ¥=2.051E4X-9.358E3 1,5,10 87.7,84.7,83.3 85.2 2.6
Hb ZEKAR 0.8~40 Y=1.302E4X+6.836E2 1,5,10 80.7, 86.2, 88.1 85.0 4.5
Tk s 1.0~40 Y=8.399E-2X+2.578E-3 1,5,10 95.2,81.1,78.6 85.3 11.0
il e H s 0.4~40 Y=3.463E-2X+1.68E-3 1,5,10 102.0, 102.0, 110.0 105.0 4.4
T e SR A 1.0~40 Y=3.983E-2X+2.966E-3 1,5,10 97.9,96.9, 104.9 99.9 4.4
T FHe 408 — Y R m 1.0~40 Y=1.663E-1X-5.179E-2 1,5,10 104.0, 102.0, 105.0 104.0 1.5
ik e bl 1.0~40 Y=7.454E-2X-1.028E-2 1,5,10 87.2, 84,91.6 87.6 43
ik e PR g e 1.0~40 Y=6.175E-2X+8.072E—4 1,5,10 102.0, 102.0, 88.1 97.4 8.2
T e ] Y i 1.0~40 Y=6.671E-2X-3.765E-3 1,5,10 85.3, 87.5,79.6 84.1 4.8
il e — HR W 1.0~40 Y=2.812E-1X-6.303E-2 1,5,10 61.6, 65.4, 60.8 62.6 3.9
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