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Determination of 62 kinds of veterinary drug residues in sea cucumber by solid
phase extraction with liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 62 kinds of veterinary drugs in sea
cucumber by solid phase extraction combined with liquid chromatography tandem mass spectrometry. Methods The
sample was extracted with 1.0% formic acid acetonitrile after dispersed with water. After purification by PEP solid-phase
extraction column, 62 kinds of veterinary drugs were separated using Waters X-Bridge-C;g column with 0.2% formic
acid aqueous solution and methanol as mobile phase. Detection was performed using selective ion monitoring

mode. Results The results showed that 62 kinds of veterinary drugs exhibited good linearity in the range of
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0.50-100.00 ng/mL, with a correlation coefficient #* in the range of 0.9953~1.0000. The detection limit of the

method is 0.25-2.50 pg/kg. Recovery test with 3 different addition contents showed the results in the range of
70.3%-119.0%, and all the relative standard deviation RSD (n=5) were 0.13%-14.90%, less than 15.00%. At last

the method was applied to detection of 30 sea cucumber samples, among which 4 samples contained quinolone with

the amount range from 5.30-28.00 pg/kg. Compared with the results of national standard method, the accuracy of this

method for quinolone drug screening was 100% in this study. Conclusion This method has high sensitivity, good

accuracy and precision, which meets the requirements of China’s veterinary drug residue detection, and can be applied to

the qualitative and quantitative detection of 62 kinds of veterinary drug residues in sea cucumbers.

KEY WORDS: solid phase extraction; liquid chromatography tandem mass spectrometry; sea cucumber; veterinary

drug residues
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Jie . MEVRIE . EIFRRIE . PEECRIESE . X LB 2GR D 1E 5
WIANER, SIEMM M. SR NRNE
R, A AT 251 | SR B =B T, A
PRAERES S DR, T 5K Bk T LT 2 450K ™ i B 24 5 1
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FEORMESE | MR PTG, S — AT [a] it
TR 2 22 TR 24 5k B T AR A e A SR R 8O
FR G- ER IR T3 o ASWDFFE AN J5 vk W S A R T 3
MR, AR BAS, S [l A A D0 AL AN T AL A 12
ARG B2 BRI 7 1: 275, OISR b 24153
25k B A IR ESR A BOR SCHE, X T4 A EA T AO™ iy
B A B

1 #MR5R%

1.1 #E5EG

WS TR AT 1.

HIE 2 HER(fi%at, S5 Tidea 4 w)); SALEN, TC
IKBREREACr Hrali, [ 25 2 Ak 2 AT BR 2 D ); 13 Rl
FEPRMEISAR IR AW . 15 B p-Ssh RIbRMEIR B9 . 16 Fp
MEF R PR ETR AW . 15 PRSP TR A . H 52 EH-D3
FRUEVS IR . Z2E0-D9 AR . SRS -DY FRUEVE R
(100 pg/mL) . 4 FPEB R IFRMERAT(10.0 pg/mL)(b S0
T84 R RRATD); 2 FIBERERIA R NPRIR G . 3 i
T3, 25 AR AT (100 pg/mL, FKHF /RSB A IR ).
1.2 (UFE5E&

TSQ Altis Plus R0 AR €35 53 6 Bt S (Bl R 5 55
B FUF). HyperSep Retain-PEP [EAHZEHA:(60 mg/3 mL).
Thermo Hypersil Gold-Cig faiif#:(150 mmx2.1 mm, 3.0 pm)(32
[ Thermo Fisher Scientific /A #]); Me203e H, F 43 Hr K F-(FF
£ 0.001 g, HEEFE-FER 2 LA PR vl ); DTS-5 BURH &
K EOHL. GT16-3 B LHLEL R ALF] B0 HLA R
ZAA]); Milli-Q 4l K HL(34 [ Millipore A R); 3-16R B2
T VR B DAL RS TE 3R A A BRA ), TGL-16G
WEXE ORI ZERFUERT); DMI30A AR
(s RA Y TR BR/A Fl); HSC-24B /KIEAEK
AL IE BB e JRAT IR ); MS3 BUEIRTR & 45 (1
[E] IKA /A 7)); Supelco24 [ FH2E B & (35 [F Supelco A ));
022 pm JERIRFLIERECR T U SE 30 4 A R A A
Waters X-Bridge-C g (.14 (100 mmx2.1 mm, 3.5 um, K4%F
R4 A B A El); Mega BE-Cjg #1(1 mg/6 mL, % [H
Agilent A F]); HPERALFE(500 mg/3 mL, KHERKIEHEE
H R A FRAFD,

1.3 XWFFE
1.3.1 8B *
FREL 2.00 g(KEH5 % 0.05 @S5 % 50 mL B0 H,
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SEIA 100 uL FR TAER, 0.5 mL KAHEGRS), FHmA
5mL [ 1.0%F R- LG, 1WHE 1 min, 78 4°CHA4T, L
12000 r/min 54 B0 5 min, IR E 50 mL 208,
PAERSSFIIA 5 mL 1 1.0% 1 R- 20 v 02 R B— IR,
HIH 2R EIER . ELEBRPIA 4 gNayS0,, 1 g NaCl, 7
3R IR A, 6000 r/min B.0> 4 min, BHEIEWR, Figrk.
132 ek

[ AHAE BOREAR U 3 mL HEEA 3 mL /K6 1k, TR
HARHSE A Il mL BT, 352, BEGEMARM ISR
A, WERIEW, T 40°CTAMZIET, H 10%0 ZiEH
WHEWEZRZE 1 mL, 7 15000 r/min 44 F, B> 5 min,
HCEEWGE 0.22 pm JEES EALAGI
133 =R RERH &

WA LR 62 PG SHE G, R FiRETk
A BRIRAE, 135075 ORI
1.3.4  FREEE ik 6 Bub)

RAPRE TAEW: ER RIS & & b 2,
R R AR 1.00 pg/mL VRGFR IR T o P FH P e e
100 ng/mL (RS AR UE TR, —4°C R REGIRAT

RA RS TAEW: MR GE & & N, FH
FEBCH A 1.00 pg/mL WA NP IR, P R B A
100 ng/mL [RIRA PR TAER, —4°C R ROBIRAT

IRATRHEAE R RS Wi R IGE & R A b TR,
SBIIMA AR TAER 100 wL, JH42s A EE BB H RSN 5
M 0.50. 1,00, 2.00, 4.00, 5.00., 10.00., 20.00. 40.00
100.00 ng/mL, PFRHEFEHIA 10.00 ng/mL AITR-APRIEZE TR

FA, LA, DU VR B AR A AR, 2 i T AR s Ak
b 5 P9 bR B 0 TR LU AE M AR BR, SR Microsoft Excel
2013 4b B, 153045 25 HH R AR 26
135 MEEH4

X-Bridge-Cig 4,341 (100 mmx2.1 mm, 3.5 pm); 4
I 30°C; PEREMAER 2 ul; ¥ 0.3 mL/min; FzhAH A 4 0.1%
FER/KIE, st B NFPRE. BREEVENAR)T: 0~15 min
(5%~95% B), 15~17 min (95% B), 17~17.1 min (95%~5%
B), 17.1~20 min (5% B).

T R, IEE PRI, FEE 400°C,
BT EIREE 350°C, W55 HE 3500 V, ¥4 45 psi, 4
B 1.67 L/min,

1.4 HaELE

5206 % ] Thermo Xcalibur 4.5 # 4R AE 5%, Thermo
Trace Finder 5.1 3P A hnifE & Hl FE e A, &)
i1 Microsoft Excel 2013 #{4-2:H & .

2 GER55

2.1 B ILIEEHRMK
201 REE A

W 1.00 pg/mL MIATHEIR G, SRAIEZNZELL 5 uL/min
(3 ERE, R e 5 i . B IR . SR
T BRES U SRR RS S, SRS AL E Y LR
A RARE, TR L 5 Y O R R, T L YRR
T EFREE T, MXSEE 1.

x1 FRiEsH
Table 1 MS parameters

Hir4 BB F(m/z) FBEF(mlz) it g /e V Xof I 4 IR A

2- S IR R 256.1 95.1/123.1% 42.6/32.1 CIN NS

5-FRHEIE IR IRh 218.1 191.0/147.1* 30.6/38.6 SR

LS /N 316.1 159.0/191.0% 37.6/25.1 AR

i 5 5 s A0, 298.1 266.1/223.9% 22.0/31.0 AR

[P SN LI AT 282.1 208.0/191.0% 29.0/27.0 AR

BT R IR -2 - 2 LA 240.1 133.1/198.0% 34.1/23.1 SR

PA> S L 300.1 268.0/159.1% 20.0/35.0 PIN NS

A S LT 332.0 300.0/159.0% 26.0/42.0 PIN NS

Yook ik me 303.2 217.0/261.0% 32.121.1 SR

A BE H AR DR 238.0 77.0/105.0% 33.0/24.0 SR
Je v 2 B 302.2 164.1/284.1% 18.6/14.6 FEAEHES -D9
PEA RS 368.3 294.1/312.1* 22.1/16.6 FLAEFRS -D9
BARS 365.0 290.9/212.0% 23.1/32.0 SRS -D9
[EER 234.2 160.1/216.1% 18.1/10.1 SRS -D9
FARFRY 277.1 203.0/259.0* 16.9/12.1 FLAEFRS -DY
A S 263.1 203.0/168.0* 21.6/32.6 FLARFRS -DY
AR % 311.1 237.0/293.0% 20.6/13.6 FEAEFES -D9
HERS 325.2 237.0/217.0% 20.6/30.6 FEAEHES -D9
WA RS 2922 236.1/201.1* 19.1/24.6 FLAEFRS -D9
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= 1(E)
Hir#) HE F(m/z) T BT (mlz) i i eV XL 1 AR
ROERE A 345.2 150.1/118.1* 26.6/34.6 HbRk
FIFEH 288.2 270.1/121.1% 15.6/26.6 A bRk
ZARRS 228.2 154.0/172.0% 20.1/14.6 SLARFES -DY
B 3452 149.1/327.1% 23.6/15.6 SLAEFRS -D9
EOAIE YA 329.2 311.1/162.0% 30.1/21.0 SEARRES -D9
WERS 416.3 380.2/232.1% 21.6/25.1 RS -D9
B TRU 358.2 340.1/314.2% 15.0/20.0 HHUYE-D8
PAE TRU 400.1 299.1/356.1* 32.0/22.0 HHUYE-D8
B 2 360.2 316.1/342.1% 21.0/24.0 Bikvh B-Ds
WP R 370.2 326.1/269.0% 22.6/31.1 Wi b 5L-D5
S A 376.0 332.0/261.0% 16.0/20.0 Wi P 5E-DS
e Uy 3522 265.0/308.1% 27.6/19.6 WY H-DS
=Y U 363.2 72.1/320.1% 30.0/18.0 Wi b 5L-DS
Wi AL 320.2 302.0/276.1% 24.0/20.0 Wi b 5L-DS
AR R 362.1 318.1/261.1* 22.0/31.0 WD F-D5
WHY R 332.2 314.1/231.0% 23.0/43.0 HHYE-D8
WA 396.2 352.1/295.0% 21.1/28.1 N E-D8
IR 262.0 244.0/216.0* 22.0/34.0 Bikvh B-Ds
Kb 5 3342 316.1/290.1%* 24.6/21.1 R R-DS
Yoz ORUd = 386.2 368.1/342.1% 26.0/21.0 Bikvh B-Ds
FIAYD AL 393.2 349.1/292.1% 22.6/29.1 RBiEv R-D5
7K ki e 277.1 156.0/92.0% 12.6/25.6 T JHe 40 — 1 AR s e -D3
T P SRk R 285.0 156.0/108.0* 18.0/29.0 Tl 48 — H1 S W IE -D3
itk e it g 250.1 156.0/184.1% 20.0/22.0 it e 48 — 1 4L g 1€ -D3
ik iz 100) — Y 4 g I 311.1 156.1/108.1* 25.0/34.0 it e 5] — Y S0 BB E -D6
i fg s 251.1 156.0/108.1* 19.0/29.0 itk e 2 — F AR W g -D3
T P 4 — Y 4 s e 311.1 92.1/108.1* 34.0/31.0 T JHe 4 — 1 AR s e -D3
T P o Y 4 s e 281.1 156.0/108.1%* 21.0/31.0 T JHe 40 — 1 AR s e -D3
Tk Jie — F i 279.1 124.1/204.0% 29.0/21.0 Tl 48 — H1 S W IE -D3
T i Y 9 g 271.0 156.0/108.1* 18.0/29.0 Tl 48 — H1 S W IE -D3
itk iz FF e 254.0 156.0/92.1* 20.0/31.0 it e 48 — 1 4L g E -D3
ik i FFY A A 281.1 156.0/108.1%* 21.0/31.0 TR JHe 40 — Y AR Mg e -D3
it e i) FFY 4 i 281.1 155.9/108.1%* 21.0/30.0 T e 48— H AR e TE -D3
it il — F S I 279.1 186.0/124.1* 20.0/27.0 itk e 20 — F AE W i -D3
ik e — P S5 e 268.1 156.0/113.1% 17.0/20.0 T i ] — H S5 E-D6
i frie 2 i e 315.1 158.1/222.1%* 37.1/25.0 T JHe 4 — 1 AR s e -D3
Sl 289.2 97.1/109.1* 26.6/28.6 FH 3L S ALR-D3
SRR 301.1 121.0/149.0% 26.8/16.4 FH 3L S ALR-D3
FF 5 52 500 i) 303.2 109.0/97.0* 31.1/29.6 gL 52 JUlA-D3
22 i 315.3 97.1/109.1* 26.6/29.1 Z#[ii-D9
TEARRES -D9 286.3 204.0 17.4 NFRY)
WV -DS 340.2 3223 22.0 NFRY)
By -Ds 365.2 347.3 22.5 NFRY
WD AL-DS 325.3 307.3 21.8 NFRY)
TR e 40 — Y S Mg e -D3 314.0 156.0 18.8 LR
T i) — H S M5 IE-D6 317.1 162.1 23.8 R
F JE 52 JUEA-D3 306.2 109.2 293 R
Z4fifi-D9 324.3 100.1 252 R

s R T
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Y EIE AT IE A AL A SR s AL, 525k
Bl B2 9 AR A . ABFFE 4 T Thermo
Hypersil Gold-Cjg (150 mmx2.1 mm, 3.0 um)Fl Waters X
Bridge-C 5 (100 mmx2.1 mm, 3.5 pum)PAREISEEST B AR
F A B R . 2448 FHl Thermo Hypersil Gold-Cyg FEH, 62 Fft
AW ICEIEBN AR5, Wl Waters X Bridge-Cig
FEXT 62 Fi B AR #9438 28R L T Thermo Hypersil
Gold-C g, HILIEA X bridge-C s HEAEIE— K
2,13 AshAaedtdE

O BRI WO (3% o 89 W TR T sl . ADF
FEor B LR T 7K - I FHK - F B A s ARG H AR 53 24
BERISENT . Z50ERE, K- R R T A G B A E
I EIS B R . X TR B T ORI VR RE D R,
53 BRI ek Ry a5 A B AR 0 43 S ROCR . D 4b, TET
SRR, AT S A L g 55 8 5 DA E DU AR T 9 8 51k Br
i A T, RIS YITE s TR E Tk, Sl R
g I, AT S BRI I 0.20%(1 FF R
F110.05%F R o 25 2R R HH, 0.20% ) H R /KA R - FH I g
RS IERY, X PRPELF, IERIIE, TR | HiREMA,
HRVR FE R 22 0.05% 01, BRI ML & i BB A, {5
e EWAF R . R W AR BLS . i
ABIFFEESE 0.20% FBR/K F-F A o i sh Al . B 102 7E
AL 25 A AR S W RO bR i (LI 1A

35
3.0
25+ ¢
20t
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o

15k
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A5 B4 1t 8] /min

Har BRIV AL b SEARRER; oo T R) T HP AU IE
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Fig.1 Selected reaction monitoring chromatograms of the
derivative of several standard (5 ng/mL)
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B IR 2 M2, H Al RME, LR BRI PR,
BRZAEY IR RIRBUER, (HETLE AR 20

RGP BRI T BT R AL T, 2R iE AL 2L RE 1o,
Xof 2 11 I A5 44 AT U T VE B8RS, [l Bt X AR BiE 5 v i v
RTERES . MRS . JRFERRmEE | BBl . MR R
HEE 5 RN AP RE, TSRS AR GE
A RIRBOE 0, R BR 2 A ARSIk 5 R
B HABRNES SRR, B 7 SR e, 752N o
R IEA TR A4 p-3shin, R BRK Rk vl S & & A
LSRR p-Z R B 2 s A DI A pr TS,
TR IS | WS VA 218 FE 2 1 S R P 4, 7 R Mk 42 T 711
T, G AR50 R AR S R FH R N T A
ARG BTSSR IRE 1o 8, AR RS
Betk, RITESRBCZ AT, IAKAE, XHRE AT 3 B2 B,
A T PRI S G B B A 2 I, KA T AR 2
SRR, A7 T kAR 2 R

AR S AR, %42 0.07%. 0.25% . 0.50% .
1.00% 25 /N [R] v FE 1 F R - LIS 6 62 kA 0 g $E L
WO G5 ERFRI, RIE Ty 1.00% Y H R I T IR A AR B
I E BT RO A (B 2). F bk, X F4 R 25 H bR
A0 A 4R BRI 2R A i 1Y 1.00% HT R - 2 IR ¥ VR VR Sy B2 B
W RS e BRI A TG K B BR A A S AL BN, DLk E)
WA FNERATVE R, — A SR IOR KB 2 T TE F K
A, W2 REE,
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Fig.2 Effects of extractants on the extraction recovery of
veterinary drug
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QuEChERS ¥y irfb S [t Z 4%, X ES QuEChERS
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PRI —E W VE R, SEURCR AR, R4 R
70.0% L4 R34 C o 1 PEP (AR B B1E 0, [RIeR Y
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Iy, W HMIRLE . Ut Ak PEP Hilbf 7k,
2.3 FEME RS AHERR

A PRl P AR AT DL LA B 4, T
RE2x AR H AR B FALROR, FBOR 1 SR s il
BPJE RN o R T I BRIE TR, AHFFE R A28 (AR S 4R
TR F i bn v 2k, DA o 5 e vEAf
24 FEFIIE
241 LA fesh bRk

i HRUB 28 W ANER 25 A0 X R 9 bR eV WA TR I, 43
I LA 2 43 g T FR g T AR L AE (V) AR AR, HARAb S
Yo o vk B (X, ng/mL) i AL ARy il Am ol i 4 45 R An 3k
2 IR, TERGIMIETLEIN, 62 Fied2ysh Rl RAFrLk
P, FE BB H 0.9953~1.0000, L) 3 A5(E 1 LA E 1

242 Ik EFAEEE

FREL2.00 gCRE 1 % 0.05 g) 21 R ROMESFERL, TAGE
HHR-E 2SR ME TAE W AN 100 pL AR TAEW, fdintrit
S HRHREHBR . 2.50 pg/ke F15.00 pg/kg 3 ANRIEIITREK
S, SRIG FEFIRE BORE S AT AL R T A THR A ek DL s
SRR R €0 3 - R TR ST T AS I, A [ A R AR XA v i 22
(relative standard deviation, RSD). &MUSII/KEFAT5E 5
W(n=5), LR RS R, Iifsas R 3.

62 Fh 2 1) 34 [EISCRTE 70.3%~119.0%, P RSD
(n=5)H7 0.13%~14.70%. [RIEFBEBUMFREA 5.00 pg/kg i
FITEEE ML, #HEE] RSD (1=5)H 1.74%~14.90%. i%
FEEFRECR . #HEP RSD. #ElR) RSD Y454 iK™
B2 R B R bR o SR, R BZ T IR B BT RS
BRI EE, TR TR S b 2 2R R b

PR, 62 Fh-E 2415t FRYE FI7E 0.25~2.50 pg/ke.

Lioaille

®2 HKMSREMGHR

Table 2 Linear equations and detection limit

Hir¥ 2 PEE l/(ng/mL) Stk r e LiET Y K HBR/(ug/kg)
2- G B R R R 0.50~40.00 Y=1.09x10° X~1.41x10* 0.9999 0.25
5-F2 FL LIS A 1.00~40.00 Y=2.41x10° X-2.96x10* 0.9997 0.50
o] 24 3 AR, 1.00~40.00 Y=3.13x10° X+7.84x10° 0.9998 0.50
o 2% 35 A IV AL 4.00~100.00 Y=2.40x10* X-1.94x10° 0.9978 2.00
o 2 3 e -2 - 2 BE AN 0.50~40.00 Y=1.48x10° X+4.18x10° 0.9996 0.25
SRR 0.50~40.00 ¥=2.83%x10° X +1.69x10* 1.0000 0.25
SFR IR 1.00~40.00 Y=4.28x10* X -1.16x10* 0.9994 0.50
L pASIN 0.50~40.00 Y=8.49x10* X —1.40x10" 0.9997 0.25
TR AR AR R e 0.50~40.00 Y=2.74x10° X -3.30x10* 0.9999 0.25
Yoofe ik m 0.50~40.00 Y=1.55x10° X -2.12x10* 0.9999 0.25
TR T 1.00~40.00 Y=1.09x10° X -1.41x10* 0.9999 0.50
2 3 2R DR e 0.50~40.00 ¥=9.96x10* X -9.17x10? 0.9997 0.25
FR R R e 0.50~40.00 Y=1.60x10° X —1.44x10* 0.9999 0.25
YA RS 0.50~40.00 Y=8.36x102 X +7.65%107° 0.9996 0.25
AR 2.00~100.00 Y=1.13x102 X +1.86x10™* 0.9986 1.00
g 0.50~40.00 Y=5.11x1072 X +8.14x10°° 0.9992 0.25
CX(ta 1.00~40.00 Y=3.59x102 X +7.59x10" 0.9994 0.50
X 2.00~100.00 ¥=9.32x107° X +3.51x107° 0.9989 1.00
Ofife % 0.50~40.00 Y=5.36x1072 X +6.50x10" 0.9995 0.25
B 0.50~40.00 Y=5.61x1072 X +8.29%10 0.9992 0.25
5 A7 2 0.50~40.00 Y=6.67x102 X +9.92x107 0.9991 0.25
RO A 1.00~40.00 Y=3.35x10* X -6.07x10? 0.9993 0.50
3 i £ g 1.00~40.00 Y=2.62x1072 X +8.23x10° 0.9953 0.50
FFEH 1.00~40.00 Y=9.40x10* X -7.63x10° 0.9997 0.50
TELERS 1.00~40.00 ¥=1.58x10° X +3.06x10* 0.9993 0.50
P RS 2.00~100.00 Y=3.26x1072 X +3.51x10"> 0.9991 1.00
RS 2.00~100.00 Y=1.57x102 X +5.15x10"* 0.9996 1.00
TS 0.50~40.00 ¥=7.33x102 X-7.01x10 0.9990 0.25
Uy TRU 5.00~100.00 Y=2.67x1072 X +2.14x107 0.9983 2.50
WD 2 4.00~100.00 Y=2.88x1072 X +8.38x107> 0.9985 2.00
587 U 2.00~100.00 Y=5.79x1072 X +3.73%107 0.9955 1.00
R R 4.00~100.00 Y=5.31x102 X +1.51x1072 0.9994 2.00
b 2 4.00~100.00 Y=3.33x1072 X +2.31x1072 0.9968 2.00
KRR 4.00~100.00 Y=6.00x1072 X +3.67x1072 0.9977 2.00
Ok R 4.00~100.00 ¥=3.79x102 X +3.77x107° 0.9978 2.00
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Wb R 4.00~100.00 Y=4.08x102 X +3.15x102 0.9971 2.00
R 2.00~100.00 Y=6.67x1072 X +2.21x1072 0.9989 1.00
WAV A 2.00~100.00 Y=3.23x10* X +3.96x10* 0.9984 1.00
WAL 2.00~100.00 Y=7.93x1072 X +6.81x107 0.9990 1.00
M R 2.00~100.00 ¥Y=0.17 X-0.15 0.9981 1.00
D R 4.00~100.00 Y=8.09x1072 X —1.83x107 0.9993 2.00
YRV AL 4.00~100.00 Y=4.92x1072 X +1.97x107> 0.9981 2.00
Gl 4.00~100.00 Y=5.87x1072 X +2.21x1072 0.9983 2.00
24 PP i e 1.00~40.00 Y=4.10x107> X +4.68%107> 0.9991 0.50
it e S mk g 4.00~100.00 Y=1.69x1072 X +3.79x10°3 0.9994 2.00
ik g s g 4.00~100.00 Y=1.82x1072 X +2.89x107 0.9997 2.00
itk iz (1] — PP 4R g g 4.00~100.00 ¥=6.02x107 X —1.38x107* 0.9989 2.00
i Jie 408 — Y 4 M g 2.00~100.00 Y=3.48x1072 X +8.79x10°* 0.9999 1.00
T e o 4 M 2.00~100.00 ¥=2.19x102 X +4.61x107 0.9971 1.00
ik i — F g 1.00~40.00 Y=5.53x1072 X +5.36x107 0.9997 0.50
i e FT e — 2.00~100.00 Y=2.07x1072 X +2.27x107 0.9996 1.00
i fig Y e 4.00~100.00 Y=1.36x107 X +6.96x107° 0.9967 2.00
itk e FR A ik 2.00~100.00 Y=2.31x1072 X -1.50x107 0.9984 1.00
it f 1) Y 4 5 4.00~100.00 ¥=1.95%x102 X +3.51x10°° 0.9986 2.00
itk iz < e 4.00~100.00 Y=1.96x1072 X +2.87x107 0.9993 2.00
itk B N B 5.00~100.00 Y=2.49x1072 X+4.21x10° 0.9990 2.50
itk e — PP S W 2.00~100.00 Y=3.50x1072 X +6.50x107 0.9994 1.00
il il — R S i 4.00~100.00 Y=5.23x1072 X -2.12x107 0.9972 2.00
S2{i 2.00~100.00 Y=6.31x107 X +7.34x107* 0.9996 1.00
FE TR 2.00~100.00 Y=2.22x10* X —4.54x10? 0.9997 1.00
FF 5L 52 AL 2.00~100.00 Y=4.00x107 X +8.20x107 0.9993 1.00
2 ] 4.00~100.00 Y=3.45x1072 X +1.36x107 0.9976 2.00
3 62 FBEZH EIEFB X IRAERE (%)
Table 3 Recoveries and relative standard deviations of 62 kinds of veterinary drug (%)
) far BRI 2.50 ugrkg 5.00 pg/kg S RSD
I i 5 RSD IEvES RSD s RSD
25 H A R e 88.2 0.13 77.6 1.86 85.3 1.13 13.50
S-FRHLMER A 99.3 13.90 70.8 5.09 99.5 0.54 13.00
T 28 3 MR A 88.0 14.40 78.8 0.98 102.0 0.44 6.28
I 2% 25 e ST T 76.4 4.99 82.2 6.08 108.0 0.56 13.00
o A% 3k e -2 - LA 80.3 14.60 70.8 3.54 91.7 0.58 12.30
ISR IR 79.4 6.72 80.3 6.84 79.6 1.58 14.70
SEOR IR I 113.0 3.49 82.5 3.44 102.0 1.02 13.20
TRZE TR 99.3 7.26 81.3 1.81 118.0 0.49 6.41
PN AR DR 95.7 7.62 78.7 1.58 71.1 0.77 11.20
Yofe ik ms 943 11.60 80.9 2.01 82.6 0.63 14.70
TR IR M 75.3 14.30 74.3 2.60 85.2 1.47 13.40
G Rk 81.6 8.65 75.7 437 88.3 0.93 13.20
FR 2R kg 89.0 7.22 79.4 2.94 89.6 1.59 14.10
PEAi RS 99.1 10.80 114.0 1.39 93.4 0.44 12.80
AT 100.0 8.30 88.7 3.87 97.7 0.43 6.60
[igiEs 2 79.1 13.60 99.5 6.44 107.0 0.55 10.40
TARRES 92.0 8.07 104.0 2.67 90.0 0.36 3.64
e 98.2 11.90 109.0 7.11 104.0 0.48 13.90
Vit 94.8 6.12 110.0 3.45 92.3 0.28 12.10
TR 90.6 5.55 109.0 1.40 91.3 0.30 1.74
I A1 45 2 82.2 6.99 111.0 5.52 78.4 1.62 14.00
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HiRt ot B b 2.50 ugrkg 5.00 pg/kg e RSD
N RSD N RSD [EES RSD

KWL A 99.9 6.21 79.0 423 84.1 1.36 12.40
EITEAul s 85.7 6.30 93.0 14.70 98.8 0.63 7.07
FIFER 87.3 9.38 74.0 3.85 78.6 0.49 12.70
ZATRS 87.8 12.20 101.0 4.18 85.7 0.25 14.00
LY 74.6 11.00 104.0 4.90 82.1 1.36 10.50
VAR EY A 97.3 11.50 106.0 4.65 97.5 0.45 6.24
[UESETA 99.0 14.50 107.0 6.00 91.8 1.94 12.90
Y TR 99.3 7.34 99.3 7.34 98.9 0.38 13.70
BRI A 70.3 7.15 103.0 8.54 86.2 0.87 10.60
Bt AL 103.0 14.60 108.0 3.97 94.0 0.58 7.90
PR 101.0 7.07 102.0 4.43 94.3 0.97 10.60
R 96.7 7.09 96.7 7.09 923 0.86 3.54
KRV 71.3 2.70 93.0 0.33 94.1 7.59 12.90
DR 80.2 10.30 92.6 8.45 84.0 0.99 12.60
WD A 84.1 7.51 114.0 5.21 98.5 0.46 14.60
WU E 79.3 9.27 101.0 4.32 94.0 0.98 11.20
BN 109.0 5.46 110.0 4.24 103.0 0.75 11.40
BV R 91.3 8.91 87.3 3.84 90.9 0.67 7.81
M R 75.5 4.51 80.1 10.20 100.0 0.36 12.90
R R 88.8 7.30 114.0 5.52 93.4 0.63 11.20
b 2 87.8 10.50 101.0 11.50 101.0 0.91 12.50
AT A 82.8 8.70 85.5 12.50 91.0 0.62 14.60
7% R Tkt e 99.0 7.45 113.0 9.02 953 1.15 8.65
it e S mk R 95.1 6.76 104.0 5.13 102.0 0.75 10.10
i e v 103.0 2.87 107.0 5.33 116.0 0.46 4.40
i iz 1] — P 4 s i 111.0 2.10 115.0 5.54 106.0 0.43 8.16
it BiE 405 — Y 4R s 107.0 6.56 112.0 4.65 108.0 0.61 9.05
it file Xt 4 M i 95.5 12.20 98.5 7.28 102.0 1.18 14.90
T e — F mi g 114.0 2.20 114.0 1.72 77.1 0.35 5.01
it fre P i e 99.2 6.60 98.7 10.20 91.0 1.34 14.40
it frle Y I e 98.8 9.01 119.0 3.20 112.0 0.91 10.50
T Jie FR Ak 1 104.0 6.90 96.6 11.20 92.8 1.05 14.00
Tk iz [ FR 4R s i 92.2 11.50 100.0 10.20 95.8 1.15 14.60
it e R it nee 103.0 6.86 109.0 4.43 95.9 1.19 10.90
it e it i 97.6 6.44 97.6 6.44 105.0 1.24 14.50
T e — Y S e 102.0 13.00 94.9 10.60 110.0 1.52 13.20
i fie — S I e 103.0 5.26 96.7 10.40 84.8 1.90 13.00
2] 74.7 5.02 117.0 3.90 104.0 1.23 12.60
S 91.3 5.25 103.0 8.87 97.5 0.80 12.40
FH 3 S AL il 103.0 2.05 111.0 3.27 103.0 0.39 14.10
2 il 106.0 2.54 115.0 3.62 105.0 0.39 7.09

2.5 EPRMEmaHR

L FAS B S ARSI i, FER 30 HEWRIE SRS
PEAT 2GR BRI HT . 4 AEURAE b A s 3 TG 000 235 SR B 44,
Horh 2 HEUBE SRS IRV B, S 11.00 pg/kg Al
28.00 pg/kg; 2 HEUCHE T H AV A, 43900 5.30 pg/kg
1 19.20 pg/kg . [6] IR T E bR HE T Al &R 1077 52>
H-1-2008 X 30 HEUIFSHE G o 1Y VTR ER S 245 4 5% F1 30F 1 7

R, 4 HEVRE S B ARG I 235 S P e o T - bR v ek RG]
LS HO AR, 2 R X AR R s A T 245 0 B B ) 7 R TR
%7 100%.
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