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- /
76
1 * 1 1 1 2 2 3
" 200135) % 200433)
3 211198)
- / ( SPE-HPLC/MS) 76
Mg2+
~ (955 W) -
0.5 pg/kg( 8- ) 1.0 pg/kg(
) 5.0 pg/kg( ) 20 we/kg( ). 76 R R N
(r) 0.907 59.4% ~115.3% 2.6% ~
27.3% o 2
0.92 6.5 pg/ke.
1
20 ( )
1
- 2 3 4 5 6
7-9
0 : 70 ~ 100
o - /
N N 6 76 o
2
2.1
API14000 ( AB ) UFLC XR ( )
Thermo Aquasil Cq (150 mm x4.6 mm 3.5 um ); Allegra X22R (
Beckman ) ( Suplco ); ( Buchi ) ; N-EVAPI11
( Organomatian ) - (60 mg 3 mL );
(60 mg 3 mL CNW ) (0.5~10 pL 20 ~200 wL 200 ~ 1000 pL
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( No. 08DZ0505200) ( No. HK004-2007)

*  E-mail: dengxj@ shciq. gov. cn



3 : - / 76 319

500 ~5000 pL Brand ) 0.45 pm( @25 mm)  0.22 pl( @13 mm) ( Millipore ) o
( HPLC J. T. Baker ) ( HPLC Promptar ); ( HPLC Promptar
) (ACS  J.T. Baker ) N N N ( CcH{0O, « H,0) .
( MgCl, » 6H,0) ; ( ACS Fisher ) o B-
(12 ). (14 ). (10 ).
(19 ) (2 ) =95% 1.0 g/L (19 ) o
(pH=2.5) 10.5 g C,H,0, * H,0  10.2 g MgCl, * H,0 450 ml.
pH 2.5 500 mL.
2.2 /
30 C; 0.6 mL/min; 20 pL; A 0.1% B 0.1%
95:5 ; 0~3min 0~25% A;3 ~4 min 25% ~40% A,

4 ~7 min 40% ~50% A;7 ~9 min 50% A;9 ~13 min 50% ~100% A; 13 ~18.5 min 100% A;
18.5 ~23 min 100% B.

(ESI+); (GS1): 0.448 MPa; 550 C;
(CUR) : 0.207 MPa; (GS2): 0.433 MPa; (1IS) : 4500 V;
(CE) . ( DP) 1( http: //www. analchem. c¢n/table /090818. pdf)
(EP): 10 V; (CXP): 13 V; -
: 20 ms; N N N © 5 mso
1 76 ()

Table 1  Multiple reaction monitoring transition and mass spectrometry parameters of representative compounds within 76 veteri—
nary drugs( brief table)

Molecular Precusor ion Product ion Collision Declustering
Compound CAS No. - ;o voltage potential
formula (m/z) (m/z)
(v) (v)
Benzodiazepine( 19 )
. 193.2 37 80
Diazepam 439445 CigHis CIN, 0 285.2 154.2° 38 84
227.2 32 42
Chlordiazepoxide 38253 Cig iy CIN; O 300.2 282.27 33 66
274.3" 37 100
Alprazolam 28981979 Cir His CING 309-1 205.1 34 08
- 297.2° 34 84
a-Hydroxyalprazolam 37115438 Cir His CIN,O 325.1 176.1 38 90
Sulfonamide( 19 )
IR ) 3 156.0° 23 108
Sulfaquinoxaline 59405 CiaH2N, 0,8 301.1 108.0 39 98
. 92.1 41 64
Sulfadiazine 68359 CioHioN, 0,5 2L 156.0° 23 70
156.0" 24 60
Sulfamethoxypyridazine 80353 CiHinN; 058 2811 215.0 25 70
Benzimidazole( 14 )
234.2° 30 88
Albendazole 34965218 CiHisN; 0,8 266.2 191.2 a8 88
383.2° 27 90
Febantel pestanal 38306302 CaoH Ny 05 447.3 280.2 44 90
191.2" 31 100
Oxfendazole 33716500 CisHisN; 055 316.2 159.2 48 100
B- B-agonist( 12 )
164.2" 24 66
Ractopamine 97825257 Cis Hos NOs 302.2 107.1 51 66
P 27 66
Salbutamol 18559949 Ci3Hy NO, 240.2 148.2 16 66
203.17 25 75
Clenbuterol 37148279 CiaHig C N, 0 2771 1321 2 75
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1( Continued to Table 1)

. . Collision Declustering
- < Molecular Precusor ion Product ion oo
Compound CAS No. . ) voltage potential
formula (m/z) (m/z) (V) (V)
Triphenylmethane(2 )
- 239.2" 39 104
Leucomalachite Green 129934 Co3Hy N, 331.2 315.2 37 113
. 358.4" 39 104
Leucocrystal Violet 603-48-5 Cas Hsi Ny 374.3 238.3 35 110
Nitroimidazole( 10 )
128.2° 21 55
Metronidazole 443484 €ty N5 05 172.0 82.1 35 51
96.0" 23 60
Dimetridazole 31928 CsH7 N, 0, 142.0 81.0 36 59
140.2" 17 37
Ronidazole 7681369 CsHyN, O, 201.1 110.2 25 38
* ( Quantitative transition) .
2.3
2.3.1 S5g 50 mL 30 mL <2 mL 10 mL
2000 r/min 5 min 4000 r/min 5 min 250 mL
o 6 mL 40 °C
5 mL 50 mL 5 mL 4 C
8500 r/min 10 min 0.45 pm o
2.3.2 3 mL <3 mL
3 mL o 0.5 mL/min o 3 mL
BmL 3mL - (5:95 V/V) 5 min 4 mL 6 mL -
(95:5 V/V) 40 C
. 1.OmL  0.1% — (91 VW) 0.22 pm .
3
3.1
3.1.1 o
76 A)
o pKa
pKa 2.8~11.4
0.1 mol/L (pH=2.5) Mg
o MgCl, -
3.1.2 o
pH=2.5 o
76 o 1% 3% 5% 10%

5%
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3.2
3.2.1 3 Thermo Aquasil C,z( 150 mm x 4. 6 mm
i.d. 3.0 wm) .Sunfire C;g( 150 mm x2.1 mm i.d. 3.0 pum)  Xbridge Cg( 150 mm x2. 1 mm i. d.
5.0 um) 76 2.0 5.0 10 mmol/L ( 0.1% ).0.1% -
<0.1% - o Thermo Aquasil C5( 150 mm x4.6 mm i.d. 3.0 wm)
5% N N '6_
(281/156) ; (311/156) ; (215/156) ; 5-
- (298 /266) T
. 8.38 i
S0 U S A
Sulfadoxine T ] PP S s e Sulfacetamide
~ -~ Sulfadimctlm:i:r;l g:‘]':lgljmmdjm /
N
4 5 6 7 8 9 111 12 4 5 6 7 8 9 10 11 12
#/min t/min
s 7.54 7.60
TG I I S, S-FEHE- U
Sulfamethoxypyridazine| Sulfameter Albendazole sulfone S-hydroxyl-mebendazole
T -6~ P
?.T}mmnnomclhminc oag /
4 5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12
f/min f/min
1
Fig.1 MRM chromatogram of compounds with identical precursor and product ions
3.2.2 CAC  EU  657/2002/EEC a
MRM
( MRM) ( Dwell time)
B_
20 ms; N N 5 ms 1,
3.3
3.3.1 (LOQ) L
. 10( S/N > 10) 76 :
0.1~0.5 pg/ke( B- ) 20.2~0.5 pg/kg( ) 0.2 ~1.0 pg/kg( ).
0.5~1.0 pe/ke( ) 1.0 ~5.0 we/ks( ) 5.0~20.0 pe/ke( )
. (2.
3.3.2 -
14
: 0.5 ~10.0 pg/L(B- ): 2.0~
50.0 pe/L ( )1 10.0 ~200.0 pe/L( ) 5.0 ~50.0 pg/L(

) o 3 .
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2 5 5
« )

Table 2 LOQ range of recovery relative standard deviation linear correlation coefficient of representative compounds within
76 veterinary drugs in spiked sample matrix regarding shrimp pork liver milk and egg( Brief table)

Spiked Recovery o RSD
Compound LOQ ( pg/kg) (e/ke) (%) (% n=6) r
Benzodiazepine
Diazepam 0.2 1.0 2.0 4.0 75.0~92.1 3.0~10.8 0.963 ~0.999
Chlordiazepoxide 1.0 1.0 2.0 4.0 74.7 ~94.5 3.4~8.2 0.946 ~0.992
Alprazolam 0.2 1.0 2.0 4.0 68.5~94.0 4.6~10.6 0.997 ~0.999
@ ) 0.5 1.0 2.0 4.0 69.7 ~94.6 3.3~8.3 0.984 ~1.000
a-Hydroxyalprazolam
Sulfonamide
BE  Sulfaquinoxaline 20.0 20.0 40.0 80.0 67.8~91.2 2.9~7.9 0.9929 ~0.9999
Sulfadiazine 5.0 20.0 40.0 80.0 69.6~91.9 3.6~10.6 0.967 ~1.000
L 5.0 20.0 40.0 80.0 72.5~97.6 3.3~7.8 0.960 ~0.999
Sulfamethoxypyridazine
Benzimidazole
Albendazole 1.0 5.0 10.0 20.0 63.1~94.7 5.2~9.6 0.915 ~0.997
Febantel pestanal 5.0 5.0 10.0 20.0 71.8 ~94.3 2.6~13.1 0.938 ~0.998
Oxfendazole 2.0 5.0 10.0 20.0 74.5~96.8 4.6~12.4 0.944 ~0.995
B- B-Agonist
Ractopamine 0.3 0.5 1.0 2.0 64.4 ~101.4 3.9~11.9 0.937 ~0.997
Salbutamol 0.2 0.5 1.0 2.0 65.9 ~107.9 5.1~20.8 0.910 ~0.999
Clenbuterol 0.1 0.5 1.0 2.0 66.7 ~100.4 4.5 ~12.7 0.938 ~0.997
Triphenylmethane
Leucomalachite Green 0.2 0.5 1.0 2.0 69.2 ~101.1 7.9 ~16.5 0.919 ~0.984
Leucocrystal Violet 0.5 0.5 1.0 2.0 68.8 ~95.3 9.3~19.5 0.950 ~0.997
Nitroimidazole
Metronidazole 0.5 1.0 2.0 4.0 71.1~90.3 5.8~18.8 0.932 ~0.992
Dimetridazole 0.5 1.0 2.0 4.0 70.4 ~92.4 3.2~16.3 0.943 ~0.999
Ronidazole 0.5 1.0 2.0 4.0 64.9 ~89.6 9.8~15.3 0.917 ~0.982
76 5 () 0.907( 2).
A(%) =% 100 S
0 =— X ope,
Slope,, v
Slope, ... 5 o
o 21
(RSD)  50% 2 . . .
3.3.3 2.3.1 2.3.2
11.0 2.0 4.0 pg/kgl );5.0 10.0  20.0 pg/ke( )
0.5 1.0 2.0 pg/kg(B- );20.0 pwg/kg 40.0pg/kg  80.0 wg/kg(
) o 2 ( http: //www. analchem. cn/table/090818. pdf)
76 59.4% ~111.6% 2.6% ~27.3%  (n=6).
5 o
3.4
(23 )
(19 ) 76 1 1

0.92 6.5 ug/kg. 3.
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Fig.2 Relative slope of sample matrix for 21 representative compunds in shrimp meat liver egg and milk
1. ( Sulfaguanidine) ; 2. I ( Sulfaquinoxaline) ; 3. ( Sulfabenzamide) ; 4. ( Sulfacet—
amide) ; 5. ( Bromazepam) ; 6 . ( Diazepam) ; 7. ( Nitrazepam) ; 8. ( Oxazepam) ; 9.

( Albendazole) ; 10. ( Flubendazole) ; 11. ( Fenbendazole sulfone) ; 12. ( Meben—
dazole) ; 13. ( Salmeterol) ; 14. ( Terbutaline) ; 15. ( Penbutolol) ; 16. ( Clorprena—
line) ; 17. ( 1A 2-Hydroxyethyl) 2-hydroxy-methyl-5nitroimidazol) ; 18. 2- ( Dimetridazole) ; 19.

( Metronidazole) ; 20. ( Ronidazole) ; 21. ( 5-Chlorod -methyl-4nitroimidazole )
B 302/164 6.83
a Ractopamine a R 3027107
T actopamine
AR i 2 L
12.65
- : ' : . - . - . . " - A
2 4 6 8 1012 14 16 18 20 2 4 6 8 10 12 14 16 18 20
t/min t/min
134.2 13.42
285/193 285/154
b Dizepam b Dizepam
i i
6.67
i . i L i s i sy s A J 1 I 1 1 1 n N 1 I 1
2 4 6 8 1012 14 16 18 20 2 4 6 8 10 12 14 16 18 20
t/min t/min
3

Fig.3 MRM chromatogram of positive sample

a. ( Regular inspection sample) ; b. ( Super market sample)
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Simultaneous Determination of 76 Veterinary Drug Residues
in Foodstuffs of Animal Origin by Solid Phase Extraction—
Liquid Chromatography-Tandem Mass Spectrometry

GUO De-Hua' DENG XiaoJun"' ZHAO Shan-Zhen' ZHU Jian' XIA ChongFei’ CHEN Shun-Sheng” SONG Yue’
'( Shanghai Entry-Exit Inspection and Quarantine Bureau Shanghai 200135)
*( Shanghai Fishery University ~Shanghai 200433)
*( China Pharmaceutical University Nanjing 211198)

Abstract A method based on solid phase extractiondiquid chromatography-andem mass spectrometry for the
simultaneous determination of 76 veterinary drugs in foodstuffs of animal origin was presented. The residues
derived from pork shrimp milk liver and egg were extracted by acetonitrile combined with citrate buffer con—
taining magnesium cation. The extracts were distilled and redissolved with citrate buffer followed by a further
cleanup procedure using polymer connected with cation exchange SPE column. The residues retained in
column were rinsed with methanol and mixture of methanol and ammonium hydroxide( 95:5 V/V). Sample
matrix-matched calibration was used to determine the residue contents by external standard. The method pro-
vided a LOQ of 0. 5 pg/kg( B-agonist and triphenylmethane) 1.0 wg/kg( benzodiazepine and nitroim—
dazole) 5.0 wg/kg( benzimidazole) and 20.0 wg/kg( sulfanilamide) linear relationship more than 0. 907
and a recovery ranged from 59.4% to 115.3% with a RSD between 2. 6% and 27.3% in sample matrix. The
practical inspection using the method offered two positive samples for ractopamine and diazepam with a residual
concentration of 0.92 and 6.5 pg/kg.

Keywords Veterinary drug; Multiple residues; High performance liquid chromatography-tandem mass spec—
trometry; Foodstuffs of animal origin
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