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Abstract: A method of solid phase extractiondiquid chromatography-tandem mass spectrometry

( SPEA.C-MS/MS) for simultaneous determination of 54 drug residues ( sulfonamides nitroimi—
dazoles quinolones macrolides lincosamides and praziquantel) in honey was developed. The
honey samples were diluted by phosphate buffer solution ( pH 8) followed by a further cleanup
procedure with an Oasis ( HLB) SPE column. The detection was carried out by LC-MS/MS u-
sing positive-ion electrospray ionization in multiple reaction monitoring ( MRM) mode with one
precursor/two product ion transitions for each compound. Isotope dilution internal standard
method or external standard method was used to determine the residue contents with a good
linear relationship (r >0.992) . The limits of quantification ( LOQs S/N >10) were 1.0 ug/kg
for sulfonamides and nitroimidazoles 2.0 wg/kg for quinolones and lincosamides 3.0 pg/kg
for macrolides and 0.3 pg/kg for praziquantel. The recovery ranges were from 32.6% to
114% with the relative standard deviations ( RSDs) between 1.3% and 28.9%. As a screening
method the developed procedure is suitable for the determination and confirmation of the drug
residues in honey samples.

Key words: liquid chromatography-tandem mass spectrometry ( LC-MS/MS) ; multi-veterinary

drug residues; honey

* : . Tel: (0571) 81100817 E-mail: xw @ ziq. gov. cn.
: (No. 20081K130) .
120110124

© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



* 536

29

56 78 9

10-15 / 16 -24

25-30

(LCMS/
MS) N AY AY

o

Oasis HLB 0

1.1
APT 4000 - /
( AB ); Oasis HLB SPE
mg 6 mL; Waters )
) ( Thermo )
( BuCHI Rotavapor R210) .

(500
( Supelco

Milli-Q o 13.8 ¢
0.1 mol/L
pH 8.0 1L,

(16 ). (10 ).

(15 ). (9 ).
(3 ) ( =98% Dr Ehren-
storfer GmbH) 1.
( D, Dy D,

D, D, D, -
Dy) ( =98% Dr Ehrenstorfer Gm—
bH) .
1.0 g/L 0~4%C
- (3:7 vlv)

o

1.2
5.00 g 50 mL
( 8 ng
40 ng
20 mL
o Oasis HLB 5
mL S mL 5 mL o
Oasis HLB
o 20 mL o
1 ~2 mL/min,
40 C o
2.0 mL - (3:7 v/v) N
0.22 pm - / o
1.3

30 ng) o

6 mL

. Agilent Eclipse XDB-C;( 150 mm x
4.6 mm 5 pum); : (A) ( B)
0.15% (Q); : A
20% B C
0 ~4.0 min 2% B ~5%B; 4.0 ~8.0 min
5%B ~10% B; 8.0 ~10.0 min 10% B ~38% B;
10.0 ~16.0 min 38%B; 16.0 ~16.5 min 38% B
~2% B; 16.5 ~ 23.0 min 2% B. : 0.8
mL/min; 150 nLo
( ESI) (ESI*)
( MRM) .
: 358.28 kPa;
( CUR) 0 172.25 kPa; ( GS2)
378.95 kPa; (TEM): 550 °C;
(CAD): 6. 1 o

5500 V; ( GS1)



_ _ oy . 537 -
1 54
Table 1 Information and optimized mass spectrometry parameters of 54 standard veterinary drugs
. Declustering  Collision  Collision cell exit Isotope internal Retention
No. Drug Ion pair (m/z) X . . .
potential /V energy/V potential /V compound time /min
1 sulfadiazine 251.1/156.3" 65 22 10 sulfadiazine-D, 4.35
( ) 251.1/108.2 33
2 sulfathiazole 255.8/156.3" 70 22 10 sulfathiazole-Dyg 4.90
( ) 255.8/108.2 30
3 sulfapyridine 249.9/156.2" 70 24 10 sulfapyridine-Dy 5.29
( ) 249.9/184.4
4 sulfamerazine 265.1/156.3" 65 25 10 sulfadiazine-D, 6.06
( ) 265.1/172.2 23
5 sulfamethazine 279.2/156.3" 70 26 10 sulfamethazine-D, 7.78
( ) 279.2/186. 1
6 sulfameter 281.2/156.3* 70 25 10 sulfamethazine-D, 8.35
( 54 ) ) 281.2/215.4 26
7 sulfamethizole 271.0/156.2" 70 24 10 sulfamethazine-D, 8.75
( ) 271.0/108.2 32
8 sulfamethoxypyridazine 281.2/156.3" 70 25 10 sulfamethazine-D, 9.29
( ) 281.2/215.4 26
9 sulfachloropyridazine 285.0/156.3" 70 22 10 sulfadimethoxine-D, 11.5
( ) 285.0/108.2 35
10 sulfamonomethoxine 281.2/156.3" 70 25 10 sulfamethazine-D, 11.9
( 64 ) ) 281.2/215.4 26
11 sulfadoxine 311.2/156.3" 70 30 10 sulfadimethoxine-D,  12.1
( ) 311.2/108.2 37
12 sulfamethoxazole 254.1/156.3" 65 22 10 sulfamethoxazole-Dg  12.1
( ) 254.1/108.2 36
13 sulfafurazole 268.0/156.3" 70 22 10 sulfadimethoxine-D, 12.5
( ) 268.0/113.2
14 sulfabenzamide 277.0/156.2" 68 19 7 sulfadimethoxine-D, 12.8
( ) 277.0/92.0 41 8
15 sulfadimethoxine 311.2/156.3" 70 30 10 sulfadimethoxine-D, 13.1
( ) 311.2/108.2 37
16  sulfaquinoxaline 301.2/156.3" 55 24 13 sulfaquinoxaline-Dy 13.1
( ) 301.2/108.2 37 9
sulfadiazine-D, 255.2/160.3 56 22 12
( D,)
sulfathiazole-Dg 262.0/97.9 72 39 8
( De)
sulfapyridine-Dyg 256.2/97.9 70 38 7
( D)
sulfamethazine-D, 283.1/186.3 63 29 10
( )
sulfamethoxazole-Dg 260.2/162.3 75 22 20
( D)
sulfadimethoxine-D, 315.3/156.3 65 29 10
( )
sulfaquinoxaline-Dg 307.3/162.3 30 24 12
( ;)
17 metronidazole-OH 188.1/123.0" 53 19 10 DMZOH-D; 3.34
( MNZOH ) 188.1/126.0 26
18 2-methyl-5-nitroimidazole 128.0/82.0" 60 26 10 3.59
(2-  5- ) 128.0/42.0 51
19 dimetridazole-OH 158.0/140.1 48 16 10 DMZOH-D, 4.14
( DMZOH 158.0/55.0 31
20  metronidazole 172.0/128.2° 62 21 11 DMZOH-D, 4.07
(MNZ ) 172.0/82. 1 35 14
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Table 1 (Continued)

. Declustering  Collision  Collision cell exit  Isotope internal ~ Retention
No. Drug lon pair (m/z) . . . .
potential /V energy/V potential /V compound time /min

21  dimetridazole 142.0/96.0" 62 23 8 DMZ-D, 4.83
(DMZ ) 142.0/81.0 36 14

22 Ronidazole 201.1/140.2° 37 17 8 RNZ-D, 4.65
( RNZ ) 201.1/110.2 25

23 5-chlorod-methyl4-nitroimi-  162.0/116.0" 68 26 10 7.09
dazole( ) 162.0/145.0 24

24 5-nitrobenzimidazole 164.0/118.0" 64 32 10 7.51
( ) 164.0/91.0 52

25  ipronidazole-OH 186.3/168.1" 45 19 9 IPZOH-D, 10.5
(IPZOH 186.3/122.3 29 5

26 ipronidazole 170.2/109.0" 63 37 10 IPZD, 12.5
(1PZ ) 170.2/124.1 26
DMZOH-D, 161.2/143.1 51 18 6
( Ds)
DMZ-D, 145.2/99.0 85 25 10
( D))
RNZ-D; 204.2/143.3 50 17 10
( D3)
IPZOH-D, 189.2/171.2 60 20 9
( )
IPZ-D, 173.1/127.2 67 28 6
( D3)

27 marbofloxacin 363.2/320.27 63 23 10 5.58
( ) 363.2/345.3 25

28  enoxacin 321.2/303.1" 67 29 10 enoxacin-Dy 6.38
( ) 321.2/234.4 32

29  ofloxacin 362.2/318.3" 75 27 8 ofloxacin-D; 6.76
( ) 362.2/261.2 39 6

30 norfloxacin 320.0/233.3" 74 35 11 norfloxacin-Djy 7.51
( ) 320.0/276.3 25 14

31 ciprofloxacin 332.1/288.3" 85 27 7 ciprofloxacin-Dy 8.00
( ) 332.1/230.9 50 12

32 danofloxacin 358.2/340.3" 65 35 9 8.17
( ) 358.2/283.1 33 9

33 enrofloxacin 360.2/316.2" 76 29 7 enrofloxacin-Ds 8.38
( ) 360.2/245.4 35 9

34 lomefloxacin 352.3/265.1" 80 35 10 8.70
( ) 352.3/308.2 24 10

35  orbifloxacin 396.0/352.0" 76 27 9 8.92
( ) 396.0/295.0 35

36  difloxacin 400.0/356.0" 76 29 difloxacin-D, 10.6
( ) 400.0/299.0 42

37  sarafloxacin 386.1/342.4" 87 27 8 sarafloxacin-Dy 11.2
( ) 386.1/299.2 39 7

38  sparfloxacin 393.2/292.2° 94 36 10 11.7
( ) 393.2/349.2 28 10

39  oxolinic acid 262.0/244.4" 75 25 18 12.9
( ) 262.0/216.3 40 18

40  nalidixic acid 233.2/215.0" 53 21 10 14.1
( ) 233.2/187.0 35 10

41 flumequine 262.1/244.0° 73 27 10 14.3
( ) 262.1/202.1 49 10
enoxacin-Dyg 329.4/311.2 66 28 7

( Dy)
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Table 1 (Continued)

Declustering  Collision  Collision cell exit  Isotope internal ~ Retention

No- Drug lon pair (m /z) potential /V energy/V potential /V compound time /min
ofloxacin-D, 365.2/321.4 65 26 8
( Ds)
norfloxacin-Djy 325.4/281.2 65 25 9
( Ds)
ciprofloxacin-Dg 340.1/296.5 90 27 10
( Dg)
enrofloxacin-Ds 365.1/321.5 70 28 8
( Ds)
difloxacin-D, 404.3/360.2 76 28 9
( D,)
sarafloxacin-Dyg 394.1/376.5 70 30 8
( D)
42 spiramycin 843.6/174.3" 110 50 14 11.8
( ) 843.6/318.5 40 9
43 tilmicosin 869.7/174.4" 120 58 15 12.1
( ) 869.7/156.6 68 12
44 oleandomycin 688.6/158.4" 65 40 13 12.6
( ) 688.6/544.6 23 19
45 tylosin 916.5/174.2" 96 53 15 12.7
( ) 916.5/772.7 41
46 erythromycin 734.6/158.5" 80 40 13 12.7
( ) 734.6/576.5 27 17
47 roxithromycin 837.6/679.6" 90 48 14 13.3
( ) 837.6/158. 4 30 2
48 josamycin 828.8/174.3" 105 45 14 13.6
( ) 828.8/229.3 )
49 kitasamycin 772.7/174.3" 115 47 8 13.0
( ) 772.7/109.0 63 10
50 tiamulin 494.3/192.5" 60 26 10 12.9
( ) 494.3/119.2 54
51 lincomycin 407.2/126.3" 90 26 10 5.15
( ) 407.2/359.4 28 9
52 clindamycin 425.9/126.1° 90 48 10 12.4
( ) 425.9/378.2 28
53 pirlimycin 411.2/112.17 90 44 10 12.3
( ) 411.2/363. 1 2
54 praziquantel 313.5/203.2° 74 25 4 17.1
( ) 313.5/83.2 39 6
* quantitative ion.
2 Cis ; MCX
2.1 o
(pH 8) Oasis
HLB
2
5% ~15%: 19 31 32
. 2.2
N N 2.2.1
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o mm Xx4.6 mm 5 pm) . Agilent Eclipse XDB-C
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Table 2 Limits of quantification (LOQ) and the concentration values of working curves for veterinary drugs
D LOQ/ Concentration of working solution/ Concentration of working curve/
rug
(pg/kg) (mg/L) (ng/kg)
Sulfonamides and nitroimidazoles 1.0 1.5 2.5 5.0 10.0 15.0 0.6 1.0 2.0 4.0 6.0
Quinolones and lincosamides 2.0 3.0 5.0 10.0 20.0 30.0 1.2 2.0 4.0 8.0 12.0
Macrolide antibiotics 3.0 4.5 7.5 15.0 30.0 45.0 1.8 3.0 6.0 12.0 18.0
Praziquantel 0.3 0.45 0.75 1.5 3.0 4.5 0.18 0.3 0.6 1.2 1.8
2.6
o 1.0 23
g lkg 2.0 pg/kg- N N
3.0 wg/kg- 0.3 pg/kg N N N
( S/N) 10 4 .
18 32 34 -36
o 4 23
2.5 Table 4 Drug contents in positive honey samples by
3 this method and confirmed method
S | This Confirmed
o c;\lmp ¢ Drug method/ method” /
0.
3. 6 (ng/kg) (pglkg)
( RSD) 3. 1 sulfadiazine 3.8 5.3
2 sulfamethoxazole 6.9 5.0
3 : 3 metronidazole 13.5 15.4
4 idazole 2.0 2.2
Table 3 Spiked concentrations recovery ranges and metronidazole
relative standard deviation (RSD) ranges 5 metronidazole 2.2 2.4
of veterinary drugs in a blank honey sample 6 norfloxacin 4.7 3.0
D Spiked/ Recovery RSD 7 norfloxacin 4.9 3.3
rug
(pg/ke) range /% range /% 8 norfloxacin 1.8 3.3
Sulfonamides 10 525 —110 363 —134 9 norﬂoxacin 34 35
2.0 35.8 -107 1.30-10.9 10 norfloxacin 3.0 4.5
4.0 53.6 -114 3.52-12.4 )
Nitroimidazoles 1.0 62.8-108  3.13-9.80 i norfloxacin 33 32
2.0 72.0 =110 3.80-11.4 12 ciprofloxacin 38.4 25.2
4.0 81.3 -107 2.50 -8.88 13 ciprofloxacin 36.5 23.8
Quinalones 2.0 67.5-110 2.78 -12.8 14 (:iproﬂoxa(:in 3.3 3.0
4.0 63.1-110  1.76-13.9 15 ciprofloxacin 3.1 3.8
8.0 716111 2.12-13.8 16 ciprofloxacin 8.4 8.5
Macrolide antibiotics 3.0 32.6 - 106 7.24 -28.9 ) .
6.0 371 - 111 5.30-21.0 17 ciprofloxacin 2.9 3.4
120 427_111 451_195 ]8 ciproﬂoxacin ]7 29
Lincosamides 2.0 64.1-107 4.20-15.2 19 enrofloxacin 4.4 5.1
4.0 61.3-93.9 2.42-9.50 20 lincomycin 18.9 18.0
8.0 69.4 -107 4.20 - 10.4 21 lincomycin 8.7 8.4
Praziquantel 0.3 62.3-76.8 9.39 2 lincomycin 10.2 3.0
0.6 69.3-79.5 4.58 . A
12 67.2-85.6 9.80 23 lincomycin 10.2 7.0

* Confirmed method was from Refs. 18 32 34 -36.
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