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N N 4 21
QuEChERS ( HPLC-MS/MS)
4 4 o
1
1.1 QuEChERS ( Dikma ) o : ( Sulfametha-
zine SM2) . ( Sulfamonomethoxine SMM) . ( Sulfamethoxazole SMZ) .
( Sulfadimethoxine SDM) . ( Norfloxacin NOR) . ( Ofloxacin OFL) .
( Pefloxacin PEF) . ( Lomefloxacin LOM) . ( Danofloxacin DAN) . ( Enrofloxacin
ENR) . ( Sarafloxacin SAR) . ( Difloxacin DIF) . (oxilinic acid 0XO) .
( Flumequine FLU) . ( Ciprofloxacin CIP) . ( Oxytetracycline OTC) . ( Tetracycline
TC) . ( Chlortetracycline CTC) . ( Doxycycline DOX) . ( Leuco malachite green
LMG) . ( Malachite green MG) SMM TCI Dr. Ehrenstorfer
Sigma-Aldrich Dr. Ehrenstorfer o
ABI QTRAP 5500 / ( High performance liquid chromatography-tandem mass spec—
trometry HPLC-MS /MS) ( AB SCIEX ) ; Waters ACQUITY UPLC BEH CI18 (2.1 mm x50
mm 1.7 pm Waters ) ; Allegra X22R ( Beckman Coulter ) o
1.2 QUuUEChERS (2.00 £ 0.10) g 50 mL
2ml 1% 4g lg 1 min 10 min
4000 r * min "' 5 min 50 mL o 8mL 1%
1 2 o 8mL 400 mg
(PSA) 400 mg C 41 200 mg 15 mL 1 min 4 000 r * min "'
5 min, 1 mL 0.22 pm o
1.3 40 °C 0.3 mL * min ™' 5 plL ACQUITY UPLC BEH
C18 (2.1 mmx50 mm 1.7 pm Waters ) o A 0.1 % - ; B
o 20 ~3 min 10% B;3 ~10 min 10% ~80% B;10 ~11 min 80% ~100% B; 11 ~
13 min 100% B;13 ~13.1 min 100% ~10% B;13.1 ~16 min 10% B.
1.4 ( Electrospray ionization EST) o
( multiple reaction monitoring MRM) o
5500 V 550 C 40 psi 50 psi 50
psio 21 N N N 1o
1.5
1.5.1 N N
02.55 1020 50 100 pg * L' o y
x ro
1.5.2 3 (S/N=3)
10 ( S/N=10) o
1.5.3 N N 2.00+£0.10 g 3
520 50 pg * kg™' o 6

( RSD) .
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1 21
Tab.1 Reference conditions of mass spectrometry for determination of 21 compounds
Compound  Retention time/min  Parent ion/( m/z)  Danghter ion/( m/z) Decluslening potential/V  Collision voltage/V
SM2 2.22 279.1 185.9" 156.2 170 23 26
SMM 2.95 281.1 92.2" 156.0 180 40 23
SMZ 3.47 254.1 156.0° 108.0 150 22 36
SDM 4.81 311.2 156.1° 218.1 185 29 26
NOR 2.24 320.1 276.0" 233.0 165 24 34
OFL 2.27 362. 1 318.2" 261.1 170 26 38
PEF 2.34 334.1 316.0° 290.1 180 30 24
LOM 2.61 352.1 265.2° 307.9 175 32 24
DAN 2.66 358.3 340.3" 82.3 190 31 80
ENR 2.81 360. 1 316.2" 245.2 150 28 36
SAR 3.28 386.0 368.2" 342.1 190 28 27
DIF 3.36 400. 2 356.2° 299.1 155 30 42
0XO0 4.25 262.0 216.17 244.1 145 40 47
FLU 6.13 262.1 244.0° 202.0 140 25 42
CIP 7.47 332.3 240.0" 231.2 205 30 46
oTC 2.27 461.2 426.2"° 444.0 155 25 23
TC 2.63 445.2 410.1° 428.1 140 25 24
CTC 4.01 479.2 444.17 462.0 145 28 23
DOX 4.49 445.2 428.2" 154.0 140 26 37
LMG 7.49 331.2 239.2" 315.2 170 46 42
MG 8.67 329.2 313.27 208.1 170 50 58
Ck

Note: * means quantitative ion pair

1.5.4 N N N 4 21

5 20 50 Mg'kg'] 1d 5 RSD.
3 3d RSD,
2
2.1 QuEChERS QuEChERS
2g
N N o 1%
pH 0 2 o
Dikma 64506 64514 2 ProE—-

lut QuEChERS

Carb

o
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2.2
o ACQUITY UPLC BEH C18(2.1 mm x50 mm 1.7 pm)
0.1 % - 0.1 %
5 uL 0.3 mL * min~'. .
24 min 16 min o
4 21 - 4 21
1 0
2.3 4
21
By
é ﬁ
=
2002 /657 /EC
00 1.0 20 30 40 50 60 7.0 80 9.0 100 11.0 12.0 13.0 14.0 15.0 16.0
~ Time/min

Fig.1 MRM chromatograms of 21 compounds in gradient elution program

action Monitoring MRM)

2 1 o
221
SM2 SMM o
2.4
2.4.1 4 21
r 0.999 5. 4 21
o 21
2.4.2 21 2
0.2~2.5 pg* kg™ o

o 21

2.5~100 pg * kg™

2.
0.1~0.8 pg* kg™
21

0.8 g * kg™ 2.5 pg kg
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2 HPLC-MS/MS 21
2 11 SM2 SMM SMZ SDM NOR OFL PEF LOM DAN ENR SAR 10
DIF OXO FLU CIP OTC TC CTC DOX LMG MG
Fig.2  The ion chromatograms of 21 compounds under optimized HPLC-MS/MS conditions
Eleven compounds from the left: SM2 SMM SMZ SDM NOR OFL PEF LOM DAN ENR SAR; 10 compounds from
the right: DIF OXO FLU CIP OTC TC CTC DOX LMG MG
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2 21 N

Tab.2 Regression equation limits of detection ( LOD) and limits of quantification ( LOQ) of the 21 analytes in oysters

y=ax+b r /(pg+kg™) LOD/ LOQ/
Compound  Regression equation Correlation coefficient Linear range (pgokg™) (ug-kg™)
SM2 y =1 510 000x —493 000 0.999 9 2.5 ~100 0.1 0.3
SMM y =790 000x - 267 000 0.999 9 2.5 ~100 0.2 0.6
SMZ y =1 040 000x —351 000 0.999 9 2.5 ~100 0.1 0.3
SDM y =1 170 000x + 340 000 0.999 7 2.5 ~100 0.1 0.3
NOR y =12 300x -4 300 0.999 9 2.5 ~100 0.3 1.0
OFL y =81 900x + 16 400 0.999 8 2.5 ~100 0.4 1.3
PEF y =137 000x - 248 000 0.999 5 2.5 ~100 0.3 1.0
LOM y =42 400x - 83 600 0.999 8 2.5 ~100 0.3 1.1
DAN y = 184 000x — 647 000 0.999 8 2.5 ~100 0.7 2.2
ENR y =63 000x - 31 800 0.999 9 2.5 ~100 0.4 1.2
SAR y =45 500x -29 900 0.999 8 2.5 ~100 0.6 2.0
DIF y =89 300x —49 100 0.999 9 2.5 ~100 0.4 1.4
0X0 y =230 000x —79 400 0.999 9 2.5 ~100 0.3 0.9
FLU y =639 000x - 80 700 0.999 9 2.5 ~100 0.2 0.5
CIp y =13 900x — 12 900 0.999 9 2.5 ~100 0.1 0.2
0TC y =7 170x +4 360 0.999 9 2.5 ~100 0.4 1.4
TC y =22 600x - 21 600 0.999 7 2.5 ~100 0.8 2.5
CTC y =32 200x - 749 0.999 8 2.5 ~100 0.4 1.4
DOX y =121 000x - 10 600 0.999 9 2.5 ~100 0.2 0.5
LMG y =172 000x - 57 500 0.999 8 2.5 ~100 0.1 0.2
MG y =410 000x — 119 000 0.999 8 2.5 ~100 0.1 0.2
2.4.3 4 3~6, 3 21
3 67.17 % ~ 113.5 % RSD 5.72 % o ENR DIF
CTC 3 67.17 % 71.01 % 68.05 % - 4 21
3 66.91 % ~ 109.3 % RSD 6.39 % . OXO DIF DOX3
73.96 % 68.53 % 66.91 % . 5 21
3 65.26 % ~ 110.0 % RSD 6.87 % DOX.DAN DOX 3
67.29 % 65.26 % 67.02 % - 6 21 3
67.84 % ~ 113.0 % RSD 5.10 % » CTC CTC  DOX 3
67.84 % 67.86 % 69.17 % .
3~6 21 N N 4 5 20
50 wg * kg '3 o N \ 4
o 21 DOX 66.91 % ~79.17 %
65.26 % ~113.5 % o 100 % o RSD

6.87 % o
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3 21
Tab.3 Recovery of 21 compounds in oysters at different spiking levels (xxs n=6)
5 pg kg 20 pg * kg 50 pg * kg™
Compound Recovery /% RSD/% Recovery/% RSD /% Recovery /% RSD /%
SM2 101.7 £1.373" 1.35 110.2 £2.938* 2.67 103.0 £1.691° 1.64
SMM 72.72 £2.036°¢ 2.80 79.83 +2.773" 3.47 95.97 +5.316" 5.54
SMZ 102.2 +0.429° 0.42 106.0 +2. 650" 2.50 106.2 +1.001" 0.94
SDM 109.2 +1.164° 1.07 113.5 +0.946* 0.83 109.1 +1.143" 1.05
NOR 102.5 £0.997* 0.97 100.7 £2.163* 2.15 89.74 +0.724" 0.81
OFL 83.84 +1.665" 1.99 79.20 £1.025"° 1.29 79.27 £2.328"° 2.94
PEF 87.20 +0. 855" 0.98 80.31 +2.100"° 2.61 85.88 +0.732* 0.85
LOM 86.06 +0. 649" 0.75 82.84 +0.958" 1.16 82.81 +1.315"° 1.59
DAN 73.62 +0.827" 1.12 73.41 £2.597* 3.54 72.22 +0.538" 0.75
ENR 67.17 £0.698° 1.04 75.84 £0.576" 0.76 84.20 +1.908" 2.27
SAR 87.60 +4.565" 5.21 77.92 £0.831"° 1.07 76.55 £2.676" 3.50
DIF 77.45 £0.829* 1.07 71.89 £1.072"° 1.49 68.05 +3.508" 5.16
0X0 72.98 £0.446"° 0.61 78.15 £3.509* 4.49 78.53 £1.524* 1.94
FLU 104.8 £2.794* 2.67 85.35 +1.391° 1.63 92.16 £2.272° 2.47
CIP 101.2 +2.515% 2.48 88.83 +4.300" 4.84 103.7 +1.347* 1.30
0oTC 83.73 +1.828" 2.18 73.78 +1.417¢ 1.92 77.92 +2.082°" 2.67
TC 74.54 £1.701*° 2.28 74.06 £2.049"° 2.77 77.14 £1.679* 2.18
CTC 79.84 £0.609* 0.76 71.01 £2.870" 4.04 68.12 £1.990° 2.92
DOX 77.46 £2.762" 3.57 74.80 £1.119* 1.50 68.24 +2.545" 3.73
LMG 77.16 £2.250"° 2.92 80.07 +4.577"° 5.72 97.16 +5.110" 5.26
MG 107.6 +4.786™" 4.45 101.9 +3.384" 3.32 110.8 +2.925" 2.64

(P<0.01)
Note: Suppercase letters indicate significance in difference of recovery of the same compound at different spiking level. Similar—

ly hereinafter

4 21
Tab.4 Recovery of 21 compounds in scallops at different spiking levels (vxs n=6)
5 pg kg 20 pg * kg 50 pg * kg™
Compound Recovery/%  RSD/% Recovery/%  RSD/% Recovery /% RSD /%
SM2 102.1 +1.115* 1.09 101.0 £2.963* 2.93 101.4 +1.651* 1.63
SMM 82.07 +2.562° 3.12 83.00 +3.872" 4.67 94.40 +3.822" 4.05
SMZ 107.4 +1.583" 1.47 108.5 +1.828" 1.68 109.2 +1.701* 1.56
SDM 109.3 +4. 444" 4.07 104.0 +1.516" 1.46 107.3 +0.782*" 0.73
NOR 101.2 £0.216* 0.21 101.8 +2.080" 2.04 91.68 +1.042° 1.14
OFL 89.20 +1.572* 1.76 75.69 £0.333"° 0.44 69.56 £4.176° 6.00
PEF 84.57 +1.009" 1.19 80.50 +1.273" 1.58 77.38 £4.256"° 5.50
LOM 92.99 +0.384" 0.41 82.72 +0.575"° 0.69 82.55 +1.896" 2.30
DAN 81.69 +1.412* 1.73 77.27 £0.916" 1.19 70.62 £0.622°¢ 0.88
ENR 79.19 +1.350* 1.71 76.45 £0.456" 0. 60 78.39 £2.211*" 2.82
SAR 88.29 +3.353" 3.80 76.23 +1.285" 1.69 68.48 £2.189¢ 3.20
DIF 74.42 +1.700" 2.28 68.53 +0.337"° 0.49 67.87 +2.565" 3.78
0X0 73.96 £0.555" 0.75 79.55 £2.679* 3.37 76.22 +0.538" 0.71
FLU 92.70 £3.045* 3.29 87.35 +1.294" 1.48 87.77 £3.069" 3.50
CIP 103.8 +2.210* 2.13 86.07 +4.601° 5.35 88.07 +0.983" .12
0TC 85.95 +2.221"* 2.58 70.66 +0.998° 1.41 75.39 £2.781"° 3.69
TC 81.57 +1.431" 1.75 79.79 £2.265* 2.84 72.22 £1.168"° 1.62
CTC 74.55 £1.769* 2.37 69.70 £2.486" 3.57 67.41 £1.394"° 2.07
DOX 79.17 £3.760" 4.75 74.90 +2.253" 3.01 66.91 +2.462°" 3.68
LMG 93.48 +£3.711% 3.97 85.79 £2.954" 3.44 97.01 +4.315" 4.45
MG 106.0 +3.545* 3.34 83.46 £5.335" 6.39 107.3 +3.750* 3.49
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5 21
Tab.5 Recovery of 21 compounds in squid at different spiking levels (x5 n=6)
5pgekg 20 pg * kg™ 50 pg * kg™
Compound Recovery /% RSD /% Recovery/% RSD /% Recovery /% RSD /%
SM2 100.1 +0.781* 0.78 100.3 +0. 633" 0.63 100.5 +0.558* 0.55
SMM 74.75 +3.704" 4.96 87.31 £1.162" 1.33 92.25 +5.455"% 5.91
SMZ 110.0 +0.765* 0.69 105.3 +1.856" 1.76 106.4 +7.305* 6.87
SDM 100.1 +0. 675" 0.67 103.4 +1.462* 1.41 101.0 +1. 108" 1.10
NOR 103.9 +1.445* 1.39 98.18 +1.285" 1.31 93.89 +1.624¢ 1.73
OFL 95.51 +1.812" 1.90 89.93 +0.672" 0.75 77.60 +2.556¢ 3.29
PEF 81.71 =0.560" 0.69 85.46 +2.471* 2.89 85.34 +0.187* 0.22
LOM 82.85 £0.434" 0.52 86.72 +0.635" 0.73 77.76 +4.004° 5.15
DAN 78.37 +0. 966" 1.23 65.26 +1.928¢ 2.95 67.76 +0.891°" 1.31
ENR 74.26 +1.077* 1.45 68.83 £0.650" 0.94 67.24 +4.009" 5.96
SAR 82.59 1. 644" 1.99 68.21 +1.338" 1.96 87.07 +1.890* 2.17
DIF 80.24 +2.066" 2.57 78.38 +0.753* 0.96 71.50 +1.407" 1.97
0X0 68.21 £0.926"° 1.36 70.98 +1.915" 2.70 74.01 £2.650* 3.58
FLU 90.71 +4.710" 5.19 82.96 +1.108" 1.34 76.20 +2.063° 2.71
CIP 98.85 +1.654" 1.67 106.3 +5.288" 4.98 101.8 +2.062A"° 2.02
0TC 87.45 £1.957* 2.24 83.15 £1.037" 1.25 75.63 +1.980° 2.62
TC 70.37 +1.511° 2.15 74.96 +2.139* 2.85 72.07 £2.438*" 3.38
CTC 72.36 +0. 854" 1.18 76.15 +3.203* 4.21 75.22 +1.432*" 1.90
DOX 67.29 +3.968" 5.90 78.30 +0. 463" 0.59 67.02 £2.910° 4.34
LMG 87.36 +1.916° 2.19 96.80 +3.432"° 3.55 104.0 +4.719* 4.54
MG 109.0 +2.566" 2.36 104.2 +1.069"° 1.03 108.7 +3. 464" 3.19
6 21
Tab.6 Recovery of 21 compounds in cuttlefish at different spiking levels (x5 n=6)
5pgekg 20 pg * kg™ 50 pg * kg™
Compound Recovery /% RSD/% Recovery/% RSD /% Recovery/% RSD /%
SM2 99.85 +0.649* 0.65 99.96 +0.956* 0.96 99.86 +0.287"* 0.29
SMM 76.77 +1.299¢ 1.69 87.77 £0.670" 0.76 97.61 +4.977* 5.10
SMZ 104.5 +0.797¢ 0.76 107.5 +1.656" 1.54 113.0 = 1.240* 1.10
SDM 109.2 +1.021* 0.93 101.7 =1.368"° 1.34 101.5 +0. 638" 0.63
NOR 105.2 0. 658" 0.63 99.62 +1.325" 1.33 95.61 +0. 883" 0.92
OFL 83.99 +1.775" 2.11 84.89 +0.536" 0.63 76.95 +1.838" 2.39
PEF 88.15 +0.714" 0.81 86.12 £0.933" 1.08 84.09 =1.133¢ 1.35
LOM 85.15 0. 382" 0.45 80.24 +1.015" 1.26 80.26 +1.401°" 1.75
DAN 81.60 +0.832" 1.02 71.96 0. 848" 1.18 70.68 +1.152" 1.63
ENR 78.58 +1.580* 2.01 81.09 +2.151* 2.65 69.27 +2.684"° 3.87
SAR 86.52 +3.394* 3.92 77.78 £0.514" 0.66 78.61 £2.656" 3.38
DIF 89.03 +1.600" 1.80 79.77 £0.907" 1.14 72.35 +1.159¢ 1.60
0X0 68.58 +0.780° 1.14 79.84 +1.949* 2.44 71.38 +0.856" 1.20
FLU 81.93 £2.950" 3.60 95.43 +1.123" 1.18 81.79 £0.618" 0.76
cIp 85.17 +1.284°¢ 1.51 98.65 +3.420" 3.47 103.88 +1.869* 1.80
0TC 89.11 £2.797* 3.14 72.89 +1.032° 1.42 78.56 +1.819" 2.32
TC 72.66 +1.620* 2.23 72.77 +1.717* 2.36 71.92 +1.958* 2.72
CTC 67.84 +1.165" 1.72 67.86 +2.491°" 3.67 75.98 +1.828"* 2.41
DOX 69.56 +2.853" 4.10 77.69 +1.340" 1.72 69.17 +1.842" 2.66
LMG 94.38 +2.697" 2.86 101.9 +4.284" 4.20 104.7 +2.816" 2.69
MG 107.4 +2.806" 2.61 102.6 +1.174"° 1.14 105.8 +4. 666" 4.41




4 - QuEChERS 385

2.4.4 N 4 21 3 N
6.26 % 6.02 % - 21 N 5.73% 5.89 %
21 N 6.26 % 6.02 % 21 N
4.95% 5.98 % 21 4.56 % 5.36 % .
4 21 o N N 4
4 21 6.26 % o
2.5 QuEChERS
N Al Al Al Al Al 8
o 150 20 . 20 . 15
15 20 . 20 . 20 20 . 150 40 13 23
19 55 o
Al AY 4
21 o
3
QuEChERS N
4 N N 4 21
N o 0.8 pg = kg™ 2.5 pg * kg™
o 21 r 0.999 5, 65.26 % ~ 113.5 %
6.78 % o
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The Application of QUEChERS Method in Multiresidue Detection

of Veterinary Drugs in Marine Products

WEI Zhen' CAO Xianying' CHEN Jian' LIU Guihua®
(1. College of Food Science and Technologe Hainan University 570228 Haikou China;
2. Shenzhen Center for Disease Control and Prevention 518055 Shenzhen China )

Abstract: The optimized QuEChERS sample preparation method and high performance liquid chromatography
mass spectrometry method were used to establish a rapid efficient high-sensitivity detection method for early
screening of multi-residues of veterinary drugs and banned compounds of 21 drugs in four groups such as the
sulfanilamides quinolones tetracyclinesand Leucomalachite greenin oysters scallops squid and cuttlefish.
The 21 compounds had a good linear relationship in the corresponding range the correlation coefficient r was
greater than 0.9995 the recovery was in the range of 65.26% to 113.5% the relative standard deviation was
less than 6.78% and the method had good repeatability. The detection precision within and between days was
less than 6.26% and 6.02% respectively. The limit of detection was less than 0.8 pg * kg~' and the limit of
quantitation was less than 2.5 pg * kg~'. This method was applied to detect the residues of 21 compounds in
four soft shellfish marine products including 150 accessions of oysters scallops squid and cuttlefish in 8 regions
of Guangdong Province such as Shenzhen Dongguan Zhaoqing Shantou Maoming Jiangmen Shanwei and
Huizhou in Guangdong Province and no residuces was detected therein. In summary this detection method is
good in reproducibility high in sensitivity and reliable in detection results and provides referencce for detec—
tion of the residuces of the 21 compounds such as sulfonamides quinolones tetracyclines and malachite green
in the 4 groups in oysters scallops squid and cuttlefish.

Keywords: QuEChERS; high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) ;

residues of veterinary drugs; marine products



