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Simultaneous determination of carbosulfan and its metabolites
in Chinese cabbage by ASE-LC-MS/MS

ZHAO Hualin, QIU Jing®, WANG Min, YANG Shuming,

CHAI Tingting, YE Xiaolan
(Institute of Quality Standard & Testing Technology for Agro-Products ,Key Laboratory of Agro-product Quality and Safety,
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Abstract: An analytical method was developed for simultaneous determination of carbosulfan and other
metabolites in Chinese cabbage. The analytes were extracted from the dispersed samples with diatomite
by accelerated solvent extraction ( ASE) using methylene chloride as solvent,purified with solid phase
extraction column ( SPE) , analyzed by liquid chromatography-tandem mass spectrometry ( LC-MS/
MS) in positive electro-spray ionization ( ESI" ) with multi-reaction monitoring ( MRM) mode, and
quantified by matrix internal standard method. The recoveries ranged from 85% to 122% with relative
standard deviations ( RSD) varying between 2. 3% and 12. 5% . The limits of detection (LOD) were
from 0.002 to 0. 01 mg/kg and the limits of quantification (LOQ) from 0. 005 to 0. 02 mg/kg. The
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developed method was successfully applied to study dissipation of carbosulfan in Chinese cabbage, the

short half-life of 0.9 d showed that carbosulfan can be quickly degraded to its three metabolites. The

maximum residue of carbofuran was exhibited in the day of application, and dissipated about 70% in

1 d. However,the maximum residues of 3-hydroxycarbofuran and 3-keto-carbofuran were exhibited 1 d

after application,and were quickly dissipated in Chinese cabbage.

Key words ; carbosulfan ; metabolite ; accelerated solvent extraction ;liquid chromatography-tandem mass

spectrometry ; dissipation
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o RZGER BRI 21 (JMPR) 2K T 6 5 A LY
B BA 28 SCR T v A S AR ) e A R 3 -
AR SR 5 B AR5 2515 (The Japanese
Positive List System ) [r] i A5 75 A A 2 T 5 5 B
JEREE AT U P 5 (G 3-R EE w E R, DA
TR R ) 5% B IR 5 e FE R & A Y
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1.1 =5 H

Agilent 1200 series J&AH @ 1% ( 2€ [E Agilent 2y
F]); API 2000 J&i i {¥ ( AB Sciex /A #]); Lux
Cellulose-1 (150 mm x2.00 mm, ;4% 3 pm) {4
( 3£ [E Phenomenex 7\ &] ) ; ASE-300 T i 34 ¥ 571 2€
JAY (5 [H Dionex A w]) , BLAT 34 mL ZXHt ; NE-
1101V B 78 S AL (AR 0 BRAG AR [R 23 4L ) 5 PL602-
L B K7 (R -0 24308 BB AR AT ;
Grindomix GM 200 BIHFEEH] (&2 [E Retsch A F] ) o

T #i 52 B B ( Carbosulfan, 96% ) . 3¢ H &,
( Carbofuran ,98% ) 3-33: 3L 70 5 8 (98. 5% ) . 3-F3E
LA R (96% ) AR 5E T B (99% ) bk M it (i [
Dr. Ehrenstorfer 23] ) ; — 5 e . HUBE | £ it 5 1251
M a4l ; Hydromatrix fif: 35 + F Carbon/NH, [&4H
ZERL /AR (500 mg/6 mL) ( 35 [E Agilent 2\ 7)) ;
0.22 um A HLEALIERE, 200 g/L T i v [ EUFL
LA K TA A,

Bt SRR L B R T R DD N R, R F
EENU RIS 5] R AT - 20 CUkFE .

PG BT v A R v A R 3-8 v A L 3-
P 6 v 1 SR A P ST A B T R M i, 0 i) e
BLil 2y 1 000 mg/L (bR HEREM . 2% B 5 BE
S BRI, P R R 2 e o 9 9 0 31| e ol s T
i v S AR G ) o R R 43 51 2 0..02.,0. 05,
0.1,0.5.1.0.2.0 #15.0 mg/L, N4r K 0.5 mg/L
RS RIARE TAEIR R, 5T 4 CUkAh IR, B
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() ASE ZEB0h o LA S H B A A BUA I, 7E R
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YRRES, BRI 90 5,2 WG, Yie B2 4 B 2K B
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BTG fL Carbon/NH, /INVKE, 8K J5 K XG0 i Hh
TR A/, 3R VR A5 00 R 0o 0 5 — I3k
HEL G 40 mL PR Ve . WOEE T A T
W, F 40 T/RB TR 2T, H 2 mL g
75,3 0.22 pum JEAR, 7§ LC il .

1.4 HHE

1.4.1 #AEEE4AH WM AR5 mmol/L )
LR (E AR B 0. 1% TR ) ;B
CNE;C o WEE, SRR BRI (W% 1), Wi
300 pL/min; FEEEAFL 10 wl,

o2 )] Vol. 15
F1 FEBIEHELRER
Table 1 Gradient elution program

s} [A] 1&F43 % Volume Fraction( V/V) %
Time/min A B C

0 90 10 0

1 90 10 0
2 0 0 100

7 0 10 90

7.1 90 10 0

16 90 10 0

142 FAE ETREHFRNES) R

7§45 CUR:103 kPa; il %5 CAD:21 kPa; 5 i
J£ TEM % 450 C; i 35 i JE 1S: 5500 V; 4K
Gasl ;241 kPa; T8 Gas2:207 kPa; fijs a4 7=\
22 BB I (MRM) 5 T v 7 gk b HAR 5 9 1)
BRI S 2,
1.5 H#ESEKRE

T 2011 AEAEAY 5T IE DX 8 IR AR AR Y
3% Brassica rapa pekinensis , F: A FE/INX HFH 20 m*,
A 3 W, ARz JX BRI, DX AR T, Y
FISRA B L AR —2 K/, 1T 200 g/L 19 T 4
i 1 ERCFLIH LA 0853 180 g/hm? (7] H 1 55 it 24
LR, iz )5 2 h A1 1.3.5.7.10,14 .21 .30,
40 d FEHLIER/NXAREE SR 1 ~2 kg, P, 2210
OISR IR 2 200 g, T - 20°C PKAE P AR AE,
S

®2 THmEAEEEEREWHRESH

Table 2 MRM working parameters for carbosulfan and its metabolites

K2 R F (] BB ¥ TET b H iR
Pesticide Retention time/min Ql(m/z) Q3(m/z) DP/V CE/eV
T BT B 04 381.4 118.0* 50 20
carbosulfan 381.4 160.2 50 25
B A B 7 45 222.2 165.1° 20 20
carbofuran 222.2 123.3 40 30
3-BHEEE 667 238.2 163.4* 40 20
3-hydroxycarbofuran 238.2 181.2 50 15
3~ 3E 7 7 a5 236.4 179.1* 50 15
3-ketocarbofuran 236.4 161.3 30 20
(IRANED:) 7 45 225.2 165.3 53 16
D3-carbosulfan 225.2 123.0 50 30

*NERE T, " Quantification ion.
2 ER5HE
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XF ASE I AIBGA I [ e V(S k)
V() =1: 181 VOIEC%E) - VONER) =1:1] &
J& (60,80 A1 100 C) ZEHLFA] (5,10 min) J ZEHL
PEIRREL(1,2) S 54T T Ak S5 R0 L

AW BV EAE A T, T A R R AR
RIS SR U Y B0 5 7 B AR TR S I AN K (H 2 2
IR EE S 100 “CH, T8 v H s A 3-8 v H
ISR A R R 2 ORI 20 A6 B 45 R W) i 47
LR, BB 25 B0 S min B A] 35 5 25K, 5 2K B
10 min [AAI2ZE AR K, B, ASE 26 BRI 55 2 55 41
FE R DL AR B AR, AU E 100 °C i) ]
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FOEHAALRCR A, AR K (% LBk Carbon/
NH, /MEAA LR R FE O R TP, HAo
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Ja, VLI T 88 5 11 JBAE AR WE 5 R il T A P et 7 o
R A W X A, G N L g A QB PR R A BA
Yy, T IFAERT AL BRI R b AR R
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BRI AR e ae 1, RIH V(ZIE) .V

TEMYE) =3 LR, TR s A R 3 R A
I SRR G R . AN TR R R A R (20,
30,40 mL) (X EEs R BN, EH B 3-E R H
JERAE T B B, Bl DR IR R I, TR v A R
3- il 35 5 7 1 T AR A Bl 2 1, 2 R AR
40 mL I, T8 58 @ B RIS AT 38 90% LA L
WAL E VR V(O = VIZE W k) =
3:1, &8N 40 mL,
2.3 THRREBNBREE

B T T 00 5 A 6 N R Ay I 8, ] I A e

FERT TR 5 BRSO AE AT A B AR AR
PEMEAT T2 %2, TEAE S AT AL FEAL 2 opr  SREUAS [R] By
B0 T8 v A B — s HEVS W s b B S
(RE S AT LC-MS/MS 5 , kAR B Beds i T

FUARFRHIAR 257 B B PR AR A BEJSA 1 o AR 2570
PEALSLIR 2 0 ) SRV R R 45 1
VR I BE ) — A8 T 5 A TR
PRI T AR, A STRAR S BB bR AT
LC-MS/MS {7 , L) i AL EE PN AR AR | Joi o e 2
(mg/L) AR AR RIARHEMI 2k . 2 dmc/ ) — 3k
AR 2 ZRhER, LERE A 10 R 3R LA R R TN
s (WA 3) o AR B, TR e 1 . v 1 A
3-FR I T T RIIATAE AN R R P P 0 98 R .
T THBREE TSN, (4 52 0 , SR FH 3% Jo s v A7 oy 2k
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2.5 FEHEKRINEEE
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Table 3 Calibration curves and evaluation of matrix effects
V& VIR I £k LEETY FER I £k MRRE R B
Pesticide Calibration curve in solvent r Calibration curve in matrix r Slope ; matrix/solvent
THRF A 8 carbosulfan y=7.41 x10"*x+0.0339 0.9994  y=4.43x10"%x+0.567 0.996 8 5.98
T &, carbofuran y=2.84x103x+0.160  0.9993  y=3.68x10*x+0.197  0.9989 1.30
3-#3L 7 B 3-hydroxycarbofuran  y=3.83 x10 *x+0.002 18 0.9987 y=5.24x10"*x+0.0177 0.998 8 1.37
33 7 B 3-ketocarbofuran  y=7.71 x10 2x+0.001 75 0.9995 y=7.53x10 x+0.0122 0.996 9 0.98
x4 THEBAHEE3HRGEWHEHR EER . EWERBXNRERE(1=5)
Table 4 LOD,LOQ,recovery and RSD of the developed method(n =5)
AN EE Spiking level/ (mg/kg)
2 0.02 0.1 0.5 R EER
Pesticide MEVES AHXS AR Il e A AR A& ENE LOD/ LOQ/
Recovery/ W 2= Recovery/ e 22 Recovery/ W 22 (mg/kg) (mg/kg)
% RSD/ % % RSD/% % RSD/ %
THL L E L carbosulfan 87 ~99 6.62 93 ~ 101 3.5 94 ~ 103 3.8 0.002 0.005
T @, carbofuran 113 ~122 3.83 100 ~ 106 2.5 97 ~103 2.6 0.002 0.005
3-# P H B 3-hydroxycarbofuran 87 ~ 106 9.83 102 ~110 3.4 103 ~ 108 2.3 0.005 0.010
3-i 5 55 5 B 3-ketocarbofuran 89 ~ 112 12.5 85 ~91 2.9 86 ~96 5.1 0.010 0.020
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Fig. 1 Chromatogram of fortified Chinese cabbage with carbosulfan

and its metabolites (0. 1 mg/kg)
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Fig.2 Chromatogram of blank Chinese cabbage sample
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3-8 58 E R AE T min A7 AT 0 G €8 0 0 R
B A TASHE ST A LC-MS/MS #1474l , 7]
DA FE A4 J52 1) AN ] 25— e o i 47 o e M
e FIZE T 6 sw A Ek S H AR i A BR
(LOD) 7 0. 002 ~ 0. 01 mg/kg, =& &K (LOQ) K
0.005 ~ 0.02 mg/kg, G EUE Ky 85% ~ 122% ,
FHXTFRMENR 22 (RSD) J9 2.3% ~12.5% , B B1i% )5
P EA R I T R 3 L
2.6 THRBEEEXPHERDE
THARSHARZER (K 3) Won, T 8w A BAE 38
e e 2 A A R 3-  T E EA 3 -
S A LA 200 g/L T i v [ a EL M AR A RO o
180 g/hm’ FEFEHH 13 Wi 1 W, [P THi e
R AR TR E N 2. 37 mg/ke, TH A 2l 285 B T
ke, =1.571 1e "7 (R* =0.906 7) , H i1 7 1)
70.9 do TR E ERTE R Y R R AR, 7R
1 d BT BUAR 2= 0. 17 mg/kg, T ff Rk 2]
90% LA I-,3 d BIikE] 95% LA b5 on A R AE 2 )5 24
RKEPIL B RE 1. 76 mg/keg, 1 d N2
0.47 mg/kg, HffERiEF 70% LU L, 76 7 d B ik 5|
95% VA I, Ho T i v A SR A A 1 5 3 - Ak v Rl
3 38 v I B ) 2 S B S R AR
FOAE 1 d o AR KM, Z G AW, 23 d
Bfik 80% ,7 d Bfik2y 95% , Jizh 5K, va A BAE 3
A B Fe 9 B, 38 T9% , HOR Ry 3-8 Ak e
HE(19% ) , 5K 3-F2E 58 5 8 (2% ) |, Fil 25 B (]
HERS , oo [ s i — 2D [ o 3-32 0 50 1 gl 3-
P 5 A R, AN 1 dE =3 o b B AR R AR
24% 59% Fl 17% .

25
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% 20 cirbogllglfan
—— W H
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g ——= 3 E R
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IS ZIJ 2I5 ﬂ

If1a) Time/d

B3 ToxaBRERSYELRPIEENTHEZE
Fig.3 Degradation curves of carbosulfan and

its metabolites in Chinese cabbage
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