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Abstract: A method for determination of 6 cyclohexanedione herbicides, tepraloxydim, al-
loxydim, cycloxydim, tralkoxydim, sethoxydim and clethodim in rice and corn was devel-
oped. After homogenization, sample was extracted with acetonitrile. The extracts were
cleaned by Ci5 and Envi-Carb solid phase extraction (SPE) cartridge. Identification and de-
tection were achieved by electrospray ionization (ESI) in positive mode using multiple reac-
tion monitoring of liquid chromatography coupled with tandem mass spectrometry. The lin-

!'is correla-

earity of all the 6 cyclohexanedione herbicides in the range from 1 to 100 pg « L~
tion coefficient greater than 0. 999. Cyclohexanedione herbicides are quantified by external
standard method. Recoveries of 6 cyclohexanedione herbicides are within 70. 0%-97. 9% at
the spiked levels of 5-20 ng « g~ '. The relative standard deviations (RSDs) for the 6 herbi-
cides are less than 10%.
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Table 1 Chemical structure of 6 cyclohexanedione herbicides
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o LC-MS/MS

LC-MS/MS

- (LC-
MS/MS) 6
1
1.1
Premier XE - :
Waters ;sBEH Cy; (2.1 mm X50
mmX1.7 pm): Waters ; LC Cyg
(3 mL,200 mg) : Supelco ;
Envi-Carb (3 mL,200 mg) : Supelco
; Turbo Vap LV : Ly~
mark ; PT 3000 : Polytron
Dr. Ehrenstorfer
Merck ; ,
Sigma ; )
; Milli-Q .
: 500 g,
) ; , 4 C
10. 0 mg
, 100 mL,
1. 00X 10* mg « L!
,—18 C o
1.00 mL, 100 mL, 1. 00
mg e+ L' ,—18 C
6
s 5.00 g( 0.01 @),

’

1.0.,5.0,10.0,20. 0,40. 0,100 pg « L'

1.2 LC-MS/MS

BEH Cy; , s
2, 0.30 mL » min !,
10 C, 10 4L,
2

Table 2 Elution condition for the determination

of cyclohexanedione herbicides

/min ¢0.1% /% ¢ /%
0 50 50
5 10 90
6 10 90
7.5 50 50
MS/MS : )
(multi-reaction monitoring mode,
MRMD) ) ; 3.0
kV; 700 L -
h™ 50 L« h™'; s 0. 15
mL » min'; 105 C;
350 C; N
3,
1.3
1.3.1 5.00 g 50 mL
, 10 mL 1 h,
15 mL 3 min, 15
min, 5000 r » min ! 5 min,
25 mL o 10 mL
25 mL,
1.3.2 (a) 5.0 mL 15
mL .40 C o
2.0 mL V( ) = V( )=2:1
, 5.0 mL -
Envi-Carb ) 1
, 5 mL
Envi-Carb . 15
mL . 40 C )

1.0 mL V( )V H)=1:1

’ b
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Table 3 Mass spectrometric parameters for the determination of cyclohexanedione herbicides
/s /eV /V
(m/2) (m/2)
324/178 0.05 30 30
324/178
Alloxydim 324/234 0.05 21 30
326/180 0. 05 29 30
326/280
Cycloxydim 326/280 0. 05 18 30
328/178 0.05 29 30
328/178
Sethoxydim 328/220 0. 05 22 30
330/138 0.05 28 30
, 330/138
Tralkoxydim 330/284 0. 05 18 30
342/166 0.05 30 32
342/250
Tepraloxydim 342/250 0. 05 19 32
360/164 0. 05 29 32
360/164
Clethodim 360/268 0.05 18 32
(b) : 5.0 mL 15 mL .
,40 C 2. 0 mL ° 1)
5 mL Cig , ,
1 o
) 3 mL 1) 2. 2
15 mL .40 C
. 2.0 mL - o ,
. 5 0 mL - ’
Envi-Carb ; 1 )
, 5 mL s
- Envi- . y
Carb , 15 mL Cis  Envi-Carb
, 40 C , .
1. 0 mL - ’ N
o ’
o 3 mL
b
2.1 o
s HLB, Waters Cjs, Varian C;3,LC-Cyq
s s 4
N , LC-Cy
o ’ 6 ] IIC7C18
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( ) , Envi- m/z 166,250,222 314 ;
Carb m/z 234,178,206 266
, / ; m/z 280,180 252
. ; m/z 284,138 122
( ) . ; m/z 178,220,150 161
Envi-Carb ; m/z 164,268,206
. - 240 .
, , 5 mL V¢( )V ,
( )=2:1 . ,
2.3 HPLC-MS/MS \ . .
. 0.1% .
.6 2.4 R
, . 2. 6
, 6 5.0mg- L’ 1.0.5.0,10.0,20. 0,40. 0,
s 5 pl e min™’ 100 pg « L ,
6 . . 10 pl,
.6
(Q1 ) [M+H]". 1.0~100 pg+ L'
( ) , 0.50 pg« L7',
o , 4,
4 6

Table 4 Regression equations, correlation coefficients and detection limits of 6 cyclohexanedione herbicides

/(pg s L7H /r /(pg = L7H
Tepraloxydim 1.0~100 y=326.01x—98. 24 0.999 2 0.294
Alloxydim 1.0~100 y=2803. 45x—390. 89 0.999 4 0.190
Cycloxydim 1.0~100 y=1324.31x—411. 37 0.999 3 0.156
Tralkoxydim 1.0~100 y=1 588.82x—780. 46 0.999 8 0.152
Sethoxydim 1.0~100 y=234.12x—938.79 0.999 1 0.302
Clethodim 1.0~100 y=0579.82xr—316. 47 0.999 2 0. 264
2.5 2, 6
30 ( 5.00 g), O,
3 ( 10 ), 0,5.0, 5~20 ng * g ! , 6
10 20pg-kg! 6 70. 0% ~ 97. 9%,
; . (RSD) 0% .

5.0 pg + kg ! .
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Fig.2 MRM chromatography of corn sample added with 5.0 pg * kg
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Table 5 Recoveries and relative standard deviations of tepraloxydim,

alloxydim, cycloxydim, tralkoxydim, sethoxydim and clethodim (rn=10)

cyclohexanedione herbicide standards

/0
/Cpg * kg™ 1) /(ug kg™ /(ug s kgD 7 /%

5 4.51 90. 3 5.20

Tepraloxydim 0 10 9.04 90. 4 5.18
20 16.4 82.0 1.15

5 4.74 94. 7 4.59

Alloxydim 0 10 8. 81 88.1 3.75

20 16.0 80.0 3.88

5 3.68 73.6 5.93

Cycloxydim 0 10 7.14 71.4 6.19
20 14.4 72.0 3.95

5 4,52 90.5 4.18

Tralkoxydim 0 10 7.73 77.3 2.55
20 16.6 83.0 4. 64
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/(pug kgD /(pg - kg V) /(ug kg ) 1 /%

5 3.56 71.2 5.49

Sethoxydim 0 10 7.16 71.6 5. 20

20 14.6 73.0 4. 86

5 3. 80 75.9 4.57

Clethodim 0 10 7.15 71.5 5.13

20 14.0 70.0 6.05

5 3.92 78.3 7.71

Tepraloxydim 0 10 8.19 81.9 5.15

20 18.5 92.4 4.50

5 4. 40 87.9 6. 40

Alloxydim 0 10 9.33 93.3 4.19

20 18.5 92.7 5.89

5 4.11 82.2 5.06

Cycloxydim 0 10 8.33 83.3 5.97

20 19.6 97.9 5.76

5 4.01 80. 2 7.76

Tralkoxydim 0 10 8. 64 86. 4 7.92

20 19.2 96. 1 6.91

5 3.97 79.4 7.32

Sethoxydim 0 10 8.58 85. 8 7.18

20 18.1 90. 3 4,94

5 1. 18 83.5 8.73

Clethodim 0 10 8.23 82.3 6.63

20 17.4 87.1 5.88
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