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Figure 1. Recoveries (%) of fomesafen, clomazone, clethodim, CSO and CSO2 in soybean matrix using 
varous d-SPE. 
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Figure 2. Recoveries (%) of fomesafen, clomazone, clethodim, CSO and CSO2 in green soybean matrix 
using various d-SPE. 

 

Table 1. Properties of soil and climate conditions in different field trial sites. 

Sites 
pH value 
of soils 

Organic matter content 
of soils (%) 

Average 
temperature 

(°C) 

Rainfalls（
mm） 

East 
longitude,  
Northern 
latitude 

Heilongji
ang 

6.90 3.2 22.4 152 128°45' E, 
45°05' N 

Liaoning 7.10 3.4 26.3 500 123°25' E, 
41°48′ N 

Inner 
molgolia 7.20 2.7 23.7 550 

113°07' E, 
40°59' N 

Shanxi 7.20 1.9 24.0 300 
110°15' E, 
35°49' N 

Anhui 7.4 1.2 28.1 1270 116°93' E, 
34°19' N 

Guangxi 7.1 1.4 25.2 2208 108°21' E, 
22°49' N 
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Table 2. LODs linear relationships, and repeatabilities (n = 6) for determination of three herbicides 
in different matrices. 

compound matrix Matrix matched 
calibration 

correlation coefficient 
(R2) 

Matrix effect 
(%) 

Fomesafen 

Soybean y = 8057.9x + 117.33 0.9904 13  
Green 

Soybean 
y = 3154.6x - 10.634 0.9996 -1.2  

Soybean 
Straw y = 4306.8x + 1.3098 0.9997 0.9  

Clomazon
e 

Soybean y = 74881x - 43.316 0.9996 -6.2  
Green 

Soybean y = 45304x - 33.917 0.9998 -5.8  

Soybean 
Straw y = 64759x - 222.85 0.9995 -11  

Clethodim 

Soybean y = 42386x + 1410.3 0.9932 10  
Green 

Soybean 
y = 20250x + 248.78 0.9998 9  

Soybean 
Straw 

y = 37915x - 30.726 0.9994 -3.1  

CSO 

Soybean y = 216191x + 2060.3 0.9966 10  
Green 

Soybean y = 54838x + 282.88 0.9999 13  

Soybean 
Straw y = 113576x + 230.81 1 11  

CSO2 

Soybean y = 50382x + 131.49 0.9996 8  
Green 

Soybean y = 22006x + 100.57 0.9999 14  

Soybean 
Straw 

y = 39572x + 123.32 0.9999 11  

 

Table 3. Terminal residues of fomesafen in soybean. 

Site of field 
trial 

Sprayed  
dosage 

（g a.i. /ha）

Number of 
Application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 105 <0.01 <0.01 <0.01 
Shanxi 721.5 1 98 <0.01 <0.01 <0.01 

Liaoning 721.5 1 120 <0.01 <0.01 <0.01 
Guangxi 721.5 1 109 <0.01 <0.01 <0.01 
Anhui 721.5 1 50 <0.01 <0.01 <0.01 
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Table 4. Terminal residues of Clomazone in soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
Application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 105 <0.01 <0.01 <0.01 
Shanxi 721.5 1 98 <0.01 <0.01 <0.01 

Liaoning 721.5 1 120 <0.01 <0.01 <0.01 
Guangxi 721.5 1 109 <0.01 <0.01 <0.01 
Anhui 721.5 1 50 <0.01 <0.01 <0.01 
 

Table 5. Terminal residues of Clethodim in soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
Application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 105 <0.01 <0.01 <0.01 
Shanxi 721.5 1 98 <0.01 <0.01 <0.01 

Liaoning 721.5 1 120 <0.01 <0.01 <0.01 
Guangxi 721.5 1 109 <0.01 <0.01 <0.01 
Anhui 721.5 1 50 <0.01 <0.01 <0.01 
 

Table 6. Terminal residues of CSO in soybean. 

Site of field 
trial 

Sprayed  
dosage 

（g a.i. /ha）

Number of 
Application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 105 <0.01 <0.01 <0.01 
Shanxi 721.5 1 98 <0.01 <0.01 <0.01 

Liaoning 721.5 1 120 <0.01 <0.01 <0.01 
Guangxi 721.5 1 109 <0.01 <0.01 <0.01 
Anhui 721.5 1 50 <0.01 <0.01 <0.01 

 

Table 7. Terminal residues of CSO2 in soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
Application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 105 <0.01 <0.01 <0.01 
Shanxi 721.5 1 98 <0.01 <0.01 <0.01 

Liaoning 721.5 1 120 <0.01 <0.01 <0.01 
Guangxi 721.5 1 109 <0.01 <0.01 <0.01 
Anhui 721.5 1 50 <0.01 <0.01 <0.01 
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Table 8. Terminal residues of fomesafen in green soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 89 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 76 <0.01 <0.01 <0.01 
Shanxi 721.5 1 73 <0.01 <0.01 <0.01 

Liaoning 721.5 1 87 <0.01 <0.01 <0.01 
Guangxi 721.5 1 82 <0.01 <0.01 <0.01 
Anhui 721.5 1 22 <0.01 <0.01 <0.01 
 

Table 9. Terminal residues of Clomazone in green soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 89 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 76 <0.01 <0.01 <0.01 
Shanxi 721.5 1 73 <0.01 <0.01 <0.01 

Liaoning 721.5 1 87 <0.01 <0.01 <0.01 
Guangxi 721.5 1 82 <0.01 <0.01 <0.01 
Anhui 721.5 1 22 <0.01 <0.01 <0.01 
 

Table 10. Terminal residues of Clethodim in green soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 89 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 76 <0.01 <0.01 <0.01 
Shanxi 721.5 1 73 <0.01 <0.01 <0.01 

Liaoning 721.5 1 87 <0.01 <0.01 <0.01 
Guangxi 721.5 1 82 <0.01 <0.01 <0.01 
Anhui 721.5 1 22 <0.01 <0.01 <0.01 
 

Table 11. Terminal residues of CSO in green soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 89 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 76 <0.01 <0.01 <0.01 
Shanxi 721.5 1 73 <0.01 <0.01 <0.01 

Liaoning 721.5 1 87 <0.01 <0.01 <0.01 
Guangxi 721.5 1 82 <0.01 <0.01 <0.01 
Anhui 721.5 1 22 <0.01 <0.01 <0.01 
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Table 12. Terminal residues of CSO2 in green soybean. 

Site of field 
trial 

Sprayed  
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 89 <0.01 <0.01 <0.01 

Inner Molgolia 721.5 1 76 <0.01 <0.01 <0.01 
Shanxi 721.5 1 73 <0.01 <0.01 <0.01 

Liaoning 721.5 1 87 <0.01 <0.01 <0.01 
Guangxi 721.5 1 82 <0.01 <0.01 <0.01 
Anhui 721.5 1 22 0.015 0.014 0.015 

 

Table 13. Terminal residues of fomesafen in soybean straw. 

Site of field 
trial 

Sprayed  
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.02 <0.02 <0.02 

Inner Molgolia 721.5 1 105 <0.02 <0.02 <0.02 
Shanxi 721.5 1 98 <0.02 <0.02 <0.02 

Liaoning 721.5 1 120 <0.02 <0.02 <0.02 
Guangxi 721.5 1 109 <0.02 <0.02 <0.02 
Anhui 721.5 1 50 <0.02 <0.02 <0.02 
 

Table 14. Terminal residues of Clomazone in soybean straw. 

Site of field 
trial 

Sprayed  
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.02 <0.02 <0.02 

Inner Molgolia 721.5 1 105 <0.02 <0.02 <0.02 
Shanxi 721.5 1 98 <0.02 <0.02 <0.02 

Liaoning 721.5 1 120 <0.02 <0.02 <0.02 
Guangxi 721.5 1 109 <0.02 <0.02 <0.02 
Anhui 721.5 1 50 <0.02 <0.02 <0.02 
 

Table 15. Terminal residues of Clethodim in soybean straw. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues（
mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.02 <0.02 <0.02 

Inner Molgolia 721.5 1 105 <0.02 <0.02 <0.02 
Shanxi 721.5 1 98 <0.02 <0.02 <0.02 

Liaoning 721.5 1 120 <0.02 <0.02 <0.02 
Guangxi 721.5 1 109 <0.02 <0.02 <0.02 
Anhui 721.5 1 50 <0.02 <0.02 <0.02 
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Table 16. Terminal residues of CSO in soybean straw. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues
（mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.02 <0.02 <0.02 

Inner Molgolia 721.5 1 105 <0.02 <0.02 <0.02 
Shanxi 721.5 1 98 <0.02 <0.02 <0.02 

Liaoning 721.5 1 120 <0.02 <0.02 <0.02 
Guangxi 721.5 1 109 <0.02 <0.02 <0.02 
Anhui 721.5 1 50 <0.02 <0.02 <0.02 
 

Table 17. Terminal residues of CSO2 in soybean. 

Site of field 
trial 

Sprayed 
dosage 

（g a.i. /ha）

Number of 
application 

Interval of 
application 

（d） 

Terminal residues
（mg/kg） 

1 2 Average 
Heilongjiang 721.5 1 118 <0.02 <0.02 <0.02 

Inner Molgolia 721.5 1 105 <0.02 <0.02 <0.02 
Shanxi 721.5 1 98 <0.02 <0.02 <0.02 

Liaoning 721.5 1 120 <0.02 <0.02 <0.02 
Guangxi 721.5 1 109 0.030 0.028 0.029 
Anhui 721.5 1 50 <0.02 <0.02 <0.02 

 

Table 18. Recoveries, RSDs and LOQs of five substances (fomesafen, clomazone, clethodim, CSO and 
CSO2) in several matrics by previous study. 

Compounds Matrix Recovery 
(%) 

RSDs 
(%) 

LOQs 
(mg/kg) 

LODs 
(μg/kg) Equipement pretreatment 

Fomesafen 

Tomato [1] 99-102 4.2 0.001 0.0015 LC-MS/MS QuEChERS 

Soil [2] 83-102 ≤4.02 0.05  HPLC-DAD Liquid-
liquid 

Plant [2] 85-99 3.51 0.05  HPLC-DAD 
Liquid-
liquid 

Earthworm [2] 84-91 3.29 0.05  HPLC-DAD Liquid-
liquid 

Juice [6] 96-98 3.7 0.297 
mg/L 

0.089 
mg/L 

Cyclic 
Voltammetry 

Liquid-
liquid 

Leek [10] 76.3-88.4 18 0.01 10 LC-MS/MS QuEChERS 

Clomazone 

River water [11] 87.3-104 ≤4.07 0.1 
µg/L  HPLC-DAD Liquid-

liquid 
Soil [9] 87-92 8.78 0.01 0.25 LC-MS/MS QuEChERS 

Soybean [3] 96-97 4.9 0.01  LC-MS/MS 
Liquid-
liquid 

Soybean [4] 94-106 6 0.01  LC-MS/MS QuEChERS 
Green soybean [4] 89-109 11 0.01  LC-MS/MS QuEChERS 
Soybean straw [4] 91-106 3 0.01  LC-MS/MS QuEChERS 

Leek [10] 95-95 8.1 0.01 1 LC-MS/MS QuEChERS 

Clethodim radish, tomato, 
onion, sweet 91-118 ≤10 0.05 10 LC-MS/MS Liquid-

liquid 
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potato, kidney 
bean, carrot, 

cabbage, lettuce [7] 
Rape plant [5] 85-90.1 ≤6.9 0.01 4 LC-MS/MS QuEChERS 
Rape seed [5] 84.6-96.7 ≤5.4 0.05 10 LC-MS/MS QuEChERS 

green tobacco leaf 
[8] 78.3-88.1 7.0 0.08 0.024 LC-MS/MS QuEChERS 

cured tobacco leaf 
[8] 93.9-94.6 6.8 0.2 0.06 LC-MS/MS QuEChERS 

CSO 

Rape plant [5] 80.3-84.9 ≤5.4 0.01 3 LC-MS/MS QuEChERS 
Rape seed [5] 78.7-101.6 ≤7.6 0.05 10 LC-MS/MS QuEChERS 

green tobacco leaf 
[8] 

74.8–
104.4 ≤3.4 0.08 0.024 LC-MS/MS QuEChERS 

cured tobacco leaf 
[8] 87.6-105.5 ≤5.7 0.2 0.06 LC-MS/MS QuEChERS 

CSO2 

Rape plant [5] 83.6-84.8 ≤3.9 0.01 3 LC-MS/MS QuEChERS 
Rape seed [5] 91.6-102.8 ≤7.7 0.05 10 LC-MS/MS QuEChERS 

green tobacco leaf 
[8] 89.2-96.7 ≤6.2 0.08 0.024 LC-MS/MS QuEChERS 

cured tobacco leaf 
[8] 89.3-102.0 ≤5.0 0.2 0.06 LC-MS/MS QuEChERS 
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