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Abstract
A reliable and sensitive method was developed and validated for the determination of chiral pesticide fenobucarb enan-
tiomers with UPLC–MS/MS. The fenobucarb enantiomers were baseline separated on Daicel IG-3 chiral column using a 
mixture of acetonitrile and 0.1% formic acid water (60:40, v/v) as mobile phase. The absolute configuration of fenobucarb 
enantiomers was confirmed as (R)-(+)-fenobucarb and (S)-(−)-fenobucarb by experimental and calculated electronic 
circular dichroism spectra. Good linearity  (R2 > 0.9962) was obtained for the four matrix calibration curves within the 
range of 0.5–50 μg mL−1. The limit of detection of the two enantiomers were in the range of 0.07–0.16 μg L−1. The mean 
recoveries of the two enantiomers ranged from 80.4 to 102% with intra-day relative standard deviations (RSDs) from 1.8 
to 6.6% and inter-day RSDs from 3.0 to 5.7% in four matrices. The (R)-(+)-fenobucarb degraded faster than (S)-(−)-isomer 
in cucumber. The established method can provide additional information for the further research about the enantiose-
lective environmental behaviors of fenobucarb.

Keywords Fenobucarb enantiomers · Enantioseparation · Absolute configuration · Stereoselective degradation

1 Introduction

Fenobucarb, (R, S)-2-(1-methylpropyl) phenol methylcar-
bamate (Fig. 1), as a typical carbamate insecticide, was 
used to control a range of biting and sucking insects in 
rice and other crops. It has contact action, stomach poi-
soning, fumigating and some ovicidal action [1]. It could 
effectively control leaf hoppers, leaf rollers, thrips, stem 
borers in paddy fields through inhibiting the activity 
of acetylcholine esterase [2–4]. It is also widely used as 
a main ingredient of mosquito coil [5]. As a widely used 
compound, with frequent exposure to body and the envi-
ronment, the accurate monitoring of fenobucarb is critical 
for the environmental and ecological risk assessment.

Several methods were applied to detect fenobucarb 
based on racemate before [6, 7]. However, it is necessary 

to establish a chiral analytical method for further studying 
the environmental fate of fenobucarb enantiomers. The 
stereostructure of fenobucarb contains a chiral center, 
which leads to a pair of enantiomers. Optical isomers 
exhibit similar chemical and physical properties, while 
their bioactivity, toxicity, absorption, transformation and 
degradation behaviors are generally enantioselective 
[8–11]. A research shows that another carbamate chiral 
pesticide isoprocarb have enantioselective behavior that 
the more efficient S-isoprocarb degraded faster than that 
of R-isoprocarb in the cucumber, tomato, cabbage and 
soil. [12, 13]. In brief, the different environmental behav-
iors between the two enantiomers may lead to inaccurate 
environmental risk assessment.

In this study, a sensitive analytical method was devel-
oped for the simultaneous determination of fenobucarb 
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enantiomers in vegetables, crops, soils and water by 
UPLC–MS/MS using a Daicel IG-3 chiral column. The mobile 
phase systems were optimized to achieve satisfactory res-
olution. The absolute configuration of fenobucarb enanti-
omers was first confirmed by comparing experimental and 
predicted electronic circular dichroism (ECD) spectra. The 
optical rotation of enantiomers was measured. The estab-
lished method was also applied to investigate the enan-
tioselective degradation in cucumber. These results may 
be helpful for studying the risk assessment of fenobucarb.

2  Materials and methods

2.1  Materials

The rac-fenobucarb standard (≥ 97.0% purity) was 
obtained from Jianglai Biological Technology Co., Ltd. 
(Shanghai, China). Enantiomers of fenobucarb (98.0% 
purity) were prepared from Daicel Chiral Technologies 
Co., Ltd. (Shanghai, China). HPLC-grade acetonitrile was 
purchased from Merck (Darmstadt, German). Purified 
water was obtained from MUL-9000 water system (Nan-
jing Zongxing Water Equipment Co. Ltd, China). All other 
chemicals were analytical grade and obtained from com-
mercial sources. The rice and cucumbers were bought from 
local market and the soils and water were taken from the 
local. All of samples were detected without fenobucarb.

The standards stock solute (1000  μg  mL−1) of the 
rac-fenobucarb and enantiomers were dissolved in ace-
tonitrile and stored in − 20 °C. A series of concentration 
standard working solutions of fenobucarb enantiomer 
(0.0005–2.5 μg mL−1) were prepared in acetonitrile/0.1% 
formic acid water (60:40, v/v) by serial dilution. The 
20,000 μg mL−1 standard solute of each enantiomer was 
used to obtain the ECD spectra.

2.2  Determination of absolute configurations 
and optical rotation

The absolute configuration of fenobucarb enantiomers 
was measured by ECD spectroscopy and calculations. The 
ECD spectra was got using a Jasco J815 circular dichro-
ism spectropolarimeter (Tokyo, Japan) at 25 °C. The scan 
wavelength ranged from 200 to 400 nm at a speed of 
50 nm min−1. A quartz cell with a path length of 1 cm was 
put to use for the scanning and the average of three scans 
was selected.

The molecular geometries of the fenobucarb enantiom-
ers in their electronic ground state were firstly optimized 
by Gaussian 09 software using density functional theory 
(DFT). Afterwards, relying on the time-dependent density 
functional theory (TDDFT), a reliable molecular orbital 
information of electronic excitation was obtained. The ECD 
spectra of the fenobucarb enantiomers was applied by the 
TDDFT method at a level of B3LYP/6-31+G* in acetonitrile 

Fig. 1  Chemical structure and the chromatogram of fenobucarb enantiomers
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with a polarizable continuum model (PCM) solvent model. 
Both the experimental ECD and predicted ECD were drawn 
by Origin software (version 8.61) [14, 15].

The specific optical rotation of fenobucarb enantiomers 
was measured by Autopol IV Polarimeter (Rudolph Tech-
nologies Co., Ltd., MA, USA) within the light of tungsten 
halogen lamp at 20 °C and 589 nm in triplicate.

2.3  LC/MS methodology

Enantiomers were separated and determined on Ultra 
Performance Liquid Chromatography Tandem Mass Spec-
trometry (UPLC–MS/MS) comprising a Waters Acquity 
UPLC coupled with Waters triple-quadrupole mass spec-
trometer (XEVO TQ-S micro) equipped with an electrospray 
ionization source (ESI) (Waters, MA, USA). MS/MS analysis 
was employed under a positive ESI source, with the source 
temperature of 500 °C, capillary voltage of 2700 V, cone 
voltage of 86 V, and collision energy of 20 V. The precur-
sor ion of fenobucarb was chosen as m/z 208; its product 
quantitative ion was chosen as m/z 152 with collision volt-
age of 11 V and its qualitative ion was m/z 95 with collision 
voltage of 17 V [6]. MS analysis was performed in multiple 
reaction monitoring (MRM) mode, measuring the frag-
mentation of fenobucarb. Data acquisition was performed 
using Mass Lynx 4.2 (Waters, USA) software.

IG-3 column (amylose tris (3-chloro-4-methylphenylcar-
bamate)) (250 × 4.6 mm, 3.0 μm, Daicel Chiral Technolo-
gies Co., Ltd, Shanghai, China) was selected as the chiral 
chromatographic column. The composition of the mobile 
phase and temperature have a strong influence on the sig-
nal response, peak shapes, and retention time. The enanti-
oseparation of fenobucarb was optimized using a mixture 
of acetonitrile and 0.1% formic acid water as the mobile 
phase in ratios of 80:20 to 40:60 (v/v) at 20–40 °C. Opti-
mization of chromatographic parameters was evaluated 
the retention time (t), capacity factor (k), separation fac-
tor (α) and resolution factor (Rs). In addition, the isolation 
temperature  (Tiso), the standard changes in enthalpy (ΔH0) 
and entropy (ΔS0) between the enantiomers were used to 
calculate Van’t Holf equations. They were calculated by the 
following equations

(1)k =
(

tR − t0

)

∕to

(2)α = k2∕k1

(3)Rs = 2
(

t2 − t1

)

∕
(

w1 + w2

)

(4)RT ln k = −ΔG0 = −
(

ΔH0 − TΔS0
)

(5)

ln � = ln
(

k
�
2
∕k�

1

)

= −ΔΔG0∕RT = −ΔΔH0∕RT + ΔΔS0∕R

tR is the retention time of target compound and t0 is the 
void time, k1 and k2 are the capacity factors for the first 
and second peak, respectively, and w1 and w2 are the cor-
responding peak widths. R is the ideal gas constant and T 
is the absolute temperature. ΔH0 and ΔS0 are the standard 
transfer enthalpy and entropy; ΔG0 is the differences in the 
free energy of the solute in the two phases. ΔΔG0, ΔΔH0 
and ΔΔS0 are the free energy, the enthalpy and the entropy 
difference between the enantiomers [16, 17].

2.4  Extraction and purification of samples

For the soil, cucumber, and rice samples, exactly 5.0 g of 
minced samples were placed into a 100 mL polypropyl-
ene centrifuge tube. Then, 5 mL distilled water and 30 mL 
acetonitrile were added. After vortex-mixed for 4  min 
the tube was ultrasonicated for 10 min. Subsequently, 
2.0 g sodium chloride (NaCl) and 4.0 g anhydrous mag-
nesium sulfate  (MgSO4) were added, then the tube was 
vigorously vortexed for 1 min followed by centrifuging for 
5 min at 4000 rpm. Acetonitrile supernatant (15 mL) was 
transferred into a flask and was evaporated to dryness at 
45 °C. The extract was redissolved in 2.0 mL of a mixture 
of acetonitrile/0.1% formic acid water (60:40, v/v), filtered 
through a 0.22 μm nylon syringe filter and diluted 12.5 
times for LC–MS/MS analysis.

For the water sample, exactly 5.0 g were placed into a 
150 mL polypropylene centrifuge tube. Then, 30 mL ethyl 
acetate were added. After vortex-mixed for 4 min the tube 
was ultrasonicated for 10 min. Subsequently, 2.0 g NaCl 
and 4.0 g  MgSO4 were added, then the tube was vigor-
ously vortexed for 1  min followed by centrifuging for 
5 min at 4000 rpm. Ethyl acetate supernatant (15 mL) was 
transferred into a flask and was evaporated to dryness at 
45 °C. The extract was redissolved in 2.0 mL of a mixture 
of acetonitrile/0.1% formic acid water (60:40, v/v), filtered 
through a 0.22 μm nylon syringe filter and diluted 12.5 
times for LC–MS/MS analysis.

2.5  Method validation

Matrix effect, linearity, limit of detection (LOD), limit of 
quantification (LOQ), accuracy, intra- and inter-day accu-
racy, precision, stability as well as specificity are important 
parameters of the detection method validation [18].

The series concentration of the standard solutions of 
fenobucarb enantiomers were prepared in solvent and 
matrix-matched solutions at the range of 0.5–50 µg L−1. 
The linearity was determined by linear regression analysis 
of both standard solution and matrix-matched calibration 
curves. The matrix effects were displayed on the slope ratio 
of the matrix-matched standard calibration curves and 
solvent calibration curves. Generally, there is no matrix 
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effect when the slope ratio between 0.9 and 1.1, but the 
slope ratios were out of range, there were matrix-induced 
enhancement or suppression effects. The stability of fenobu-
carb enantiomers in the solvent and the matrices was deter-
mined for 6 months. Student’s t test (P < 0.05) was used to 
evaluate the results of the stability test.

The matrix-dependent LODs and LOQs for both enanti-
omers are defined to be the concentration that produced 
a signal-to-noise (S/N) ratio of 3 and 10 by analyzing spiked 
with fenobucarb enantiomers [19].

The accuracy and precision were evaluated by recovery 
experiments in the four matrices (water, soil, cucumber, and 
rice) at three spiked concentrations (5, 50 and 500 μg L−1) in 
quintuplicate over the course of 3 days. The relative standard 
deviation (RSD) for the enantiomers were calculated by intra- 
and inter-day assays. The mean recoveries and the intra-day 
and inter-day RSDs were used to evaluate the accuracy and 
precision.

2.6  Field experiment

A cucumber field was divided into four blocks (30 m2) iso-
lated by a buffer zone (Nanjing, China). the dissipation and 
the control were designed with three replicate plots. The 
50% fenobucarb emulsifiable water solution was sprayed 
at a dosage of 562 g a.i. ha−1. The representative cucumber 
samples were collected from each plot at 2 h, 1, 3, 5, 7, 10, 
14 d after spraying. All the samples were homogenized and 
stored at the − 20 °C. The enantioselective degradation of 
fenobucarb enantiomers in cucumbers were represented by 
enantiomer fraction (EF) [20].

(6)EF =
[

concentration of R∕concentration of (S + R)
]

The EF values below 0.5 shows R-fenobucarb degrades 
preferentially and the EF values over 0.5 shows opposite [21].

3  Results and discussion

3.1  The specific optical rotation and absolute 
configuration

The specific optical rotation of peak 1 was measured 
as [�]20

D
 = + 10.5° (c = 1.0, acetontrile), and peak 2 as 

[�]20
D

 = − 10.6° (c = 1.0, acetontrile). The absolute configu-
rations of the enantiomers were measured using a com-
bination of experimented and predicted ECD spectrum. 
The predicted ECD spectra of lowest energy conformers 
are shown in Fig. 2a. And the two experimental circular 
dichroism (CD) curves were nearly mirror images (Fig. 2b). 
The predicted ECD spectra were in good agreement with 
the available experimental spectra. The results confirmed 
that the first eluted enantiomer (peak 1) was (R)-(+)-
fenobucarb and the second eluted enantiomer (peak 2) 
was (S)-(−)-fenobucarb.

3.2  Optimization of chromatographic condition

To increase response value on the instrument under posi-
tive ESI source, the water was replaced by 0.1% formic 
acid water as the half of mobile phase. The effects of the 
mobile phase and temperature on chiral separation were 
shown in Table 1. The separation factor and resolution fac-
tor were increased and retention time of the enantiom-
ers was extended as the proportion of water increased 
[22]. Although the best resolution was obtained while the 

Fig. 2  The predicted and experimentally measured ECD spectra of fenobucarb enantiomers: a predicted ECD spectrogram of fenobucarb 
enantiomers; b experimentally measured ECD spectrogram
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mobile phase was acetonitrile and 0.1% formic acid water 
(40:60, v/v), a waste-solvent and time-consuming result 
should not be selected. An good resolution (Rs = 1.89) and 
a shorter retention time were obtained by using a mix-
ture of acetonitrile and water (60:40, v/v) at a flow rate of 
0.3 mL min−1. The relation between temperature (20 °C, 
25 °C, 30 °C, 35 °C, 40 °C) and resolution was also referred 
in this paper. The Rs was decreased with the temperature 
rised. The Van’t Hoff’s equations of the two enantiomers 
and thermodynamic parameters were shown in Table 2. 
A good linearities of Van’t Hoff plots were found for the 
enantiomers over a temperature at the range of 20–40 °C 
with  R2 ranging from 0.8477 to 0.9996. As the calculated 
ΔH, ΔS0, ΔΔH0 and ΔΔS0 values shown in Table 2, the nega-
tive ΔH values present that the transfer of the enantiomers 
from the mobile phase to the stationary phase was driven 
by enthalpy; the negative ΔΔH0 and ΔΔS0 values illustrated 
the separation factor of the fenobucarb individuals was 
driven by enthalpy when the temperature below Tiso [23]. 
A temperature of 20 °C was chosen for an effective enan-
tioselective determination. Considering an appropriate 
retention time and qualified resolution, acetonitrile: 0.1% 
formic acid water (60: 40, v/v), the column temperature 
20 °C was chosen as optimal instrumental condition. 

3.3  Optimization of sample processing

Fruits and vegetables are a notably complex matrix 
consisting of chlorophyll, food colorings and lipid-solu-
ble materials. The interfering substances always cause 

prominent matrix effects for analytical instruments. Fur-
thermore, the choice of extraction solvent is a key param-
eter for high extraction efficiency. The extraction efficien-
cies from food and environmental matrices may differ 
from that of extracting solvent due to factors such as the 
hydrophilicity and hydrophobicity of pesticides. Fenobu-
carb has good solubility in organic solvents, such as ace-
tonitrile and methanol. Using methanol as the extracting 
solvent obtained pigmented extracts and included large 
amounts of matrix co-extracts. Acetonitrile was selected 
to as an extracting solvent with high extraction efficiencies 
and low matrix effects. For this reason, the extraction and 
purification procedure was based on a QuEChERS method. 
[24].

3.4  Method validation

3.4.1  Specificity, linearity, matrix effect stability, LOD 
and LOQ

No interfering substances and target components were 
detected at the retention time in the control samples of 
four matrices. The linear calibration curves, correlation 
coefficient  (R2), slope ratios, LODs and LOQs for the two 
enantiomers of fenobucarb in solvent and four matrices 
(0.5–50 μg L−1) were summarized in Table 3. Excellent lin-
earities were obtained for the two individuals of fenobu-
carb in four matrices  (R2 ≥ 0.9962). A palpable matrix sup-
pression effect could be observed for two enantiomers 
of fenobucarb in cucumber, soil and rice matrices, while 

Table 1  Effects of the mobile 
phase and temperature on 
chiral separation

Acetonitrile/
water v/v

Temperature 
(°C)

t1 (min) t2 (min) k1 k2 α Rs

80:20 20 12.10 12.41 0.46 0.50 1.09 0.90
70:30 20 13.45 13.92 0.62 0.68 1.09 1.29
60:40 20 16.98 17.88 0.98 1.08 1.10 1.89
50:50 20 22.64 24.30 1.73 1.93 1.12 2.70
40:60 20 43.28 47.78 4.21 4.76 1.13 3.81
60:40 25 16.32 17.13 0.97 1.06 1.09 1.86
60:40 30 16.03 16.77 0.93 1.02 1.10 1.68
60:40 35 15.88 16.59 0.91 1.00 1.10 1.67
60:40 40 15.55 16.17 0.87 0.95 1.09 1.47

Table 2  Van’t Hoff equations and thermodynamic parameters

Enantiomer ln k’ ln α ΔΔH0 (kJ mol−1) ΔΔS0 (J mol−1) Tiso (K)

(S)-(−)-fenobucarb ln k1= 533.8/T − 1.8329 
(R2= 0.9717)

ln α = 51.501/T − 0.0797 
(R2= 0.8477)

− 0.428 − 0.742 576.8

(R)-(+)-fenobucarb ln k2= −  74,100/T + 270.44 
(R2= 0.9996)
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no significant matrix effect was observed in water. The 
LOD values of the two enantiomers were in the range of 
0.07–0.16 μg L−1 while LOQ values were in the range of 
0.24–0.40 μg L−1.

The stability of fenobucarb enantiomers in four matrices 
was demonstrated that no significant difference (P > 0.05) 
after storage 6 months.

3.4.2  Accuracy and precision

As shown in Table 4, the developed method presented 
sufficient recoveries and precision. The average recover-
ies of the (S)-(−)-fenobucarb were ranged from 81.4 to 
98.6% and the intra-day RSDs (n = 5) and inter-day (n = 15) 
were at the ranged of 1.8–6.6% and 3.3–5.0%. The aver-
age recoveries of the (R)-(+)-fenobucarb were ranged from 
81.5 to 102.2%, the intra- and inter-day RSDs were at the 
ranged of 1.8–6.6% and 3.0–5.7%. The results prove that 
the developed method was able to provide competent 
accuracy and precision for fenobucarb enantiomers and 
can be applied stereoselective analysis in the vegetables 
and environmental matrices.

3.5  Stereoselective degradation of fenobucarb 
in cucumber

The degradation of fenobucarb in cucumber was shown 
in Fig. 3. Fenobucarb enantiomers degradation accorded 
well with first-order kinetics in cucumbers. The dissipation 
dynamics equations were:  Ct = 0.4311e−0.278t  (R2 = 0.8651) 
for (R)-(+)-fenobucarb;  Ct = 0.4585e−0.172t  (R2 = 0.8045) 
for (S)-(−)-fenobucarb. The half-lives were 2.49 d for (R)-
(+)-fenobucarb and 4.03 d for (S)-(−)-fenobucarb with 
significantly different (P = 0.026 < 0.05, Student’s paired 
t test). As shown in Fig. 3b, the EF value was nearly 0.5 

at the beginning, which proved the fenobucarb exist in 
cucumber as a racemate. Nevertheless, EF values reached 
0.2 at 10 d, which indicated that most of fenobucarb exist 
as the form of (S)-(−)-fenobucarb. It means the (R)-(+)-
fenobucarb was preferentially degraded comparing to 
(S)-(−)-fenobucarb in cucumber. A reasonable exposition 
is that when fenobucarb was applied in the cucumbers, 
stereoselective metabolism in plants was involved the ste-
reoselective process caused by corresponding plant func-
tional enzymes. In addition, numerous researches suggest 
that plant enzyme system takes effect in the stereoselec-
tive degradation [25].

In general, the degradation of fenobucarb in cucum-
ber was enantioselective, (R)-(+)-fenobucarb degraded 
faster than (S)-(−)-fenobucarb in cucumbers.

4  Conclusion

In this study, the absolute configuration of fenobucarb 
enantiomers were confirmed by comparing the experi-
mental ECD spectrum and predicted ECD. A baseline sep-
aration between the R- and S-enantiomers was achieved 
at optimized condition. A novel and dependable enanti-
oselective method for the coinstantaneous quantitative 
determination of enantiomers in four kinds of matrices 
has been successfully developed and validated. (R)-(+)-
fenobucarb degraded faster than (S)-(−)-fenobucarb in 
cucumbers. The developed method may be useful for 
determining trace quantities of fenobucarb enantiomers 
in food and environmental samples and could be applied 
for stereoselective degradation studies in plant and envi-
ronmental samples. It provided additional information 
for reliable risk assessment of fenobucarb.

Table 3  Comparison of matrix-matched calibration and solvent calibration for fenobucarb enantiomers (0.5–50 μg L−1)

Enantiomer Matrix Regression equation R2 Matrix effects LOD (μg L−1) LOQ (μg L−1)

(S)-(−)-fenobucarb Solvent y = 46,416x + 5056.9 0.9999 0.12 0.40
Soil y = 24,792x + 24,728 0.9991 0.53 0.08 0.28
Cucumber y = 16,011x + 32,559 0.9975 0.34 0.16 0.54
Rice y = 35,519x + 24,536 0.9997 0.76 0.07 0.28
Water y = 45,604x + 42,698 0.9967 0.98 0.05 0.24

(R)-(+)-fenobucarb Solvent y = 47,069x + 1379.1 0.9999 0.12 0.40
Soil y = 24,217x + 3113 0.9991 0.51 0.08 0.28
Cucumber y = 15,765x + 30,112 0.9970 0.33 0.16 0.54
Rice y = 33,821x + 24,536 0.9999 0.72 0.07 0.28
Water y = 46,245x + 41,402 0.9962 0.98 0.05 0.24
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Table 4  Accuracy and precision of the proposed method in four matrices

Compound Matrix Spiked level 
(μg mL−1)

Intra-day (n = 5) Inter-day (n = 15)

Day 1 Day 2 Day 3 RSD (%)

Average 
recoveries 
(%)

RSD (%) Average 
recoveries 
(%)

RSD (%) Average 
recoveries 
(%)

RSD (%)

(S)-(−)-fenobucarb Soil 0.005 95.3 5.6 96.5 3.6 97.6 4.3 4.8
0.05 83.7 3.4 84.5 3.2 83.9 4.4 3.9
0.5 81.4 4.0 82.6 2.7 83.5 3.5 3.7

Cucumber 0.005 97.8 6.4 93.1 4.8 98.6 5.4 5.8
0.05 90.2 3.3 93.0 5.3 94.1 3.9 4.3
0.5 96.4 1.8 89.9 4.1 93.2 3.6 4.0

Rice 0.005 94.0 6.2 91.2 5.0 92.2 4.4 5.0
0.05 85.8 4.5 85.0 3.8 87.1 4.2 4.0
0.5 80.4 3.5 81.7 5.3 83.1 6.4 5.1

Water 0.005 97.9 3.6 98.6 4.1 98.2 2.8 3.3
0.05 93.0 4.1 94.1 2.5 95.4 3.3 3.3
0.5 93.2 4.1 92.9 4.1 88.7 3.4 4.3

(R)-(+)-fenobucarb Soil 0.005 95.4 4.7 95.8 4.2 97.3 5.0 4.4
0.05 83.6 4.6 82.0 3.9 81.9 4.4 4.1
0.5 81.5 4.3 82.9 3.6 84.3 4.2 4.0

Cucumber 0.005 95.8 4.6 91.4 3.1 98.8 3.3 4.8
0.05 90.3 4.9 92.2 5.1 93.0 3.8 4.5
0.5 92.6 2.3 88.9 2.4 91.8 4.0 3.3

Rice 0.005 93.5 5.0 91.5 4.3 94.7 6.0 5.0
0.05 87.0 3.8 86.6 4.4 84.3 6.1 4.7
0.5 83.4 6.4 83.3 6.6 83.7 5.5 5.7

Water 0.005 102.2 2.8 102.0 4.0 101.0 3.0 3.0
0.05 94.0 3.6 95.8 3.3 95.4 2.6 3.1
0.5 94.8 3.7 96.6 3.3 90.6 3.0 4.2

Fig. 3  The degradation of the fenobucarb enantiomers in cucumbers (a) and EF value variation of fenobucarb enantiomers (b)
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