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Abstract

Animproved quick, easy, cheap, effective, rugged, and safe (QuEChERS) method combined with high-performance
liquid chromatography (HPLC) coupled to diode array detection was established for the determination of fome-
safen and quizalofop-p-ethyl in beans. It is simple and efficient and can be used in most laboratories. This method
optimizes four chromatographic conditions, namely, mobile phase, mobile phase ratio, flow rate, and detection
wavelength. The effects of extraction agent, extraction dose, extraction time, NaCl amount, and adsorbent on the
pretreatment effect were studied. The recoveries were high (92.4-117.8%), and repeatability was good (relative
standard deviation [RSD] ranged from 0.35 to 4.36%). The standard solutions ranged from 0.1 to 25 pug/mL. The
detection limits of fomesafen and quizalofop-p-ethyl were 0.005 and 0.003 mg/kg, respectively.
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1. Introduction

Beans are important in human nutrition because of
their high protein content (20-50%) (Ocloo et al., 2014;
Zhao et al., 2019). To obtain high yield, farmers spray
their crops with herbicides. Fomesafen and quizalo-
fop-p-ethyl are the most widely used herbicides in the
bean fields. Fomesafen is used mainly to control broad-
leaf weeds as well as some grasses (Sikkema et al., 2009;
Zhang et al., 2013), while quizalofop-p-ethyl is used for
controlling annual and perennial gramineous weeds in
beans (Yadav et al., 2017). According to the database
of maximum residue level (MRL) compiled by the U.S.
Department of Agriculture (FAS Database, 2019), the
MRLs of fomesafen and quizalofop-p-ethyl for bean
seed production in the United States are 0.025 and 0.05
mg/kg, respectively.

To date, many methods have been developed for measur-
ing herbicide residues in food, water, and the soil matrix.
However, the analysis of these two herbicides in beans has
not been reported in the literature. The widely used herbi-
cide detection methods in agricultural products are liquid
chromatography (LC)-mass spectrometry (MS) (Stefano
et al, 2012), high-performance liquid chromatography
(HPLC)-MS (Mantzos et al., 2013), gas chromatography
(GC)-MS (Lima et al., 2017), LC-tandem mass spectrom-
etry (MS/MS) (Suganthi et al., 2018), GC-electron capture
detection (ECD) (Hu et al., 2010), HPLC-MS/MS (Chen
et al., 2014; Guan and Zhang, 2013), capillary electropho-
resis (CE)-MS (Safarpour et al., 2004), HPLC-ultraviolet
(UV) (Khan et al., 2009), ultra-high performance liquid
chromatography (UHPLC)-MS/MS (Chen et al., 2018),
and HPLC-photodiode array detection (DAD) (Abbaspour
etal., 2019; Liu et al., 2017).
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If only sensitivity and selectivity of techniques are con-
sidered, MS and tandem MS/MS have been shown to be
good choices in the pesticide residue analysis. However,
such sensitive detectors are often very specialized and
expensive, and many laboratories do not possess them
(Lubomirsky et al., 2016). Therefore, we use HPLC-DAD
for the analysis of fomesafen and quizalofop-p-ethyl in
beans. It is available in standard laboratories for monitor-
ing the herbicide residues of market beans.

A good sample preparation method is important in
chromatographic detection. Up till now, some methods
of sample preparation for determining pesticide resi-
dues have been reported. The most conventionally used
extraction techniques for herbicides are liquid-liquid
extraction (LLE) (Shi et al., 2018), matrix solid-phase
dispersion (MSPD), and solid-phase extraction (SPE)
(Climent et al., 2018; Yagtie et al., 2001). SPE has been
shown to be effective in a complex matrix. However,
the method requires expensive cartridges and some-
times may lead to analyte losses. LLE is time-consum-
ing and requires large amounts of extraction solvents.
Recently, the quick, easy, cheap, effective, robust, and
safe (QUEChERS) method has been widely used in pes-
ticide detection (Aguilera-Luiz et al., 2001; Hua et al.,
2019; Kinsella et al., 2011; Li et al., 2013). Compared
with other extraction techniques, the QUEChERS
method is safe, simple, economical, effective, efficient,
and reliable.

Many improved versions of the QUEChERS method have
been developed since its publication. AOAC Official
Method 2007.01 uses acetate as a buffer (Lehotay, 2007).
CEN Standard Method EN 15662 uses citrate as a buf-
fer. However, due to the influence of different detectors,
it was difficult to achieve effective clearance with the
QUuEChERS method without the MS/MS detection. In
particular, when these official QUEChERS methods were
used with a low-sensitivity DAD detector, the recoveries
were not satisfactory. At present, there are some reports
of improved QUEChERS methods to extract pesticides
from beans. Abdallah et al. used acetonitrile (ACN) to
extract clothianidin from green bean (Abdallah et al.,
2019). Wang et al. used the QUEChERS method without
the buffer to extract sulfonylurea herbicide from green
soybeans (Wang et al., 2015). However, most of these
methods work with an expensive MS/MS detector. Con-
sidering the economic benefits and the practical applica-
tions, it is necessary to establish a cost-effective and more
practical method to detect pesticides in beans.

In this work, in order to enhance the extraction of fome-
safen and quizalofop-p-ethyl from beans, we improved
the QUEChERS preparation approach. We used a mix-
ture of acetic acid and ACN instead of just ACN to
extract the two herbicides in beans. We added some

NaCl as a substitute for salt mixture. Adding salt before
MgSO, rather than later is beneficial in separating water
and organic solvent, averting magnesium sulfate agglom-
eration immediately upon contact with water, which may
also include some unextracted target particles that would
result in inaccuracies in the subsequent analysis. More-
over, we used C , and primary secondary amine (PSA)
to absorb, respectively, nonpolar and polar impurities,
and optimize extract quality. The improved QuECh-
ERS method can extract herbicides from complex bean
matrix quickly, efficiently, and in a cost-effective manner.

2. Materials and methods
Reagents and chemicals

Fomesafen with purity >98.4% and quizalofop-p-ethyl with
purity >99% were from Dr. Ehrenstorfer GmbH (Augs-
burg, Germany). Analytical reagent grade dichlorometh-
ane (DCM) was from Liaoning Quanrui Reagent Company
Limited (Liaoning, China). Analytical reagent grade ace-
tic acid glacial was purchased from Guangfu Technology
Development Company Limited (Tianjin, China). Analyt-
ical reagent grade ACN and ethyl acetate (EtOAc) were
obtained from Fuyu Fine Chemical Company Limited
(Tianjin, China). Chromatographic grade ACN, metha-
nol (MeOH), anhydrous magnesium sulfate, and sorbents
for dispersive-SPE, including PSA and C ,, were obtained
from CNW Technologies Company Limited (Shanghai,
China). Pure water was obtained from Hangzhou Wahaha
Group Company Limited (Hangzhou, China).

Instrumentation and HPLC conditions

The samples were analyzed using Agilent 1260 Infinity
II (Agilent Technologies Incorporated Company, USA).
Chromatographic separation was carried out on an Ath-
ena C18 column (4.6 x 250 mm, 5 pum, Agilent, USA).
A photodiode array detector (DAD) was used. A vortex
mixer was purchased from Haimen Qilingbeier Instru-
ment manufacturing Company Limited (Jiangsu, China).

The column temperature was 40°C, and the injection vol-
ume was 20 pL. The mobile phase involved the mixture
of ACN and acidified water containing 1% acetic acid
(70:30, v/v); the flow rate was 1 mL/min, and isocratic
elution was used. The detection wavelength was 220 nm.
The total run time was 15 min.

Samples and solutions

We use five species of beans, including azuki bean, soy-
bean, mung bean, black soybean, and kidney bean. All
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the bean seeds were obtained from Daqing farmer’s mar-
ket (Heilongjiang, China). Unless otherwise specified, the
results reported here were obtained by using azuki bean.
All five bean species were used only in the experiment
reported in the ‘Analysis of bean samples’ section.

The fomesafen and quizalofop-p-ethyl standard stock
solutions at a concentration of 100 mg/mL were prepared
by adding compound powder to ACN and then storing at
4°C. The samples spiked with fomesafen and quizalofop-
p-ethyl (at concentrations of 0.02, 0.2, and 2 mg/kg) were
prepared by spiking the mixed standard stock solutions
into bean samples.

Sample extraction

The bean sample (5 g) was placed into a 50-mL centri-
fuge tube, followed by 15 mL of ACN:acetic acid (99:1,
v/v) and vortexing for 2 min. Then, 0.3 g of NaCl was
mixed in solvent and vortexed for 30 s. Subsequently,
1.5 g of anhydrous MgSO, was added and vortexed for
30 s, absorbing water to separate ACN from the aqueous
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matrix. Centrifugation was performed at 4000 rpm for
10 min. The supernatant was evaporated to dryness and
then reconstituted with 1 mL of ACN. Sorbent (25 mg)
(C,¢PSA = 1:1, m/m) was placed into a 2-mL centrifuge
tube. The resulting 1 mL solution was transferred into the
centrifuge tube, vortexed for 30s, and then centrifuged at
10,000 rpm for 2 min. Finally, the supernatant was taken
out, filtered through a 0.22 um membrane, and then ana-
lyzed using HPLC-DAD without further cleanup.

3. Results and discussion
Optimization of HPLC-DAD method

Optimization of mobile phase

The chromatographic behaviors of four mobile phases,
including ACN and MeOH combined with water and
acidified water, relative to fomesafen and quizalofop-
p-ethyl were investigated for selectivity, sensitivity, and
separation effect. The results are shown in Figure 1.
ACN had a higher peak area response and shorter reten-
tion time compared to MeOH. Replacing water with
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Chromatograms of various mobile phases for the determination of fomesafen (1) and quizalofop-p-ethyl (2). Separa-

tion conditions: flow rate = 0.8 mL/min; organic solvent: (acidified) water = 80:20; sample volume = 20 yL; A =220 nm.
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acidified water improved the peak shape greatly. There-
fore, ACN and acidified water were selected for the
mobile phase.

Optimization of mobile phase ratio

The effect of four ACN/acidified water ratios on the
chromatogram separation of fomesafen and quizalofop-
p-ethyl is presented in Figure 2. The greater the propor-
tions of ACN, the faster the target analytes were washed
out. The reason for this phenomenon was the differen-
tial polarity of the column and the solvent. Peak shape
was poor at the ratios of 100:0 and 90:10. The distance
between the two target peaks was too close in the 90:10

100

LA A

mAV

ratio; hence, the separation effect was poor. Sufficient
distance should exist between the two target peaks to
facilitate the separation of the two objects without being
affected by the impurity peaks. The retention time was
too long with ACN ratios of less than 70%. According to
the peak shapes, the peak separation was better with 70%
than 80% ACN. Therefore, the mobile phase composition
chosen was 70:30.

Optimization of flow rate

Chromatograms of fomesafen and quizalofop-p-ethyl
at three flow rates are shown in Figure 3. The analyte
stayed in the column for a short time with a fast flow
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Figure 2. Chromatograms of various mobile phase ratios for the determination of fomesafen (1) and quizalofop-p-ethyl (2).
Separation conditions: flow rate = 0.8 mL/min; V. sample = 20 pL; A =220 nm.
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Figure 3. Chromatograms of various flows rated for the determination of fomesafen (1) and quizalofop-p-ethyl (2). Separation
conditions: acetonitrile:acidified water = 70:30; sample volume = 20 pL; A =220 nm.
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rate, resulting in a small peak area. Considering the peak
area response value and retention time, 1 mL/min was
the best choice. At this flow rate, the retention time was
within 15 min, and the peak area was 2662 for fomesafen
and 4116 for quizalofop-p-ethyl at a concentration of
50 mg/L mixed standard working solution.

Optimization of detection wavelength

The response results of various wavelength are shown in
Figure 4. The peak area response of fomesafen decreased
with an increase in wavelength, whereas the peak area
response of quizalofop-p-ethyl was always higher. Hence,
220 nm was selected as the detection wavelength at
which both fomesafen and quizalofop-p-ethyl were
detected sensitively.

Optimization of the extraction method

In this work, we adopted an improved QuEChERS
method and detected the two herbicides, fomesafen and
quizalofop-p-ethyl, in beans by HPLC-DAD. In order
to determine the optimal extraction conditions, some
parameters affecting the extraction were studied.

Selection of the extraction solvent

To determine the optimal extractant, five organic sol-
vents, including ACN, MeOH, EtOAc, DCM and
ACN:acetic acid (99:1, v/v), were used (Figure 5).
Dichloromethane and EtOAc performed efficiently with
regard to extraction of quizalofop-p-ethyl but poorly
with regard to extraction of fomesafen. Methanol showed
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Figure 4. Chromatograms of various wavelength. Separa-
tion conditions: flow rate = 1 mL/min; acetonitrile:acidified
water = 70:30; sample volume = 20 L.

the smallest area. Compared with fomesafen, quizalofop-
p-ethyl was more sensitive to the acidity and the alkalin-
ity of the solution. Quizalofop-p-ethyl has been reported
to decompose easily in an alkaline environment but not
in an acidic environment. Therefore, an acidic extraction
solution was used. The extraction of quizalofop-p-ethyl
by ACN and ACN:acetic acid (99:1, v/v) was similar.
In contrast, much better extraction of fomesafen was
obtained with ACN:acetic acid (99:1, v/v), compared to
ACN. According to the experimental results in Figure 5,
the recoveries increased from >60 to >95% after acetic
acid was added to the extractant. Thus, ACN:acetic acid
was used to extract the analytes.

Determination of acetonitrile:acetic acid volume

Suitable volume of extraction solvent is needed for good
extraction and saving extraction solvent at the same time.
As shown in Figure 6, when the volume of extraction sol-
vent increased from 5 to 15 mL, the recovery rate of ana-
lyte also increased. When the volume increased above
15 mL, the recovery was unchanged. Therefore, 15 mL
was the most appropriate volume of extraction solvent.

Determination of extraction time

Extraction time should be selected for satisfactory
extraction in minimum time. The results (Figure 7) indi-
cated that the recoveries of fomesafen and quizalofop-p-
ethyl were approximately constant with extraction time.
Given that the extraction time was not an influential
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Figure 5. Extraction effectiveness of various solvents. Con-
ditions: flow rate = 1 mL/min, acetonitrile:acidified water =
70:30; sample volume = 20 pL; extraction solvent volume =
15 mL; extraction time = 2 min; amount of NaCl = 0.3 g;
absorbent =12.5mg C,; +12.5 mg PSA.
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Figure 6. Effects of acetonitrile (ACN):acetic acid volume
on recovery of analytes. Conditions: flow rate = 1 mL/min;
acetonitrile:acidified water = 70:30; sample volume = 20 LL;
extraction solvent = ACN:acetic acid (99:1, viv); extraction
time = 2 min; amount of NaCl = 0.3 g; absorbent = 12.5 mg
C, +12.5mg PSA.
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Figure 7. Effects of extraction time on the recovery of ana-
lytes. Conditions: flow rate = 1 mL/min; acetonitrile (ACN):
acidified water = 70:30; sample volume = 20 puL; extraction
solvent = 15 mL ACN:acetic acid (99:1, v/v); amount of NaCl =
0.3 g; absorbent =12.5mg C,, + 12.5 mg PSA.

variable, and considering sufficient extraction and time
saving, 2 min was selected as the best time.

Amount of NaCl
The concentration of salt may influence extraction effi-
cacy of organic solvents. Low concentrations of salt can
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Figure 8. Effect of NaCl on recovery of analytes. Condi-
tions: flow rate = 1 mL/min; acetonitrile (ACN):acidified water
= 70:30; sample volume = 20 pL; extraction solvent = 15 mL
ACN:acetic acid (99:1, viv); extraction time = 2 min; absor-
bent=12.5mg C,, +12.5 mg PSA.

reduce solubility of herbicides in water and facilitate the
transfer of herbicides to the organic solvent. However,
high concentrations of salt can cause an increase in vis-
cosity, preventing the herbicide from transferring to
the organic solvent. It can be seen in Figure 8 that the
extraction effect was best with 0.3 g NaCl per 15 mL of
ACN:acetic acid (99:1, v/v).

Effect of adsorbent

The effect of adsorbent on purification was studied (Figure
9). The target analytes had a high recovery rate in both C ,
and PSA, which were used to absorb polar and nonpolar
impurities, respectively, and achieve strong cleanup effi-
ciency. In the purification process, although PSA alone
achieved good recoveries, there were impurity peaks that
affected the target peak, which influenced the calculation
of the target peak response value. After adding C,, at the
same time, the impurity peak around the target peak was
removed; hence, both PSA and C,, were added.

Incomplete water removal in the sample extraction
process is not conducive to the water-soluble pesticide
entering the ACN layer during extraction. The water con-
tained in the ACN extraction solution during the puri-
fication process also reduces the purification effect of
the PSA purifier. Therefore, MgSO, is generally added to
the purification process to remove water from the ACN
extraction solution. However, the water content was low
in beans. NaCl was added to separate the water from
ACN, and MgSO, absorbed water completely during the
extraction process. Therefore, MgSO, was not used in the
purification process.
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The amount of adsorbent was studied as well (Figure 10).
With an increase in the amount of mixed adsorbents
C,¢PSA (1:1, m/m), there was a decrease in the recovery
of fomesafen (suggesting increased adsorption of fome-
safen onto mixed adsorbents). Impurities cause unclear
chromatograms when adsorbent is not used. Therefore,
in order to achieve appropriate purification without
affecting the recovery rate, 25 mg of mixed absorbent
(C,¢:PSA) should be used.

Evaluation of method performance

Standard curve and limits of quantification

The detection method was verified under optimal condi-
tions. The standard solutions (0.1, 1, 2, 5, and 25 pg/mL)
were prepared from the stock solutions, and a standard
curve was obtained. The injection quantity was 20 uL, and
the chromatographic conditions were the same as above.
These curves were used to calculate the recovery rate. The
coefficients of determination (R?) (Table 1) were 0.9991 and
0.9999 for fomesafen and quizalofop-p-ethyl, respectively.
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Figure 9. Effect of adsorbent on recovery of analytes. Con-

The matrix curve (0.02, 0.2, 0.4, 1, and 5 mg/kg) can be
obtained by adding five standard working solutions to the
blank sample matrix solution, with other conditions being
the same as for the standard curve. When the signal-to-
noise ratio was 3 (Lubomirsky et al., 2016), the concen-
tration was at the limits of detection (LODs). The LODs
for fomesafen and quizalofop-p-ethyl (Table 2) were 0.002
and 0.001 mg/kg, respectively. When the signal-to-noise
ratio was 10 (Liu et al., 2010), the limits of quantification
(LOQs) were obtained. The LOQs for fomesafen and
quizalofop-p-ethyl (Table 2) were estimated to be 0.005
and 0.003 mg/kg, respectively. The LOQs for all analytes
were well below the MRL default values mentioned above.

Matrix effect

Matrix effect (ME) is the effect of compounds other
than the target compounds on the response value of the
target compounds. In order to improve the accuracy of

Recovery (%)

20 —a—fomesafen

—6—quizalofop-p-ethyl
0 L L L L L L ]
0 25 50 75 100 125 150 175
Amount of C43:PSA (1:1, m/m) (mg)

Figure 10. Amount of mixed absorbent (C,,:PSA, 1:1, m/m).
Conditions: flow rate = 1 mL/min; acetonitrile (ACN):acidified
water = 70:30; sample volume = 20 puL; extraction solvent =
15 mL ACN:acetic acid (99:1, v/v); extraction time = 2 min;
amount of NaCl = 0.3 g.

Table 1. Standard solution regression equations.

ditions: flow rate = 1 mL/min; acetonitrile (ACN):acidified Analyte Regression equation R2
water = 70:30; sample volume 20 pL; extraction solvent =
15 mL ACN:acetic acid (99:1, v/v); extraction time = 2 min; Fomesafen y=51.15x + 1.24 0.9991
amount of NaCl = 0.3 g; amount of C ;= 25 mg; amount of Quizalofop-p-ethyl y =73.65x +2.15 0.9999
PSA =25 mg.
Table 2. Matrix solution regression equation, LODs and LOQs.
Analyte Regression equation R? LOD (mglkg) LOQ (mg/kg)
Fomesafen y = 55.95x + 9.82 0.9992 0.002 0.005
Quizalofop-p-ethyl y=81.10x + 6.98 0.9993 0.001 0.003
Quality Assurance and Safety of Crops & Foods 12 (3) 41
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Table 3. Matrix effect of five beans.

Analyte Matrix Regression equation R? Slope ratio (matrix/solvent)

Fomesafen Azuki bean y = 55.95x + 9.82 0.9992 1.09
Soybean y =54.22x +5.16 0.9995 1.06
Mung bean y =56.27x + 8.23 0.9993 1.10
Black soybean y=53.71x + 4.26 0.9998 1.05
Kidney bean y=52.17x +6.72 0.9991 1.02

Quizalofop-p-ethyl Azuki bean y=81.10x + 6.98 0.9993 1.10
Soybean y =82.02x +8.93 0.9996 1.11
Mung bean y=77.33x +5.83 0.9991 1.05
Black soybean y =75.86x +9.31 0.9998 1.03
Kidney bean y =80.28x + 6.35 0.9992 1.09

the determination of target compounds, it is necessary
to evaluate the matrix effect. The ME was evaluated
by comparing the slope of the matrix curve with those
obtained from the solvent curves (Kruve et al., 2008).
The results in Table 3 showed that ME was close to 1,
meaning that fomesafen and quizalofop-p-ethyl were
affected by the matrix effect only to a small extent.

Accuracy and precision

Figure 11 shows the chromatogram of the blank sample
and the spiked sample. The accuracy and the precision
of the experimental method are generally expressed by
determining the spiked recovery rates of the samples.

50-
45-

5 25
<25

mAU
N
<

Intra-day precision was determined on red azuki bean
samples spiked with concentrations of 0.02, 0.2, and
2 mg/kg five times a day. For inter-day precision, three
azuki bean samples spiked at concentrations specified
above were measured once a day for five consecutive
days. The precision of the method was obtained by cal-
culating RSD (Table 4). The recovery rates ranged from
97.1t0116.2% and RSD from 0.17 to 3.79%. The accuracy
was therefore adequate for meeting the requirements.

Analysis of bean samples
The feasibility of the method was evaluated by mea-
suring the recovery rate of market bean samples (azuki

Spiked sample

1 2
10+
5
0-

Blank sample

AN

15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 1010511 11512125131351414515
Time (min)

Figure 11.

Chromatograms of spiked and blank samples (1 is fomesafen and 2 is quizalofop-p-ethyl). Conditions: flow rate =

1 mL/min; acetonitrile (ACN):acidified water = 70:30; sample volume = 20 yL; extraction solvent = 15 mL ACN:acetic acid (99:1,

vlv); extraction time = 2 min; amount of NaCl =

0.3 g; absorbent =12.5mg C,; + 12.5 mg PSA.
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Table 4. Recoveries and RSDs for fomesafen and quizalofop-p-ethyl in azuki bean.

Added (mg/kg) Inter-day (n = 5) Intra-day (n = 5)
Recovery (%) RSD (%) Recovery (%) RSD (%)
Fomesafen 0.02 99.9 3.59 97.1 3.05
0.2 110.9 0.52 103.9 3.38
2 116.2 0.82 112.9 1.52
Quizalofop-p-ethyl 0.02 102.2 317 101.5 3.79
0.2 112.9 0.78 112.7 2.14
2 115.0 0.17 115.7 2.27
Table 5. Analytical results for fomesafen and quizalofop-p-ethyl in spiked samples of five bean species.
Sample Added (mg/kg) Fomesafen Quizalofop-p-ethyl
Recovery (%) RSD (%) Recovery (%) RSD (%)

Azuki bean 0.02 99.8 291 101.5 3.45
0.2 117.8 1.03 112.7 2.55
2 114.0 0.35 115.5 0.72
Soybean 0.02 97.9 2.11 101.4 3.48
0.2 109.9 419 102.3 247
2 105.7 0.80 113.2 1.27
Mung bean 0.02 92.4 3.24 103.9 291
0.2 95.5 2.87 111.5 1.85
2 109.9 225 104.6 0.75
Black soybean 0.02 95.2 4.07 101.5 3.73
0.2 99.9 3.72 109.9 2.79
2 109.4 3.33 102.1 1.85
Kidney bean 0.02 94.9 4.36 98.1 3.36
0.2 96.7 242 105.6 253
2 106.8 2.58 110.0 2.63

bean, soybean, mung bean, black bean, and kidney bean)
spiked with concentrations of 0.02, 0.2, and 2 mg/kg. As
shown in Table 5, the recoveries of analytes ranged from
92.4 to 117.8% and RSD from 0.35 to 4.36%. The exper-
imental results showed that the method was applicable
and effective. The nonspiked market samples of these five
bean species were tested by the same method, and no
pesticide residues were found.

Comparison of the present method with

the reference method

The comparison between the detection method, which
used ACN:acetic acid as the extractant, and the reference
method, which used ACN and water, is shown in Table 6.
In the reference method, the amount of C18 was twice
that of what we used, and the amount of PSA was 16 times
that of what we used. Although increasing the amount of
PSA can achieve a better purification effect, PSA absorbs

Table 6. Comparison of the present method with the reference
method.

Method HPLC-MS/MS HPLC-DAD
Herbicides ~ Benazolin-ethyl and Fomesafen and
quizalofop-p-ethy! quizalofop-p-ethy!
Recoveries  74.7-110.0% 92.4-117.8%
Extraction 10 mL acetonitrile and 15 mL acetonitrile:acetic
Solvent 5 mL water acid (99:1, viv)
Adsorbent 200 mg PSA + 12.5mgC,, +
50 mg C,, 12.5 mg PSA
Cost High Low
References ~ Guan and Zhang, 2013 This work

fomesafen. Hence, we could not use too much PSA in
our method. Compared with the HPLC-MS/MS method
in the reference, the HPLC-DAD method established in
this study is cost-effective and is more convenient for the
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detection of herbicide residues in beans in a nonspecial-
ized laboratory.

4. Conclusions

A modified QUEChERS method followed by HPLC-DAD
analysis was established to detect the herbicides, fome-
safen and quizalofop-p-ethyl, in various bean species.
The recovery, RSD, LODs, and LOQs of the method all
meet the requirements. This method is suitable for most
laboratories, with fast preparation and detection speed,
low cost, and small consumption of reagents. The detec-
tion method proposed in this paper has the potential to
be used successfully in the practical detection of herbi-
cides in bean samples.
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