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Simultaneous determination of sulfonylurea 
herbicides in tomatoes using the QuEChERS 
method coupled with HPLC
Sang Gyu Han1 and Tae Gyu Nam1,2*    

Abstract 

The simultaneous determination of trace pesticides in complex matrices containing high concentrations 
of natural pigments remains challenging. In this study, quick, easy, cheap, effective, rugged, and safe (QuEChERS) 
sample preparation together with high-performance liquid chromatography with ultraviolet detection (HPLC–
UV) was applied for the multi-residue analysis of seven sulfonylurea herbicides (SUHs) in tomatoes. SUH residue 
was extracted using the QuEChERS procedure, followed by solid-phase extraction (SPE) and dispersive SPE (d-SPE). 
To reduce the amount of carotenoids in tomato extracts, several d-SPE clean-up procedures were compared, 
and octadecylsilane (C18) provided the best color removal rate (%) of tomato extracts and recoveries (%) for all 
the tested SUHs. The validation results indicate good linearity (R2 > 0.9970), accuracy, and precision. Recoveries 
of 70–120% and relative standard deviations < 20% were achieved for all analytes at three spiked concentrations. 
The limits of detection and quantification for the 7 SUHs were 0.003 mg kg−1 and 0.008–0.009 mg kg−1, respectively. 
The developed method was subsequently used to quantify multi-residue SUHs during real sample analysis. None 
of the tested samples had SUH residue levels higher than the maximum residue limits established by the Korean 
Ministry of Food and Drug Safety. The results suggest that QuEChERS sample preparation employing a combination 
of C18 is a high-throughput and rapid clean-up procedure for the multi-residue analysis of SUHs in tomatoes.
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Introduction
Herbicide classes represent approximately 50% of 
the demand for agricultural protection chemicals [1]. 
Sulfonylurea herbicides (SUHs) are an important group 
of herbicides belonging to the acetolactate synthase-
inhibiting herbicide family [2].  SUHs are widely used 
to control most broadleaf weeds and annual grasses in 
tomato cultivation owing to their high selectivity and 

low mammalian toxicity [3]. Although SUHs are used 
at lower application rates than other herbicides, SUH 
residues can be present in tomatoes because of their 
prolonged use and wide application as pre- and post-
emergence herbicides [4]. Exposure to pesticide residues 
causes serious direct and indirect adverse effects on 
the human immune, central nervous, and reproductive 
systems [5, 6]. Therefore, monitoring SUH residues in 
foodstuffs is essential for ensuring consumer safety. As a 
result, Korea and the European Union (EU) have set the 
maximum residue limits (MRLs) for most SUH residues 
in tomatoes at 0.01 mg kg−1 [7, 8].

Tomatoes (Solanum lycopersicum L.) are one of the 
most widely cultivated vegetable crops worldwide. 
Determining pesticide residues in tomatoes is 
particularly challenging compared to other types of 
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vegetables because of their high pigment content. 
The red pigments of tomatoes are water-insoluble 
compounds, mainly β-carotene and lycopene [9]. High 
concentrations of carotenoids co-extracted with other 
analytes of interest can interfere with the accuracy and 
sensitivity of chromatographic analysis [9, 10]. Reducing 
interference in samples is an essential step in pesticide 
residue analysis because trace amounts of pesticide 
residues are present in tomatoes. To remove interference 
in tomatoes, several sample preparation techniques, 
including solid–liquid extraction with low-temperature 
purification [11], supercritical fluid extraction [12], 
matrix solid-phase dispersion [13], magnetic graphene 
solid-phase extraction [14], and solid-phase extraction 
(SPE) [15] have been studied and validated.

Quick, easy, cheap, effective, rugged, and safe 
(QuEChERS) methods have been widely applied for 
decades to determine pesticide residues in various 
food matrices. The procedure consists of a salting-out 
partitioning step with acetonitrile and water, followed by 
a dispersive-SPE (d-SPE) clean-up step [16]. Graphitized 
carbon black (GCB), a sorbent used in d-SPE, effectively 
removes water-insoluble pigments. However, the use 
of GCB should be avoided in the analysis of planar 
pesticides in samples because of its pesticide adsorption 
capacity along with pigments [17]. A large amount of 
the GCB sorbent can be employed in highly pigmented 
samples when pesticides do not include planar structures 
[18]. The QuEChERS method using GCB provides 
relatively poor recovery values (< 70%) for some SUHs 
[19]. The use of alternative sorbents for complex matrices 
has been proposed to improve the performance of 
QuEChERS. Zirconium-based sorbents, including Z-Sep 
and Z-Sep+, have been introduced as alternatives to 
GCB for the removal of water-insoluble pigments and 
lipids [20, 21]. The QuEChERS method using Z-Sep+ 
has been satisfactorily validated and showed good 
recovery for SUH analysis in edible seeds [4]. However, 
increasing the amount of Z-Sep+ resulted in significantly 
lower recoveries for some SUHs in soymilk samples 
[22]. The use of 100  mg of Z-Sep+ for sample clean-up 
was reported to have resulted in poor recovery of 
some SUHs [4]. The presence of interferences, such as 
water-insoluble pigments, may obstruct the accurate 
measurement of trace SUHs in food samples [9]. In our 
preliminary study, 100 mg of Z-Sep+ was insufficient for 
carotenoid removal from tomato extracts. Therefore, an 
optimized QuEChERS method that efficiently recovers 
SUH residues and sufficiently removes interference from 
tomato extracts must be developed.

The purpose of this study was to evaluate the clean-up 
efficiency and recovery of SUH residues using d-SPE 
sorbents for carotenoid removal from tomato extracts. 

To the best of our knowledge, the QuEChERS method 
for SUH residue analysis in tomatoes has not been widely 
reported. We developed and validated a multiresidue 
method for the determination of seven SUH residues in 
tomatoes using HPLC–UV. The developed method was 
applied to determine the concentrations of SUH residues 
in real tomato samples.

Materials and methods
Reagents and chemicals
The end-capped octadecylsilane (C18) sorbent was 
purchased from Agilent Technologies (Santa Clara, CA, 
USA). GCB sorbent was obtained from Waters (Milford, 
MA, USA). Z-Sep+, sodium acetate, magnesium sulfate, 
and formic acid were obtained from Sigma-Aldrich 
(St. Louis, MO, USA). Standard herbicide solutions 
(nicosulfuron, thifensulfuron-methyl, flucetosulfuron, 
imazosulfuron, propyrisulfuron, metazosulfuron, and 
halosulfuron-methyl) were obtained from AccuStandard 
(New Haven, CT, USA). Standard stock solutions (each 
100  μg  mL−1) were prepared in acetonitrile. All the 
solvents were of analytical or HPLC grade.

Sample preparation
Tomato samples were collected from local markets and 
stored at 4  °C. To extract pesticide residues, the AOAC 
2007.01 official method was followed [23]. Samples were 
homogenized, and 10  g of each sample was placed in a 
50  mL centrifuge tube. A 10  mL solution of 1% acetic 
acid in acetonitrile was added as the extraction solvent, 
and the mixture was shaken vigorously for 1  min. The 
centrifuge tube was immediately cooled in an ice bath 
to prevent pesticide degradation after 1.5  g of sodium 
acetate and 6  g of magnesium sulfate were added. 
The centrifuge tube was shaken again for 10  min and 
centrifuged at 4000 × g for 7 min at 4 °C. An 8-mL aliquot 
of the upper layer (acetonitrile layer) was transferred to a 
15-mL tube.

Sample preparation for purifying the extract solution 
incorporated a two-step clean-up, including SPE and 
QuEChERS dispersive-SPE. The SPE cartridge containing 
1  g of C18 was activated with acetonitrile (10  mL). The 
previously collected sample solution (8  mL) was loaded 
onto an activated SPE cartridge. Acetonitrile (2 mL) was 
subsequently employed for elution, and the eluted extract 
was evaporated by a nitrogen stream in the 37 ℃ heating 
block. The dried extracts were reconstituted with 10 mL 
of acetonitrile and transferred into a 15-ml d-SPE tube 
containing different amounts of sorbents (clean-up 1: 
1–10 mg of GCB; clean-up 2: 10–300 mg of C18; clean-up 
3: 10–300  mg of Z-Sep+; clean-up 4: 3.5  g of GCB and 
200 mg of C18; clean-up 5: 100 mg of Z-Sep+ and 100 mg 
of C18). The tube was tightly closed and vortexed for 
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1 min, and then centrifuged at 4000 × g for 7 min at 4 °C. 
A concentration procedure was performed to increase 
instrumental sensitivity for pesticide residues. A 7-mL 
aliquot was transferred to a glass tube, and acetonitrile 
was evaporated by nitrogen purging. After reconstitution 
with 0.28 mL of acetonitrile, the extract was transferred 
to an autosampler vial for HPLC.

HPLC chromatographic conditions
A Nexera XR HPLC system (Shimadzu, Kyoto, Japan) 
equipped with a photodiode array detector was used 
for analysis. Chromatographic separation was achieved 
using an Agilent Eclipse XDB-C18 reserved-phase 
column (250 mm × 4.6 mm i.d., 5 μm). The mobile phase 
consisted of 0.1% (v/v) formic acid in water (A) and 0.1% 
(v/v) formic acid in acetonitrile (B). The mobile phase 
solvent gradient was used as follows: 80% A at 0  min, 
65% A at 8 min, 60% A at 18 min, 50% A at 25 min, 50% 
A at 28 min, 45% A at 30 min, 40% A at 33 min, 35% A 
at 36 min, 30% A at 37 min, 80% A at 38 min, and 80% 
A at 40  min. The flow rate, column oven temperature, 
and injection volume were 1.0 mL  min−1, 40  °C, and 10 
μL, respectively. Pesticide residues in the samples were 
detected at a wavelength of 250  nm. The analytes were 
identified by comparing their retention times and UV–
visible spectra with those of the authentic substances. 
The concentration of each pesticide was determined by 
using a matrix-matched calibration curve.

Method validation and matrix effect
This method was validated according to the European 
Commission SANTE/11312/2021 [24] and International 
Conference on Harmonisation (ICH) [25] protocols. 
Linearity was determined by analyzing the matrix-
matched standards at seven concentrations ranging 
from 0.156 to 10.0 mg L−1. Recoveries were determined 
by spiking experiments (0.01, 0.05, and 0.1  mg  kg−1) 
using pesticide-free samples. Each spiked sample was 
analyzed in triplicate. The recovery (%) was expressed 
as recovery (%) = (measured concentration/spiked 
concentration) × 100. The precision, in terms of intra-
day repeatability and inter-day reproducibility, was 
evaluated by performing recovery studies. The precision 
was expressed as the relative standard deviation (RSD). 
The repeatability and within-laboratory reproducibility 
of the method were evaluated using six replicate 
analyses on the same as well as on different days. The 
limit of detection (LOD) and limit of quantification 
(LOQ) were determined from seven independently 
spiked concentrations of pesticides (0.008–0.5  mg  kg−1 
of tomatoes). LOD and LOQ were calculated using 
the formula: LOD = 3.3 × the standard deviation of 
the y-intercept/the average value of the slope, and 

LOQ = 10 × the standard deviation of the y-intercept/the 
average value of the slope.

The calibration curves of the pesticide standards 
in acetonitrile and the slope of the matrix-matched 
calibration curves fortified with pesticides in the blank 
extracts were used to calculate the matrix effect. The 
matrix effect (%) was expressed as matrix effect (%) = (the 
slope of the calibration curve of the extract/the slope of 
the calibration curve of solvent—1) × 100.

Results and discussion
Optimization of HPLC conditions
The Eclipse XDB-C18 reserved-phase column provided 
satisfactory chromatographic separation for all the 
tested SUHs. The analyte peaks were eluted separately 
and exhibited satisfactory resolution at a spiked 
level of 5  µg  mL−1 in the blank sample (Fig.  1). The 
gradient elution method used in this study allowed 
for a satisfactory separation of the analytes in a single 
chromatographic run. The mobile phase (water and 
acetonitrile) containing 0.1% of formic acid as an 
organic acid modifier contributed to the symmetric and 
sharp peaks without peak tailing. A previous study [26] 
reported that 0.1% of formic acid in the mobile phase 
resulted in good peak shape and separation of analytes. 
This is consistent with the composition of the mobile 
phase used in previous studies on the chromatographic 
separation of pesticides. To improve the detection 
efficiency, the flow rate and injection volume were set at 
1.0 mL min−1 and 10 μL, respectively.

Effects of sorbents on pigment removal and pesticide 
recovery
The QuEChERS approach was applied to develop a 
fast, easy, and reliable method for the residue analysis 
of selected SUHs. QuEChERS has been modified and 
optimized according to the analyte and sample matrices 
by many researchers [27–29]. Acetonitrile containing 
1% of acetic acid is commonly used as a QuEChERS 
extraction solvent owing to its potential for the extraction 
of pesticides with a wide polarity range [28]. As 
described in the Materials and methods section, 10 mL of 
acetonitrile was added to the tomato sample, and 1.5 g of 
sodium acetate and 6 g of magnesium sulfate were used 
for the salting-out liquid–liquid partitioning step of the 
QuEChERS extraction. All the selected SUHs achieved 
satisfactory recoveries in the partitioning step. Wu and 
Ding [30] reported that QuEChERS extraction using an 
acetate-buffered version showed good recovery of SUHs 
from the herbal matrix.

Co-extracted impurities, including pigments in 
the extraction solution, can contaminate detection 
equipment and produce matrix effects, thereby affecting 
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Fig. 1  HPLC chromatograms of sulfonylurea herbicides in tomato extracts after QuEChERS extraction without spiking (A) and with spiking (B). Each 
spiked concentration of sulfonylurea herbicides was 5 µg mL−1. 1, nicosulfuron; 2, thifensulfuron-methyl; 3, flucetosulfuron; 4, imazosulfuron; 5, 
propyrisulfuron; 6, metazosulfuron; 7, halosulfuron-methyl
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the accuracy of analysis [27, 28]. The pigments in 
tomatoes exhibit visible interference. In the QuEChERS 
extraction step, visible co-extractives were observed 
in acetonitrile solution. The SPE process with a C18 
sorbent was applied to remove nonpolar pigments 
such as carotenoids. However, significant amounts of 
nonpolar pigments from 10  g of the tomato samples 
were still present in the acetonitrile solution. HPLC–UV 
detection has some drawbacks, such as limited selectivity 
and sensitivity for the analysis of analytes at very low 
concentrations in a complex matrix [31]. Thus, the 
remaining carotenoids in the extracts were removed using 
d-SPE. Further clean-up was performed using different 
amounts of C18, Z-Sep+, or GCB as d-SPE sorbents. 
Table 1 shows the removal rate (%) of carotenoids from 
tomato extracts using the d-SPE sorbents. Carotenoid 
removal was determined by measuring differences in 
absorbance at 450  nm [32]. When GCB clean-up was 
used, the color of the extract became light, and 20  mg 
of GCB almost removed (98.1% of the removal rate) the 
carotenoids in extracts (Table 1). As reported previously 
[33], even small amounts of GCB provided satisfactory 
results for the removal of visible pigments. Despite the 
efficiency of GCB in the clean-up step, the recoveries 
of SUH residues decreased with increasing amounts 
of added GCB (Fig.  2). Increasing the amount of GCB 
reduced the recovery of SUHs. When 20 mg of GCB was 
used as d-SPE sorbent, six out of seven SUHs showed 
low recoveries of less than 70% (Fig.  2). This result was 
confirmed by Song et  al. [34] during the extraction of 
SUHs from strawberries. GCB simultaneously retained 
the carotenoid and SUH residues in the tomato extracts. 
Therefore, a clean-up procedure using alternative d-SPE 
sorbents is necessary to achieve superior recovery and 
effectively remove pigments.

The use of alternative sorbents to remove hydrophobic 
interference has improved the performance of d-SPE 
clean-up procedures. Zirconium dioxide-based sorbents, 
including Z-Sep and Z-Sep+, belong to a hydrophobic 
class that enables Lewis acid–base interactions [35]. 
Z-Sep+ is recommended for the clean-up of matrices 
containing more than 15% fat. Z-Sep+ provides a 
satisfactory balance between SUH recovery and fat 
removal from edible oils [4]. The color of the tomato 
extracts gradually decreased from 10  mg of Z-Sep+ 
(Table  1). A 73.0% color removal rate was observed 
for 300  mg of Z-Sep+ (Table  1). The clean-up Z-Sep+ 
efficiency was less than that of GCB; thus, more than 
300  mg of Z-Sep+ is needed to achieve a similar color 
removal effect. However, nicosulfuron was strongly 
retained in 100 mg of the Z-Sep+ phase, which led to a 
poor recovery rate of less than 70% (Fig. 2). In particular, 

some SUHs showed less than 70% recovery when 100 mg 
of Z-Sep+ was used for sample clean-up [4].

Clean-up using C18 as the d-SPE sorbent resulted in 
satisfactory color removal and analyte recovery. All 
the tested SUHs afforded acceptable recovery ranges 
between 70 and 120% (Fig. 2). Recoveries (%) of all the 
tested SUHs using 100–300  mg of C18 sorbent were 
greater than 80%. Moreover, an 88.1% color removal 
rate was observed with 300  mg of C18 (Table  1). The 
color removal rate of 300  mg of C18 was comparable 
to that of 10  mg of GCB (Table  1). The octanol–
water partition coefficient (log P, at a pH of 7 and 
temperature of 23  ℃) values for the SUHs tested in 
this study range from − 1.58 for nicosulfuron to − 0.02 
for halosulfuron-methyl. C18 is the most hydrophobic 
material, based on its reversed phase, and retains non-
polar compounds such as carotenoids [2]. However, C18 
did not retain hydrophilic SUHs in acetonitrile, and its 
clean-up efficiency was satisfactory.

Previous studies on the determination of pesticide 
residues in food matrices used a combination of 
sorbents for a more effective clean-up procedure [26, 
28]. Two combinations of sorbents, 100  mg of C18 
and 100  mg of Z-Sep+, were used to determine color 
removal efficiency. A 78.5% color removal rate was 
observed for 100 mg C18 and 100 mg Z-Sep+ (Table 1). 
The clean-up efficiency was lower than when using 
C18 alone. A combination of sorbents with 200  mg of 
C18 and 3.5 mg of GCB was used as the d-SPE sorbent, 
resulting in satisfactory color removal efficiency. This 
result showed a color removal rate similar to that 
of 300  mg of C18 (Table  1). However, some SUHs, 
including nicosulfuron and metazosulfuron, showed 
low recoveries in the 69–73% range with the clean-up 
using up 3.5  g of GCB in our preliminary study. 
According to Kaczyński et  al. [36] the combination of 
Z-Sep+ and C18 strongly retained herbicides, leading to 
low recoveries, whereas C18 alone showed satisfactory 
recoveries during the clean-up. Based on the color 
removal rate and analyte recovery, 300  mg of C18 was 
selected for the d-SPE clean-up.

Matrix effect
Co-eluting interferents can cause analyte response 
modifications (suppression or enhancement) and affect 
the accuracy of the analytical results. Minimizing 
matrix interference by sample clean-up improves 
chromatographic selectivity [37]. For unavoidable 
signal modification, a matrix-matched calibration 
curve was used to compensate for the matrix effect. 
Signal suppression caused by the matrix was observed 
for all tested SUHs (Fig.  3). The results showed that 
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nicosulfuron and flucetosulfuron had large matrix 
effects (< −  20%) and the other five had mild matrix 
effects (between − 20 and 20%). Therefore, a quantitative 
analysis using a matrix-matched calibration curve was 
used to improve the accuracy of the results.

Method validation
The validation data for the seven SUHs in tomato 
extracts are listed in Table  2. Linearities, recoveries, 
precisions, LODs, and LOQs, following the European 

Commission SANTE/11312/2021 [24] and ICH [25] 
protocols, were used to evaluate the extraction and d-SPE 
clean-up procedures based on the use of C18. Calibration 
curves for the seven SUHs showed good linearity, with 
coefficients of determination exceeding 0.9970 in the 
0.156–10.0 mg L−1 range of analyte concentrations.

The LODs and LOQs for the 7 SUHs were 
0.003  mg  kg−1 and 0.008–0.009  mg  kg−1, respectively 
(Table  2). In cases where MRL was not established, 
a general default MRL of 0.01  mg  kg−1 was applied. 

Fig. 2  The recoveries (%) of different clean-up procedures for HPLC at the spiked level of 1.0 mg kg−1

Fig. 3  Matrix effects observed for sulfonylurea herbicides by the C18 clean-up procedure
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Overall, the LOQs obtained in this study were lower 
than those recommended by the EU and the Korean 
Ministry of Food and Drug Safety [7, 8]. The LODs and 
LOQs obtained in this study were comparable to those 
reported in other studies [38, 39]. Thifensulfuron-methyl, 
flucetosulfuron, imazoosulfuron, and metazosulfuron 
had LOQs similar to their MRLs. This suggests that 
considerable attention should be paid to quantitative 
analysis.

Validated method performance should comply with the 
SANTE/11312/2021 guidelines, with a recovery range of 
70–120% and a %RSD of less than 20% [24]. To evaluate 
the accuracy and precision of the developed method, the 
recoveries were determined with blank samples spiked 
at three fortification levels of 0.01, 0.05, and 0.1 mg kg−1 
(Table 2). The recoveries observed for all the SUHs show 
81.5–98.5% accuracy at the spiked concentrations of 0.01, 

0.05, and 0.1  mg  kg−1. Precision, in terms of intra-day 
repeatability and inter-day reproducibility, was expressed 
as %RSD. For all SUHs, the repeatability RSD (%) was less 
than 11.6% and the reproducibility RSD was less than 
13.3%. All seven analytes exhibited acceptable recoveries 
and good precision.

Applying the developed method to real‑life sample 
analysis
Ten tomato samples were obtained from a local market 
and were used to determine the suitability of the 
developed method. The quantitative results revealed that 
none of the samples contained any of the seven SUHs 
in quantities exceeding the LOD values (Table  3). No 
Korean or EU MRLs were exceeded in any of the tomato 
samples (Table 3). These results demonstrate that a two-
step clean-up, including SPE and QuEChERS d-SPE 
using C18, can be applied to determine the quantities of 
the seven SUHs in real tomato samples.
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Table 2  Method validation of pesticides in tomato using C18 clean-up method with HPLC analysis

Pesticides Linearity (R2) LOD (mg kg−1) LOQ (mg kg−1) Recovery (%) Repeatability, 
%RSD

Within-laboratory 
reproducibility, 
%RSD

0.01 0.05 0.1 0.01 0.05 0.1 0.01 0.05 0.1

mg kg−1 mg kg−1 mg kg−1

Nicosulfuron 0.9970 0.003 0.008 88.6 93.5 98.5 3.7 7.0 7.0 5.8 5.5 7.9

Thifensulfuron-methyl 0.9990 0.003 0.009 85.0 95.0 96.0 7.7 8.3 7.1 9.1 9.3 7.7

Flucetosulfuron 0.9980 0.003 0.009 91.5 93.6 91.8 6.3 2.7 5.5 6.8 3.1 5.6

Imazoosulfuron 0.9989 0.003 0.009 85.0 92.3 94.8 11.6 6.7 5.6 11.8 6.5 7.6

Propyrisulfuron 0.9986 0.003 0.008 97.8 96.0 94.2 10.3 4.5 5.5 12.7 6.7 5.9

Metazosulfuron 0.9985 0.003 0.009 82.2 81.5 82.1 10.7 8.6 7.1 13.0 13.3 8.4

Halosulfuron-methyl 0.9985 0.003 0.008 96.3 93.5 97.5 9.3 7.6 8.7 10.3 7.3 9.9

Table 3  Applying the developed method to 10 tomato samples

* A general default MRL of 0.01 mg kg−1 was applied where a pesticide is not 
specifically classified
a Maximum residue limit on Ministry of Drug and Safety
b European Union maximum residue level

Pesticides Korea MRLsa 
(mg kg−1)

EU-MRLsb 
(mg kg−1)

No. of samples

 > LOQ  > LOD

Nicosulfuron 0.01* 0.01

Thifensulfuron-methyl 0.01* 0.01

Flucetosulfuron 0.01* 0.01*

Imazosulfuron 0.01* 0.01

Propyrisulfuron 0.01* 0.01*

Metazosulfuron 0.01* 0.01*

Halosulfuron-methyl 0.01* 0.01
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