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Tolfenpyrad is an insecticide and acaricide of the pyrazole class, which has been used to control 
pests in cereal, legume and vegetable crops. Despite its high efficiency, this insecticide is considered 
highly toxic to humans by Brazilian legislation. Therefore, this study aims to optimize and validate 
liquid-liquid extraction with low temperature purification followed by analysis by high-performance 
liquid chromatography with diode array detection to determine tolfenpyrad in water. The results 
showed that the optimal extraction conditions were achieved using only acetonitrile as extracting 
phase and 60 min as freezing time. Under these conditions, the extraction method was selective, 
accurate, and precise, with a recovery of 102.41% and a relative standard deviation of 11.29%. 
The method was linear from 2.0 to 150.0 µg L-1, with a limit of quantification of 2.0 µg L-1, and 
the matrix effect was –7.67%. The half-life was 23 days (with sunlight) and 30 days (no sunlight).

Keywords: insecticidal pyrazoles, heterocyclic pyrazole insecticide, extraction method, 
LLE-LTP

Introduction

Tolfenpyrad is a heterocyclic pyrazole insecticide and 
acaricide (Figure 1), which acts by contact and has a broad 
insecticidal spectrum against various types of pests.1,2 This 
compound has also stood out for its ability to fight pests that 
are resistant to the most common agricultural pesticides, 
such as organophosphates and carbamates.3

This insecticide was authorized in Brazil in 2020 for use 
against pests present in cereals, legumes, and vegetables, 
among others. On the other hand, Brazilian legislation 

classified this insecticide as a very dangerous product to 
the environment and highly toxic to humans.4 In this sense, 
monitoring this insecticide in environmental and food 
matrices such as water is very important. 

To the best of our knowledge, only solid phase 
extraction (SPE) and magnetic solid phase extraction 
(MSPE) have been optimized and validated for monitoring 
this insecticide in a water matrix, but the recovery rates 
were less than 90%, even using high sample volumes.5,6

In contrast, the liquid-liquid extraction with low 
temperature partition (LLE-LTP) method has stood out for 
high recovery rates for several pesticides in water samples, 
using reduced sample and organic solvent volumes.7-11 
This methodology is based on partitioning the organic 
and aqueous phases by decreasing the temperature in the 
system, in which the target analyte is removed to the liquid 
organic phase and the matrix interferents are trapped in the 
solid aqueous phase, which also contributes to eliminate 
the clean-up step.12 However, no studies employing this 
method have been conducted to determine tolfenpyrad in 
water samples. 

Figure 1. Chemical structure of the tolfenpyrad molecule. 
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Therefore, the aim of this study was to optimize 
and validate the LLE-LTP method followed by high 
performance liquid chromatography analysis coupled 
with diode array detection (HPLC-DAD) to determine 
tolfenpyrad in water samples.

Experimental

Reagents and solutions

The HPLC-grade solvents used in the chromatographic 
analyzes were an acetonitrile from Dinâmica (Diadema, 
Brazil) and methanol from F. Maia (Belo Horizonte, 
Brazil). Formic acid from Sigma-Aldrich (St. Louis, 
USA) was also used. PA-grade acetonitrile from Êxodo 
Científica (Sumaré, Brazil) and ethyl acetate from Dinâmica 
(Diadema, Brazil) were used to develop the extraction 
method. The tolfenpyrad solutions were prepared from the 
standard with 99.4% purity from Sigma-Aldrich (St. Louis, 
USA), dissolved in HPLC-grade acetonitrile to obtain 
concentrations of 497 mg L-1 (stock solution), 20 mg L-1 
(intermediate solution) and 5 mg L-1 (working solution), 
and kept at – 20 ºC. All extracts and solutions were filtered 
through a polytetrafluoroethylene (PTFE) membrane 
with pores of 0.22 μm (Filtrilo, Colombo, Brazil) before 
chromatographic analysis.

Equipment

A vortex mixer (Scilogex, Rocky Hill, NJ, USA), a 
vacuum pump (Prismatec, Itu, Brazil) and a Cary 50 UV-Vis 
spectrophotometer (Agilent Technologies, St. Clair, USA) 
were used to prepare the samples.

Chromatographic analysis

Chromatographic analyzes were performed on a 
high-performance liquid chromatograph coupled to a 
diode array detector (HPLC-DAD; model 1290 Agilent 
Technologies, St. Clair, USA). A Kinetex C18 column 
(100  Å, 150 mm × 4.60 mm, 5 µm, Phenomenex) was 
used in the chromatographic analyses, and the injection 
volume was 10 µL.

For optimization of the chromatographic conditions, 
two wavelengths were evaluated, 210 and 233 nm. The 
mobile phase compositions evaluated were methanol:water 
100:0 (v/v); methanol:water 90:10 (v/v), acetonitrile:water 
100:0 (v/v); acetonitrile:water 90:10 (v/v); acetonitrile:water 
85:15 (v/v) and acetonitrile:water 80:20 (v/v), with or 
without acidification with 0.1% (v/v) of formic acid. 
Two mobile phase flow rates were evaluated: 0.5 and 

0.3 mL min-1. Three analysis temperatures were evaluated: 
25, 30 and 40 ºC.

Optimization of the extraction method

The method consisted of adding 4 mL of the water 
sample into a 22 mL vial, followed by fortification with 
73 µL of tolfenpyrad solution at 5 mg L-1. The system was 
vortexed for 1 min to further integrate the analyte into the 
matrix. Then, 8 mL of the extraction phase were added, the 
system was vortexed again for 1 min and then refrigerated 
at –20 °C for 60 min.

Next, two phases were observed in the system after 
this period, namely the lower solid aqueous phase, and the 
upper liquid phase was the organic extract obtained. Then, 
5 mL of the liquid extract were recovered, transferred to a 
5 mL vial and subjected to airflow to evaporate the solvent. 
The obtained residue was resuspended with 400 µL of 
acetonitrile acidified with 0.1% (v/v) of formic acid, and 
stored in vial at –20 ºC for HPLC-DAD analysis. 

Then, the LLE-LTP was optimized by evaluating three 
compositions of extractor phase: acetonitrile, acetonitrile 
acidified with 0.1% (v/v) of formic acid and 6.5 mL 
acetonitrile/1.5 mL ethyl acetate. The results were applied 
to the statistical means comparison test (the F test), 
and Tukey’s test was performed when the means were 
considered different.

Validation of the extraction method

After optimizing the chromatographic conditions 
and the extraction parameters, the method was validated 
using the main figures of merit such as selectivity, limit of 
detection, limit of quantification, linear range, precision, 
accuracy and matrix effect. Data were evaluated according 
to SANTE guidelines.13

Selectivity
The method selectivity was evaluated by comparing 

the chromatograms obtained for the insecticide-free water 
matrix extract (blank extract) and for the tolfenpyrad-
spiked matrix extract with 73 µL of tolfenpyrad solution 
at 5 mg L-1. The method was considered selective when no 
chromatographic signal was detected in the blank extract 
chromatogram, in the same tolfenpyrad retention time.

Limit of detection (LOD) and limit of quantification (LOQ)
The l imit  of detection (LOD) and l imit  of 

quantification  (LOQ) were determined by extraction 
experiments with spiked water samples with different 
tolfenpyrad concentrations. The LOD and LOQ 
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were appointed as the concentrations that reached 
chromatographic areas three and ten times greater, 
respectively, than the chromatographic area of the baseline 
noise present in the blank extract chromatogram in the same 
tolfenpyrad retention time.13,14

Linear range
The linear range was evaluated by constructing an 

analytical calibration curve with the chromatographic areas 
obtained for the matrix extracts spiked with tolfenpyrad at 
concentrations of 2, 30, 60, 90, 120 and 150 µg L-1, with 
three independent replicates for each level.13 The ordinary 
least squares method (OLSM) was applied to the results 
to estimate the linear regression parameters, and extreme 
values identified by the Jackknife test were excluded 
when necessary, without exceeding the limit of 22.2% of 
the data. To evaluate homoscedasticity, independence and 
normality of the regression residuals, the Ryan-Joiner test, 
the Brown and Forsythe test and the Dubin and Watson test 
were applied, respectively. Analysis of variance (ANOVA) 
was applied to verify the significance of the regression and 
linearity deviation.15

Precision and accuracy
The precision of the method was carried out to evaluate 

the agreement of a set of results obtained from the analysis 
of extracts of samples of the same concentration.13 
Therefore, fortification and recovery experiments were 
performed on seven identical extractions of water samples 
spiked with tolfenpyrad at 90 μg L-1 and the relative 
standard deviation (RSD) of the chromatographic areas 
obtained was calculated to evaluate the precision of the 
method. RSD values less than 20% indicate acceptable 
precision.13,14

The accuracy of the method was carried out to evaluate 
the closeness between the value obtained by the optimized 
method and the reference value (100%).13,14 Therefore, 
accuracy was evaluated through fortification and recovery 
experiments, for which water samples spiked at 2, 90 
and 150 μg L-1 of tolfenpyrad, with three independent 
repetitions for each level. Recovery rates between 70 and 
120% were considered acceptable.13

Matrix effect 
First, two analytical calibration curves were prepared to 

evaluate the matrix effect; one with tolfenpyrad solutions 
in acetonitrile (solvent) and the other with matrix extracts 
spiked with tolfenpyrad. Both analytical curves presented 
six concentration levels: 2, 30, 60, 90, 120 and 150 µg L-1, 
with three independent repetitions for each level.13,16,17 The 
OLSM was applied to the results to estimate the linear 

regression parameters.15 The matrix effect was calculated 
according to equation 1.16,17

	 (1)

where αmatrix is the slope of the tolfenpyrad curve in the 
matrix extract; αsolvent is the slope of the tolfenpyrad curve 
in acetonitrile.

The matrix effect was classified as low, medium or high 
according to the result obtained, in which: values between 
–20% and +20% indicated a low matrix effect; values 
between +20% and +50% or –20% and –50% corresponded 
to a medium matrix effect; and values above +50% or below 
–50% pointed to a high matrix effect.16,17

Stability study of tolfenpyrad in water

This study was conducted in order to evaluate the 
environmental influence of sunlight on the compound. To 
do so, two flasks were prepared, each containing 120 mL 
of water sample spiked with tolfenpyrad at an initial 
concentration of 150 µg L-1. The flasks were closed to 
prevent water evaporation throughout the study. One of 
the flasks was placed protected from sunlight, while the 
other was exposed to ambient sunlight. Then, three 4 mL 
aliquots were collected from each flask every five days 
for extraction by the optimized LLE-LTP method and 
analyzed by HPLC‑DAD. The experiment was performed 
over 40 days.

Application in real samples

The optimized and validated extraction method was 
applied to 11 water samples, which seven samples were 
collected from groundwater and four from surface water 
in rural areas in the north of Minas Gerais State, Brazil, 
as shown in Table S1 (Supplementary Information (SI) 
section). The criteria for choosing the collection sites were 
the intense agricultural activity close to the collected water 
resources and the probable use of tolfenpyrad in vegetable 
crops.

Results and Discussion

Optimization of chromatographic conditions

First, a tolfenpyrad solution was analyzed in a UV-Vis 
spectrophotometer, and the spectrum obtained is shown in 
Figure S1 (SI section). The results revealed that the highest 
absorbances were observed at 210 and 233 nm. Thus, 
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the chromatographic analyzes were performed at these 
wavelengths. The chromatograms obtained are shown in 
Figure S2 (SI section).

The chromatogram obtained at 210 nm showed a more 
intense tolfenpyrad peak, however, with an interferent 
peak in the same retention time of the analyte. The 
chromatogram obtained at 233 nm showed less intense 
tolfenpyrad peak, but did not show interfering signals. 
Therefore, this wavelength was chosen for the next 
steps of this study. This result was similar to previous 
studies18,19 that have used 230 and 245 nm for determining 
tolfenpyrad in other matrices.

Next, methanol and acetonitrile were evaluated as the 
mobile phase. The chromatograms obtained using methanol 
as mobile phase are shown in Figure S3 (SI section). 
Methanol has already been used in different proportions 
to determine tolfenpyrad in fruit,20-22 vegetable,19,21,23 and 
water,5,6 samples, and therefore, it was evaluated as a mobile 
phase for this study. However, despite the mobile phase 
composed of 100% methanol presenting greater intensity, 
it was observed that an interfering signal very close to 
the analyte signal was observed. On the other hand, the 
methanol:water 90:10 (v/v) presented a tolfenpyrad peak 
with low intensity. Therefore, different proportions of 
acetonitrile and water were used as mobile phase, as can 
be seen in Figure S4 (SI section).

The presence of acetonitrile in the mobile phase 
resulted in an increase in the tolfenpyrad peak intensity, in 
which the acetonitrile:water 90:10 (v/v) ratio showed the 
highest chromatographic signal. However, when analyzing 
the tolfenpyrad-spiked matrix extract under optimized 
chromatographic conditions, an interfering peak was 
observed at the same analyte retention time (Figure S5b, 
SI section). Therefore, these chromatographic conditions 
were reevaluated using tolfenpyrad-spiked matrix extract, 
as can be seen in Figure S5.

Separation of the tolfenpyrad peak and the matrix 
interferent was observed using the mobile phase consisting 
of acetonitrile:water 80:20 (v/v) (Figure S5d). However, a 
reduction in the tolfenpyrad peak intensity was observed 
in this condition when compared to the other proportions. 
Therefore, mobile phases were acidified with 0.1% (v/v) of 
formic acid, as can be seen in Figure S6 (SI section). The 
results showed that tolfenpyrad retention time reduced and 
the peak intensity increased. Therefore, this mobile phase 
was chosen for the next steps of this study.

The next parameter evaluated was the chromatographic 
column temperature and the chromatograms obtained 
are shown in Figure S7 (SI section). The results show 
that the chromatogram obtained at 25 ºC showed a more 
intense peak and better separation. A temperature of 40 ºC 

has already been used for the analysis of tolfenpyrad in 
fruits,18,22 however, the tolfenpyrad peak and the interferent 
peak became closer when this temperature was used in 
this study, which may compromise the method selectivity. 
Similar temperatures were used in previous studies19,23 
involving tolfenpyrad in other matrices.

The last chromatographic parameter evaluated was the 
mobile phase flow and the chromatograms obtained are 
shown in Figure S8 (SI section). It can be observed that the 
tolfenpyrad peak intensity was similar in both conditions, 
however, chromatographic separation was better with a 
flow of 0.3 mL L-1. Therefore, the best chromatographic 
conditions were obtained with a tolfenpyrad retention time 
of 10.7 min.

Optimization of the LLE-LTP parameters

The extraction phase compositions evaluated in the 
present study were selected based on previous studies7-11,24-26 
and the solubility of the compound in each solvent. The 
recovery percentages obtained in each extracting phase, 
with the respective relative standard deviations, are shown 
in Figure 2.

The results showed that the extraction percentages 
obtained with acetonitrile and acetonitrile/ethyl acetate 
(6.5:1.5 v/v) did not differ statistically. Similarly, the 
extraction percentages obtained with acetonitrile and 
acidified acetonitrile did not differ statistically. Therefore, 
it was performed a comparison of the chromatograms 
obtained from the analyzes in each extracting phase. 
The obtained chromatograms are shown in Figure S9 

Figure 2. Tolfenpyrad recovery percentages in different extraction phase 
compositions. The bars presented by the same letter were considered 
statistically similar by Tukey’s test with a 5% level of significance. 
(A) Acetonitrile; (B) acetonitrile acidified with 0.1% (v/v) of formic acid; 
(C) 6.5 mL acetonitrile/1.5 mL ethyl acetate.
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(SI section). The results revealed that the addition of formic 
acid or ethyl acetate to the extractor phase did not promote a 
gain in peaks separation. Therefore, acetonitrile was chosen 
as the extractor phase for this study.

Validation of the extraction method

Selectivity
The chromatograms of the tolfenpyrad-free matrix 

extract (blank extract) and the tolfenpyrad-spiked matrix 
extract are shown in Figure 3.

The results revealed that the blank extract chromatogram 
did not show interferents peak at the same tolfenpyrad 
retention time, and therefore, the methodology was 
considered selective.

LOD and LOQ
The LOD and LOQ values achieved in this study 

are shown in Table 1. In Brazil, the maximum residue 
limit (MRL) for water samples has not yet been defined. 
However, the MRL for tolfenpyrad in the European Union 
is 10 µg L-1 for water samples, whereas the MRL in Japan, 
China and the USA is 20 µg L-1.27 

Linear range
The linearity range was constructed with six 

concentration levels and the OLSM was applied to 
determine the regression parameters and residuals. Then, 
the Jackknife test was applied to the presented residuals, 
and two extreme values were excluded. The residual plot 
excluding the two extreme values is shown in Figure S10a 
(SI section).

After excluding the extreme values, the OLSM was 
applied again to the results, and the regression parameters 
and determination coefficient were estimated and 
described in Table 1, while the linear regression is shown 
in Figure S10b. With the obtained values, the use of the 
OLSM was evaluated by normality, homoscedasticity, 
independence and significance of the regression and 
deviation from linearity parameters.

Normality was assessed using the Ryan-Joiner test, for 
which a graph of residuals arranged in ascending order and 
expected values was constructed. This graph is shown in 
Figure S10c. Next, the correlation coefficient (R) and the 
critical correlation coefficient (Rcrit) were calculated from 
the graph, in which the R value (0.96) was greater than the 
Rcrit value (0.94). Thus, it is possible to conclude that the 
linear regression noise follows the normal distribution at 
a significance level of 0.05.

The Levene test with adaptation of Brown and Forsythe 
was used to evaluate homoscedasticity, in which the 
tL value (0.995) found was lower than the tcrit value (2.14), 
calculated for a significance level of 0.05. The result showed 
no difference in the variances of the regression residuals, 
proving the homoscedasticity.

The third test applied to the regression residuals was the 
Durbin-Watson test to identify the presence of independence 
between their values. The test did not identify correlation 
between the regression residues. A Durbin-Watson graph 
was subsequently constructed (Figure S10d), and confirmed 
the result obtained with the random distribution of its values 
in the four presented quadrants.

Regression significance and deviation from linearity 
were evaluated by ANOVA. Linear regression proved to be 
significant and without linearity deviation for the analyzes 
in the range from 2 to 150 µg L-1.

Figure 3. Chromatograms of water matrix extract with and without 
tolfenpyrad at 90 µg L-1. Chromatographic conditions: Kinetex column, 
injection volume: 10 µL, flow rate: 0.3 mL min-1, temperature: 25 ºC, 
λ: 233 nm, mobile phase: acetonitrile:water 80:20 (v/v) acidified with 
formic acid.

Table 1. Optimized method validation data for determination of tolfenpyrad by LLE-LTP

Linear range / 
(µg L-1)

Linear equation R2
Recovery mean ± RSD / %

LOD / (µg L-1) LOQ / (µg L-1)
2.0 µg L-1 a 90.0 µg L-1 b 150.0 µg L-1 a

2.0-150.0 y = 87900x - 76200 0.9984 104.29 ± 16.5 102.41 ± 11.29 103.62 ± 1.68 0.50 2.00
aMean of 3 replicates; bmean of 7 replicates; R2: determination coefficient; RSD: relative standard deviation; LOD: limit of detection; LOQ: limit of 
quantification.
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Precision and accuracy
The precision and accuracy of the method were 

evaluated simultaneously, and the data are described in 
Table 1. The recovery rates obtained in this study are 
between 70 and 120%; therefore, these recovery rates prove 
the method accuracy. Similarly, the RSD values obtained 
are below 20% as recommended in the SANTE validation 
protocols,13 and these values confirm the method precision.

Matrix effect
The analytical calibration curves obtained for studying 

the matrix effect are shown in Figure S11 (SI section). 
The matrix effect calculated for the water samples was 
–7.67%, considered a low matrix effect for being in the 
range between –20 and +20%. Similar results were found 
in a previous study5 which determined tolfenpyrad in 
water samples, whose matrix effect was –12% in surface 
waters, and no matrix effect in seawater samples.6 On the 
other hand, previous studies in more complex matrices 
aimed at determining tolfenpyrad in fruits found a matrix 
effect of –61.7% in pears and –67.9% in oranges.28 
Tolfenpyrad determination in vegetables29 revealed a 
matrix effect between –28 and –9%, and –26% in samples 
of seasonings.30

Comparison between extraction methods

Until now, SPE and MSPE have been applied to 
determine tolfenpyrad in water samples.5,6 Therefore, 
a comparative study of these extraction methods with 
the optimized and validated LLE-LTP in this study was 
performed, as shown in Table 2.

Water has been considered a simple matrix with a 
reduced presence of interferents, justifying the absence of 
cleaning steps in the three extraction methods compared 
in Table 2. In addition, the low complexity of this matrix 
favors using extraction techniques with fewer steps, as can 
be seen by a similar number of steps between the three 
methods in Table 2.

Moreover, the methods which presented the smallest 
volume of extracting phase were MSPE and LLE-LTP, 
indicating a positive factor for these two methods. 
However, the main advantages observed for LLE-LTP 
are the higher recovery rate associated with the lower 
RSD value, using a significantly lower sample volume 
than the other two methods. These three parameters have 
been considered very important and determinants for an 
extraction method. 

It is important to highlight that although MSPE and 
SPE presented LOD and LOQ lower than the LLE-LTP, all 
methods presented values lower than the LMR.

Stability study

The degradation of tolfenpyrad in water in the presence 
and absence of sunlight for 40 days is shown in Figure 4.

The half-life of tolfenpyrad in water exposed to sunlight 
was approximately 24 days. It was observed that the drop 
in concentration until day 10 was only 4.54%, but from that 
day on, the presence of tolfenpyrad reduced considerably, 
with a drop of 24.85% in just five days. On the other hand, 
the water protected from sunlight showed a reduction in 
concentration of 20.85% in the first five days, but with a 
half-life of approximately 30 days, being greater than in 
conditions exposed to the sun. A previous study31 has shown 
that this degradation occurs over one year in the absence 
of sunlight, but in 11 days of sunlight. 

Real samples

Tolfenpyrad was recommended in Brazil to combat 
the “cruciferous moth” (Plutella xylostella) in vegetable 
crops and the “tomato moth” (Tuta absoluta) in tomato 
crops.32 Thus, the optimized and validated method was 
applied to 11 real samples, in which the presence of 
tolfenpyrad residue was not detected. These results may 
be associated with degradation in water by photolysis or 
by microorganisms. In addition, studies have reported the 
degradation of tolfenpyrad in some plants and soil,1 which 
may decrease the amount of the compound that reaches 
the water. The non-detection of tolfenpyrad residues 
in water samples was also reported by Liu et al.6 in an 

Table 2. Comparative study of extraction methods for determining 
tolfenpyrad in the water matrix

Parameter This study Reference 5 Reference 6

Detection technique HPLC-DAD LC-HRMS LC-MS/MS

Extraction method LLE-LTP SPE MSPE

Cleaning step no no no

Number of steps 5 5 7

Solvent volume / mL 8 20 5

Sample volume / mL 4 200 500

LOD / (µg L-1) 0.50 - 0.00019

LOQ / (µg L-1) 2.00 0.0025 0.0010

Recovery rate / % 102-104 38-25 66-90

RSD 11.3 15.0 17.0

HPLC-DAD: high performance liquid chromatography with diode array 
detection; LC-HRMS: liquid chromatography with detection by high 
resolution mass spectrometry; LC-MS/MS: liquid chromatography 
with detection by tandem mass spectrometry; LLE-LTP: liquid-liquid 
extraction with low temperature purification; SPE: solid-phase extraction; 
MSPE: magnetic solid-phase extraction; RSD: relative standard deviation; 
LOD: limit of detection; LOQ: limit of quantification.
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evaluation carried out in the Jiulong River estuary, China, 
in 2020, and in England,5 with the evaluation of pesticides 
in four rivers located in the southwest of the country. 

Conclusions

LLE-LTP was successfully optimized and validated in this 
work. This methodology involved only five steps, achieving 
high recovery percentages and reduced relative standard 
deviations. An important aspect of LLE-LTP is that the limit 
of quantification reached was lower than the MRL defined 
by international legislation. This methodology also stood out 
due to the reduced sample volume required for the extraction 
method when compared to other extraction methods already 
used for this insecticide in water. For all of these reasons, 
this extraction method is an important and advantageous 
alternative for monitoring this insecticide in water samples.

Supplementary Information

Supplementary data are available free of charge at  
http://jbcs.sbq.org.br as PDF file.
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