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In this study, a disposable pipette extraction (DPX)-based procedure was fully optimized for
the multiclass determination of 12 pesticides, with significant differences in their physicochemical
properties, using high-performance liquid chromatography coupled with diode array detection
(HPLC-DAD). The variables optimized were type of extraction phase, sample pH, sample volume,
number of extraction and desorption cycles, time of each cycle, type and volume of desorption
solvent, and NaCl concentration of the samples. The analytical parameters of merit were determined
under optimized conditions and satisfactory results were achieved, with limits of detection (LOQs)
varying from 0.06 ug L' for carbofuran to 2.30 ug L' for carbendazim and correlation coefficients
0f 0.9923 t0 0.9999. Relative recoveries ranged from 75 to 117%. Good results were achieved for
intraday (n = 3) precision (1 to 20%) and interday (n = 9) precision (1 to 24%). The method was
applied to the monitoring of 20 drinking water samples collected from water treatment plants.
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Introduction

Pesticides are intensively used in agriculture for
the control of a variety of pests, including weeds and
insects, in order to increase the productivity. However, the
inappropriate use of these compounds causes contamination
of surface water, ground water and soil, consequently
damaging the ecosystems and human health.!? Brazil is one
of the largest consumers of pesticides in the world, which
results from shortcomings with regard to implementing
public policies and the use of pesticides that have not been
registered in Brazil (i.e., product smuggling).?

Thus, in this context, the monitoring of natural water
supplies is an issue of great importance. The Brazilian
government has set tolerance levels for pesticides in drinking
water using maximum concentration levels (MCLs), which
are in the range of parts-per-billion (ug L!).* Due to the low
levels of the permitted concentrations, the use of analytical

*e-mail: eduardo.carasek @ufsc.br

instruments with high selectivity and detectability, such as
gas chromatography-mass spectrometry (GC-MS),’ liquid
chromatography-tandem mass spectrometry (LC-MS/
MS),$ ultra-high-performance liquid chromatography-
tandem mass spectrometry (UHPLC-MS/MS),” is often
necessary to determine these compounds. However,
instrumentation based on MS detectors is expensive and is
not available in some laboratories. An alternative is the use
of approaches associated with lower costs, such as high-
performance liquid chromatography coupled with diode
array detection (HPLC-DAD), together with an effective
sample preparation technique aimed at concentrating the
analytes, reducing possible interfering compounds, and
allowing for the transfer of the analytes to an extraction
phase compatible with the analytical instrument.

Some of the most commonly used extraction and
microextraction techniques reported for the determination
of pesticides in aqueous samples are based on solid-phase
extraction (SPE),*® solid-phase microextraction (SPME),’
dispersive liquid-liquid microextraction (DLLME),°
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single-drop microextraction (SDME)'! and rotating
disk sorptive extraction (RDSE).” In addition, analytical
methodologies based on the quick, easy, cheap, effective,
rugged and safe (QuEChERS) method have been widely
used for multi-residue analysis and are recommended in
official methods. '

A promising technique, developed in 2003 and based
on the principles of SPE, is disposable pipette extraction
(DPX)." This technique consists of a pipette containing an
extraction phase (sorbent) dispersed between two filters.
The extraction procedure employs the following steps:
(i) conditioning to activate the sorbent sites; (ii) sample
aspiration; (iii) air aspiration to allow a dynamic mixture
between the sorbent and the sample; (iv) sample discard,;
(v) aspiration and discard of solvent to remove possible
interfering compounds; and (vi) solvent aspiration followed
by air aspiration for the liquid desorption of the analytes.
The aspiration of air allows for a dynamic mixture of the
sample with the sorbent phase, leading to rapid sorption
equilibrium between the analyte and the sorbent. Therefore,
the advantages of using DPX include rapid extraction along
with the use of a small mass of the sorbent phase and low
volumes of organic solvent and sample, thus adhering
to green chemistry principles. In addition, DPX-based
approaches generally exhibit lower analysis cost compared
with SPE.!415

The aim of this study was to develop a reliable,
environmentally friendly and low-cost DPX-based analytical
method for the multiclass determination of 12 pesticides
with different physicochemical properties. The method
proposed was fully optimized and validated in-house using
HPLC-DAD. The method developed was applied to the
monitoring of the analytes in 20 drinking water samples
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(after the treatment process) collected from water treatment
plants located in 13 cities of Santa Catarina State, Brazil. This
strategy was adopted to evaluate the drinking water quality
based on the current Brazilian regulation.*

Experimental
Reagents and standard solutions

Solid standards of carbendazim, simazine, carbofuran,
atrazine, diuron, 2,4-dichlorophenoxy acetic acid
(2,4-D), 2,4,5-trichlorophenoxy acetic acid (2,4,5-T),
tebuconazole, parathion-methyl, metolachlor, dichloro-
diphenyldichloroethane (4,4’-DDD) and dichloro-
diphenyldichloroethylene (4,4’-DDE) were obtained from
Sigma-Aldrich (Milwaukee, WI, USA). Individual stock
solutions at a concentration of 10 g L' (carbofuran, diuron,
2,4-D, 2,4,5-T and tebuconazole), 4 g L' (parathion-methyl
and metolachlor), 1 g L! (4,4’-DDD and 4,4’-DDE),
500 mg L' (atrazine), 400 mg L' (carbendazim) and
250 mg L' (simazine) were prepared in methanol (MeOH).
Working solutions containing a mix of the analytes, each
at a concentration of 50 mg L' in MeOH, were prepared
by appropriate dilution of the stock solution. The chemical
structure of each analyte and some of the physicochemical
properties are listed in Table 1.'¢

Acetonitrile (ACN), MeOH and acetone (HPLC grade)
were purchased from J.T. Baker (Mallinkrodt; Bedminster,
NJ, USA). Ultrapure water (18.2 MQ cm) was obtained
from a Mega Purity system (Billerica, MA, USA), and
hydrochloric acid and sodium chloride were obtained
from Vetec (Rio de Janeiro, Brazil). DPX-reversed phase
(DPX-RP) and DPX-weak anion exchange (DPX-WAX)

Table 1. Chemical structures and some physicochemical properties of the pesticides under study'®

Analyte Chemical structure pK, log K,
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Table 1. Chemical structures and some physicochemical properties of the pesticides under study'® (cont.)
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pKa: logarithmic acid dissociation constant; Kow: octanol-water partition coefficient; 2,4-D: 2,4-dichlorophenoxy acetic acid; 2,4,5-T: 2,4,5-trichlorophenoxy
acetic acid; 4,4’-DDD: dichlorodiphenyldichloroethane; 4,4’-DDE: dichlorodiphenyldichloroethylene.

4,4-DDE

(pipette tips of 1 mL with 20 mg of sorbent phase) and HPLC-DAD analysis

DPX-blank (pipette tips of 1 mL without sorbent phase)

were acquired from DPX Labs (Columbia, SC, USA). A Shimadzu Prominence LC 20AT series HPLC system
The sorbent phase C18 was obtained from SPE cartridges (Kyoto, Japan) equipped with a diode array detector (RF

(Phenomenex; Torrance, CA, USA). 20A series) was used in this study. Chromatographic
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separations were carried out using a Phenomenex
Gemini-NX C18 column (5.0 ym, 4.6 x 250 mm?). The
injection volume was 20 uL at a flow rate of 1 mL min’!
of the mobile phase in gradient mode. In the gradient
method, the mobile phase was initially comprised of 90%
A (ultrapure water containing 1% v/v of phosphoric acid)
and 10% B (ACN). The content of B was then increased
from 10 to 30% for 3 up to 7 min. The B content was further
increased from 30 to 70% for 7 up to 35 min, and then
from 70 to 90% from 35 up to 36 min. This condition was
maintained up to 50 min, when the initial condition was
returned and kept for 10 min for conditioning of the column.
All analytes were detected at a wavelength of 200 nm and
the chromatographic data were analyzed with LC Solution
software (Shimadzu; Kyoto, Japan).

Optimization of DPX procedure

The DPX procedure was fully optimized using multi
and univariate approaches in order to obtain the best
extraction conditions. Statistica 8.0'” was used for the data
treatment in multivariate approaches. Extractions were
performed using ultrapure water spiked with 100 ug L'
of each analyte. Firstly, the type of sorbent phase was
evaluated. In this step, the sorbent phases evaluated
included a DPX-WAX and DPX-RP. DPX-WAX was
performed with tips containing 20 mg of sorbent phase
comprised of poly-amino groups and DPX-RP was carried
out with tips containing 20 mg of styrene-divinylbenzene.
Another sorbent phase evaluated was obtained from SPE
cartridges (C18). In this case, a mass of 20 mg of C18 was
inserted into DPX blank tips corresponding to DPX-C18.
Due to the different pK, values of the analytes, the sample
pH was evaluated (at pH 2, 4, 6, 8, 10 and 12) using a
univariate approach. After these initial optimization
steps, a comparison of the extraction efficiency obtained
with the sorbent phases evaluated using the normalized
chromatographic peak areas was performed.

The best solvent for the desorption of the analytes was
evaluated using a simplex-lattice design. In this case, ACN,
MeOH and acetone were used to build a response surface.
Relevant parameters in the extraction and desorption steps
were optimized. For the extraction step, the sample volume
(165 to 835 uL), number of extraction cycles (1 to 11) and
time of each cycle (5 to 55 s) were optimized through a
central composite design. For the desorption step, the volume
of desorption solvent (80 to 420 uL), number of desorption
cycles (1 to 11) and time of each cycle (5 to 55 s), were
also optimized through a central composite design. In the
last optimization step, the NaCl concentration added to the
sample was studied using a univariate approach.
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Characterization of sorbent phase

The sorbent phase that exhibited the best results for
the extraction of the analytes was characterized by Fourier
transform infrared spectroscopy (FTIR), using a Varian
3100 spectrometer (Santa Clara, CA, USA). The FTIR
spectra were generated from KBr pellets. In addition,
the morphology of the material was assessed through
micrographs obtained by scanning electron microscopy
(SEM), using a Hitachi TM 3030 microscope (Tokyo,
Japan).

Analytical figures of merit and analysis of real samples

Calibration curves were obtained using tap water samples
spiked with carbendazim at concentrations from 50 to
600 pg L', simazine and diuron from 1 to 200 pg L' and
the other pesticides from 5 to 200 ug L!. The extractions
were performed in triplicate using DPX-WAX. Correlation
coefficients (r) were calculated based on the calibration
curves. The linearity of the calibration curves was verified
using analysis of variance (ANOVA). The values for the
limit of detection (LOD) and limit of quantification (LOQ)
were calculated based on signal-to-noise ratios of 3 and
10, respectively. Accuracy and precision were assessed by
performing extractions in tap water samples spiked with
the analytes at three different concentrations: carbendazim
(50, 200 and 600 pg L), simazine and diuron (1, 50 and
200 pg L") and other pesticides (5, 50 and 200 pug L),
in triplicate. Accuracy was evaluated as the percentage of
relative recovery and intraday (n = 3) and interday (n = 9)
precision assays were performed in three concentrations and
calculated based on the relative standard deviation (RSD).
In addition, the Youden test was performed to evaluate the
robustness of the method and the results used to obtain Daniel
and Lenth graphs generated in Start Action software.'®

Twenty samples of water collected from the output of
water treatment plants located in 13 cities of Santa Catarina
State, Brazil, were analyzed. Some cities have more than
one water treatment plant and, in these cases, additional
samples were obtained. The map in Figure la shows the
location of Santa Catarina State in Brazil, and the cities in
which the samples were collected can be seen in Figure 1b.
The sampling was carried out in partnership with the
Sanitary Surveillance of Santa Catarina State (Vigilancia
Sanitdria do Estado de Santa Catarina) and samples were
collected in amber glass bottles, stored at 4 °C and analyzed
within three days. The strategy of collecting samples after
the treatment process was adopted in order to evaluate
the quality of water, which is effectively provided to the
population.
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Figure 1. (a) Brazil with Santa Catarina State highlighted and (b) Santa Catarina State showing the municipalities where the water samples were collected
(grey highlighting). 1: Anténio Carlos (2 samples); 2: Alfredo Wagner (1 sample); 3: Balnedrio Camborit (1 sample); 4: Campos Novos (3 samples); 5:
Chapecd (3 samples); 6: Corupd (1 sample); 7: Rio do Oeste (1 sample); 8: Ituporanga (1 sample); 9: Meleiro (1 sample); 10: Sdo Joaquim (1 sample);

11: Tai6 (2 sample); 12: Turvo (2 samples); 13: Videira (1 sample).
Results and Discussion
Optimization of DPX procedure

Selection of the extraction phase and evaluation of sample
pH

The pesticides under study exhibit different
physicochemical properties, therefore, three DPX
sorbent phases with different chemical structures
and functional groups were evaluated: (i) DPX-C18,
comprised of a carbonic chain with the potential for
hydrophobic interactions with the pesticides; (if) DPX-RP,
comprised of styrene-divinylbenzene with the potential
for -7 interactions and hydrophobic interactions with the
analytes;' and (iiif) DPX-WAX, containing a sorbent phase
comprised of poly-amino groups with the potential for
hydrogen interactions and hydrophobic interactions with
the pesticides.” In addition, the extractions were carried
out at different pH values (2, 4, 6, 8, 10 and 12). The best
extraction of the analytes at pH 2 was obtained using
DPX-C18 and DPX-WAX, and at pH 4 using DPX-RP
(data not shown). This is possibly due to the fact that most
of the analytes are in the neutral form at these pH values,
which increases their interaction with the extraction phase.
A comparison of the extraction efficiencies obtained with
DPX-C18, DPX-RP and DPX-WAX was performed using
the best pH value for each sorbent phase (Figure 2).

According to the bar graph in Figure 2, the extraction
efficiency for DPX-WAX (pH 2) was around 40% higher

compared with DPX-RP (pH 4) and DPX-C18 (pH 2).
This behavior is due to the structure of this sorbent phase,
which contains poly-amino groups that can interact
with the analytes through strong hydrogen interactions.
Furthermore, hydrophobic interactions may be favored at
pH 2 because the analytes are in the neutral form. Based
on its better extraction performance, DPX-WAX was
characterized by FTIR and SEM to confirm the functional
groups and evaluate its morphology.

Characterization of sorbent phase

The WAX sorbent phase was characterized through
FTIR spectroscopy and SEM to elucidate the functional
groups and morphology of the sorbent. The FTIR spectrum
obtained for this extraction phase is shown in Figure 3.

According to Figure 3, the sorbent phase exhibits an
absorption band at 3400 cm'!, characteristic of the stretching
of the N-H bond of a secondary amine. Bands in the range
of 1350 to 1000 cm™ are related to stretching of the C-N
bond. The absorption band at 3050 cm™ is attributed to
stretching of the C—H bond of unsaturated carbon, possibly
at the aromatic ring, and the band at 2850 cm' is assigned
to stretching of the C—H bond of a saturated carbon. The
absorption band at 1650 cm™' can be attributed to ring
stretching. In addition, the macrographs obtained by SEM
at different magnifications are shown in Figure 4.

According to the SEM images, WAX exhibits a large
amount of particles of the same shape but different sizes.
These characteristics combined with the fact that WAX is
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Figure 2. Comparison of the extraction efficiency obtained with DPX-C18, DPX-RP and DPX-WAX. Extraction performed at pH 2 with DPX-C18 and
DPX-WAX, and at pH 4 with DPX-RP. The experiments were performed using 500 ug L' of each analyte, 3 extraction cycles with 700 uL of the sample
in each cycle and 30 s of extraction time, 2 cycles of desorption with 200 L of ACN (same aliquot) and 30 s of desorption time.

a fine powder, which can be well dispersed at the tip when between the sample and extraction phase, contribute to the
the extraction is performed, with high area of contact good results obtained with extractions using DPX-WAX.
o Therefore, DPX-WAX was fully optimized to obtain the
= (\// best conditions for the extraction of the analytes.
81 Optimization of the desorption solvent
% The liquid desorption step is an important parameter
§ 81 that needs to be optimized to obtain the complete desorption
& of the analytes from the sorbent phase'* and avoid the
£ o carryover effect. In this study, MeOH, ACN and acetone,
along with mixtures of these solvents, were evaluated
o | through a simplex-lattice design. The results obtained are
® presented as a triangular surface in Figure 5.
500 00 2500 2000 1500 1000 o0 As can be seen in Figure 5, when MeOH and acetone
Wavenumber / cm-! were used the response was not satisfactory. However, when
Figure 3. FTIR spectrum of the sorbent phase WAX. the ratio of ACN was increased the desorption efficiency

Figure 4. SEM micrographs of the sorbent phase WAX: (a) magnification of 50x and (b) magnification of 100x.
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Figure 5. Triangular response surface obtained using geometric means of
the analytes in the optimization of the desorption solvent. The experiments
were performed using 100 pg L' of each analyte at pH 2, 3 extraction
cycles with 700 pL of the sample in each cycle and 30 s of extraction
time, 2 desorption cycles with 200 uL of solvent (same aliquot) and 30 s
of desorption time.

was enhanced, and the best response for the desorption of
the analytes was achieved using 100% of ACN. Thus, this
condition was adopted for further experiments.

Optimization of extraction and desorption steps
In the DPX procedure it is important to optimize the
conditions for the extraction and desorption steps. The
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parameters evaluated in the extraction step were sample
volume (165 to 835 uL), number of extraction cycles (1 to
11) and time of each cycle (5 to 55 s). With respect to the
desorption step, the parameters evaluated were the volume
of desorption solvent (80 to 420 pL), number of desorption
cycles (1 to 11) and time of each cycle (5 to 55 s).!5% These
variables were investigated based on a central composite
design. The graphics generated using the geometric means
of the chromatographic peak areas for the analytes are
shown in Figures 6a-6d.

According to Figure 6a, it can be observed that
increasing the sample volume the chromatographic
responses for the analytes also increased. In addition, the
chromatographic response was enhanced by increasing the
number of extraction cycles. This is because of the aspiration
of anew sample aliquot in each extraction cycle. However,
the chromatographic peak areas of the analytes were similar
using 8 and 11 cycles. Therefore, 8 extraction cycles was
the number selected to increase the analysis throughput. In
Figure 6b, it can be observed that the extraction time does
not influence the chromatography responses and 15 s was
adopted as the time for each extraction cycle. Therefore,
the optimized extraction conditions were comprised of
8 extraction cycles of 15 s each using 800 uL of a new
aliquot of sample in each cycle. These conditions were
applied in the subsequent experiments.
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Figure 6. Optimization of the extraction and desorption conditions through a central composite design. Response surfaces shown in (a) and (b) represent
the optimization of the extraction step; (c) and (d) represent the optimization of the desorption step. The experiments were performed using 100 pg L' of

each analyte, pH 2, ACN for the desorption, and 0% of NaCl.
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In the desorption step, according to Figure 6c¢, the best
performance was obtained with lower volumes of ACN,
which can be explained by the higher concentration of
analytes. Thus, 100 uL of ACN were chosen as an optimized
desorption condition. In addition, it can be observed that
7 cycles provide adequate desorption of the analytes, in
this case, the same aliquot of ACN was used sequentially
to improve the desorption and ensure no carryover effect. It
can be noted from Figure 6d that the desorption time does
not influence the chromatographic response. In summary,
the optimized desorption conditions were comprised of
7 cycles of desorption of 15 s each using the same aliquot
of ACN (100 pL). These conditions were applied in the
subsequent experiments.

Optimization of NaCl concentration added to the sample

In some cases, the addition of salt to aqueous samples
can improve the extraction efficiency of the organic
compounds by reducing the solubility of these compounds
in the aqueous phase. This phenomenon is known as the
salting out effect and it is observed mainly for medium to
high polarity compounds.?"*? In this study, this parameter
was evaluated in the univariate mode and extractions were
performed without the addition of NaCl and with the
addition of 15 and 30% m/v of NaCl in aqueous samples
containing the analytes. The normalized chromatographic
peak areas obtained for the analytes were considered and
the results are shown in Figure 7.

According to the bar graph in Figure 7, satisfactory
results were obtained with the addition of 15% m/v of
NaCl, even for the most nonpolar compounds. The addition
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of 30% m/v NaCl did not enhance the extraction of the
analytes. This was because the precipitation of some of
the NaCl occurred in organic medium when high salt
concentrations were used, leading to the formation of
particles that can block the active sites of the extraction
phase. Therefore, 15% m/v of NaCl was chosen as the best
condition for the extraction of the pesticides under study.

After all optimization steps had been completed, the
ideal extraction conditions were fixed as: use of WAX as the
sorbent phase in DPX procedure, sample pH 2, 8 extraction
cycles using 800 pL of a new aliquot of sample and 15 s
for each extraction cycle, and addition of 15% m/v of
NaCl in the samples. With regard to the desorption step,
the optimized conditions were comprised of 7 desorption
cycles using 100 uL of ACN and 15 s for each cycle. After
this full optimization, the optimized conditions were
adopted to determine the analytical parameters of merit of
the proposed methodology.

Determination of the analytical parameters of merit and
analysis of water samples

The calibration was conducted using tap water samples
spiked with the pesticides at different concentrations. The
extractions were performed under the conditions previously
optimized for DPX-WAX. The linear equation, linear
range, r, LOD and LOQ are shown in Table 2.

The correlation coefficients ranged from 0.9923 for
4.4’-DDE to 0.9999 for simazine, which indicates good
linear correlations for the data. In addition, the linearity of
the calibration curves was verified using ANOVA, and the
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Figure 7. Evaluation of NaCl percentage added to the sample. Extraction performed without NaCl, and with 15 and 30% of NaCl in the sample solution.
Other experimental conditions were: 100 pg L' of each analyte, pH 2, 8 extraction cycles with 800 pL of sample in each cycle and 15 s of extraction time,
7 desorption cycles with 100 uL. of ACN (same aliquot) and 15 s of desorption time.
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Table 2. Analytical parameters of merit of the method proposed using DPX-WAX

Analyte Linear equation Linear range / (ug L") r LOD/ (ug L") LOQ/ (ugLY)
Carbendazim y =157889x + 5951.5 50-600 0.9967 0.69 2.30
Simazine y=3827.8x+ 1102.3 1-200 0.9999 0.07 0.22
Carbofuran y=7011.8x+ 37813 5-200 0.9997 0.02 0.06
Atrazine y=3352.1x - 185.29 5-200 0.9995 0.11 0.37
Diuron y=3216.1x + 838.41 1-200 0.9995 0.06 0.18
2,4-D vy =>5427.7x + 8755.4 5-200 0.9991 0.04 0.14
2,4,5-T y=4523.5x +4634.4 5-200 0.9993 0.05 0.17
Tebuconazole vy =2722.9x-4761.9 5-200 0.9998 0.18 0.59
Parathion-methyl y=1792.1x + 17805 5-200 0.9996 0.13 0.42
Metolachlor y=3435.1x + 1359.7 5-200 0.9994 0.11 0.37
4,4’-DDD y=1056.7x + 9391.1 5-200 0.9930 0.13 0.43
4,4’-DDE y=507.81x + 4462 5-200 0.9923 0.24 0.79

1: correlation coefficient; LOD: limit of detection; LOQ: limit of quantification; 2,4-D: 2,4-dichlorophenoxy acetic acid; 2,4,5-T: 2,4,5-trichlorophenoxy
acetic acid; 4,4’-DDD: dichlorodiphenyldichloroethane; 4,4’-DDE: dichlorodiphenyldichloroethylene.

data are shown in Table S1 (Supplementary Information
(SD) section). All of the calibration curves exhibited very
small values for significance (F), providing strong evidence
of correlations between the dependent and independent
variables. In addition, there was a good linear relationship,
since the mean square due to regression is much greater
than the residual mean square. Satisfactory LOQ values
were obtained, ranging from 0.06 to 2.30 ug L' for
carbofuran and carbendazim, respectively. On comparing
the LOQs with the maximum concentration levels (MCLs)
for pesticides based on Brazilian legislation,* it can be
observed that LOQs lower than the MCLs were obtained
for all analytes.

The recovery assays were used to evaluate the accuracy
of the method by spiking tap water samples with three
concentrations of the analytes. The precision of the method
was evaluated by intraday and interday assays, also at three
concentrations. The values for the relative recovery and
precision are shown in Table 3.

Based on the results in Table 3, the method achieved
satisfactory relative recoveries for all pesticides (75 to
117%). The intraday precision (n = 3) was also adequate,
varying from 1 to 20% for all pesticides, and the interday
precision (n=9) ranged from 1 to 24%. These results adhere
to the validation guidelines for pesticide residue analysis.?

In addition, the robustness of the method was
evaluated through the Youden test. In this case, some
modifications to the DPX procedure were adopted as
follows: P1 corresponding to the concentration of NaCl
(nominal = 15%, variation = 18%); P2 corresponding
to the number of extraction cycles (nominal = 8 cycles,
variation = 7 cycles); P3 corresponding to the number

of desorption cycles (nominal = 7, variation = 6 cycles);
P4 corresponding to the sample pH (nominal = 2,
variation = 2.5); P5 corresponding to the volume of
ACN used for the desorption (nominal = 100 uL,
variation = 120 puL) and P6 corresponding to the sample
volume (nominal = 800 L, variation = 780 uL). The results
are shown in Figure S1 (SI section), with data expressed
in Lenth (Figure Sla) and Daniel (Figure S1b) graphs.
According to Figures Sla and S1b, the slight changes in the
extraction parameters did not influence the overall results
for the extraction of the pesticides under study. Therefore,
the proposed method exhibited adequate robustness and it
is suitable for application to real samples.

A chromatogram obtained from a tap water sample
spiked with 200 pg L' of each pesticide using the
optimized conditions is shown in Figure S2 (SI section).
According to the chromatogram, good separation was
obtained for the analytes, with well-resolved peaks
without coelutions. The fully optimized DPX-WAX
procedure was efficient for the removal of interfering
compounds and for the concentration of the analytes,
since no peaks were observed at the same retention time
of the analytes and the method provided satisfactory
detectability for the compounds under study.

In order to evaluate the quality of water, which is
effectively provided to the population, after obtaining
the analytical parameters of merit, water samples were
collected from water treatment plants located in 13 cities
of Santa Catarina State, Brazil, totaling 20 samples. On
applying the method developed, the analytes under study
were not detected in these samples. These results indicate
that the water used for human consumption in these regions
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Table 3. Relative recovery and intra/interday precision for the pesticides
under study

Spiked Relative ~ Precision (RSD / %)
Analyte concentration / recovery / % Intraday Interday
(ng LY (n=3) =3 (@=9)
50 86 20 21
Carbendazim 200 111 4 14
600 75 19 24
1 91 18 5
Simazine 50 115 11 2
200 101 7 3
5 104 7 7
Carbofuran 50 113 11 2
200 100 7 2
5 99 5 11
Atrazine 50 112 11 4
200 100 8 3
1 103 11
Diuron 50 110 11 17
200 100 8 10
5 89 15 11
2,4-D 50 106 10
200 97 8
5 89 12 12
2,4,5-T 50 102 10 5
200 95 9 2
5 85 16 15
Tebuconazole 50 108 12 4
200 99 10 3
5 92 8 15
Parathion-methyl 50 105 11 1
200 101 9 14
5 92 9 14
Metolachlor 50 107 12 11
200 99 9 3
5 93 8 11
4,4’-DDD 50 109 10 11
200 107 6 5
5 101 1 10
4,4’-DDE 50 117 13 7
200 114 4 6

RSD: relative standard deviation; 2,4-D: 2,4-dichlorophenoxy acetic
acid; 2,4,5-T: 2,4,5-trichlorophenoxy acetic acid; 4,4’-DDD: dichloro-
diphenyldichloroethane; 4,4’-DDE: dichlorodiphenyldichloroethylene.

of Santa Catarina State is of good quality and verifies the
efficiency of the water treatment plants.

Conclusions

The method developed using DPX-WAX as a sample
preparation technique and HPLC-DAD for the separation/
determination of pesticides in drinking water samples
was efficient for the determination of all analytes studied,

J. Braz. Chem. Soc.

since the LOQs were smaller than the MCLs established
by Brazilian regulations. In this study, the DPX-WAX was
successfully exploited as a sample preparation procedure
and exhibited important features including satisfactory
analyte concentration, low-cost and high-throughput
analysis. In addition, the DPX-WAX procedure is simple
and easy to perform, the extractions can be carried out in
a few seconds, and the configuration can be automated.
The method can be conducted with a small volume of
organic solvent (100 pL) and low extraction phase mass
(20 mg), and thus adheres to green chemistry principles.
The analytes studied were not detected in the 20 samples
collected, demonstrating the satisfactory quality of the
drinking water available in some regions of Santa Catarina
State.

Supplementary Information

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