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A rapid and simultaneous method for identification and quantification of pesticides residues in water samples
have been developed and applied to the analysis of real samples. Tap and San Francisco River water samples
were collected from Propria town and Aracaju city in the state of Sergipe, Brazil. A new single-drop
microextraction (SDME) followed by gas chromatography–mass spectrometry techniques were used to
determine the dimethoate, methyl parathion, ethion (organophosphates) and permethrin (pyrethroid)
pesticides in water samples. The parameters linearity, linear range, precision, accuracy, sensitivity and
robustness were studied for validation of the SDME/GC–MS method. An important point to this study is that
plots of relative response and logarithmic concentrations were used to verify that the measurements were
within the linear dynamic range of the method. In order to enhance high linearity of analytical curve, points
that do not belong to 95 to 105% of linear range were excluded. Recovery tests of pesticides in different water
samples (tap water and river water) were between 76.2 and 107% and this evaluation was used to
demonstrate the reliability of the method. For all pesticides the method showed the limits of detection (LOD)
in a range between 0.05 and 0.38 μg L−1 and the limit of quantification (LOQ) between 0.15 and 1.1 μg L−1. All
these parameters demonstrate high sensitivity of the developed method and the capability for detecting and
quantifying of low levels of pesticides in water samples.
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1. Introduction

The generic term “pesticide” identifies a wide spectrum of synthetic
compounds with biocide activity used to remove weeds, fungi and
insects to increase agricultural productivity [1]. The toxicity of pesticides
and their corresponding harmful environmental effects are increasingly
evident and have aroused interest in the identification and quantifica-
tion of such compounds in various matrices, such as juices [2],
vegetables [3], fruits [4], milk [5], soils [6] and water [1,6,7]. Thus, it is
of paramount importance todevelop faster andmore selective analytical
methodologieswith lower cost-benefit ratios that are lessharmful to the
environment and more sensitive to trace levels of pesticide residues in
various matrices including natural and drinking waters [7,8].

The single drop microextraction (SDME), is a relatively new
technique that has been increasingly used in the analysis of pesticides
because it is simple, cheap, fast, effective and virtually free of organic
solvents [9] and currently has become a powerful tool to analyze
different groups of analytes in various matrices [10–13], with an
emphasis on the determination of pesticides in water [7,9,14–27]. The
SDME technique is based on the principle of a distribution of analytes
between an organic solvent microdrop and an aqueous phase. The
analytes with high partition coefficient can reach high concentrations,
once they are transferred by diffusion from a significant volume of
sample (1–5 mL) to a microdrop of organic solvent (5–50 μL), thus
obtaining a high enrichment factor [28]. The SDME procedure uses a
microsyringe with the needle immersed into a water sample
containing the analytes. The needle hangs a drop of the solvent
while the sample is stirred. After extraction, the drop is aspirated back
into the microsyringe and then injected into a gas chromatograph
(GC) or liquid chromatograph (LC) [7,21,25,28–30]. The SDME
procedure has the advantage of combining both a pre-concentration
and sample introduction steps into a single-step extraction [31] which
can widely be used in the determination of organic [32,33] and
inorganic analytes [34–36]. However some problems such as micro-
drop instability and solvent loss during extraction may reduce the
repeatability of the method [28,37].

Due to the environmental potential and human toxicity of
pesticides and pyrethroids, development and optimization of sensi-
tive extraction methods for these compounds are required. When
using SDME procedure, it is necessary to optimize parameters that
control mass transfer and hence improve the efficiency of the
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procedure [9]. Usually the parameters to be optimized are type of
extraction and time, solvent, stirring speed, ionic strength, pH,
temperature effect of the aqueous phase and the drop volume of
extraction solvent. Therefore, the aim of this study was to develop and
validate a sensitive SDME/GC–MS method to determine some
widespread used organophosphate and pyrethroid pesticides in
water samples.

2. Experimental

2.1. Reagents and solutions

Chromatographic grade methanol was purchased from Merck
(Darmstadt, Germany) and pesticide standards of dimethoate
(99.6%), methyl parathion (99.6%), permethrin (99%), and ethion
(99.6%) were purchased from AccuStandard (New Haven, USA). Stock
standard solutions were prepared in methanol at concentration of
200 μg mL−1. Analytical standard solutions of each pesticide were
prepared at a concentration of 5 μg mL−1.

2.2. Sampling

In the present study a total of 16 water samples were collected
from two sites. First, 9 river water samples were collected from an
irrigation project field “Perimetro Irrigado Propriá”, in the town of
Propriá (State of Sergipe, Brazil: 10°12′40″S, 36°50′25″W). The site is
located at the right border of the San Francisco River where rice is the
main crop cultivated. Second, tap water samples from two cities,
Propriá (5 water samples) and Aracaju (State of Sergipe, Brazil: 10°55′
56″S, 37°04′23″W) (2 samples of tap water) were also collected.

2.3. The SDME procedure

The SDME standard procedure published by Pinheiro and de
Andrade [7] was adopted in this study. In this procedure a 10 μL
microsyringe was used for measuring 1 μL of extraction solvent and
then introduced in the glass vial. Firstly, needle of the microsyringe
was inserted through the septum and directly immersed into the
water sample (10 mL) containing the analytes. Secondly, the micro-
syringe plunger was depressed and then the microdrop was formed.
Thirdly, we allowed the microdrop to get in contact to water sample
for 30 min under agitation (300 rpm). After that, microdrop (1 μL)
was drawn back into syringe and finally, the syringe was removed
from the vial and immediately injected in a GC–MS. The GC–MS
running was 24.0 min and the whole SDME/GC–MS determination
took 54.0 min.

2.4. GC–MS analysis

The analysis of pesticides was performed by using Shimadzu
GC-2010 system coupled with QP2010 mass spectrometer detector
(Kyoto, Japan). The fused-silica capillary column (30 m × 0.32 mm)
coated with 0.25-μm bonded film of DB-1 (J & W Scientific, Folsom,
CA) was used. The GC column temperature program used was
as follows: 60 °C for 1 min, then ramped to 150 °C at a rate of
20 °C min−1 (held for 4 min) and then ramped to 290 °C at a rate of
15 °C min−1 (held at this temperature for 5.17 min). The injector and
detector temperatures were 250 °C, and all injections were made in
the split/splitless mode (splitless time: 0.75 min). Heliumwas used as
carrier gas at a flow rate of 1.2 mL min−1. A 1 μL sample volume was
injected at 280 °C. The mass spectrometer was operated in the
electron impact mode with an ion source temperature of 250 °C and
the electron impact energy was set at 70 eV. The MS scanned mass
range m/z 40 and 300 was used for quantitative determinations of the
studied pesticides. For quantitative determination using selective ion
monitoring (SIM), pesticides were identified by ions with the
following m/z values and quantified by the ions 87, 93 and 125 for
dimethoate (retention time: 13.41 min); 109, 125 and 263 for methyl
parathion (retention time: 14.95 min); 97, 153 and 231 for ethion
(retention time: 17.63 min); 163 and 183 for permethrin (retention
time: 20.15 min). Quantification was performed by calculating the
absolute peak areas. Fig. 1 illustrates a standard chromatogram
obtained under optimized conditions for all investigated pesticides.

3. Results and discussion

3.1. SDME procedure optimization

The optimized parameters of the SDME/GC–MS were: extraction
time— 30 min, solvent— toluene, drop volume— 1 μL, stirring speed—

300 rpm [7]. Additionally, multivariate optimization was performed
by a 22 full factorial design to identify the influence of salt addition (%
NaCl) and pH on the SDME procedure. Two replicates were performed
at the central point to estimate the experimental error [38,39], which
were minimal in the six experiments. The dependent variable
(response) was the sum of the analyte peak areas in each experiment.
Table 1 shows the studied parameters and their sampling levels.

From the planning matrix built from the Pareto chart, shown in
Fig. 2, it appears that the pH and salt effects are not significant at the
95% confidence level. Therefore, the pH was set at 5.0 (pH of the
water) and no salt was added in the following steps (Section 2.3).

3.2. Validation

The parameters used for the validation of the SDME/GC–MS
analytical methodwere linearity and linear range, precision, accuracy,
limit of detection (LOD), limit of quantification (LOQ), (Table 2) and
robustness (Table 3).

The linearity was studied by analysis of water samples extracted
from the matrix using a pre-concentration of 10 mL ultra-pure water
spiked with a standard solution of pesticides in the linear concentra-
tion ranges of 0.15–60 μg L−1 for dimethoate, 0.15–40 μg L−1 for
methyl parathion, 0.19–30 μg L−1 for ethion and 1.1–60 μg L−1 for
permethrin. The plots were linear for all compounds with r values
higher than 0.90, which indicated good linearity. Similar results for r
(0.9930–0.9994) were obtained in a study using SDME/GC–MS for the
determination of organochlorine pesticides in vegetables [32]. The r
values were better than those reported elsewhere [20,25], thus
demonstrating the high linearity and sensitivity of the method. LOD
and LOQwere established for the method by the analysis of ultra-pure
water enriched with decreasing concentrations of the analyte and
then extracted by SDME until the lowest detectable level (concen-
tration equal to three times the signal/noise) and the lowest
determinable level (concentration equal to ten times the signal/
noise), respectively. The results for the limit of detection ranged from
0.05 to 0.38 μg L−1 and limit of quantification from 0.15 to 1.1 μg L−1

(Table 2). These values are typically a factor of 6–8 lower than those
reported by Pinheiro and de Andrade (2009) [7] for organophosphate
and pyrethroid pesticides in water samples collected from the
irrigation project “Platô de Neópolis,” site located in Neópolis town,
Sergipe (Brazil). Also the LOD (10–75 μg L−1) reported by Palit et al.
(2005) [9] in the determination of the chemical warfare agents and
related compound in water samples using SDME/GC–MS are much
higher than our study. When compared to other studies that used the
same method in the determination of organochlorine pesticides in
vegetables and chlorobenzene in water samples, it appears that the
LOD values (0.02–0.2 μg L−1) [32,40] are substantially similar to the
results obtained in the present study. These comparisons show that
the LOD and LOQ obtained from this study demonstrate higher
sensitivity of the developed SDME/GC–MS method and therefore, a
powerful tool for detection and quantification low concentrations of



Fig. 1. Chromatograms of the standards used to identify peaks shown with the associated retention times and respective mass spectra (GC–MS).
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pesticides in different samples such as water and vegetables samples
[41].

Graphs were constructed with the relative response on the y axis
and the corresponding concentrations in logarithmic scale on the x
axis, as suggested Huber [42] to verify that all used points are within
the corresponding linear dynamic range. These graphs (Figs. 3–6)
showed that the method is linear within the response range of 95 to
105% and it is within the linear range for all pesticides studied. The
points found to be outside the linear range of 95 to 105%were excluded
from the analytical curve.
Table 1
Scores of sampling used in the 22 full factorial design.

Factors Levels of sampling

−1 Center point 1

pH 1 3 5
Salt addition (% NaCl) 0 5 10
The precision of the method was evaluated using coefficient of
variation (CV) from replicates (n=9), taken at three concentration
levels (low, medium and high) as suggested by the ANVISA [43]. The
deviation should not exceed 20%, in accordance with the methods of
validation of pesticide residues and should be in a range similar to
those obtained in other studies using SDME/GC–MS (4.8–11.4%) [44]
and SDME/GC-FPD (7.9–13.6%) [23] for the determination of
pesticides in water.

Recovery tests were performed by the enrichment of Milli-Q water
and tap water (both 10 mL) with standard solution composed of
2.5 μg L−1 of methyl parathion, dimethoate and permethrin and
1.25 μg L−1 of ethion. Recoveries range from 76.2 to 107% that shows
that the presentmethod is accurate. The recoveries from this study are
similar to other reported recovery levels (63.3–120%) [25,26,32].

In order to assess possible matrix effects, both tap water and river
water (10 mL)were also enrichedwith standard solution (2.5 μg L−1—

methyl parathion, dimethoate and permethrin, 1.25 μg L−1 — ethion).
The relative recoveries of methyl parathion, dimethoate, ethion and



Fig. 2. Pareto chart.

Table 2
Parameters for validation of SDME/GC–MS analytical method.

Pesticide Linear range
(μg L−1)

ra

(nb)
Rc

(%)
LOD
(μg L−1)

LOQ
(μg L−1)

CVd

Dimethoate 0.15–60 0.9969 (7) 78.6 0.05 0.15 10.2
Methyl parathion 0.15–40 0.9998 (7) 76.2 0.05 0.15 8.19
Ethion 0.1875–30 0.9950 (6) 106.8 0.0625 0.1875 7.39
Permethrin 1.125–60 0.9823 (6) 99.4 0.375 1.125 14.35

a r = linear correlation coefficient.
b n = replicates.
c R = relative recovery.
d CV = coefficient of variation (n=9).

Table 3
Factors used in the determination of robustness.

Parameters Levels

Nominal Variation

pH 5.0 1.0

Fig. 4. Plot of response as a function of logarithmic concentration (Dimethoate—GC–MS).

Fig. 5. Plot of response as a function of logarithmic concentration (Permethrin — GC–
MS).
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permethrin from tapwater were 76.2, 78.6, 107 and 99.4%, respectively,
and from river water were 78.0, 82.2, 110 and 103%, respectively. The
recovery results obtained show that the matrix has little effect on the
extraction of pesticides by SDME.
Fig. 3. Plot of response as a function of logarithmic concentration (Methyl parathion —

GC–MS).
To check the robustness of the method the pH and sampling levels
are shown in Table 3. For the pH=1 levels the responses were
obtained in terms of total area of the peaks of the four pesticides and
the CV was calculated (Table 4).

The experimental design showed that the pH is not significant at
the 95% confidence level when varied from 5.0 to 1.0 (Fig. 2). The
degree of result reproducibility (Table 4) demonstrates the robustness
of the method.
Fig. 6. Plot of response as a function of logarithmic concentration (Ethion — GC–MS).

image of Fig.�2
image of Fig.�3
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Table 4
Comparison of CV (method and robustness).

Pesticide Precision
(CV)a

Precision
(CV)b

Dimethoathe 10.2 10.7
Methyl Parathion 8.19 8.94
Ethion 7.39 8.42
Permethrin 14.35 18.80

a CV (method) with pH = 5 (water pH) (n=9).
b CV (robustness) with pH = 1 (n=3).

Table 5
Water samples colecteds in Perímetro Irrigado Propriá.

Sample Concentration (μg L−1)

Dimethoate Methyl Parathion Ethion Permethrin

1 2.12 0.083 0.12 1.47
2 2.32 0.054 bLOD 0.28
3 2.52 0.060 0.05 0.16
4 2.79 0.050 0.05 NF
5 2.99 0.052 0.048 NF
6 2.44 0.070 0.04 0.28
7 2.43 0.064 0.045 NF
8 2.65 0.077 0.05 0.59
9 2.30 0.040 0.035 NF

NF: not found; bLOD: concentration below LOD.

Table 6
Water samples collected in San Francisco River (water samples 1–5) and tap water
samples collected in cities of Propriá (State of Sergipe — Brazil) and Aracaju (State of
Sergipe — Brazil) (water samples 6–7).

Sample Concentration (μg L−1)

Dimethoate Methyl Parathion Ethion Permethrin

1 NF 0.15 0.063 1.65
2 2.30 0.07 0.065 NF
3 2.38 0.1 0.069 NF
4 NF 0.075 0.078 NF
5 NF 0.072 0.075 1.13
6 2.08 0.20 bLOD bLOD
7 1.51 0.15 0.048 NF

NF: not found; bLOD: concentration below LOD.
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3.3. Application of SDME method

The developed SDME method was applied using field collected
water samples and the data are presented in Tables 5 and 6. Fig. 7
shows the chromatogram obtained from the real samples in this
study. The water sample used in testing this method were collected
from an irrigation area in Propria and river water from the banks of
San Francisco River in Propria city. The selected pesticides in this
study are widely used in this rice cultivation field. Also tap water
samples in two cities Propria and Aracaju in Sergipe were collected.

The results for the analyzed pesticides in water samples collected
from the irrigation field and from San Francisco River showed the
presence of dimethoate, methyl parathion, permethrin and ethion.
The data from this study were comparable to the pesticide legislations
established by the European Union and the Brazilian laws. The
pesticides concentrations in water samples from the two sites and
also tap water from Propria and Aracaju cities were below the
maximum permissible levels by the Brazilian laws [45,46] for
permethrin and methyl parathion. In contrast, the concentrations of
all pesticides in water samples from the irrigation field and from San
Francisco River exceeded the maximum permissible limit values set
by European Union legislation for the individual pesticides except
sample 4 (Table 6).
4. Conclusions

This study is a proposal of an alternative method for the
determination of four pesticides (dimethoate, methyl parathion,
ethion, and pyrethroid) in water samples by employing SDME
extraction and GC–MS analysis. Our optimized method was validated
by taking in consideration some analytical parameters, such as:
linearity, linear range, precision, accuracy, limit of detection, limit of
quantification, robustness. Also the validated methodology was
utilized to determine pesticides in real samples (water samples
from San Francisco River and from Perímetro Irrigado Propriá as well
as tap water from Propriá and Aracaju). The present SDME/GC–MS
method has demonstrated to be accurate, precise and reproducible
with advantages of being rapid, simple, and to require smaller
volumes of organic solvent.
1 - Dimethoate
2 - Methyl Parathion

3 - Ethion

4 - Permethrin

17.5 20.0 22.5

3

4

e (min)

mple 1 — Perímetro Irrigado Propriá).
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