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A simple, rapid and environmentally friendly supramolecular solvent-(SUPRAS)-based liquid phase
microextraction method combined with high performance liquid chromatography (HPLC) for the determination
of methyl parathion (MP) in water samples was developed. Several factors that affect the coacervation process,
such as pH, volume and 1-decanol/THF ratio of supramolecular solvent, vortex time, and inorganic salt concen-
tration were investigated and optimized. Under the optimized conditions, the enhancement factor and
preconcentration factor were obtained as 139 and 12.7, respectively and the consumptive index (CI) was
0.79 mL. The limits of detection and quantification were found to be 0.27 μg L−1 and 0.91 μg L−1, respectively,
while the linear range of analytical curve was ranged from 0.91 up to 500.0 μg L−1 with correlation coefficient
of 0.999. The precision was evaluated in terms of intra-day (n = 10) and inter-day (n = 2) repeatability and
the relative standard deviation percentages (% RSD) for two-level concentration (5.0 and 200.0 μg L−1) was
b5.3%. Imazethapyr, imazapic and imazepyr evaluated as possible interfering molecules did not show interfer-
ence in the microextraction process, while 200.0 μg L−1 MP could be extracted in the respective presence of 2-
nitrophenol and 4-nitrophenol at the 1:1 and 1:10 (m/m) ratio. The developedmethod was successfully applied
for the determination of MP in artesianwell (20.3 ± 2.4 μg L−1) and surfacewater (12.2± 3.5 μg L−1 and 12.7±
2.6 μg L−1). The accuracywas attested by addition and recovery tests ofMP obtaining recovery percentages in the
range of 92.0–109.9%, thereby confirming the reliability of the proposed method.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

The use of Organophosphorus (OPs) pesticides widely spread in ag-
ricultural and plant control cause an extensive pollution in the environ-
ment. Methyl parathion (MP) is one of the most common insecticides
from OPs class and it is classified by United States Environmental Pro-
tection Agency (EPA) as a highly toxic pesticide class I [1]. Hence, due
to high toxicity, developed countries such as Japan, China, USA and
Australia have already banned or had its use restricted. In spite of that,
Brazil has been using this pesticide mainly in rice and cotton crops
[2,3]. The application at large scale causes the accumulation in soils
and leaching to groundwater and surface water, carrying a potential
risk for human health [3]. Under the circumstances, the concern of pub-
lic and regulatory agencies has increasingly for establishing maximum
, State University of Londrina
050-482 Londrina, PR, Brazil.
allowed levels of contaminants in water. According to the parameters
of the World Health Organization (WHO), the Brazilian Ministry of
Health has established a limit value of 9.0 μg L−1 for MP in drinking
water [4,5].

Routine monitoring of organophosphorous compounds by using gas
chromatography (GC) and high performance liquid chromatography
(HPLC) are themost important tool for the analysis of pesticides residues
in different samples [6,7]. Nevertheless, determination of analytes at low
concentrations in complex environmental matrixes usually requires the
use of extraction-separation methods for sample cleanup and enrich-
ment. In this context, in order to improve the analytical performance of
liquid-liquid extraction procedures, liquid-liquid microextraction based
analytical methods environmentally friendly, quick and inexpensive
have been goal of researches around the world. Some of these methods
include cloud point extraction, (CPE) [8–12], dispersive liquid–liquid
microextraction (DLLME) [13], ionic liquid-based dispersive liquid-
liquid microextraction (IL-DLLME) [14], single-drop microextraction
(SDME) [15], vortex-assisted liquid–liquid microextraction (VA-LLME)
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[16] and dispersive liquid-liquid microextraction based on solidification
of floating organic drop (DLLME-SFO) [17].

Supramolecular solvent-based (SUPRAS)method is another andmore
recent liquid-liquid microextraction approach, which has been widely
employed for preconcentration of metal ions and organic compounds
[12,18,19]. SUPRAS are water-immiscible micro and nanostructured liq-
uids made up commonly of reverse micelles in a tetrahydrofuran
(THF)/water solution spontaneously formatted at a critical aggregation
concentration. The feature of the ordered structures in SUPRAS, results
in different regions of polarity that offer excellent microenvironment in
the extraction of organic compounds. Therefore, forces-driving extraction
of nonpolar and polar compounds mainly includes dispersive force and
hydrogen bonding. As a result, analytes in awide polarity range can be si-
multaneously and efficiently extracted using low extractant volumes in
which the coacervation occurs rapidly and at room temperature [20,21].
SUPRAS is considered a liquid-liquid microextraction hybrid method
once makes use of amphiphilic compounds as extractant medium and a
disperser agent, likewise CPE and DLLME, respectively. Nevertheless,
SUPRAS stands up with regard CPE method once water from sample is
considered the external stimulus for coacervate formation, while CPE
usually makes use of the temperature, thereby requiring long time for
heating and, as consequence, decreasing the analytical frequency of
method. SUPRAS when compared with DLLME, makes use of non-toxic
amphiphilic compounds as extractant solvent, while in the latter one
toxic organic solvent is used.

The successful application of SUPRAS as a microextraction method
depends upon adequate optimization of the variables that play an im-
portant role in the extraction, including the amount of amphiphilicmol-
ecule (extractant), THF (disperser agent), water and sample pH, which
are dependent on each other.

The one-way optimization is not recommendable for SUPRAS
method, since it does not allow to evaluate interactions among variables
and is very time-consuming resulting in higher reagent consumption. In
this sense, chemometric tools based onmultivariated designs have been
strongly recommendable because enable the simultaneous study of sev-
eral control variables and allows the development of mathematical
models that permit assessment of the relevance and statistical signifi-
cance of factors being studied as well as the optimal extraction condi-
tions by applying response surface methodology (RSM) [22].

The aim of the present work was to develop and apply a rapid and
environmentally friendly direct supramolecular solvent-based method
using the ternary 1-decanol/THF/water mixture for MP determination
by HPLC/DAD in water samples in combination with chemometrics
tools for optimization. Additionally, according to our knowledge, the
feasibility of alkanol-based SUPRAS has not been applied for monitoring
of MP in water sample.

2. Experimental methods

2.1. Chemical reagents

All reagents were analytical or HPLC grade. Methanol (99.9%), THF
(≥99.9%), 1-decanol (≥98.0%) and sodium chloride (≥99.5%) were pur-
chased from Sigma-Aldrich® (St. Louis, MO, USA). 2-nitrophenol (≥99%)
and 4-nitrophenol (≥99%) from Acros® Organic (Ottawa, ON, Canada),
imazethapyr, imazapic and imazepyr were acquired from Sigma-Aldrich
(São Paulo, SP, Brazil). Stock solutions ofMP (100mg L−1)were prepared
in methanol and stored in amber flasks in freezer (−20 °C). Working so-
lutionswere prepared freshly and dilutedwith ultrapurewater (18.2MΩ
cm) collected from a purification system ELGA® PURELAB (Woodridge,
IL, USA).

2.2. Instruments

Chromatographic analyzes were performed on a HPLC (Shimadzu,
Kyoto, Japan) system composed of a LC-20AT pump, CTO-20A column
oven and a degasser system DGU20A. Chromatographic separation
was carried out using a C18 CLC-ODS analytical column (5.0 μm,
250 mm × 4.6 mm) containing a guard column Phenomenex (5.0 μm,
4.0 mm × 3.0 mm) with mobile phase composed of methanol and
water (MeOH:H2O, 75:25 v/v), flow rate of 1.0 mLmin−1, injection vol-
ume of 20.0 μL and oven temperature of 30 °C. The peaks' puritywas de-
termined on a diode-array detector (DAD) monitored at λmax 273 nm.
Under these conditions the MP retention time was 5.6 min. Vortex
agitator SCILOGEX® MX-S (Rocky Hill, CT, USA) and a centrifuge
QUIMIS®0222T2 (Diadema, SP, Brazil)were used to blendfluids quickly
to assist the supramolecular solvent-based microextraction and phase
separation process, respectively. The supramolecular rich phase formed
was removed by using a HPLC syringe Hamilton® 50.0 μLmodel 1705 N
(Reno, NV, USA). Solutions and pH sample was measured with a
Metrohm 827 pH mobile digital pH meter (Herisau, Switzerland).

2.3. Supramolecular solvent-based microextraction procedure

The supramolecular solvent-based microextraction procedure is il-
lustrated in Fig. 1. 10.0 mL of sample adjusted at pH 6.0 were placed
in a 20.0mL screw cap glass tube, then, 280 μL of THF/1-decanolmixture
[2.8:1 (v/v)] containing 5.0% NaCl (w/v) was added into tube. After-
wards, the mixture was vigorously shaken using a vortex agitator for
4 min to favor the extraction and spontaneous supramolecular forma-
tion into the bulk solution. The phase separation of the supramolecular
solvent was accelerated by centrifugation at 3500 rpm for 10 min. Fi-
nally, the volume of enrichment phase, which was located at the top
of conical tubewas removed by using a HPLC syringe. In order to reduce
the viscosity of the rich supramolecular phase containing MP, THF and
1-decanol, the mixture was diluted with methanol at 1:1 (v/v) ratio
and injected into the chromatographic system.

2.4. Multivariate optimization of SUPRA procedure by using factorial design

In order to select the significant factors that play an important role
on supramolecular solvent-based microextraction, the optimization
was performed in two steps. Firstly, a preliminary evaluation by using
a two-level 25–1 fractional factorial design was performed to investigate
the experimental region of interest and the statistical design was made
containing central point (n = 3) to determine the experimental error
and evaluate the curvature of the first-ordermodel. In order to estimate
an appropriate relationship between the analytical response (area
peak) and the conditions that control the supramolecular step process,
the following independent factors were evaluated: pH of sample (4.5
to 7.5), % NaCl (1.0 to 9.0% w/v), vortex time (120 to 360 s), THF/1-
decanol ratio (2:1 to 1:2 v/v) and volume (100 to 400 μL). The influence
of the factors on the analytical response (area peak) was analyzed
through a Pareto Chart, whichdemonstrates graphically the significance
or not of the factors and their interactions. The standardized effect was
calculated by the ratio between the effect and the error standard ob-
tained during the experiments and the optimum values of the levels
were classified according to standardized effects at a confidence interval
of 95% [22,23].

Afterwards, in order to provide better information than the first-
order design, the steepest ascent method was applied as a previous
way to give more accurate information of optimum neighborhood rap-
idly and efficiently to determine center points of each parameter for fur-
ther optimization step. The path of the steepest ascent started from the
central point and a series of exploratory runs were carried out to elimi-
nate some variables. The point where the path of the steepest ascent
reached its plateau would be near the optimum point and was used
for further optimization study [24,25].

Based on the experimental domain indicated by first-order model
and steepest ascent, a second-order design was applied for two vari-
ables by using Doehlert matrix and RSM to establish the optimum con-
dition of the method [23]. Lagrange's criterion was used to check the
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Fig. 1. Schematic process of self-assembly and coacervation in the supramolecular microextraction of MP.
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existence of a critical point in the second-order model according to cal-
culated Hessian determinant [26] of the response function obtained ac-
cording to Eqs. (1) and (2):
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in which A and B are the regression coefficient of the second-order
model obtained for two variables. The critical point (a0,b0) is obtained
if H(a0,b0) N 0 and δ2y/δA2(a0,b0) b 0,thus a maximum curvature is ob-
served at response surface. On the other hand, a minimum response is
present if H(a0,b0) N 0 and δ2y/δA2(a0,b0) N 0 or a point saddle exists
at surface in case of H(a0,b0) b 0 [26]. If the response surface has a max-
imum, the critical values is calculated by partial derivative solving the
equation systems δy/δA = 0 and δy/δB = 0 obtained for a second-
order model from response surface according to Eq. (3):

y responseð Þ ¼ aþαAþ βBþ γ Að Þ2 þ δ Bð Þ2 þ ε A� Bð Þ ð3Þ

in which y is the experimental response to be optimized, a is the con-
stant term, α and β are coefficients of the first-order factorial design,
γ and δ are coefficients of the quadratic terms and ε is the coefficient
of interaction between the two factors. The factorial designs (first and
second-order) were evaluated using the analytical signal (peak area)
and the assays performed randomly to avoid possible systematic errors.
The volume of sample was fixed at 10.0 mL and the experiments were



Table 1
Factors, levels and the experimentalmatrix of the 25-1 fractional factorial designwith cen-
tral point (n = 3) for optimization procedure of MP supramolecular microextraction and
determination by HPLC-DAD.

Factors Levels

Low (−1) 0 High (+1)

pH of sample 4.5 6.0 7.5
% NaCl (w/v) 1.0 5.0 9.0
THF/1-decanol ratio 2:1 1:1 1:2
Volume THF/1-decanol (μL) 100 250 400
Vortex time (s) 120 240 360

Experiment pH %
NaCl

THF/1-decanol Volume Vortex
time

Signal (peak
area/1000)a

8 1 1 1 −1 −1 99.8
3 −1 1 −1 −1 −1 61.4
5 −1 −1 1 −1 –1 134.7
2 1 –1 –1 –1 –1 707.7
14 1 –1 1 1 –1 500.0
CPb 0 0 0 0 0 850.1
4 1 1 –1 –1 1 918.9
CP 0 0 0 0 0 847.2
7 –1 1 1 –1 1 87.9
10 1 –1 –1 1 1 321.9
13 –1 –1 1 1 1 504.7
9 –1 –1 –1 1 –1 274.4
CP 0 0 0 0 0 809.9
12 1 1 –1 1 –1 269.8
16 1 1 1 1 1 491.4
11 –1 1 –1 1 1 256.4
1 –1 –1 –1 –1 1 847.2
15 –1 1 1 1 –1 522.9
6 1 –1 1 –1 1 119.6

a MP concentration: 200.0 μg L−1.
b CP: Central point.
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carried out by usingMP solution at a 200 μg L−1 concentration. Statisti-
cal data were processed in a StatSoft Statistica 7.0 software package.

2.5. Analytical performance of proposed method

Under optimized conditions the analytical performance of method
was determined according to International Union of Pure and Applied
Chemistry (IUPAC) [27]. The correlation coefficient (r) of analytical
curve, which is a measure of the linear degree association between MP
concentration and signal was obtained and to confirm the relationship
of two variables (linearity), the experimental Fcal value was calculated
by using the ratio of residual variance to squared pure error and com-
pared to tabulated critical Ftab. The experimental Fcal ratio is given by:

Fcal ¼
Sy=x
Sy

 !2

ð4Þ

in which the residual standard deviation Sy=x
can be calculated accord-

ing to Eq. (5) while Sy, the pure error which is a measure of the instru-
mental noise can be estimated and given by Eq. (6):

Sy=x
¼
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The terms yi and ŷi described in the equation are the experimental
and estimated response values for sample i, ylq and yl are the curve an-
alytical response for replicate q and mean response, respectively, at
level l. I, L and Q are the total number of curve analytical samples, con-
centration levels and replicates at each level, respectively. By using
null hypothesis test H0 and alternative Ha, the regression model can be
test whether is linear or non-linear. Assuming that Fcal N Ftab value at
level ∝, F(∝, I − 2, I − L), rejected the null hypothesis, i.e., there is evi-
dence of lack of fit for the linear model [28,29].

The limit of detection (LOD) and quantification (LOQ) were calcu-
lated based on the analyte concentration which gives a signal at least
three and ten times larger than the standard deviation of the blank sig-
nal, respectively, according to follow Eqs. (7) and (8):

LOD ¼ 3� S:D:
S

ð7Þ

LOQ ¼ 10� S:D:
S

ð8Þ

in which S. D. is the standard deviation of blank signal (n = 10) and S
the slope of analytical curve. The preconcentration factor (PF) was de-
termined as the slope ratio (SR) of the analytical curves with and with-
outmicroextraction. The enrichment factor (EF) and consumptive index
(CI), defined as the ratio of the volume of supramolecular rich phase
with respect to the initial sample volume and the ratio between sample
volumes (mL) and PF, respectively, were obtained according to follow
equations [30,31]:

EF ¼ Vsample

Vsupramolecular
ð9Þ

CI ¼ Vsample

PF
ð10Þ

in which Vsample and Vsupramolecular are the volume of sample before
and after supramolecular microextraction process, respectively. The
precision in terms of intra-day (n = 10) and inter-day (n = 2)
repeatability for two-level concentration (5.0 and 200.0 μg L−1) was de-
termined and assessed as %RSD, and the accuracy of analytical proce-
dure was evaluated by using the addition and recovery tests in spiked
samples [27].

2.6. Application in real water samples

Surface water samples were collected in amber glass flasks from
Arapongas city and different locals of rice cultivation in themunicipality
of Querência do Norte, located at north and extreme northwest region
of Paraná (Brazil), respectively. Furthermore, samples from artesian
well were also taken from Assis (São Paulo) and Arapongas. Samples
collected were adjusted to pH 2.0 by the addition of concentrated sulfu-
ric acid and stocked at refrigerator (4 °C) [32]. The sampleswere filtered
under vacuum using 0.45 μm Nylon® membrane filters (GVS Filter
Technology, Morecambe, UK) in order to remove suspended particles
and pH adjusted to 6.0 before supramolecular microextraction. For
assessing the accuracy of method, the samples were also spiked with
known amount of MP and subjected to the proposed method.

3. Results and discussion

3.1. 25–1 Fractional factorial design

The coded, real experimental domain of the factors and the analyti-
cal signals (peak area) obtained in each experiment are shown in
Table 1.

The influence of the factors in the analytical signal can be observed at
Pareto Chart (Fig. 2).

From the analysis of the Pareto chart, the negative estimated effect
(−13.34) of THF/1-decanol ratio indicates better efficiency of
microextraction when using the 2:1 (v/v) ratio. Such outcome indicates
that when low concentration of amphiphilic molecule is used, the
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Fig. 2. Pareto Chart from the 25–1 fractional factorial design.
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proportion of water in the ternary mixture amphiphilic molecule/THF/
water becomes high, thus making the partial desolvation of micelles
more efficient. In similar way, it is known that THF-water fraction
plays a double role, as disperser solvent and agent of the 1-decanol
self-assembly [33,34]. Thus, when high concentration of THF is
used, a more efficient dispersion of 1-decanol self-assembly is ob-
served, thereby increasing the extraction efficiency of analyte
[35,36]. Considering the effect of volume of THF/1-decanol mixture
evaluated alone, no statistical influence on the microextraction
was noticed (pvalue b 0.05).

On the other hand, one should note that the interaction of THF/1-
decanol ratio and the volume of this mixture was the most significant
estimated effect with positive value of 33.33, showing that these factors
must be simultaneously optimized. It seems that highermixture volume
than 100.0 μL provides amore efficient supramolecularmicroextraction
due to its strong interaction effect caused by THF/1-decanol ratio. Such
result stands up the great importance in using multivariate designs to
optimize the SUPRAS method, once the ternary mixture constituted of
amphiphilic molecule/THF/water is the more important parameter to
be optimized.

The influence of salting out effect in liquid-liquid microextraction
procedures is very well known. Within experimental domain (1.0–9.0%,
w/v) and considering the negative estimated effect (−7.82), it seems
thatwhenhigh salt concentration (9.0%,w/v) is usedmost likely the orig-
inal charge distribution of amphiphilic molecules might be disrupted,
thereby hindering the coacervate formation. Moreover, the diffusion
rate of the MP from the aqueous phase towards organic phase (coac-
ervate)might also be decreased [37]. It must be point out that the de-
crease of extraction efficiency when high salt content is used is also
more pronounced for molecules with high Log Kow value, such as
MP 2.94–3.04 [38–40]. Salt concentration lower than 1% was not in-
vestigated in the fractional factorial design to avoid microemulsion
formation [41].

Regarding to vortex time parameter, the results suggest that the low
level (120 s)was not enough to transfer analyte towards the solvent ex-
tractor (1-decanol).

According to Pareto chart, the MP extraction is increased with in-
creasing pH of samples (4.5 to 7.5). In order to understand the effect
of pH on coacervation phenomenon it is important to point out that 1-
decanol does not dissociate (pKa 15) [42,43] throughout the pH range
investigated and provides amixed-modemechanism to assemble an ef-
ficient microextraction, while MP is in its molecular and deprotonated
form (pKa = 7.15) observed at pH 7.5 [44,45]. Therefore, hydrogen
bonding through polar head of amphiphilic hydrocarbon, as well as dis-
persion forces with MP molecule might explain the better extraction at
a higher pH value.

In order to attest the linearity of model, we can use the null hypoth-
esis, H0 : β = 0, when there is no linear relationship, according to
Eq. (11):

Fcal ¼
MQR

MQr
bFtab ð11Þ

As Fcal (203.1) N Ftab (19.4) for 16 and 2 degrees of freedom at the
95% confidence level; discard the possibility of β = 0, i.e., there is a
linear relationship between the variables. This was consistent, con-
sidering the number of regression coefficient in the first-order
model (p = 17), the maximum percentage of variation explained
was radj 0.997.

3.2. Steepest ascent: moving the variables to maximum region of response
surface

After established the influence of variables on the supramolecular-
based microextraction according to achieved results from the 25–1 frac-
tional factorial design, a set of experiments was carried out for
moving the variables to maximum region of response surface,
whose experiments were started from the central point. Table S1
shows the levels of variables evaluated and the obtained analytical
responses.

The path of the steepest ascent showed a maximum response in
the central point, which is agreement with 25–1 fractional factorial
design, whose better responses were also obtained close to central
point. From the obtained results, the vortex time, salt concentration
and pH were fixed as the best conditions as 240 s, 5.0% and 6.0, re-
spectively. However, taking into account the strong interaction of
THF/1-decanol ratio and the volume of this mixture, a Doehlert de-
sign was carried out for final optimization of these variables as
shown in Table 2.



Table 2
Doehlert Matrix design for two-variables (THF/1-decanol ratio and volume).

Experiment Decoded variables Peak area/1000

THF/1-decanol ratio Volume (μL)

1
3:1 300 843.4

2
3:1 300 873.0

3
3:1 300 835.7

4
5:1 300 389.8

5
4:1 400 466. 8

6
1:1 300 513.5

7
2:1 200 539.6

8
4:1 200 327.9

9
2:1 400 574.7

Fig. 3.Response surface for THF/Decanol ratio and volume factors. Conditions: pH6.0,NaCl
5.0% (m/v) and 240 s of Vortex time.
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From the Doehlert design, a quadratic equation model (Eq. (12))
was obtained, whose statistical significance was evaluated by analysis
of variance (ANOVA).

y peak areað Þ ¼ −2144:96 �681:53ð Þ þ 412:32 �173:63ð Þ THF=Decanol ratioð Þ
−87:98 �19:32ð Þ THF=Decanol ratioð Þ2

þ15:67 �3:73ð Þ Volumeð Þ−0:03 �0:01ð Þ Volumeð Þ2

þ0:26 �0:42ð Þ THF=Decanol ratio� Volumeð Þ

ð12Þ

A brief review of squares sum of model and residues (decomposed
into lack of fit and pure error) from quadratic model are described in
Table S2.

According to ANOVA, the Fcal (16.5) b Ftab (18.2) indicates absence of
lack of fit at 95% confidence level. Moreover, the correlation between
the observed experimental results and the predicted values, demon-
strated that the model is well fitted, considering the determination co-
efficient of 0.979.

In order to confirm presence of critical points in the response sur-
face, the Lagrange's criterion based onHessian determinantwas applied
to second-order model. According to partials derivate (Eqs. (1) and (2))
obtained formodel (Eq. (12)), theHessianH(a0,b0)=11.9 N 0 and (∂2y/
∂2THF/Decanol) = − 199.5 b 0, thereby demonstrating a maximum on
the response surface.

After stablished the validation of quadratic model, the response sur-
face illustrates in Fig. 3 was obtained.

The critical points of the surfacewere calculated by solving the equa-
tions system obtained from the partial derivation of the function
(Eq. (12)) in relation to each factor (variable): (∂y/∂THF/Decanol ratio)
and (∂y/∂Volume). The maximum points appear within the experimen-
tal domain and the corresponding values are 2.8:1 (v/v) and 280 μL for
THF/1-decanol ratio and volume, respectively. Probably, the relation-
ship between the coacervate volume and the THF indicates that pro-
gressively more THF was incorporated to the coacervate above 2.8:1
ratio, and caused the gradual incorporation of both THF and water into
the SUPRAS rich phase, consequently the reverse micelles became
more and more diluted [34,46].

3.3. Analytical performance of the method

Under optimized condition the analytical curve for supramolecular
microextraction of MP was linear in the range of 0.91–500.0 μg L−1 ac-
cording to equation y(peak area) = 4476.1[MP,μg L−1] + 8134.0 with a
correlation coefficient of 0.999. Furthermore, the linearity of model was
attested according to Eqs. (4)–(6). Assuming that Fcal (0.95) b Fcritical
(2.40) value at level ∝, F(0.05,19,14), accepts the null hypothesis,
i.e., there is no evidence of lack of fit for the linearmodel [28,29]. The as-
sessment of the linearity and test F obtained for the analytical curve
(n = 3) is summarized in Table S3. The limits of detection (LOD) and
quantification (LOQ), calculated according to the IUPAC (Eqs. (7) and
(8)), were found to be 0.27 μg L−1 and 0.91 μg L−1 [27].

The analytical curve built in the linear range of 50.0–300.0 μg L−1 for
the MP without preconcentration step furnished the linear equation y
(peak area)= 352.7[MP,μg L−1]+ 8718.9. From the slope ratio (SR) be-
tween the linear models, a preconcentration factor (PF) of 12.7 times
was obtained. In addition, based on the ratio of initial sample and supra-
molecular rich phase volume (around 72.0 μL) the enrichment factor
(EF) (Eq. (9)) obtained for the method was equal to 139 times.

The obtained consumptive index (CI), which is considered an inter-
esting parameter to compare procedures using different volumes, was
too much low (0.79 mL) [31]. The precision intra-day (n = 10) and
inter-day (n=2) of themethodwas evaluated in terms of repeatability
by determining MP concentrations of 5.0 and 200.0 μg L−1. The %RSD
was ranged from 4.61 to 5.29% for intra-day and 2.23 to 3.60% inter-
day. The analytical performance of themethodwas comparedwith pre-
viously published methods for MP determination (Table 3).

The supramolecular method has as highlight the low sample con-
sumption, wide linear range and satisfactory enrichment factor. The
main advantage of the method by comparison to other methods was
the adequate limit of detection for MP determination (below the maxi-
mum value allowed by BrazilianMinistry of Health, 9.0 μg L−1) [5] even
without using expensive cost organic solvent and equipment, such as
the ionic liquid and mass spectrometry, respectively. Furthermore, de-
spite being highly sensitive, themass spectrometry is considered a com-
plex technique and requires relatively high skill level for operators. In
addition, even though the lower solvent volume, most of the extraction
procedure based on SDME and SFO drop compared to SUPRAS are time
consuming (30min under agitation) and present some drawbacks such
asmicrodrop instability and solvent loss during extraction, reducing the
repeatability of themethod [18,49]. These results showed the proposed
method has enough sensitivity and great potential to bewidely used for
the determination of pesticides, such as MP.



Table 4
Application of the supramolecular proposed method for the analysis of MP in water sam-
ples (n = 3).

Sample MP (μg L−1) Recovery
(%)

Concentration added
(μg L−1) ± SDa

Concentration found
(μg L−1) ± SD

Surface water
(Arapongas)

– 12.7 ± 2.6 –
10.0 21.9 ± 0.6 92.0

Surface water
(Querência do Norte)

– 12.2 ± 3.5 –
10.0 22.6 ± 1.3 104

Artesian well
(Arapongas)

– ND –
10.0 9.2 ± 1.8 92.0

Artesian well
(Assis)

– 20.3 ± 2.4 –
10.0 31.3 ± 0.9 109.9

ND: not detected (below of limit of detection).
a Standard deviation.

Table 3
Comparison of supramolecular microextraction developed with others microextraction procedures using different separation techniques and detectors.

Method Analytical
technique

Sample Sample
(mL)

Extractant Disperser Solvent
(μL)

Linear
range
(μg L−1)

LOD
(μg L−1)

LOQ
(μg L−1)

EFa Reference

CP LC Waste water and groundwater 10.0 Poleb – 300 50.0–3000 1.86 – 20.0 [47]
DLLME GC/ECD Drinking water 5.0 Toluene ACN 600 0.25–20.0 0.083 0.25 57.3 [10]
SDME GC-FID River water 10.0 Toluene – 1.0 9.0–60.0 1.0 3.0 221 [12]
CP LC-DE River water 15.0 Triton X-114 – 150 0.97–58.0 0.21 38 [48]
SDME GC–MS Tap and river water 10.0 THF – 1.0 0.15–40.0 0.05 0.15 – [49]

VLDS-SD-DLLME HPLC-DAD
Tap, surface and agricultural
water

10.0 1-dodecanol ACN 1100 1.0–500 0.5 1.5 78 [50]

TC-LI-DLLME HPLC-UV
Rain, ground, reservoir and
river water

10.0 [C6MIM][PF6]c – 10.0 1.0–100 0.17 – 50 [51]

DLLME-REPSM MEKC Tap and surface water 10.0 CH2Cl2 ACN 2300 20–1000 5.0 – 477 [52]
IL-DLLME HPLC-UV Tap, well, rain and river water 5.0 [C8MIM][PF6]d MeOH 1.035 10.5–1045 0.5 – 80 [11]
VA-LLME HPLC-UV Waste and river water 15.0 1-Bromobutane – 80.0 1.0–500 0.38 – 228 [13]
VA-LLME-SFO LC-MS/MS River water 5.0 1-Decanol – 50.0 0.2–200 0.06 0.19 48 [14]
DLLME-SFO LC-MS/MS River water 5.0 1-Decanol MeOH 540 0.5–500 0.14 0.45 43 [14]
SUPRAS HPLC-DAD Surface and artesian water 10.0 1-Decanol THF 280 0.91–500 0.27 0.91 139 This work

Cloudy Point (CP); Dispersive Liquid–LiquidMicroextraction (DLLME); Single-Drop Microextraction (SDME); Vortex-Assisted Low Density Solvent based on Solvent Demulsified Disper-
sive Liquid–Liquid Microextraction (VLDS–SD–DLLME); Temperature-Controlled Ionic Liquid Dispersive Liquid-phase Microextraction (TC-LI-DLLME); Dispersive Liquid–Liquid
Microextraction combined with Reversed Electrode Polarity Stacking Mode (DLLME–REPSM); Ionic Liquid-based Dispersive Liquid–Liquid Microextraction (IL-DLLME); Vortex-Assisted
Liquid–Liquid Microextraction (VALLME); Vortex Assisted Liquid-Liquid Microextraction based on Solidification of Floating Organic drop (VALLME-SFO); Dispersive Liquid–Liquid
Microextraction based on Solidification of Floating Organic drop (DLLME-SFO); Gas Chromatograph coupled with Electron Capture Detector (GC/ECD); Gas Chromatography with
Flame Ionization Detection (GC-FID); Liquid Chromatography with Dual Electrochemical detection (LC-DE); Gas Chromatography–Mass Spectrometry (GC–MS); Micellar Electrokinetic
Chromatography (MEKC); Liquid Chromatography tandem Mass Spectrometry (LC-MS/MS).

a Enrichment Factor (EF).
b Polyoxyethylene 10 lauryl ether (POLE).
c 1-Hexyl-3-methylimidazolium hexafluorophosphate [C6MIM][PF6].
d 1-Octyl-3-methylimidazolium hexafluorophosphate [C8MIM][PF6].
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3.4. Influence of other pesticides on MP microextraction

In order to evaluate the effect of possible interferents on the supramo-
lecular microextraction process, imazethapyr, imazapic and imazepyr
herbicides from the imidazolines class were evaluated. These herbicides
are often used to control weeds in the rice cultivation and applied in
association with organophosphorus compounds in the agriculture crop.
Moreover, 2-nitrophenol and 4-nitrophenol are metabolite com-
pounds of various nitro-organophosphorus pesticides as well as
methyl parathion and, as consequence, have been considered as
emerging pollutants in water sample. Thus, these nitrophenols
were also evaluated as interferents.

From the results, none of the evaluated herbicideswere extracted by
the supramolecular phase. Such outcome might be attributed to high
solubility in water of these herbicides. Herbicides with higher aqueous
solubility and lower log Kow values such as imazethapyr (log Kow 1.49,
pKa 2.1–3.9), imazapic (log Kow 0.16–0.39, pKa 3.9) and imazepyr (log
Kow 0.22, pKa 1.9–3.6) tend to be more mobile in the aqueous phase
than MP, suggesting poor transfer of the herbicides to organic phase
[53,54]. On the other hand, 2-nitrophenol and 4-nitrophenolwere easily
extracted during the supramolecular rich phase formation and then
evaluated at different ratios (w/w) (Table S4). It was observed that no
interference was obtained for 2-nitrophenol at 1:1 (w/w) ratio, while
MP could be extracted in the presence of 4-nitrophenol up to 1:10 (w/
w) ratio with recovery range varying from 93.4 to 100.1% (Fig. S1).
On the basis of partition coefficient, the capacity of nitrophenols
microextraction could be attributed to higher log Kow, 1.79 and 1.91 for
2-nitrophenol and 4-nitrophenol, respectively, compared to herbicides
from the imidazolines class. Furthermore, as the pKa of 2-nitrophenols
(6.8) and 4-nitrophenol (7.2) are higher than pH used in the
microextraction (pH 6.0), these molecules are at neutral form and could
be strongly extracted by nonionic decanol through hydrogen bonds [55].

3.5. Analysis of real water samples

The feasibility of practical application of proposedmethod was eval-
uated from analysis of different water samples (surface water and
artesian well).
The accuracy of the suggested method was verified by means of ad-
dition and recovery tests (Table 4).

The organophosphorus was not detected in artesian well from
Arapongas. On the other hand, MP was quantified in artesian well
from Assis and surface water from Querência do Norte and Arapongas
city with concentrations of 20.3 ± 2.4 μg L−1, 12.2 ± 3.5 μg L−1 and
12.7 ± 2.6 μg L−1, respectively, thereby indicating a concentration
above the level recommended for human consumption and suggesting
a contamination of the water from cultivation crop region by organo-
phosphorus. The recoveries value obtained from fortified samples
withMP at 10.0 μg L−1 ranged from92.0% to 109.9%. Thus, a good agree-
ment was obtained between the added and recovered amounts of MP
indicating the feasibility of method for interference-free determination
of MP inwater samples. Fig. 4 shows the chromatograms obtained from
spiked and non-spiked samples.

4. Conclusion

A rapid, simple and environmentally friendly method using supra-
molecular extraction procedure based on reverse micelles of 1-
decanol in THF/water was presented for the first time to extract and
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Fig. 4. Chromatograms obtained from non-spiked and spiked samples (10.0 μg L−1) of (a) Arapongas (Surface water), (b) Querência do Norte (surface water), (c) Arapongas (Artesian
well) and (d) Assis (Artesian well).
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concentrateMP from environmental aqueous samples. A low volume of
1-decanol organic solventwas used,which is less toxic than the conven-
tional solvents widely used in conventional LLE. The proposed method
was successfully applied to MP determination in surface water and
artesian well. Considering the advantages identified, the method has
potential to be used as an alternative green extraction method in the
field of residue analysis, such as organophosphorus (OPs) common pes-
ticides from natural water. The presence of MP pesticides in natural wa-
ters from different regions of Brazil shows clearly the importance of
investigate the use of OPs from several crop cultivations.

CRediT authorship contribution statement

Leandro L.G. de Oliveira: Validation, Formal analysis, Investigation,
Data curation, Writing - original draft.Marianne V.F. Kudo: Validation,
Formal analysis, Investigation, Data curation, Writing - original draft.
Caroline T. Lopes:Writing - review & editing, Visualization. César R.T.
Tarley: Conceptualization, Resources, Writing - review & editing, Visu-
alization, Supervision, Project administration, Funding acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

The authors acknowledge the financial support and fellowships of
Coordenação de Aperfeiçoamento de Nível Superior (CAPES) (Project
Pró-Forenses 3353/2014 Grant 23038.007082/2014-03), Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq) (Grant
No 307432/2017-3), Fundação Araucária do Paraná (163/2014), SETI
do Paraná, and Instituto Nacional de Ciência e Tecnologia de Bioanalítica
(INCT) (FAPESP Grant No 2014/50867-3 and CNPq Grant No 465389/
2014-7).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.molliq.2020.113026.

References

[1] U.S. EPA, Summary of the Risks and Uses of Organophosphate Methyl Parathion,
http://www.epa.gov/pesticides/op/methylparathion/methylsum.htm 2000.

[2] Agência Nacional de Vigilância Sanitária, http://portal.anvisa.gov.br/documents/
111215/117842/CP_8_2012.pdf/d575643c-3cdc-418e-8c92-8a7b5e1df755?ver-
sion=1.0 2012.

[3] M. Sirotkina, I. Lyagin, E. Efremenko, Hydrolysis of organophosphorus pesticides in
soil: new opportunities with ecocompatible immobilized His6-OPH, Int. Biodeterior.
Biodegradation 68 (2012) 18–23.

[4] Guidelines for Drinking-water Quality. 4° edition, World Health Organization, 2011.
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?
sequence=1.

[5] Ministério da Saúde, Portaria No. 2914, Dispõe sobre os Procedimentos de Controle
e de Vigilância da Qualidade da Água para Consumo Humano e seu Padrão de
Potabilidade, Brasília, http://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/anexo/
anexo_prt2914_12_12_2011.pdf 2011.

[6] S. Berijani, M. Sadigh, E. Pournamdari, Homogeneous liquid–liquid microextraction
for determination of organophosphorus pesticides in environmental water samples
prior to gas chromatography-flame photometric detection, J. Chromat. Sci. 54
(2016) 1061–1067, https://doi.org/10.1093/chromsci/bmw020.

[7] K. Seebunrueng, Y. Santaladchaiyakit, S. Srijaranai, Vortex-assisted low density sol-
vent liquid–liquid microextraction and salt-induced demulsification coupled to

https://doi.org/10.1016/j.molliq.2020.113026
https://doi.org/10.1016/j.molliq.2020.113026
http://www.epa.gov/pesticides/op/methylparathion/methylsum.htm
http://portal.anvisa.gov.br/documents/111215/117842/CP_8_2012.pdf/d575643c-3cdc-418e-8c92-8a7b5e1df755?version=1.0
http://portal.anvisa.gov.br/documents/111215/117842/CP_8_2012.pdf/d575643c-3cdc-418e-8c92-8a7b5e1df755?version=1.0
http://portal.anvisa.gov.br/documents/111215/117842/CP_8_2012.pdf/d575643c-3cdc-418e-8c92-8a7b5e1df755?version=1.0
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0015
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0015
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0015
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/anexo/anexo_prt2914_12_12_2011.pdf
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/anexo/anexo_prt2914_12_12_2011.pdf
https://doi.org/10.1093/chromsci/bmw020


9L.L.G. de Oliveira et al. / Journal of Molecular Liquids 308 (2020) 113026
high performance liquid chromatography for the determination of five organophos-
phorus pesticide residues in fruits, Talanta 132 (2015) 769–774, https://doi.org/10.
1016/j.talanta.2014.10.020.

[8] A.N. Anthemidis, K.G. Ioannou, Recent developments in homogeneous and disper-
sive liquid–liquid extraction for inorganic elements determination. A review,
Talanta 80 (2009) 413–421, https://doi.org/10.1016/j.talanta.2009.09.005.

[9] A. Ballesteros-Gómez, L. Lunar, M.D. Sicilia, S. Rubio, Hyphenating supramolecular
solvents and liquid chromatography: tips for efficient extraction and reliable deter-
mination of organics, Chromatographia 82 (2019) 111–124, https://doi.org/10.
1007/s10337-018-3614-1.

[10] P. Samaddar, K. Sen, Cloud point extraction: a sustainable method of elemental
preconcentration and speciation, Journal Ind. Eng. Chem. 20 (2014) 1209–1219,
https://doi.org/10.1016/j.jiec.2013.10.033.

[11] J.A. Pelesko, Self-assembly: The Science of Things That Put Themselves Together,
Chapman & Hall/CRC, Boca Raton, FL, 2007.

[12] A. Ballesteros-Gómez, S. Rubio, D. Pérez-Bendito, Potential of supramolecular sol-
vents for the extraction of contaminants in liquid foods, J. Chromatogr. A 1216
(2009) 530–539, https://doi.org/10.1016/j.chroma.2008.06.029.

[13] G.G. Pimenta, M.E.L.R. de Queiroz, R.P.D. Victor, L.M. Noronha, A.A. Neves, A.F. de
Oliveira, F.F. Heleno, DLLME-GC/ECD method for the residual analysis of
parathion-methyl and its application in the study of the UV-photodegradation pro-
cess, J. Braz. Chem. Soc. 28 (2017) 2045–2053, https://doi.org/10.21577/0103-5053.
20170048.

[14] Lijun. He, X. Luo, H. Xie, C. Wang, X. Jiang, K. Lu, Ionic liquid-based dispersive liquid–
liquid microextraction followed high-performance liquid chromatography for the
determination of organophosphorus pesticides in water sample, Anal. Chim. Acta
655 (2009) 52–59, https://doi.org/10.1016/j.aca.2009.09.044.

[15] A.S. Pinheiro, J.B. de Andrade, Development, validation and application of a SDME/
GC-FID methodology for the multiresidue determination of organophosphate and
pyrethroid pesticides in water, Talanta 79 (2009) 1354–1359, https://doi.org/10.
1016/j.talanta.2009.06.002.

[16] Q. He, D. Mmereki, G. Zhou, W. Pan, L. Gu, L. Fan, X. Tang, J. Chen, Y. Mao, G. Peng,
Vortex-assisted liquid–liquid microextraction using a low-toxicity solvent for the
determination of five organophosphorus pesticides in water samples by high-
performance liquid chromatography, J. Sep. Sci. 38 (2015) 3487–3493, https://doi.
org/10.1002/jssc.201500547.

[17] A. Asatia, G.N.V. Satyanarayana, D.K. Patel, Comparison of two microextraction
methods based on solidification of floating organic droplet for the determination
of multiclass analytes in river water samples by liquid chromatography tandem
mass spectrometry using central composite design, J. Chromatogr. A 1513 (2017)
157–171, https://doi.org/10.1016/j.chroma.2017.07.048.

[18] A. Ballesteros-Gómez, S. Rubio, D. Pérez-Bendito, Potential of supramolecular sol-
vents for the extraction of contaminants in liquid foods, J. Chromatogr. A 1216
(2009) 530–539, https://doi.org/10.1016/j.chroma.2008.06.029.

[19] P. Zohrabi, M. Shamsipur, M. Hashemi, B. Hashemi, Liquid-phase microextraction of
organophosphorus pesticides using supramolecular solvent as a carrier for
ferrofluid, Talanta 160 (2016) 340–346, https://doi.org/10.1016/j.talanta.2016.07.
036.

[20] J. Lu, J. Hu, C. Liu, H. Gao, Y. Ju, Water-induced gel formation of an oleanlic acid–
adenine conjugate and the effects of uracil derivative on the gel stability, Soft Matter
8 (2012) 9576–9580, https://doi.org/10.1039/C2SM26085A.

[21] C. Caballo, M.D. Sicilia, S. Rubio, Chapter 5 - Supramolecular Solvents for Green
Chemistry, the Application of Green Solvents in Separation Processes, 2017
111–137.

[22] C.R.T. Tarley, G. Silveira, W.N.L. Dos, G.D. Matos, E.G.P. da Silva, M.A. Bezerra, M.
Miró, S.L.C. Ferreira, Chemometric tools in electroanalytical chemistry: methods
for optimization based on factorial design and response surface methodology,
Microchem. J. 92 (2009) 58–67, https://doi.org/10.1016/j.microc.2009.02.002.

[23] S.L.C. Ferreira, R.E. Bruns, E.G.P. da Silva, W.N.L. dos Santos, C.M. Quintella, J.M.
David, J.B. de Andrade, M.C. Breitkreitz, I.C.S.F. Jardim, B.B. Neto, Statistical designs
and response surface techniques for the optimization of chromatographic systems,
J. Chromatogr.A 1158 (2007) 2–14, https://doi.org/10.1016/j.chroma.2007.03.051.

[24] N.B. Kamarudin, S. Sharma, A. Gupta, C.G. Kee, S.M.S.B.T. Chik, R. Gupta, Statistical in-
vestigation of extraction parameters of keratin from chicken feather using design-
expert, 3 Biotech 127 (2017) 1–9, https://doi.org/10.1007/s13205-017-0767-9.

[25] C.C.A. Melo, B.L.S. Melo, R.S. Angélica, S.P.A. Paz, Gibbsite-kaolinite waste from baux-
ite beneficiation to obtain FAU zeolite: synthesis optimization using a factorial de-
sign of experiments and response surface methodology, Appl. Clay Sci. 170 (2019)
125–134, https://doi.org/10.1016/j.clay.2019.01.010.

[26] S.L.C. Ferreira, W.N.L. dos Santos, C.M. Quintella, B.B. Neto, J.M. Bosque-Sendra,
Doehlert matrix: a chemometric tool for analytical chemistry: review, Talanta 63
(2004) 1061–1067, https://doi.org/10.1016/j.talanta.2004.01.015.

[27] International Union of Pure and Applied Chemistry, Guidelines for calibration in an-
alytical chemistry. Part 1. Fundamentals and single component calibration. K.
Danzer, L. A. Currie, Pure Appl. Chem. 70 (1998) 993–1014, https://doi.org/10.
1351/pac199870040993.

[28] Practical guidelines for reporting results in single- and multi-component analytical
calibration: a tutorial. A. C. Olivieri, Anal. Chim. Acta 868 (2015) 10–22, https://
doi.org/10.1016/j.aca.2015.01.017.

[29] L. Bruggemann, W. Quapp, R. Wennrich, Test for non-linearity concerning linear cal-
ibrated chemical measurements, Accred. Qual. Assur. 11 (2006) 625–631, https://
doi.org/10.1007/s00769-006-0205-x.

[30] E. Yilmaz, H.I. Ulusoy, Ö. Demir, M. Soylak, A new magnetic nanodiamond/graphene
oxide hybrid (Fe3O4@ND@GO) material for pre-concentration and sensitive determi-
nation of sildenafil in alleged herbal aphrodisiacs by HPLC-DAD system, J. Chromatogr.
B 1084 (2018) 113–121, https://doi.org/10.1016/j.jchromb.2018.03.030.
[31] P.X. Baliza, L.S.G. Teixeira, V.A. Lemos, A procedure for determination of cobalt in
water samples after dispersive liquid–liquid microextraction, Microchem. J. 93
(2009) 220–224, https://doi.org/10.1016/j.microc.2009.07.009.

[32] Andrew D. Eaton, Lenore S. Clesceri, M.A.H. Franson, Eugene W. Rice, Arnold E.
Greenberg, Standard Methods for the Examination of Water and Wastewater, 21
ed. American Public Health Association, Washington D.C, 2005.

[33] F.J. López-Jiménez, M. Rosales-Marcano, S. Rubi, Restricted access property supra-
molecular solvents for combined microextraction of endocrine disruptors in sedi-
ment and sample cleanup prior to their quantification by liquid chromatography–
tandem mass spectrometry, J. Chromatogr. A 1303 (2013) 1–8, https://doi.org/10.
1016/j.chroma.2013.06.043.

[34] A. García-Prieto, L. Lunar, S. Rubio, D. Pérez-Bendito, Decanoic acid reverse micelle-
based coacervates for the microextraction of bisphenol A from canned vegetables
and fruits, Anal. Chim. Acta 617 (2008) 51–58, https://doi.org/10.1016/j.aca.2008.
01.061.

[35] F.J. Ruíz, S. Rubio, D. Pérez-Bendito, Water-induced coacervation of alkyl carboxylic
acid reverse micelles: phenomenon description and potential for the extraction of
organic compounds, Anal. Chem. 79 (2007) 7473, https://doi.org/10.1021/
ac0708644.

[36] A.Melnyka, L. Wolska, J. Namiesnik, Coacervative extraction as a green technique for
sample preparation for the analysis of organic compounds, J. Chromatogr. A 1339
(2014) 1–12, https://doi.org/10.1016/j.chroma.2014.02.082.

[37] A. Shokrollahi, H.B. Pili, Supramolecular based-ligandless ultrasonic assisted-
dispersion solidification liquid–liquidmicroextraction of uranyl ion prior to spectro-
photometric determination with dibenzoylmethane, RSC Adv. 6 (2016) 2394–2401,
https://doi.org/10.1039/C5RA23355K.

[38] J. de Bruijn, J. Hermens, Uptake and elimination kinetics of organophosphorus pes-
ticides in the guppy (Poecilia reticulata): correlations with the octanol/water parti-
tion coefficient, Environ. Toxicon. Chem. 10 (1991) 791–804, https://doi.org/10.
1002/etc.5620100610.

[39] B.T. Bowman, W.W. Sans, Determination of octanol-water partitioning coefficients
(KOW) of 61 organophosphorus and carbamate insecticides and their relationship
to respective water solubility (S) values, Journal of Environmental Science and
Health, Part B: Pesticides, Food Contami. Agric. Wastes 18 (1983) 667–683,
https://doi.org/10.1080/03601238309372398.

[40] B.T. Bowman, W.W. Sans, The aqueous solubility of twenty-seven insecticides and
related compounds, Journal of Environmental Science and Health, Part B: Pesticides,
Food Contami. Agric. Wastes 14 (1979) 625–634, https://doi.org/10.1080/
03601237909372156.

[41] J.L. Burguera, M. Burguera, Analytical applications of emulsions andmicroemulsions,
Talanta 96 (2012) 11–20, https://doi.org/10.1016/j.talanta.2012.01.030.

[42] A. Ballesteros-Gomez, S. Rubio, Environment-responsive alkanol-based supramolec-
ular solvents: characterization and potential as restricted access property and
mixed-mode extractants, Anal. Chem. 84 (2012) 342–349, https://doi.org/10.
1021/ac2026207.

[43] G.L. Scheel, C.R.T. Tarley, Feasibility of supramolecular solvent-based
microextraction for simultaneous preconcentration of herbicides from natural wa-
ters with posterior determination by HPLC-DAD, Microchem. J. 133 (2017)
650–657, https://doi.org/10.1016/j.microc.2017.03.007.

[44] M. Akhtar, S.M. Hasany, M.I. Bhanger, S. Iqbal, Low cost sorbents for the removal of
methyl parathion pesticide from aqueous solutions, Chemosphere 66 (2007)
1829–1838, https://doi.org/10.1016/j.chemosphere.2006.09.006.

[45] F. Wang, G. Lee, N. Haridharan, J.J. Wu, Electrochemical sensor using molecular im-
printing polymerization modified electrodes to detect methyl parathion in environ-
mental media, Electrocatalysis 9 (2018) 1–9, https://doi.org/10.1007/s12678-017-
0411-9.

[46] M. Ezoddin, B. Majidi, K. Abdi, Ultrasound-assisted supramolecular dispersive
liquid–liquid microextraction based on solidification of floating organic drops for
preconcentration of palladium in water and road dust samples, J. Mol. Liq. 209
(2015) 515–519, https://doi.org/10.1016/j.molliq.2015.06.031.

[47] C.P. Sanz, R. Halko, Z.S. Ferrera, J.J.S. Rodríguez, Micellar extraction of organophos-
phorus pesticides and their determination by liquid chromatography, Anal. Chim.
Acta 524 (2004) 265–270, https://doi.org/10.1016/j.aca.2004.06.024.

[48] C.G. Pinto, J.L.P. Pavon, B.M. Cordero, Cloud point preconcentration and
highlperformance liquid chromatographic determination of organophosphorus pes-
ticides with dual electrochemical detection, Anal. Chem. 67 (1995) 2606–2612,
https://doi.org/10.1021/ac00111a018.

[49] A.S. Pinheiro, G.O. Rocha, J.B. de Andrade, A SDME/GC–MSmethodology for determi-
nation of organophosphate and pyrethroid pesticides in water, Microchem. J. 99
(2011) 303–308, https://doi.org/10.1016/j.microc.2011.05.019.

[50] K. Seebunrueng, Y. Santaladchaiyakit, S. Srijaranai, Vortex-assisted low density sol-
vent based demulsified dispersive liquid–liquid microextraction and high-
performance liquid chromatography for the determination of organophosphorus
pesticides in water samples, Chemosphere 103 (2014) 51–58, https://doi.org/10.
1016/j.chemosphere.2013.11.02.

[51] Q. Zhoua, H. Baia, G. Xieb, J. Xiao, Trace determination of organophosphorus pesti-
cides in environmental samples by temperature-controlled ionic liquid dispersive
liquid-phase microextraction, J. Chromatogr. A 1188 (2008) 148–153, https://doi.
org/10.1016/j.chroma.2008.02.094.

[52] P. Soisungnoen, R. Burakham, S. Srijaranai, Determination of organophosphorus pes-
ticides using dispersive liquid–liquid microextraction combined with reversed elec-
trode polarity stacking mode—micellar electrokinetic chromatography, Talanta 98
(2012) 62–68, https://doi.org/10.1016/j.talanta.2012.06.043.

[53] F. Schreiber, A. Scherner, J.H. Massey, R. Zanella, L.A. Avila, Dissipation of clomazone,
imazapyr, and imazapic herbicides in paddy water under two rice flood management
regimes, Weed Technol. 31 (2017) 330–340, https://doi.org/10.1017/wet.2017.5.

https://doi.org/10.1016/j.talanta.2014.10.020
https://doi.org/10.1016/j.talanta.2014.10.020
https://doi.org/10.1016/j.talanta.2009.09.005
https://doi.org/10.1007/s10337-018-3614-1
https://doi.org/10.1007/s10337-018-3614-1
https://doi.org/10.1016/j.jiec.2013.10.033
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0055
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0055
https://doi.org/10.1016/j.chroma.2008.06.029
https://doi.org/10.21577/0103-5053.20170048
https://doi.org/10.21577/0103-5053.20170048
https://doi.org/10.1016/j.aca.2009.09.044
https://doi.org/10.1016/j.talanta.2009.06.002
https://doi.org/10.1016/j.talanta.2009.06.002
https://doi.org/10.1002/jssc.201500547
https://doi.org/10.1002/jssc.201500547
https://doi.org/10.1016/j.chroma.2017.07.048
https://doi.org/10.1016/j.chroma.2008.06.029
https://doi.org/10.1016/j.talanta.2016.07.036
https://doi.org/10.1016/j.talanta.2016.07.036
https://doi.org/10.1039/C2SM26085A
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0105
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0105
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0105
https://doi.org/10.1016/j.microc.2009.02.002
https://doi.org/10.1016/j.chroma.2007.03.051
https://doi.org/10.1007/s13205-017-0767-9
https://doi.org/10.1016/j.clay.2019.01.010
https://doi.org/10.1016/j.talanta.2004.01.015
https://doi.org/10.1351/pac199870040993
https://doi.org/10.1351/pac199870040993
https://doi.org/10.1016/j.aca.2015.01.017
https://doi.org/10.1016/j.aca.2015.01.017
https://doi.org/10.1007/s00769-006-0205-x
https://doi.org/10.1007/s00769-006-0205-x
https://doi.org/10.1016/j.jchromb.2018.03.030
https://doi.org/10.1016/j.microc.2009.07.009
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0160
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0160
http://refhub.elsevier.com/S0167-7322(20)30594-8/rf0160
https://doi.org/10.1016/j.chroma.2013.06.043
https://doi.org/10.1016/j.chroma.2013.06.043
https://doi.org/10.1016/j.aca.2008.01.061
https://doi.org/10.1016/j.aca.2008.01.061
https://doi.org/10.1021/ac0708644
https://doi.org/10.1021/ac0708644
https://doi.org/10.1016/j.chroma.2014.02.082
https://doi.org/10.1039/C5RA23355K
https://doi.org/10.1002/etc.5620100610
https://doi.org/10.1002/etc.5620100610
https://doi.org/10.1080/03601238309372398
https://doi.org/10.1080/03601237909372156
https://doi.org/10.1080/03601237909372156
https://doi.org/10.1016/j.talanta.2012.01.030
https://doi.org/10.1021/ac2026207
https://doi.org/10.1021/ac2026207
https://doi.org/10.1016/j.microc.2017.03.007
https://doi.org/10.1016/j.chemosphere.2006.09.006
https://doi.org/10.1007/s12678-017-0411-9
https://doi.org/10.1007/s12678-017-0411-9
https://doi.org/10.1016/j.molliq.2015.06.031
https://doi.org/10.1016/j.aca.2004.06.024
https://doi.org/10.1021/ac00111a018
https://doi.org/10.1016/j.microc.2011.05.019
https://doi.org/10.1016/j.chemosphere.2013.11.02
https://doi.org/10.1016/j.chemosphere.2013.11.02
https://doi.org/10.1016/j.chroma.2008.02.094
https://doi.org/10.1016/j.chroma.2008.02.094
https://doi.org/10.1016/j.talanta.2012.06.043
https://doi.org/10.1017/wet.2017.5


10 L.L.G. de Oliveira et al. / Journal of Molecular Liquids 308 (2020) 113026
[54] K. Chamberlain, A.A. Evans, R.H. Bromilow, 1-Octanol/water partition coefficient
(Kow) and pK, for ionisable pesticides measured by a pH-metric method, Pest. Sci.
47 (1996) 265–271, https://doi.org/10.1002/(SICI)1096-9063(199607)47:3b265::
AID-PS416N3.0.CO;2-F.
[55] G. Schuurmann, R.K. Somashekar, U. Kristen, Structure–activity relation-
ships for chloro- and nitrophenol toxicity in the pollen tube growth test,
Environ. Toxicol. Chem. 15 (1996) 1702–1708, https://doi.org/10.1002/
etc.5620151008.

https://doi.org/10.1002/(SICI)1096-9063(199607)47:3&lt;265::AID-PS416&gt/;3.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9063(199607)47:3&lt;265::AID-PS416&gt/;3.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9063(199607)47:3&lt;265::AID-PS416&gt/;3.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9063(199607)47:3&lt;265::AID-PS416&gt/;3.0.CO;2-F
https://doi.org/10.1002/etc.5620151008
https://doi.org/10.1002/etc.5620151008

	Development and multivariate optimization of nanostructured supramolecular liquid-�liquid microextraction validated method ...
	1. Introduction
	2. Experimental methods
	2.1. Chemical reagents
	2.2. Instruments
	2.3. Supramolecular solvent-based microextraction procedure
	2.4. Multivariate optimization of SUPRA procedure by using factorial design
	2.5. Analytical performance of proposed method
	2.6. Application in real water samples

	3. Results and discussion
	3.1. 25–1 Fractional factorial design
	3.2. Steepest ascent: moving the variables to maximum region of response surface
	3.3. Analytical performance of the method
	3.4. Influence of other pesticides on MP microextraction
	3.5. Analysis of real water samples

	4. Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	Appendix A. Supplementary data
	References


