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Abstract A sensitive and accurate analytical method
based on dispersive liquid-liquid microextraction was
developed for the simultaneous determination of select-
ed pesticides, hormones, and endocrine disruptors by
GC-MS. The optimum conditions of the extraction pro-
cedure were determined using an experimental design of
factors significantly affecting the extraction output.
Analysis of variance (ANOVA) was used to evaluate
the main effects of experimental factors and their inter-
actions. The limit of detection values determined for the
analytes under optimum experimental conditions were
found to be between 0.30–2.0 ng/mL. The linear cali-
bration plot of analytes span across a wide concentration
range and low %RSD values from replicate measure-
ments indicated good precision of the developed meth-
od. Spiked recovery tests were also performed on mu-
nicipal wastewater, well water, lake water, sea water,
and tap water matrices to determine the method’s accu-
racy and applicability to water samples. The recovery
results obtained were satisfactory for all water samples.
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Introduction

For many centuries, pesticides have been used in
agriculture to protect plants against pests. They have
also been used to protect humans from pests, espe-
cially disease-bearing insects such as mosquitos
(Akhgari et al. 2003). The production and application
of pesticides on a large scale started after the discov-
ery of dichlorodiphenyltrichloroethane’s (DDT) insec-
ticidal action in the 1940s (Chormey et al. 2017b).
Since then, the agricultural field has been a major
benefactor with pesticide usage providing high yield
of foods and seed, quality food, prolonged storage
among others. Pesticides are usually classified accord-
ing to their target organisms and these include insec-
ticides, nematicides, fungicides, rodenticides, herbi-
cides, and others. Classification of pesticides is also
made according to chemical class, mode of action,
and mode of application (Aktar et al. 2009; Chormey
et al. 2017a).

Parathion ethyl and malathion are known as
organophospate insecticides and their mode of action
is inhibiting acetylcholinesterase (AChE) in the periph-
eral and central nervous system of humans and insects
(Rathnayake and Northrup 2016; Facure et al. 2017;
Bala et al. 2015). Penconazole and fludioxonil are two
fungicides that have been used worldwide to intercept
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and heal fungal infections in crops leading to increased
yield (Perdichizzi et al. 2014; Rose et al. 2009). The
basic action mode of fungicides is the termination of
internal energy and fungal cell membranes (Hutson
and Miyamoto 1998; Chormey et al. 2017b).
Chlorthiamid, an obsolete benzonitrile herbicide, un-
dergoes degradation in soil to form the product
dichlobenil (Sandín-España and Sevilla-Morán 2012).
2,6-dichlorobenzamide is a metabolite of chlorthiamid
and dichlobenil and it has been reported as a common
contaminant of groundwater with concentrations ex-
ceeding the 0.10 μg/L European Union standard in
some countries (Pukkila and Kontro 2014). Excessive
use of pesticides presents the risk of runoff into surface
water and leaching into ground water bodies (Brauns
et al. 2018).

Estrone and other estrogenes such as estradiol are
natural hormones but they are prescribed as medica-
tion to prevent and treat menopausal symptoms in
women (Labrie et al. 2009). However, prolonged
usage and high doses can lead to reactions such as
vomiting, nausea, abdominal pain, and vaginal
bleeding (Kopper et al. 2008). Estrogens are natu-
rally excreted into the environment by vertebrates
and exposure to aquatic organisms disrupts their
reproductive and physiological functions (Cox
et al. 2017). Even at trace levels, hormones and
pesticides can accumulate in tissues and organs lead-
ing to prostate, breast, leukemia, and multiple mye-
loma cancers (He et al. 2017; Alavanja et al. 2013).
It is therefore important to determine pesticides that
occur at trace levels in the environment.

Extraction continues to be a very important sample
preparation procedure used to separate analytes from a
matrix and preconcentrate them into high amounts for
trace determinations. However, some extraction
methods involve the use of high volumes of organic
solvents with varying toxicity levels, the use of ex-
pensive sample preparation kits, time consuming pro-
cesses, and labor intensive. Modern extraction
methods have been aimed at mitigating these draw-
backs while making major improvements on the ad-
vantages. Miniaturization of the conventional liquid-
liquid extraction and solid-phase extraction has sim-
plified extraction procedures and significantly cut
down the volume of organic solvents used (Turan
et al. 2017). These are green methods and examples
include solid-phase microextraction (SPME), single
drop microextraction (SDME), headspace solid-

phase microextraction (HS-SPME), solidified floating
organic drop microextraction (SFODME), and hollow
fiber liquid phase microextraction (HF-LPME)
(Biparva and Matin 2012; Rutkowska et al. 2014).
Rezaee et al. developed dispersive liquid-liquid
microextraction (DLLME) for the determination of
polycyclic aromatic hydrocarbons (Rezaee et al.
2006) and this method has since been successfully
applied to a wide range of inorganic and organic
analytes in various samples (Primel et al. 2017).
DLLME is simple, rapid, inexpensive, and presents
very high enrichment factors and analyte recovery
(Turan et al. 2017). Another benefit of DLLME is that
it can be easily coupled with different instrumenta-
tions for the identification and quantification of
analyte(s) (Turan et al. 2017). The development of
extraction methods have been mainly performed
univariately where only one parameter changes while
the others are held constant. This mode of method
development lacks the interaction of multiple vari-
ables from which the most optimum experimental
conditions could be found. With an experimental de-
sign, several parameter interactions can be studied and
a model can be used to predict non-tested parameters
and their interactions.

High molecular weight and polar organic com-
pounds are conveniently determined by liquid chro-
matography (LC), which employs an appropriate
isocratic or gradient elution system to separate the
individual components of a sample (Crutchfield
et al. 2010). Gas chromatography (GC) on the other
hand does not require adjusting of mobile phase
composition. Separation is achieved by developing
a temperature program to suit the vapor pressure of
volatile compounds in a sample (Santos and Schug
2017). The coupling of GC to a mass selective
detector (MS) is a very useful tool (GC-MS) for
the separation, identification, and quantification of
analytes based on specific mass-to-charge (m/z) ra-
tios. When GC-MS is operated in the scan mode, it
offers selectivity for compounds within a certain m/
z ratio range, and specificity for one compound can
be achieved using the selected ion monitoring
(SIM) mode (Vetter 2012).

This study was aimed at using an experimental
design to optimize a dispersive liquid-liquid
microextraction method for the determination of
selected pesticides and estrone by gas chromatog-
raphy mass spectrometry.
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Materials and methods

Chemicals and reagents

Standard stock solutions of chlorthiamid, malathion,
parathion ethyl, penconazole, fludioxonil, and estrone
(purity of standards > 98%)were prepared in acetonitrile
and aliquots taken from each to prepare a 100 mg/L mix
standard solution. Working aqueous standard solutions
used for method development were prepared by diluting
the mix standard with deionized water obtained from an
Ultrapure Water Purification System (resistivity
18.2 Ω.cm). All reagents used in this study were of
analytical grade. Ethanol, 2-propanol, methanol, potas-
sium nitrate, barium chloride, potassium iodide, sodium
chloride, potassium chloride, chloroform, carbon tetra-
chloride, 1,2-dichloroethane, and dichloromethane were
all obtained fromMerck (Germany). A stock solution of
deuterated bisphenol A (BPA-D16) (purchased from Dr.
Ehrenstorfer - Germany) was prepared in ethanol and
used as internal standard for samples and standards.

Apparatus

Separation, determination, and quantification of
analytes were achieved using a gas chromatography
mass spectrometer system (HP 6890) fitted with a non-
polar Agilent HP-5MS column (30 m; 250 μm;
0.25 μm). The mass selective detector was operated in
the scan mode for data acquisition. The ion source
energy and transfer line temperature were kept at
70 eV and 280 °C, respectively. All injections were
performed in the splitless mode using a sample/
standard volume of 1.0 μL and an inlet temperature of
250 °C. Heliumwas used as carrier gas and was kept at a
constant flow of 1.0 mL/min. The temperature program
used for the separation of analytes started at 70 °C and
increased to 180 °C at 60 °C/min, then it increased at
40 °C/min to 300 °C, where it was held for 2.0 min.
Quantification of BPA-D16, chlorthiamid, malathion,
parathion ethyl, penconazole, fludioxonil, and estrone
was done using the ions (m/z) 224, 170, 125, 291, 159,
248, and 270, respectively.

Dispersive liquid-liquid microextraction procedure

A mixture of 1,2-dichloroethane and 2-propanol
(200 μL and 3.0 mL) was injected at a moderate speed
into a 15 mL centrifuge tube containing 8.0 mL of

standard/sample solution. The cloudy solution resulting
from fine dispersion of extraction solvent was vortexed
for 30 s and then centrifuged for 2.0 min at 3461 g to
facilitate phase separation. A sufficient amount (≈
80 μL) was carefully taken from the bottom 1,2-dichlo-
roethane phase into microliter insert vials for auto injec-
tions into the GC-MS system.

Samples

Applicability of the method to real samples was tested
on municipal wastewater, well water, lake water, sea
water, and tap water matrices. Tap water was sampled
directly from the laboratory faucet and taken through the
optimum extraction conditions. Municipal wastewater
was sampled from an open-to-air aeration pool at a
Biological Wastewater Treatment Plant in İstanbul. In
order to obtain particulate-free wastewater sample, two
successive filtrations were performed using 125-mm
regular filter paper and 0.45-μm RC (regenerative cel-
lulose) syringe filter. The wastewater was stored below
5.0 °C. Well water, lake water, and sea water samples
were sampled into polypropylene plastic bottles after
washing thoroughly with samples and filling to the brim
without air spaces.

Results and discussions

Preceding the DLLME method development, analytical
performance of the GC-MS system based on analytical
figures of merit was determined for the analytes using
mixed standard solutions in the range of 0.10–100 mg/
L. The entire method optimization process was carried
out with 50 ng/mL aqueous standard solutions, and the
optimum parameters/values were selected from the
highest average of triplicate peak area values. BPA-
D16 was used as internal standard by adding low
amounts of concentrated standards to calibration and
working standards. The final concentration of BPA-
D16 as internal standard in direct GC-MS and DLLME
analysis were 2.0 mg/L and 50 μg/L, respectively.

Selection of experimental parameters

The selection of parameters for experimental design was
performed univariately by keeping other parameters
constant while different variables of one parameter were
tested. The most influential parameters in dispersive
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liquid-liquid microextraction are the types of extraction
and dispersive solvents. Other parameters such as pH,
mixing, and salt addition could have an impact on
extraction output depending on the type of analyte under
study. In the selection of extraction solvent, only sol-
vents with densities higher than 1.0 were tested because
phase separation of the microliter volume after extrac-
tion could only be observed at the tapered bottom of
conical tube used. Two hundred microliters each of four
chlorinated hydrocarbon solvents (dichloromethane,
chloroform, 1,2-dichloroethane, and carbon
tetrachloride) were tested under similar conditions with
ethanol as dispersive solvent, and 1,2-dichloroethane
recorded the highest output for four out of the six
analytes. Figure 1 is a graphical representation of inte-
grated peak areas of extraction solvents but dichloro-
methane is not shown because it did not produce a
settled phase for the volume used. This observation
has also been reported in literature and it was attributed
to the relatively high percent solubility of dichlorometh-
ane (1.6%) in water and this solubility further increases
by reason of dispersion (Chormey et al. 2017b). The
dispersion efficiencies of 2.0 mL acetone, ethanol, 2-
propanol, and acetonitrile (all miscible with water and
1,2-dichloroethane) were then tested with 200 μL 1,2-
dichloroethane. 2-Propanol recorded the highest aver-
age peak area for all analytes as shown in Fig. 2 and was
therefore selected for the experimental design. Salts are
added to extraction procedures to induce a salting out
effect on analytes and to enhance phase separation. 1.0 g
each of potassium nitrate, barium chloride, potassium
iodide, sodium chloride, and potassium chloride were
therefore tested and compared to a saltless extraction
(Fig. 3). The salt added extractions recorded low results

relative to the saltless extraction probably due to satura-
tion of solution which hindered mass transfer of
analytes. The extraction procedure was therefore con-
tinued without adding salts. For the purpose of further
distribution of extraction solvent through the aqueous
solution, vortex was added to the experimental design to
determine its optimum mixing period. Vortex was se-
lected due to its practical usage and repeatability in
replicate mixing.

Experimental design and optimization of the extraction
process

The Box-Behnken experimental design based on re-
sponse surface methodology was used to examine the
effects of three independent variables (extraction solvent
amount (A), dispersive solvent amount (B), and mixing
period (C)) on DLLME. The design incorporated three
levels (− 1; low, 0; middle and + 1; high) of each factor
into a total of 17 combinations with 5 center points. The
behavior of the independent variables (X1, X2, and X3) in
the design system was explained using the quadratic
polynomial expression below (Lazic 2006):

Y ¼ β0 þ β1X 1 þ β2X 2 þ β3X 3 þ β12X 1X 2

þ β13X 1X 3 þ β23X 2X 3 þ β11X 1
2 þ β22X 2

2

þ β33X 3
2 ð1Þ

where β0 is constant; β1, β2, and β3 are linear coeffi-
cients; β12, β13, and β23 are coefficients of interaction;
β11, β22, and β33 are quadratic coefficients, and Y is the
output or response.
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The design of experimental combinations and aver-
age response (R) of integrated peak area for analytes
obtained from triplicate measurements are given in On-
line Resource 1. All experimental design extractions
were carried out using 50 ng/mL mixed aqueous stan-
dard solutions of the six analytes. The expression below
depicts the empirical relationship between the indepen-
dent variables and response (coefficients determined
using Design-Expert 7.0.0 software):

R ¼ 470600−345400Aþ 70524:5B−122600ABþ 187100A2

ð2Þ

ANOVA was used to ascertain the agreement be-
tween the experimental model and the real system.
Presented in Table 1 is a summary of ANOVA results
for penconazole as an example. The statistical signifi-
cance of each variable and interaction was tested by the
P values. The contribution of each variable and

interaction to response variance was also tested by the
F value. At 95% confidence level, P values less or equal
to 0.05 and F values greater than F critical values are
considered to be statistically significant. In the recom-
mended model, the F value (F = 90.35) and P value
(P < 0.0001) were determined to be significant. Figure 4
is a normal probability plot depicting the data set’s
normal distribution for penconazole. The linear regres-
sion coefficient (R2) calculated for the straight line was
97% and this established good agreement between the
predicted values and experimented results. The adjusted
R2 value of 96% only varied by approximately 1.0%
from the experimental data. These therefore confirm the
accuracy and reliability of the model.

The Design-Expert 7.0.0 software was used to obtain
the coefficients of Eq. 2 and the response surface plots
shown in Fig. 5 for penconazole. These were used to
examine the main effects and interactions of experimen-
tal variables (1,2-dichloroethane, 2-propanol, and vortex
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mixing). For the main effects, positive main effects
(greater values) were obtained for dispersive solvent
amount and mixing period while a negative main
effect (lower values) was observed for extraction
solvent amount. The same effects were observed
for all six analytes and the magnitude of each vari-
able was proportional to the effect. From the
ANOVA results, the most influential variable was
determined as 1,2-dichloroethane amount followed

by 2-propanol amount. The different periods of vor-
tex were not significant to the model. The high
impact of low 1,2-dichloroethane amount conforms
to the logic of preconcentration, where a very low
amount (final volume) of extraction solvent yields a
high preconcentration factor. The high amount of 2-
propanol also agrees with the role of dispersive
solvents which increase the surface area between
extractant and aqueous sample. Interaction of

Table 1 Analysis results obtain-
ed using ANOVA for
penconazole response values

Source Sum of squares Degree of
freedom

Mean square F value P value

Model 1.20E+12 4 3.01E+11 90.35 < 0.0001

A-1,2-DCE 9.54E+11 1 9.54E+11 286.83 < 0.0001

B-IPA 3.98E+10 1 3.98E+10 11.96 0.0047

AB 6.01E+10 1 6.01E+10 18.07 0.0011

A2 1.48E+11 1 1.48E+11 44.55 < 0.0001

Residual 3.99E+10 12 3.33E+09

Lack of fit 3.53E+10 8 4.41E+09 3.83 0.1053

Pure error 4.61E+09 4 1.15E+09

Cor total 1.24E+12 16

R2 0.9679

R2 adjusted 0.9572

Fig. 4 A plot showing normal
probability of internally
studentized residuals for
penconazole
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variables that were significant to the model was amounts
of 2-propanol and 1,2-dichloroethane (AB) and 1,2-
dichloroethane quadratic effect (A2) as can be seen from
Table 1. Optimum parameters obtained from the model-
ing of main effects and the interaction of variables were
found to be 200 μL extraction solvent volume, 3.0 mL
dispersive solvent volume, and 30 s of mixing.

Analytical figures of merit

The optimum values obtained for each parameter
throughout the optimization studies were applied to
aqueous standard solutions between 0.50 and 1000 ng/
mL to determine the analytical performance of GC-MS
under optimum DLLME conditions as presented in
Table 2. The linear dynamic range of each analyte was
determined by the coefficient of determination (R2) be-
ing greater than 0.999. A direct plot of concentration
against integrated peak areas yielded R2 values between
0.9956 and 0.9991 for the analytes. Though satisfactory,

plot of the ratios of standard’s peak area to internal
standard peak area improved the linearity of calibration
as observed by R2 values between 0.9997 and 1.000.
Analytical figures of merit used to validate the method
were limit of detection (LOD), limit of quantification
(LOQ), precision (%RSD), R2, dynamic range, and
spiked recovery. LOD and LOQ values of analytes were
determined with the expressions 3.SDLC/m and
10.SDLC/m, where SDLC is the standard deviation of
the lowest calibration concentration (6 replicates) and m
is the slope of linear calibration plot. The limits of
detection calculated for the analytes ranged between
0.30 and 3.0 ng/mL and the enhancement in detection
power based on LOD values with respect to direct GC-
MS analysis was between 44 and 252 times. These
detection limits are better or comparable to other studies
that determined these analytes with methods such as
matrix solid-phase dispersion GC-MS, QuEChERS-
UHPLC-MS/MS, and QuEChERS-GC-MS (Chu et al.
2005; Carneiro et al. 2013; Jahanmard et al. 2016;
Machado et al. 2017). Awide linear range was obtained

Fig. 5 A 3D response surface
showing the effects of extraction
solvent volume and dispersive
solvent volume on the response of
penconazole (vortex fixed at 30 s)

Table 2 Analytical performance
for analytes after DLLME Sample LOD, ng/mL LOQ, ng/mL Range, ng/mL %RSD

Chlorthiamid 1.6 5.4 5.0–1000 4.7

Malathion 1.3 4.5 5.0–500 8.6

Parathion ethyl 0.29 0.95 1.0–1000 4.6

Penconazole 0.36 1.2 1.0–1000 7.0

Fludioxonil 0.16 0.53 0.50–1000 8.2

Estrone 1.5 5.1 5.0–1000 6.1
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for the analytes and the low %RSD values (< 9.0%) also
established the precision of the extraction process and
instrumental determinations.

Recovery tests

Other components of a sample matrix besides the analyte
of interest could inhibit the extraction of an analyte or
enhance its migration into the extraction solvent leading
to biased quantification of the analyte. It is therefore
essential to perform recovery studies to determine the
applicability of a developed method in the presence of
sample matrices. Wastewater tends to have a very com-
plicated matrix and this limits analyte recovery (Koçoğlu
et al. 2017). Spiked recovery studies were therefore per-
formed to assess the effect of the matrices of wastewater,
well water, lake water, sea water, and tap water on the
analytes’ extraction. Three final spiking concentrations
(10, 50, and 100 ng/mL) representing different parts of
the linear dynamic range of analytes were selected in this
study. Wastewater and tap water were tested at all three
spiked concentrations while sea, lake, and well water

samples were tested at 50 ng/mL. Calibration standards
prepared in deionized water were used to calculate the
percent recovery of analytes from triplicate sample ex-
tractions. Blank extractions were performed on the sam-
ples but none of the analytes was detected according to
their respective LODs. Table 3 shows percent recovery
values of analytes that are between 78–93% and 86–
107% for tap water and wastewater, respectively. The
recovery results calculated for sea, lake, and well water
ranged between 84 and 111% (Table 4), with sea water
recording the lowest results due to its high salinity content
and density. These results are satisfactory and suggest that
this method can be used for accurate determination of
these analytes in the selected matrices.

Conclusion

A sensitive, accurate, and precise dispersive liquid-
liquid microextraction method was developed for the
simultaneous determination of selected pesticides and
hormone by GC-MS. The optimum extraction condi-
tions were determined using an experimental design of
factors that have significant impact on extraction output.
The detection limits of all analytes were low enough to
determine residues of these chemicals that could be
present in water samples. The method was applicable
over a wide linear concentration range and the precision
of the method was confirmed by low %RSD values.
Appreciable recovery results from spiked experiments
also proved the method’s accuracy for municipal waste-
water, well water, lake water, sea water, and tap water
matrices. The method is simple, inexpensive, rapid, and
can be routinely used for the determination of analytes at
trace levels.

Table 3 Recovery results for analytes spiked in tap water and wastewater

Analyte Tap water (%) Wastewater (%)

10 ng mL−1 50 ng mL−1 100 ng mL−1 10 ng mL−1 50 ng mL−1 100 ng mL−1

Chlorthiamid 85.9 ± 11.7 88.5 ± 7.4 92.7 ± 8.0 107.7 ± 10.5 93.6 ± 9.9 96.8 ± 3.1

Malathion 78.5 ± 5.6 87.4 ± 6.7 82.4 ± 3.6 87.2 ± 2.2 92.5 ± 2.3 99.8 ± 4.3

Parathion ethyl 80.3 ± 3.3 83.3 ± 6.0 85.9 ± 1.1 94.0 ± 4.9 97.3 ± 3.0 102.3 ± 4.0

Penconazole 85.0 ± 3.7 87.1 ± 1.6 88.0 ± 2.8 90.7 ± 2.2 93.0 ± 4.3 98.2 ± 4.4

Fludioxonil 81.4 ± 3.4 91.6 ± 1.1 92.4 ± 2.1 86.5 ± 4.3 94.5 ± 2.6 99.2 ± 2.4

Estrone 81.8 ± 2.4 90.5 ± 4.2 88.6 ± 1.2 88.7 ± 5.5 98.1 ± 2.8 100.2 ± 4.5

Table 4 Recovery results for analytes spiked at 50 ng/mL in sea,
lake, and well water

Analyte Sea water (%) Lake water (%) Well water (%)

Chlorthiamid 98.4 ± 8.7 92.5 ± 5.2 94.8 ± 5.0

Malathion 84.5 ± 6.8 96.2 ± 3.7 104.4 ± 4.3

Parathion ethyl 87.1 ± 2.7 101.2 ± 2.4 110.7 ± 2.2

Penconazole 103.3 ± 10.8 103.8 ± 2.3 99.4 ± 7.2

Fludioxonil 89.1 ± 4.9 97.3 ± 4.0 97 ± 1.2

Estrone 86.4 ± 9.8 98.4 ± 2.2 99.6 ± 4.6
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