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Abstract A fast, efficient, and simple method for deter-
mination of pesticide residues in pumpkin seeds has
been developed combining QuEChERS and dispersive
liquid–liquid microextraction (DLLME) followed by
gas chromatography and mass spectrometry (GC-MS).
Parameters affecting the DLLME performance such as
solvent selection and volume of extractive and disper-
sive solvent, salt effect, and extraction time were stud-
ied. Under the selected conditions (50 μL extractive
solvent chloroform, 1 mL QuEChERS extract, and
3 mL water), the developed method was validated.
Linearity was evaluated at nine concentrations in the
broad range of 0.1–500 μg/kg with correlation coeffi-
cients from 0.9842 to 0.9972. The relative standard de-
viations at lowest calibration level varied from 0.3 to
22 %. Under the optimum conditions, an enrichment
factor was 6–17-fold and detection limits 0.01–
12.17 μg/kg were achieved. Finally, the developed and
validated method was successfully applied for the ex-
traction and determination of pesticide residues in 16
real samples with 2 positive findings below maximum
residue limits (MRL). Limits of detection (LODs) of the
proposed method are below the MRLs established by
the European Union.
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Introduction

Pesticides differ from other chemical substances because they
are toxic chemicals deliberately spread into the environment
with the aim of controlling undesired living species. Since their
toxicity may not be completely specific for the target organ-
isms, their use may pose a risk to human health (Colosio et al.
2003). In recent years, potential health risks from pesticides and
other organic pollutant residues in food stuffs have become a
main public concern (Matsadiq et al. 2011).

The social concern about the levels of pesticides in food
and the constant trend observed in the current legislations to
reduce the maximum residue levels (MRLs) allowed in a va-
riety of fruits and vegetables is increasing the number of sam-
ples to be analyzed as well as the need for their accurate
determination reducing the analysis’ costs (Nasreddine and
Parent-Massin 2002).

Sample preparation is normally required to isolate and con-
centrate compounds of interest from the sample matrix prior to
chromatographic analysis. Liquid–liquid extraction (LLE) and
solid-phase extraction (SPE) are still the most common
methods to extract pesticides from environmental samples.
LLE was used for the extraction of fungicides in white grape
juices (Pose-Juan et al. 2006). However, LLE is time consum-
ing and requires high volumes of organic toxic solvents. SPE
uses much less solvent than LLE, but the column needs pre-
treatment and can be relatively expensive (Fu et al. 2009).
Therefore, a lot of research efforts in separation science and
related fields have been focused on the development of new
sample preparation techniques, which are less time consuming,
more effective, and require smaller volumes of organic solvents
(Zang et al. 2009). Recently, a new microextraction method,
dispersive liquid–liquid microextraction (DLLME), has been
developed by Rezaee and co-workers in 2006 as an efficient
sample preparation and preconcentration method. The extrac-
tion by DLLME is based on the ternary component solvent
system (aqueous sample, dispersive solvent, and extractive

* S. Hrouzková
svetlana.hrouzkova@stuba.sk

1 Institute of Analytical Chemistry, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava,
SK-81237 Bratislava, Slovak Republic

Food Anal. Methods (2016) 9:2182–2193
DOI 10.1007/s12161-016-0402-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-016-0402-0&domain=pdf


solvent). In this method, an appropriate mixture of extractive
and dispersive solvents is injected rapidly into an aqueous sam-
ple with a syringe, resulting in the formation of a cloudy solu-
tion. A cloudy solution containing fine droplets of the extrac-
tive solvent, which have been dispersed in the sample solution,
is formed in a test tube. The extractive phase is then separated
by centrifugation, and the enriched analytes in the sedimented
phase (with or without further treatment) are determined by
analytical methods (Rezaee et al. 2006). DLLME is a simple
and fast microextraction technique, the major benefits of which
are mainly (1) the negligible volumes (a few microliters only)
of extractive solvents used; (2) the very large surface area be-
tween the fine droplets of the extractive solvent and the aqueous
sample, and the accordingly fast extraction kinetics that result
in the rapid achieving of a state of equilibrium; and (3) the high
enrichment factor usually obtained (Kocúrová et al. 2012). The
additional advantages of DLLMEmethod are low cost and high
recovery (Yang et al. 2011). Dispersive liquid–liquid
microextraction is more suitable for the treatment of the target
compounds with simplematrix, resulting in its wide application
in the analysis of water samples. In accordance with that, many
methods based on DLLME have been developed in the last few
years for the determination of pesticide residues mainly in liq-
uid samples including water (Fu et al. 2009; Yang et al. 2011;
Shen et al. 2013), tea (Xiong and Hu 2008; Farajzadeh et al.
2011), and juice (Fu et al. 2009; Matsadiq et al. 2011;
Boonchiangma et al. 2012; Zhang et al. 2014). DLLME has
been applied to pesticide isolation and preconcentration in var-
ious food matrices, mainly from fruit (Zang et al. 2008; Huo et
al. 2011) and vegetable such as tomato (Qiao et al. 2010; Melo
et al. 2012, 2013) and cucumber (Zhao et al. 2007; Zhang et al.
2012).

By now, the pretreatment of samples with complex matrix
by DLLME is still at the beginning stage of exploration (Zang
et al. 2009). DLLME technique in food analysis of solid or
semisolid samples requires a previous extraction step
(Asensio-Ramos et al. 2011). Additionally, the matrix presents
a very complex composition and potential interferences can be
coextracted (Melo et al. 2012).

For solid samples, DLLME has been used in combination
with other extraction methods such as dispersive solid-phase
extraction for determination of neonicotinoid insecticides in
grain (Wang et al. 2012). Also, the combination of
QuEChERS method with DLLME for determination of pesti-
cide residues became very popular for fruit (Zhao et al. 2007;
Andraščíková et al. 2013) and vegetable samples (Zhao et al.
2007; Cunha and Fernandes 2011; Melo et al. 2013).
However, different sample-pretreatment procedures have been
proposed due to the wide variety of pesticides used and the
inherent complexity of the matrices. In particular, the high
lipid content of some samples may interfere with analysis
(González-Curbelo et al. 2012). Methods for fatty food anal-
ysis are usually laborious and not fully effective in cleaning up

the sample if the compounds happen to be evaluated below a
few milligrams per kilogram of lipid weight (Farajzadeh et al.
2014). In fact, it is very difficult to avoid the coextraction of
fatty material, even more, taking into account that some of the
pesticides which are usually targeted are fat-soluble non-polar
compounds, and tend to concentrate and remain in the fat.
Since high recoveries of most multi-class pesticides must be
obtained in an ideally fat-free extract, an additional clean-up
step is usually included in the analytical process (Gilbert-
López et al. 2009). Several extraction methods were evaluated
for the extraction of pesticides in high oil vegetal commodities
by Rajski et al. (2013), QuEChERSwith various d-SPE clean-
ups (Z-Sep, Z-Sep+, PSA+C18, and silica), miniLuke, and
ethyl acetate method. To overcome difficulties with extraction
of pesticides from avocado and almonds, Rajski et al. (2013)
applied sorbent containing ZrO2, which improves fat removal
from the extracts. The method provided the highest number of
pesticides with satisfactory recoveries and the lowest amount
of coextracted matrix compounds. Lacina et al. (2012) evalu-
ated extraction methods for determination of pesticide resi-
dues in various food matrices including oil seeds. The most
efficient extractionmethodwas based on QuEChERS in terms
of low quantification limits, repeatability, and recoveries.

Sobhanzadeh et al. (2011) developed a multi-residue meth-
od based on precipitation at low temperature followed by ma-
trix solid-phase dispersion-sonication for the determination of
multiclass pesticides in palm oil. Dispersive solid-phase ex-
traction clean-up method for determination of pesticide resi-
dues in edible oils was improved by evaporation of acetoni-
trile fraction to dryness and reconstitution in 400 μL of ethyl
acetate (Deme et al. 2014).

Determination of pesticide residues is generally performed
by gas chromatography (GC) (González-Rodríguez et al.
2008; Andraščíková et al. 2013) or high performance liquid
chromatography (HPLC) (López-Fernández et al. 2012).

The main objective of this study was to develop a sample
preparation method that combines QuEChERS method with
DLLME for fatty food matrices. In this study, acetonitrile was
used as an extractive solvent for QuEChERS, and consequently,
in a purification step of the procedure, it was used as a dispersive
solvent for the DLLME. Special attention was given to the opti-
mization of DLLME parameters. To the best of our knowledge,
such combination of sample preparation method was not applied
to high lipid content samples such as oil seed samples.

Experimental

Chemicals

Pesticide standards were obtained from different sources with
purity >95 % (Dr. Ehrensdorfer, Augsburg, Germany; Bayer,
Leverkusen, Germany; Cheminova, Harboore, Denmark;
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Agrovita, Ivanka pri Dunaji, Slovak Republic). Individual
standard stock solution of pesticides was prepared at 1 mg/
mL in toluene (Merck KGaA, Darmstadt, Germany), and con-
sequently composite stock standard solution at a concentration
of 0.020 mg/mL in acetonitrile was prepared. Additional dilu-
tions needed for preparation of calibration standards were
done in acetonitrile (MeCN) (Merck KGaA, Darmstadt,
Germany). All standards and stock solutions were stored at
−18 °C and working solutions at +4 °C. Sartorius Analytic
MC1 scales (Sartorius, Göttingen, Germany) were used for
standards weighing. Magnesium sulfate (MgSO4)—clean, an-
hydrous, and sodium chloride (NaCl)—per analysis were
from Lachema (Lachema a.s., Brno, Czech Republic).
MgSO4 was baked at 500 °C (5 h) and NaCl at 600 °C
(6 h). Tetrachloroethane and carbon tetrachloride purity re-
agent grade, chloroform, and water for residual analysis were
obtained from Sigma-Aldrich, GmbH (Steinheim, Germany).

Sample Preparation

The pumpkin seeds with water (1:1, w/v) were homogenized
with a Braun MX 2050 blender (Kronberg, Germany) and the
pumpkin seeds pyre was stored at −16 °C until further sample

treatment. For sample preparation, QuEChERS methods
(Anastassiades et al. 2003) based on acetonitrile extraction
and DLLME were used.

Ten grams of homogenized sample was accurately weighed
into a 50-mL centrifuge tube (polypropylene; Bio-Chrom
s.r.o., Bratislava, Slovakia) and extracted with 10 mL of
MeCN. Following liquid–liquid partitioning, 1 g NaCl and
4 g MgSO4 were added and the mixture was shaken by hand
for 1 min. Subsequently, the mixture was centrifuged
(ROTOFIX 32; Hettich centrifugen, Tuttlingen, Germany) at
4000 rpm for 5 min. After centrifugation, a 1-mL aliquot of
acetonitrile extract, also serving as dispersive solvent, was
transferred into the 15-mL centrifuge tube for DLLME proce-
dure. Into the MeCN extract (spiked at the appropriate con-
centration by working standard solution in MeCN), 50 μL
extractive solvent chloroform (alternatively tetrachloroethane,
or carbon tetrachloride for optimization studies) and 3 mL
water were added. The mixture was shaken by hand and a
cloudy solution that consisted of very fine droplets of extract-
ant dispersed into aqueous sample was formed, and the
analytes were extracted into the fine droplets. After centrifu-
gation at 4000 rpm for 2 min, the organic phase was
sedimented at the bottom of the centrifuge tube.
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Fig. 2 Comparison of
enrichment factors (EF) using
different volumes of the
extractive solvent chloroform for
DLLME for pumpkin seeds at a
concentration corresponding to
100 μg/kg in the sample.
Extraction conditions: 1 mL of
MeCN extract, different volumes
of extractive solvent chloroform,
and 3 mL water (n= 3)
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Fig. 1 Selection of extractive
solvent for the extraction of
pesticide residues from pumpkin
seeds. Extraction conditions:
1 mL of MeCN extract spiked at
100 μg/kg, 50 μL extractive
solvent, and 3 mL water (n= 3)
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Validation Experiments

Matrix-Matched Standards

Pumpkin seeds without pesticides (checked before utilization)
were used as a blank matrix in recovery study. The matrix-
matched standard solutions were prepared by adding working
pesticide solutions of respective concentration into chloro-
form extract obtained by DLLME after liquid–liquid extrac-
tion using QuEChERS method.

Recovery Studies

The recovery studies were performed at four concentrations
(10, 50, 100, and 250 μg/kg) using 950 μL of QuEChERS
extract spiked with a 25-μL mixture of working standard so-
lutions at appropriate concentrations (0.4, 2, 4, and 10 ng/μL)
and triphenylphosphate (TPP) (6 ng/μL), followed by
DLLME. Preparation of matrix-matched standard solutions
needed for recovery evaluation was as follows: 950 μL of
chloroform extract after QuEChERS and DLLME+25 μL
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Fig. 4 Comparison of peak area
response using different volumes
of the dispersive solvent at a
concentration of 100 μg/kg with
constant volume of water 1 mL
(a) and 3 mL (b). The following
conditions were chosen as the
optimum parameters for DLLME
procedure: 50 μL chloroform as
extractive solvent, 1 mL MeCN
extract as dispersive solvent, and
3 mL water addition
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conditions: 1 mL of MeCN
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corresponding to 100 μg/kg,
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(n = 3)
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TPP (6 ng/μL)+25 μL of appropriate working pesticide so-
lution in MeCN (0.4, 2, 4, and 10 ng/μL). Recovery studies at
each concentration were performed five times.

Linearity and Precision

Linearity was evaluated at nine concentrations of 0.1, 0.5, 1, 5,
10, 50, 100, 250, and 500 μg/kg. Calibration solutions were
prepared from 950 μL MeCN extract spiked with 25 μL mix-
ture of working standard solutions at required concentration
(0.004, 0.02, 0.04, 0.2, 0.4, 2, 4, 10, and 20 ng/μL) in
MeCN + 25 μL TPP (6 ng/μL) in MeCN followed by
DLLME. Each extract was analyzed in triplicate.

GC-MS Equipment

The gas chromatograph Agilent 6890 (Agilent, Little Falls,
DE, USA) coupled to mass selective detector Agilent 5975
equipped with programmable temperature vaporization (PTV)
injector and an Agilent 7683B autosampler was used in this
study. The capillary column 15 m×0.15 mm I.D.×0.15 μm
film thickness with 5 % diphenyl 95 % dimethylsiloxane

stationary phase (CP-Sil 8 CB; Agilent Technologies,
Middelburg, The Netherlands) connected to a non-polar
deactivated precolumn (1 m×0.32 mm I.D.) was used for
separation under the following temperature programmed con-
ditions optimized in our previous study (Purdešová et al.
2013): 40 °C, held for 1.75 min, increased at 60 °C/min to
150 °C, then increased at 23.8 °C/min to 300 °C and held for
3.20 min. Total chromatographic run was 13.09 min. Helium
was used as the carrier gas at constant flow of 1.2 mL/min.
The mass spectrometer was operated in electron ionization
mode (70 eV). The ion source temperature in EI mode was
maintained at 250 °C and a solvent delay of 3 min was select-
ed. In selected ion monitoring (SIM) mode, ions were sorted
into groups; the dwell time used was 10 ms.

Results and Discussion

Optimization of GC Conditions

Twenty-four pesticides possessing a wide range of physical-
chemical properties such as volatility, polarity, and belonging

Table 1 List of pesticides and internal standard, their chemical classes, monitored ions, SIM group start times, and data acquisition rate

Number Pesticide Chemical class Ko/w Retention time (min) Ions (m/z) SIM group start
time (min)

Data acquisition
rate (scans/s)Log P

1 Diphenyl Aromatic hydrocarbon 3.98 4.45 154 153 152 4.00 7.17

2 O-phenylphenol Phenol 3.18 5.16 170 169 141

3 Trifluralin Dinitroaniline 5.27 5.49 306 264 307

4 Diphenylamine Amine 3.82 5.60 169 168 167

5 Hexachlorobenzene Organochlorine 3.93 5.88 284 286 282 5.80 6.63

6 Diazinon Organophosphate 3.69 5.99 304 179 276

7 Pirimicarb Carbamate 1.7 6.31 166 72 238

8 Acetochlor Chloroacetamide 4.14 6.51 146 162 223 6.45 4.22

9 Dimethachlor Chloroacetamide 2.17 6.53 197 134 210

10 Chlorpyrifos-methyl Organophosphate 4 6.58 288 286 197

11 Alachlor Chloroacetamide 3.09 6.59 160 188 237

12 Vinclozolin Dicarboximide 3.02 6.69 212 187 124

13 Pirimiphos-methyl Organophosphate 3.9 6.70 290 305 262

14 Chlorpyrifos Organophosphate 4.7 6.93 316 314 201

15 Bromophos-ethyl Organophosphate 6.15 7.49 357 359 303,331 7.25 7.79

16 Procymidone Dicarboximide 3.3 7.58 283 285 287

17 o,p-DDE Organochlorine 7.57 246 248 318

18 p,p-DDE Organochlorine 7.89 318 316 248 7.75 6.65

19 Flusilazol Triazole 3.87 8.14 233 315 206

20 Myclobutanil Triazole 2.89 8.21 179 245 288

21 Cyproconazole Triazole 3.09 8.38 222 224 139

22 TPP (I.S.) 8.77 326 325 215 8.60 8.46

23 Bifenthrin Pyrethroid 6.6 8.78 181 165 166

24 Tebuconazole Azole 3.7 8.94 250 125 127

25 Azoxystrobin Strobilurin 2.5 11.38 388 345 372

Ko/w octanol–water partition coefficient)

2186 Food Anal. Methods (2016) 9:2182–2193



to different chemical classes (phenol, dinitroaniline, amine,
o rg anoch l o r i n e , o rg anophospha t e , c a r b ama t e ,
chloroacetamide, dicarboximide, triazole, pyrethroid, azole,
strobilurin) were the subject of this research. For preliminary
experiments, standards prepared in neat solvents (chloroform,
carbon tetrachloride, tetrachloroethane) at the concentration
corresponding to 100 μg/kg in a pumpkin seed sample were
used. Fast GC-MS conditions were optimized taking into con-
sideration different boiling points of solvents used in this
study (chloroform, carbon tetrachloride, tetrachloroethane).
These GC-MS analyses were performed in full scan acquisi-
tion mode. Different temperatures of injector and initial oven
temperatures were set up for each studied extractive solvent.
For example, chloroform requires the use of relatively low
injector and initial oven temperatures due to its low boiling
point (61.1 °C). In this study, different initial oven tempera-
tures ranging from 30 to 60 °C and initial temperatures of
injector ranging from 15 to 40 °C were assayed for chloro-
form. Based on these results (data are not shown), 20 °C was
adopted for injector and 40 °C for oven. At lower initial tem-
perature of injector, problems with cooling of PTV injector
were observed. Based on the results obtained for tetrachloro-
ethane, 80 °C was adopted as the initial injector temperature
and an initial oven temperature of 100 °C was selected. For
carbon tetrachloride, initial temperature of injector was set at
40 °C and initial oven temperature at 60 °C. The temperature
program was modified to achieve the separation of pesticide
mixture.

DLLME

Pesticide-free pumpkin seeds (previously checked for the
presence of the target pesticide residues) were used in this
study. For the preliminary experiments, acetonitrile extract
obtained by QuEChERS method (described in BSample
Preparation^ section) was spiked with a mixture of pesti-
cides at the concentration corresponding to 100 μg/kg
in the sample for GC-MS measurements in full scan
mode. In order to obtain the highest extraction efficiency
of DLLME, several parameters including selection of ex-
tractive and dispersive solvent and volume, salt addition,
and extraction time were modified. The peak areas of
pesticides or extraction recovery were used to evaluate
extraction efficiency under various extraction conditions.

Selection of the Extractive Solvent and its Volume

The choice of extractive solvent is of the highest priority to a
successful DLLME method and its chemical nature critically
determines the ability to extract the target pesticides. The
proper extractive solvent should meet some requirements,
such as higher density than water, extraction capability of
the compounds of interest, good chromatographic behavior,

and low solubility in water (Zang et al. 2008). Among the
solvents with density higher than water, chloroform, carbon
tetrachloride, and tetrachloroethane (densities 1.48, 1.59, and
1.59 g/m3) were investigated for the extraction. The effect of
the solvent type was studied by using 1 mL of acetonitrile
extract after QuEChERS spiked at the level corresponding to
100 μg/kg in sample as dispersive solvent, 3 mL water, and
50 μL each of the abovementioned extractive solvents. The
separations were performed in triplicate and the relative stan-
dard deviation (RSD) of pesticide peak areas for different
extractive solvents varied in the range of 1–17 %. As can be
seen in Fig. 1, for the majority of the analytes, the increase of
a n a l y t i c a l r e s p o n s e s f o l l o w e d t h e o r d e r
tetrachloroethane < carbon tetrachloride < chloroform.
Therefore, chloroform was selected as the extractive solvent
in the subsequent study.

In order to evaluate the effect of extractive solvent volume
on the extraction efficiency, the experiments were performed
by using different volumes of chloroform (25, 50, 75, 100 μL)
with a constant volume of the dispersive solvent (1 mL) and
water (3 mL). The lowest studied volume of the extractive
solvent (25 μL) provided insufficient volume of the settled
sediment phase for the repetitive injections into the GC by
autosampler from the insert vial (after centrifugation, a con-
siderable part of chloroform was not sedimented but dispersed
in solution). The volume of sedimented phase was approxi-
mately 65, 150, and 200 μL when the volume of extractive
solvent was 50, 75, and 100 μL, respectively. Slight solubility
of acetonitrile extract in chloroform can cause the increase
in the volume of sediment phase. Figure 2 depicts the
comparison of enrichment factors (EF) of the pesticides
using different volumes of extractive solvent. Enrichment
factors were decreased with increasing extractive solvent
volume. Therefore, 50 μL was selected as the optimum
volume of extractive solvent in order to obtain high en-
richment factors and lowest detection limits values. This
volume also minimizes the environmental impact and also
provides enough sediment phase volume for replicate
chromatographic analysis, if required. All the experiments
were performed in triplicate, and the average values were
used for the creation of graphs.

Effect of Salt

DLLME is an equilibrium-based extraction approach,
and the increase of the ionic strength of the aqueous
solution could affect the analyte transfer. Therefore,
the effect of salt addition on the analytical response
was investigated at the different mass concentration of
salt in the range of 0–30 % (w/v). Figure 3 illustrates
the effect of the salt addition on the peak areas with the
use of acetonitrile extract as dispersive solvent. The
peak areas decreased with the increasing concentration
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of NaCl. Although visually cleaner extracts were
achieved using NaCl, addition of NaCl caused an in-
crease in the volume of sedimented phase and decreased
enrichment factor. We assume that salt addition in-
creased the solubility of acetonitrile in chloroform. The
analytical responses leading to the highest enrichment
factors were obtained in the absence of salt. NaCl ad-
dition caused problems with extractive solvent phase
sedimentation—instead of settling at the bottom of the
centrifuge tube, it moved to the upper layer in the tube
and the separation of phases was more difficult.
Consequently, further experiments were performed with-
out salt addition.

Effect of Extraction Time

In DLLME, the extraction time is defined as the interval be-
tween the addition of the mixture of extractive and dispersive
solvent to the sample and the start of centrifugation (Zhang et
al. 2012). The effect of extraction time was examined in the
range of 0 and 60 min at the increment interval of 15 min,
while keeping other experimental conditions constant. The

experimental results showed that the peak areas did not vary
significantly with the extraction time. Based on these experi-
ments, it is evident that DLLME is a time-independent process
in the studied time interval.

Ternary System Formation

The criterion for the selection of a dispersive solvent is the
complete miscibility with both extractive solvent and the
aqueous solution. In this way, emulsion would be dispersed
for maximal interfacial analyte exchange. In our case, aceto-
nitrile extract after liquid–liquid extraction by QuEChERS
method was used as a dispersive solvent. In preliminary stud-
ies (Hrouzková et al. in preparation), it was shown that out of
the studied organic solvents, MeCN offers the highest effi-
ciency for extraction of selected pesticides from oil seed sam-
ples. Increased volume of dispersive solvent would provide a
greater portion of pesticides to the ternary system. The study
was therefore carried out to minimize water addition, while
allowing sufficient volume ratio dispersive solvent/water to
achieve effective emulsification. A series of experiments were
carried out using 50 μL extractive solvent while the added

Fig. 5 Overlay chromatogram of target ions of pesticides after QuEChERS-DLLME sample preparationmethod (pumpkin seed) analyzed byGC-MS in
SIM mode at a concentration of 50 μg/kg. Peak numbering corresponds with the numbers listed in Table 1
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volumes of the dispersive solvents were 0.25, 0.5, 0.75, and
1 mL. In addition, the volume of water was examined in the
range of 1–3 mL. For illustration, data for 1 and 3 mL water
are shown in Fig. 4a and b. Our results showed that higher
peak areas were recorded at higher volumes of dispersive sol-
vent, keeping the volume of water at 3 mL. Finally, the vol-
ume of dispersive solvent of 1 mL was selected as optimum
providing maximum efficiency (Fig. 4) for all tested water
addition volumes. As shown in Fig. 4b, pesticide enrichment
was important with the increasing water addition volume. It
was observed that a portion of water/MeCNwas solubilized in
the extractive solvent when less than 3 mL water was added,
resulting in a transfer of organic phase from the sedimented
into the upper layer. The uptake of the upper layer is experi-
mentally complicated; therefore, to minimize the analyte layer
dilution, as a compromise, 3 mL of water added volume was
used for the next experiment. With the increase of water

volume, the volume of sedimented phase was decreased and
higher analytical responses were obtained. Also, the peak
areas were increased by increasing the volume of MeCN
extract.

Method Evaluation

The validation of the proposed analytical method was carried
out in order to establish the performance parameters which
ensure the detection and quantification of pesticide residues
in high lipid content samples. Validation of fast GC-MSmeth-
od was realized following SANCO document (SANCO
document 2013). Under the selected extraction conditions,
the proposed method was applied to a series of matrix-
matched standard solutions at various concentrations of pesti-
cides in order to establish the accuracy, precision, linearity,
limits of detection, and limits of quantification. The list of

Table 2 Validation parameters of the proposed QuEChERS-DLLME method

Number Pesticide MRL (μg/kg)
for pumpkin seeds

MRL (μg/kg)
for sunflower seeds

LCL
(μg/kg)

RSDa

(%)
RSDb

(%)
LOD
(μg/kg)

LOQ
(μg/kg)

EFc R2

1 Diphenyl 10 10 0.5 12 9 0.11 0.35 11 0.9895

2 O-phenylphenol 100 100 1 12 10 0.25 0.85 10 0.9944

3 Trifluralin 20 20 0.1 2 8 0.01 0.03 13 0.9940

4 Diphenylamine 50 50 5 5 10 0.79 2.63 10 0.9877

5 Hexachlorobenzene 50 20 0.5 4 8 0.03 0.12 12 0.9902

6 Diazinon 20 20 5 16 17 0.32 1.06 13 0.9867

7 Pirimicarb 100 500 10 11 6 2.50 8.33 6 0.9940

8 Acetochlor 10 20 5 5 8 0.70 2.33 13 0.9904

9 Dimethachlor 20 20 50 3 7 8.82 29.41 11 0.9873

10 Chlorpyrifos-methyl 50 50 0.1 7 7 0.03 0.09 11 0.9956

11 Alachlor 20 20 1 5 15 0.07 0.23 10 0.9872

12 Vinclozolin 50 50 5 10 8 1.16 3.88 12 0.9892

13 Pirimifos-methyl 50 50 10 3 8 1.79 5.95 13 0.9890

14 Chlorpyrifos 50 50 10 2.0 8 1.88 6.24 13 0.9842

15 Bromophos-ethyl 50 50 1 0.3 6 0.16 0.53 11 0.9950

16 Procymidone 20 20 20 12 16 5.36 17.86 11 0.9872

17 o,p-DDE 5 12 6 0.86 2.86 14 0.9918

18 p,p-DDE 5 4 6 0.67 2.22 14 0.9922

19 Flusilazole 20 100 1 4 9 0.17 0.58 14 0.9909

20 Myclobutanil 50 50 5 3 9 1.20 4.00 14 0.9930

21 Cyproconazole 50 50 50 8 8 6.38 21.28 15 0.9972

22 Bifenthrin 100 100 0.5 22 9 0.03 0.11 14 0.9966

23 Tebuconazole 50 20 50 9 10 12.71 42.37 17 0.9889

24 Azoxystrobin 50 500 20 14 12 5.00 16.67 13 0.9869

EF enrichment factor, LCL lowest calibration level, LOD limit of detection, LOQ limit of quantification,MRLmaximum residual limit, R2 coefficient of
determination, RSD relative standard deviation
a RSD was calculated at the lowest calibration level (n = 3)
b RSD was calculated at the level of 50 μg/kg
c EF was calculated at the level of 100 μg/kg
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studied pesticides, chemical classes, polarity physical charac-
teristics (expressed by molecular weight), retention character-
istics (expressed by partition coefficients), and their target and
qualifier ions used in SIM mode are shown in Table 1. A
typical gas chromatogram at the concentration corresponding
to 50 μg/kg in real sample under the conditions described in
the BExperimental^ section is shown in Fig. 5. The pesticide
mixture was separated in 13.09 min.

Linearity was evaluated at nine concentrations ranging
from 0.1 to 500 μg/kg. Each standard was analyzed in tripli-
cate. Good linearities ranging from 0.9842 to 0.9972 were
obtained for all studied pesticides. The relative standard devi-
ation (RSD) was calculated at the lowest calibration level
(LCL) for each studied pesticide, and it ranged from 0.3 to
22%with the majority of values below 12%. The RSD values
at the concentration of 50 μg/kg, representing theMRL values
for pumpkin and similar (e.g., sunflower) seeds, varied in the
range of 6–16 %. Limits of detection (LODs) were evaluated
using a signal to noise (S/N) ratio of 3:1 and limits of quanti-
fication (LOQs) using S/N of 10:1. LODs of the proposed
method are below the MRLs established by the European
Union (EU pesticide database 2005) for pumpkin seeds.

LODs of the proposed method ranged from 0.01 to
12.17 μg/kg and LOQ were in the range of 0.03–42.37 μg/
kg. In one instance (tebuconazole), the LOQ was equal to the
MRL value. For other pesticide LOQ values were lower than
MRL up to a factor of 1000 (for bifenthrin). The enrichment
factor (EF) was calculated (Eq. 1) as the ratio of the concen-
tration of analyte in the collect phase (csed) and the initial
concentration in the sample (c0), specifically in the
QuEChERS extract. The value of csed was calculated on the
basis of matrix-matched injections of pesticide standards in
chloroform with concentrations in the range of 0.01–
0.25 mg/L.

EF ¼ csed
c0

ð1Þ

Under the optimum conditions, the enrichment factor var-
ied from 6 to 17. Validation parameters including LODs,
LOQs, enrichment factor (EF), and determination coefficients
(R2) are summarized in Table 2.

The extraction recovery (ER) (Eq. 2) was defined as the
percentage of analyte amount extracted in sediment phase

Table 3 Extraction recoveries
(ER) of DLLME of pesticide
residues from pumpkin seed
samples

Number Pesticide ER (RSD) (%)
at 10 μg/kg

ER (RSD) (%)
at 50 μg/kg

ER (RSD) (%)
at 100 μg/kg

ER (RSD) (%)
at 250 μg/kg

1 Diphenyl 97 (9) 85 (10) 96 (5) 92 (10)

2 O-phenylphenol 74 (15) 76 (13) 82 (6) 82 (9)

3 Trifluralin 70 (2) 93 (9) 96 (5) 81 (6)

4 Diphenylamine 100 (10) 104 (8) 91 (2) 100 (9)

5 Hexachlorobenzene 76 (16) 103 (8) 92 (9) 81 (6)

6 Diazinon 96 (8) 95 (7) 99 (4) 81 (8)

7 Pirimicarb 38 (15) 59 (7) 56 (3) 80 (9)

8 Acetochlor 82 (6) 93 (9) 93 (2) 70 (3)

9 Dimethachlor 83 (10) 74 (10) 80 (3) 94 (6)

10 Chlorpyrifos-methyl 99 (10) 103 (7) 98 (6) 80 (4)

11 Alachlor 72 (13) 104 (14) 81 (7) 80 (6)

12 Vinclozolin – 111 (9) 83 (6) 95 (5)

13 Pirimifos-methyl 104 (10) 99 (9) 93 (11) 83 (4)

14 Chlorpyrifos – 102 (9) 94 (6) 82 (5)

15 Bromophos-ethyl 75 (16) 117 (5) 89 (7) 94 (6)

16 Procymidone – 89 (6) 111 (6) 117 (9)

17 o,p-DDE 108 (8) 113 (8) 74 (14) 95 (9)

18 p,p-DDE 80 (2) 92 (7) 88 (5) 78 (6)

19 Flusilazole 71 (11) 99 (10) 94 (6) 106 (7)

20 Myclobutanil – 94 (11) 81 (8) 89 (9)

21 Cyproconazole 84 (13) 91 (8) 113 (10) 105 (6)

22 Bifenthrin 81 (12) 89 (9) 89 (7) 86 (8)

23 Tebuconazole – 89 (14) 75 (6) 80 (9)

24 Azoxystrobin 73 (12) 110 (10) 80 (13) 82 (6)
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(nsed) to the total amount of analyte (n0). The enrichment fac-
tor (see above defined in Eq. 1) was used to calculate extrac-
tion recovery.

ER ¼ nsed
n0

*100 ¼ csed*V sed

c0*V 0
*100 ¼ EF*

Vsed

V 0

� �
*100 ð2Þ

where Vsed is the volume of the sedimented phase and V0 is the
volume of the acetonitrile extract.

Results of recoveries and RSD at different concentrations
are shown in Table 3.

Recoveries at four concentrations varied from 70 to 117 %
with RSD from 2 to 16 % except for pirimicarb which has the

lowest enrichment factor. Pirimicarb with Ko/w 1.7, which is
the lowest value within the studied mixture, is the most polar
analyte to which the proposed extraction method can be ap-
plied. Pirimicarb recovery was acceptable only at a higher
concentration (250 μg/kg).

Analysis of Real Samples

The proposed method was applied to the analysis of 16
different samples with high lipid content acquired in lo-
cal markets in Bratislava, Slovakia. Majority of analyzed

Table 4 Comparison of QuEChERS-DLLME with other methods used for the determination of pesticide residues from oil seeds

Sample Pesticides Pretreatment Analysis LOD (LOQ)
(μg/kg)

R (%) RSD (%) Ref.

Oil seeds (pistachios,
sunflowers, pumpkins,
watermelons, walnuts,
olive fruits)

74 pesticides QuEChERS LC-MS/MS (Ozkan 2015)

Flax seeds, peanuts,
doughs

34 pesticides Modified QuEChERS GC-ToF-MS 10 70–120 <20 semipolar
pesticides

<26 lipophilic
pesticides

(Koesukwiwat
et al. 2010)

Oil seed rape samples 99 pesticides MSPD with Florisil
as sorbent followed
by a clean-up step
by SPE on C18 cartridge

GC-ECD-NPD (10–50) 70–110 for
most pesticides

1–10 (Lozowicka
et al. 2009)

Fig. 6 Overlap ion
chromatogram (m/z= 284,
hexachlorobenzene) of positive
shelled pumpkin seed sample
(black line) and pure matrix (blue
line) analyzed by GC-MS in SIM
mode
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samples including pumpkin seeds, sunflower seeds, ses-
ame, and flax had no positive findings of studied pesti-
cides above LOQ of the method. Residues of hexachlo-
robenzene were detected in one unshelled and one
shelled pumpkin seed sample at concentrations of 0.74
and 1.46 μg/kg, respectively. Hexachlorobenzene belongs
to the group of endocrine disrupting pesticides classified
in Category 1 according to European Union classifica-
tion, which means a compound with endocrinal effect
recorded at least on one type of animal. For the illustra-
tion, Fig. 6 shows the extracted ion chromatogram of
positive findings in the shelled pumpkin seed sample.
Maximum residual limit established by the European
Union for hexachlorobenzene in pumpkin seed, 50 μg/
kg, was not exceeded. Compared with other reported
methods (Table 4) for determination of pesticide residues
in oil seeds, the present method provides lower LOD due
to the enrichment of DLLME by a factor of approximate-
ly 10. All methods provide satisfactory recovery comply-
ing with the validation requirements. Moreover, the pres-
ent method is performed in two simple extraction steps,
omitting time-consuming purification utilizing sorbents.

Conclusions

In this work, a sensitive method for the determination
of pesticides in pumpkin seed samples has been devel-
oped by combining the first step of QuEChERS with
DLLME and GC-MS. DLLME was performed using
chloroform as an extractive solvent and acetonitrile ex-
tract obtained by QuEChERS as dispersive solvent.
After the isolation of the target pesticides from pumpkin
seeds into acetonitrile by QuEChERS method, analytes
were concentrated by DLLME and enriched by a factor
of 10 or more. The developed method has been success-
fully applied to the analysis of real oilseed samples.
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