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Abstract A simple and efficient multiple pesticide residue
analytical method using quick, easy, cheap, effective, rugged,
and safe (QuEChERS) extraction and liquid chromatography
triple quadrupole-mass spectrometry was developed and val-
idated for the determination of ten insecticides and three
fungicides in eggplant. The method was validated by evalu-
ating the accuracy, precision, linearity, limit of detection, and
limit of quantification. The average recoveries of the selected
pesticides ranged from 71.8 to 112% with precision in case of
repeatability (RSDr) ≤16.2 % in four fortification levels of
0.01, 0.05, 0.1, and 0.5 mg/kg. The linearity was ≥0.997 for all
of the selected pesticides with matrix-matched calibration
standards. The limit of detection (LOD) ranged from 0.001
to 0.003 mg/kg and the limit of quantification (LOQ) was
0.01 mg/kg, which was lower than the Maximum residue
levels set by European Union (EU-MRLs). Matrix effect
was also evaluated, and it was found that thiamethoxam,
cypermethrin, and deltamethrin had pronounced matrix effect
(−69, +57, and +93%, respectively). This method was applied
for the residue analysis of 72 fresh eggplant fruit samples
collected from different market places in Thessaloniki,
Greece. Among the 72 analyzed samples, 34 (47 % of the
total no. of samples) had pesticide residues, of which, 5 had
multiple pesticide residues and 29 had single pesticide resi-
due. Only one sample contained residue above the EU-MRLs.
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Introduction

Vegetables are commonly used to fulfill the balance diet re-
quirement as they are a vital source of vitamins and fiber
(Bemph and Augustine 2011). Eggplant is one of the most
common and popular vegetable throughout the entire tropical
and subtropical regions of the world. It is grown extensively in
China, India, Bangladesh, Pakistan, Philippines, Japan,
Indonesia, Turkey, Greece, Italy, France, USA, and
Mediterranean and Balkan countries (Bose and Som 1986).
The benefits of eggplant are well known. It helps to prevent
colon cancer, reduces cholesterol level, helps in the type 2
diabetes management, is very rich in antioxidant, and also helps
to control weight (Dome 2013).

Eggplant is very much susceptible to insect attack and
disease infestation from seedling to fruiting stage. It is
undoubtedly true that a negative economic impact on the
production of vegetables occurs by the insect pests and
diseases. Due to plant pests and diseases, 20 to 40 % crop
yields are reduced globally, besides the fact that the world
will need to produce 60 % more food for the over increasing
world population by 2050 (FAO 2012). To ensure this
demand, control of insect pests and diseases plays a key
role. Until today, pesticides play a vital role for the control
of insect pests and diseases, but pesticides create several
adverse effects on human health, agroecosystem, and the
environment resulting from indiscriminateness, overuse,
and misuse of pesticides (McIntyre et al. 1989). So, it is
necessary to use pesticides following good agricultural prac-
tice (GAP). Monitoring of pesticide residues is the essential
tool to ensure GAP. To monitor pesticide residues nationally
in the commercial produce, development of multiresidue
methods incorporating the commonly used and registered
pesticides is required. Besides, multiresidue methods are
the essential tools for the analysts in order to determine
pesticide residues quickly and easily.
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Up to now, only few multiresidue analytical methods for
eggplant were developed using Liquid chromatography-
tandem mass spectrometry (LC-MS/MS) (Frenich et al. 2004;
Dasika et al. 2012; Caboni et al. 2008; Obana et al. 2003).
However, the developed methods did not incorporate the most
important pesticides used by the farmers in different countries,
especially in Europe. In this study, 13 of the most commonly
used and also registered pesticides for the control of insect pests
and diseases of eggplant in Greecewere selected. Among them,
ten insecticides contain three organophosphorus (chlorpyrifos,
chlorpyrifos-methyl, dimethoate), two pyrethroids
(cypermethrin, deltamethrin), three neonicotinoids
(acetamiprid, thiamethoxam, thiacloprid), one oxadiazine
(indoxacarb), and one dimethylcarbamate (pirimicarb) and
three fungicides belonging to the classes of strobilurin
(azoxystrobin), triazole (difenoconazole), and carbamate fun-
gicides (propamocarb hydrochloride). To the best of our knowl-
edge, this is the first developed multiresidue method for egg-
plant using LC-MS/MS incorporating the aforementioned pes-
ticides with the exception of acetamiprid, thiamethoxam,
thiacloprid, and chlorpyrifos. With this view, the present study
was conducted in order to develop and validate a multiresidue
analytical method for eggplant using LC-MS/MS and also to
monitor the pesticide residues in eggplant in Greece.

Materials and Methods

Chemicals and Reagents

Reference standards of acetamiprid, azoxystrobin, chlorpyri-
fos, deltamethrin, difenoconazol, indoxacarb, propamocarb,
thiacloprid, and thiamethoxam were obtained from Sigma-
Aldrich (St. Louis, MO, USA), dimethoate and pirimicarb
were from Neochema (Bodenheim, Germany), and
chlorpyrifos-methyl and cypermethrin were from LGC
(Middlesex, UK).

Liquid chromatography-mass spectrometry (LC-MS)
grade methanol, gradient grade acetonitrile, and chromatogra-
phy grade water were from Merck (Darmstadt, Germany).
Sodium chloride (NaCl) was purchased from Chem-Lab
(Zedelgem, Belgium), anhydrous magnesium sulfate
(MgSO4) was from Panreac (Barcelona, Spain), and primary
secondary amine (PSA) was from Agilent (Santa Clara, CA,
USA). Ammonium acetate of mass spectrometry grade was
purchased from Fluka (Buchs, Switzerland).

Preparation of Pesticide Standard Solution

Pesticide standard stock solutions (1,000 mg/L) of chlorpyrifos,
chlorpyrifos-methyl, dimethoate, deltamethrin, cypermethrin,
acetamiprid, thiamethoxam, thiacloprid, indoxacarb, pirimicarb,
propamocarb hydrochloride, azoxystrobin, and difenoconazole

were prepared separately with methanol and stored at −20 °C
until use. A mixed pesticide standard solution of 50 mg/L was
prepared by adding the proper volume of each individual stock
solution and diluted to volume. Intermediate mixed pesticide
standard solution of 10 mg/L was prepared from the mixed
pesticide standard solution of 50 mg/L. Then, mixed pesticide
standard working solutions of 0.05, 0.1, 0.2, 0.5, 1.0, 1.5, and
5.0 mg/L were prepared by transferring the proper amount from
10-mg/L intermediate mixed pesticide standard solution into
seven separate 10-mL volumetric flasks. Matrix-matched cali-
bration standards were prepared by adding mixed pesticide
standard working solutions in the blank extract to reach the final
concentrations of 0.005, 0.01, 0.02, 0.05, 0.10, and 0.15 mg/L.
Calibration standards in methanol were also prepared at the
same concentration levels. All of the standards were kept in a
freezer at −20 °C until use.

Sampling and Sample Preparation

Eggplant fruit samples were collected from different market
places in Thessaloniki, Greece, such as supermarkets, open
markets, and retail vegetable shops. Eggplant fruits were
collected in a clean polyethylene bag to reduce cross-
contamination and labeled properly of the collected samples.
All collected samples were carried out to the pesticide Science
Laboratory, Aristotle University of Thessaloniki (AUTH),
Greece, on the same sampling day. Unit weight of each
individual fruit was recorded. The whole unit was cut into
small pieces and stored at −20 °C until homogenization.

Extraction and Cleanup

Ten grams of properly homogenized eggplant sample was
taken in a 50-mL screw-capped polypropylene centrifuge
tube, and 10 mL acetonitrile (MeCN) was added into the
centrifuge tube. The centrifuge tube was closed properly and
shaken vigorously for 30 s by vortex mixer. Then, 4 g anhy-
drous MgSO4 and 1 g NaCl were added into the centrifuge
tube, and it was shaken by vortex mixer for 1 min. Afterward,
the extract was centrifuged for 5 min at 5,000 rpm. An aliquot
of 3 mL of the MeCN layer was transferred into a 15-mL
microcentrifuge tube containing 600 mg anhydrous MgSO4

and 120 mg PSA. The content of the centrifuge tube was
thoroughly mixed by vortex for 30 s and centrifuged for
5 min at 4,000 rpm. A 1-mL supernatant was taken into a
clean test tube, and one drop of toluene was added into the test
tube. Then, it was concentrated to dryness under a gentle
stream of nitrogen (15 psi) by using the Turbovap LV
(Caliper Life Sciences, Germany) evaporator at 30 °C. The
test tube containing the extract was stored at −20 °C until
analysis. The extract was reconstructed by adding 100-μL
LC-MS grade methanol and 900 μL of the mobile phase
mixture (80 % mobile phase A and 20 % mobile phase B)
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used for LC-MS/MS analysis. The amount of the sample in
the final extract was equivalent to 1 g/mL.

Preparation of Matrix-Matched Calibration Standards

A blank eggplant sample was prepared through the extraction
and cleanup procedures as described above. Then, the extract
was reconstructed by adding 100 μL of mixed pesticide
standard working solutions of 0.05, 0.1, 0.2, 0.5, 1.0,
1.5 mg/L and 900 μL of the mobile phase mixture (80 %
mobile phase A and 20 % mobile phase B) used for LC-MS/
MS analysis to reach the final concentrations of 0.005, 0.01,
0.02, 0.05, 0.10, and 0.15 mg/L.

Liquid Chromatography Triple Quadrupole Mass
Spectrometry

An LC-MS system, consisting of a Surveyor LC pump and
autosampler, and a TSQ Quantum Discovery Max triple
quadrupole mass spectrometer (Thermo Electron
Corporation, Waltham, MA, USA) were used for the identifi-
cation and quantification of the selected pesticides. The LC
pump gradient program was 0–5 min, 20 % mobile phase B;
5–16 min, 100 % mobile phase B; and 16–27.5 min, 20 %
mobile phase B. The mobile phase flow rate was 0–18.5 min,
0.2 mL/min; 18.5–25.5 min, 0.5 mL/min; and 25.5–27.5 min,
0.2 mL/min. Mobile phase A consisted of a 90:10, water/
methanol mixture containing 5 mM of ammonium acetate,
whereas mobile phase B was a 10:90, water/methanol mixture
containing 5 mM of ammonium acetate. A HyPurity C18
analytical column (50 mm×2.1 mm i.d., 3-μm particle size)
was used for the chromatographic separation (Thermo
Scientific). The column oven temperature was 40 °C, the

injection volume was 20 μL, and the total run time was
27.50 min.

The mass spectrometry system was a triple quadruple
which was equipped with an electrospray ionization (ESI)
source operated at the positive ion mode. The operating con-
ditions of ESI were as follows: sheath gas (nitrogen) pressure
was 30 arbitrary units; auxiliary gas (nitrogen) pressure was
10 arbitrary units; spray voltage was 4,000 V; Capillary tem-
perature was 325 °C. The collision gas pressure was 1.5
mTorr. The acquisition was made in the selected reaction
monitoring (SRM) mode. The parent ion and quantification
and confirmation ions are presented in Table 1. All of the data
were acquired and processed by the TraceFinder software
(Thermo Scientific).

Method Validation

The analytical method was validated by evaluating the linear-
ity, accuracy, precision, limit of detection, and limit of
quantification.

Accuracy and Precision

The accuracy of the method was calculated as percent
recovery of pesticides from spiked samples. Pesticide-
free eggplants were collected from a retail market of fresh
products of organic farming. The collected samples were
cut into small pieces and stored at −20 °C until homoge-
nization. Homogenization was done by fruit blender. A
10-g homogenized sample was spiked prior to the deter-
mination procedure by the addition of a mixed pesticide
standard working solution to reach the final fortification
levels of 0.01, 0.05, 0.10, and 0.50 mg/kg. For each level,
five replicates were analyzed. After the addition of each

Table 1 LC-MS/MS parameters for the selected pesticides

Pesticides RT (min) Parent ion Quantification
ion (m/z)

CE (V) Confirmation
ion (m/z)

CE
(V)

Thiamethoxam 1.93 291.9 211.0 13 181.0 16

Dimethoate 3.12 229.9 124.9 22 198.9 10

Acetamiprid 3.30 223.0 90.1 32 126.0 22

Propamocarb hydrochloride 3.86 189.3 102.1 16 144.1 12

Thiacloprid 4.49 253.0 126.0 23 186.0 15

Pirimicarb 10.79 239.1 72.1 22 182.1 16

Azoxystrobin 11.79 404.0 344.0 23 372.0 13

Chlorpyrifos-methyl 13.46 321.8 124.9 26 289.8 19

Difenoconazole 13.53 406.0 251.0 29 337.0 14

Indoxacarb 13.60 528.1 149.8 24 202.8 41

Chlorpyrifos 14.52 349.8 96.9 32 197.8 21

Cypermethrin 15.55 433.1 126.9 25 190.9 14

Deltamethrin 15.69 522.9 181.0 44 280.7 16
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concentration in the matrix, the mixture was equilibrated
by shaking, and the samples were allowed to settle for
30 min prior to extraction in order to ensure the sufficient
contact of the analytes with the whole matrix. Then, the
samples were prepared according to the method which
was described earlier.

Precision in case of repeatability (RSDr) was determined at
four fortification levels of 0.01, 0.05, 0.10, and 0.50 mg/kg
with five replicates on the same day. Precision in case of
reproducibility (RSDR) was determined at two fortification
levels of 0.01 and 0.10 mg/kg with five replicates at 3 weeks
of interval.

Limit of Detection and Limit of Quantification

The limit of detection (LOD) was calculated according
to EURACHEM guidelines (EURACHEM 1998). In
order to determine the LOD of each analyte, ten inde-
pendent sample blanks fortified at the lowest acceptable
concentration of 0.01 mg/kg were injected, and the
LOD was expressed as the analyte concentration corre-
sponding to three times the standard deviation. Limit of
quantification (LOQ) was determined according to the
European Commission (EC) document no. SANCO/
12495/2011 (European commission 2011). LOQ was
set as the lowest fortification level for each pesticide
that was achieved in the acceptable accuracy (mean
recoveries for individual pesticides in the range of 70–
120 %) and precision (RSDr≤20 %).

Results and Discussion

Optimization of Cleanup

Nowadays, quick, easy, cheap, effective, rugged, and safe
(QuEChERS) method is widely used for extraction and clean-
up of the samples, especially for fruits and vegetables which
was first introduced by Anastassiades et al. in 2003
(Anastassiades et al. 2003). This method is gaining popularity
day by day compared to the other existing methods as it has a
lot of advantages. The important ones are high recoveries of
analytes with a wide range of polarity and volatility, the low
organic solvent consumption, and the low cost per sample.
Sample cleanup is one of the important steps to reduce the
matrix effect. The QuEChERS cleanup method used for egg-
plant with the selected pesticides was slightly modified which
is described below:

For the cleanup of the samples, a series of trial were con-
ducted to determine the appropriate amount of anhydrous
MgSO4 and PSA. At first, the appropriate amount of anhydrous
MgSO4 was determined by performing recovery experiments
employing 450 and 600mg of the reagent per 3-mL extract. The
results revealed that for most of the pesticides, there was not a
significant difference between 450 and 600 mg of MgSO4,
except in the case of chlorpyrifos-methyl (85 and 96 %, respec-
tively), difenoconazole (70 and 76 %, respectively), and delta-
methrin (106 and 95 %, respectively). The percent relative
standard deviation (RSD%) was also better when 600 mg of
MgSO4 was used (≤6 %) compared to 450 mg of MgSO4

(≤15 %). Thus, 600 mg of MgSO4 was selected for further use.

Table 2 Mean recovery (%) and RSD (%) of the selected pesticides in eggplant at different fortification levels

Name of Pesticide Fortification level

0.01 mg/kg 0.05 mg/kg 0.1 mg/kg 0.5 mg/kg

Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)

Thiamethoxam 96 6 95.6 1.75 94.8 13.60 93.8 8.60

Dimethoate 106 6 94.4 3.48 90.2 1.98 98.4 3.47

Propamocarb hydrochloride 84 7 73.0 16.20 73.0 2.56 78.2 5.01

Acetamiprid 102 4 100.4 3.56 93.6 2.68 99.7 3.83

Thiacloprid 112 4 104.0 1.92 91.0 2.80 97.4 4.20

Pirimicarb 92 9 92.0 5.95 81.8 1.02 90.4 4.03

Azoxystrobin 100 7 100.0 2.00 93.8 4.15 96.9 4.63

Chlorpyrifos-methyl 105 12 102.8 11.39 93.6 4.63 86.5 6.45

Difenoconazole 86 10 79.6 3.27 71.8 3.46 74.1 3.59

Indoxacarb 105 5 92.4 3.21 84.6 1.34 96.4 5.37

Chlorpyrifos 94 12 93.2 7.21 89.2 2.55 93.5 6.81

Cypermethrin 102 12 96.4 6.46 86.0 3.58 97.7 5.04

Deltamethrin 102 12 101.6 7.28 90.4 2.99 100.8 5.61
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In a second series of experiments, different amounts of PSA
were used (75, 120, 150mg PSA per 3-mL extract). Recoveries
were within the acceptance limits (70–120 %) for all pesticides
except in the case of thiamethoxam when 150 mg of PSAwas
used (122 %). Thus, 120 mg of PSAwas selected since for all
pesticides, recoveries were in the range of 81–94 %, and higher
recoveries compared to the 75-mg treatment for propamocarb
hydrochloride (81 and 71 %, respectively), thiacloprid (94 and
84 %, respectively), and difenoconazole (88 and 76 %,

respectively) were recorded. At the end of these trials,
600 mg anhydrous MgSO4 and 120 mg PSA for 3-mL extract
were set for the proper cleanup of eggplant matrix.

Method Validation

Accuracy and Precision A very good accuracy and precision
were found for all of the analytes at four fortification levels of
0.01, 0.05, 0.10, and 0.50 mg/kg. The average recoveries

Table 3 Interday accuracy and precision of the selected pesticides in eggplant at different fortification levels after 3-week intervals

Name of pesticide First analysis Second analysis Reproducibility

Fortification level

0.01 mg/kg 0.1 mg/kg 0.01 mg/kg 0.1 mg/kg 0.01 mg/kg 0.1 mg/kg

Mean
(%)

RSD
(%)

Mean
(%)

RSD
(%)

Mean
(%)

RSD
(%)

Mean
(%)

RSD
(%)

Mean
(%)

RPD
(%)

Mean
(%)

RPD
(%)

Thiamethoxam 96 6 94.8 13.60 92 5 89.6 3.99 94.0 4.26 92.2 5.58

Dimethoate 106 6 90.2 1.98 102 4 88.8 2.68 104.0 3.85 89.5 1.56

Propamocarb hydrochloride 84 7 73.0 2.56 92 1 77.0 9.12 88.0 9.09 75.0 5.33

Acetamiprid 102 4 93.6 2.68 98 9 93.8 1.58 100.0 4.00 93.7 0.21

Thiacloprid 112 4 91.0 2.80 102 8 91.8 2.09 107.0 9.34 91.4 0.87

Pirimicarb 92 9 81.8 1.02 98 5 90.0 4.90 95.0 6.31 85.9 9.54

Azoxystrobin 100 7 93.8 4.15 102 4 94.0 1.50 101.0 1.98 93.9 0.21

Chlorpyrifos-methyl 105 12 93.6 4.63 104 15 91.6 7.01 104.5 0.95 92.6 2.15

Difenoconazole 86 10 71.8 3.46 80 9 74.6 2.03 83.0 7.22 73.2 3.82

Indoxacarb 105 5 84.6 1.34 106 5 89.4 3.76 105.5 0.94 87.0 5.51

Chlorpyrifos 94 12 89.2 2.55 102 4 85.6 4.92 98.0 8.16 87.4 4.11

Cypermethrin 102 12 86.0 3.58 102 8 88.8 3.22 102.0 0.00 87.4 3.20

Deltamethrin 102 12 90.4 2.99 106 8 94.2 1.38 104.0 3.85 92.3 4.11

Table 4 Limit of detection (LOD) and calibration parameters of the selected pesticides for Eggplant

Name of pesticide LOD (mg/kg) Calibration parameters for matrix-matched standards Calibration parameters for solvent standards

Slope Intercept R2 Slope Intercept R2

Thiamethoxam 0.001 6.327e6 −1.278e4 0.9985 2.056e7 3.546e4 0.9957

Dimethoate 0.001 5.284e7 −1.821e4 0.9989 6.895e7 1.836e5 0.9957

Propamocarb hydrochloride 0.002 7.69e7 −1.034e5 0.9983 8.595e7 6.819e4 0.9993

Acetamiprid 0.001 3.373e7 1.576e4 0.9984 4.17e7 1.743e5 0.9927

Thiacloprid 0.001 5.143e7 3.324e4 0.9986 5.916e7 1.093e5 0.9971

Pirimicarb 0.001 1.193e8 −3.832e4 0.9981 1.095e8 2.135e5 0.9949

Azoxystrobin 0.001 2.639e8 2.68e5 0.9989 2.297e8 7.538e5 0.9942

Chlorpyrifos-methyl 0.003 6.885e5 −2.721e3 0.9971 6.142e5 −2.761e3 0.9972

Difenoconazole 0.001 6.486e7 −3.896e4 0.9995 6.87e7 2.465e4 0.9983

Indoxacarb 0.002 1.147e7 −2.229e3 0.9990 1.161e7 −1.873e3 0.9982

Chlorpyrifos 0.002 2.997e6 −3.576e3 0.9992 2.763e6 −4.195e3 0.9979

Cypermethrin 0.003 2.634e6 −8.235e3 0.9984 1.683e6 −7.802e3 0.9918

Deltamethrin 0.002 4.865e6 −8.107e3 0.9970 2.509e6 −9.606e3 0.9927
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ranged from 71.8 to 112 % with RSDr ≤16.2 % for all of the
analytes (Table 2). Reproducibility (interday accuracy and
precision) was done after 3-week interval at two fortification
levels of 0.01 and 0.10 mg/kg, and it was also found very
good. Average recoveries ranged from 74.6 to 106 %, and
RSDR were below 15 % for all of the analytes (Table 3).
Relative percent difference (RPD) was also calculated at two
fortification levels of 0.01 and 0.10 mg/kg. RPD was below
10 % for all of the analytes (Table 3).

Calibration Curve and Linearity

Six-point calibration curves were prepared by matrix-
matched standards and also standards in methanol and
analyzed in triplicate. Calibration curves were made by
plotting the mean peak area of the selected pesticides
versus concentration. Linearity was evaluated by calculat-
ing the correlation coefficient, intercept, and slope of the
regression line. Linearity was very good, and coefficients
of determination were ≥0.997 for all of the selected pes-
ticides with matrix-matched calibration standards. The
slopes, intercepts, and correlation coefficients for all of
the selected pesticides are summarized in Table 4.

Limit of Detection and Limit of Quantification

The LOD of each analyte is presented in Table 4. The LOD
ranged from 0.001 to 0.003 mg/kg. The LOQ for all of the
selected pesticides was set to 0.01 mg/kg which was achieved
in the acceptable accuracy (mean recoveries for individual
pesticides in the range of 84 to 112 %) and precision
(RSDr≤12.8 %).

Matrix Effects

Effect of matrix is one of the major challenges for the determi-
nation of pesticides by LC-MS/MS with ESI source. Matrix
effect, which is caused by the ion enhancement or suppression,
depended on the type of sample analyzed and significantly
influences the quantification of the analytes by LC-MS
(Wang et al. 2010). Due to the presence of coeluting species,
the matrix resulting from the improper cleanup can interfere in
the ionization of the target analytes. Thus, the response of the
target analytes may be enhanced or suppressed compared to the
solvent-based standards. So, sample extraction and cleanup
play a significant role for the reduction of matrix effect. In this
study, matrix effects were estimated as the ratio of the slopes of
the calibration curves prepared with matrix-matched standards
to those of solvent-based standards (Gilbert-Lopez et al. 2010).
Matrix effects of eggplant fruits for the selected pesticides are
presented in Table 5. Results revealed that the effect of matrix
was prominent for thiamethoxam, cypermethrin, and delta-
methrin. To overcome this effect, use of matrix-matched stan-
dards is the best way for quantification.

Application of the Method for Real Sample Analysis

The proposed method was used for the analysis of eggplant
fruits collected from different market places in Greece. A total
of 72 samples were analyzed. Analytical results are shown in
Table 6. Among the analyzed samples, 38 (53 % of the total
no. of samples) contained no detectable residues of the pesti-
cides sought, and 34 (47 % of the total no. of samples) had
pesticide residues, of which 5 had multiple pesticide residues
and 29 had a single pesticide residue. Only one sample was
found contaminated with dimethoate at a level above the EU-
MRLs (European commission 2005). The detected pesticides
were chlorpyrifos, dimethoate, thiamethoxam, thiacloprid,
acetamiprid, cypermethrin, and deltamethrin. Thiamethoxam
was found frequently in most of the contaminated samples
which indicates that this pesticide is widely used to control the

Table 5 Matrix effect of eggplant matrix for the selected pesticides

Name of pesticides Matrix effect Percent
matrix effect

Thiamethoxam 0.31 −69
Dimethoate 0.77 −23
Propamocarb hydrochloride 0.89 −11
Acetamiprid 0.81 −19
Thiacloprid 0.87 −13
Pirimicarb 1.09 +9

Azoxystrobin 1.15 +15

Chlorpyrifos-methyl 1.12 +12

Difenoconazole 0.94 −6
Indoxacarb 0.99 −1
Chlorpyrifos 1.08 +8

Cypermethrin 1.57 +57

Deltamethrin 1.93 +93

Table 6 Residue levels (mg/kg) found in eggplant fruits collected from
different market places in Thessaloniki, Greece

Detected pesticide No. of contaminated
samples

Range of residue
levels (mg/kg)

EU-MRLs
(mg/kg)

Chlorpyrifos 1 0.1 0.5

Dimethoate 3 0.01–0.022 0.02

Cypermethrin 4 0.012–0.024 0.5

Deltamethrin 4 0.013–0.139 0.3

Acetamiprid 3 0.010–0.013 0.15

Thiacloprid 4 0.02–0.027 0.5

Thiamethoxam 21 0.01–0.062 0.2
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insect pests of eggplant in Greece. The ranges of the detected
residues were 0.010–0.139 mg/kg.

Conclusions

The described method in this study is an efficient and easy
multiresidue analytical method for eggplant using LC/ESI-
MS/MS. In this method, a very good accuracy and precision
were found for all analytes. The average recoveries ranged
from 71.8 to 112 % with RSDr≤16.2 % and RSDR≤15 %.
RPD was below 10 % for all analytes, thus fulfilling the
requirement set by SANCO document no. SANCO/12495/
2011 for accuracy and precision (European commission
2011). Moreover, the amount of QuEChERS cleanup mate-
rials were optimized in this method. Anhydrous MgSO4 of
600 mg and 120 mg PSA for 3-mL extract performed better
than the other combinations suggested by QuEChERS origi-
nal method (Anastassiades et al. 2003) and buffered
QuEChERS method (Lehotay 2007).

Thirteen most important pesticides used by the farmers in
different countries, especially in Europe, were incorporated in
this method that helps the scientist/analysts for quick determi-
nation of multiple pesticide residues in eggplant. In addition,
this analytical method was applied successfully to monitor the
pesticide residues in eggplant in Greece. Last but not least,
matrix effect was also evaluated in this method, and it was
found that thiamethoxam, cypermethrin, and deltamethrin had
pronouncedmatrix effect (−69, +57, and +93%, respectively).
Thus, the proposed method can be used successfully to mon-
itor multiple pesticide residues in eggplant.
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