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Abstract⎯A new rapid and simple method for simultaneous determination of azoxystrobin, acetamiprid and
metalaxyl in tomatoes has been developed and validated. The separation and quantification of investigated
pesticides was performed by reverse-phase HPLC with diode-array detection. Pesticide residues were
extracted with acetone and purified by liquid‒liquid extraction and solid-phase extraction. The best results
were obtained using acetonitrile‒water (50 : 50, v/v) as a mobile phase at a f low rate of 1 mL/min and UV
detection at 220 and 250 nm. The optimal analytical separation was achieved with a LiChrospher 60 RP-
select B (250 × 4 mm, 5 μm) column. The developed method was validated for linearity, sensitivity (limits of
detection and quantification), accuracy (recovery) and intraday precision (repeatability). This method may
find further application in analyses of tomato samples contaminated with residues of investigated pesticides.
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Fruits and vegetables contain a lot of components
with nutritional values and because of that are essen-
tial for human nutrition. One of the most consumable
and popular vegetable with multiple uses is tomato
(Lycopersicon esculentum Mill.) which belongs to the
family Solanaceae. It has nutritive value and contains
a substantial quantity of vitamins C and A, as well has
a medicinal value [1]. In Macedonia, tomato cultiva-
tion covers a significant area due to its adaptability to
a wide range of soils and climates. This vegetable is
highly susceptible tomany insects, pests and diseases
in the field. In order to improve quality, to increase
yields and protect tomato from pests, farmers have no
other option except to apply excessive amounts of dif-
ferent types of pesticides [2‒4]. Pesticides are sprayed
directly on the plants which are able to persistent for a
long time in vegetables [5]. At the same time, cultiva-
tion of tomato especially in green house conditions
demands frequent application of a large number of
pesticides to control a variety of insects, diseases and
other pests [6]. Tomato is consumed as cooked and
fresh manners, so residues that may remain on the
harvested product are not removed by processing.

It is well known that pesticides are potentially
harmful to the environment, and consequently to
human beings, not only by direct contact, but also
through the consumption of pesticide contaminated
food. To prevent the presence of pesticide residue
above the Maximum Residue Levels (MRLs), the
time between pesticide application and harvest must
be determined, since the pesticide decay time depends
on crop type, pesticide and environmental conditions.
With the intensive use of pesticides, residues may be
accumulated at levels higher than the MRLs [7]. The
MRLs of pesticides in tomato are set up by European
Union Regulation (EC) No. 396/2005 [8]. There is a
wide range of pesticides which are used for tomatoes
protection and their residue contents must be accu-
rately monitored to ensure food safety and safe con-
sumption. The pesticides which are extensively used in
tomato production in Macedonia are metalaxyl, acet-
amiprid and azoxystrobin. Concentrations of these
pesticides in food commodities, such as tomatoes, are
low. Determination of low concentrations of these
pesticides in a complex tomato matrix requires an
effective tomato extraction procedure, followed by
final chromatographic determination in order to sepa-
rate as much analyte as possible from the matrix inter-
ference substances [9]. The wide array of food matri-
ces requires different sample preparation techniques1 The article is published in the original.
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for accurate and reproducible results. The accurate
results often depend upon the sample preparation
techniques which,in their turn, depend on food matri-
ces. It has been estimated that the sample preparation
step in most determinations consumes approximately
60–70% of the total time required for the analysis. It
must be able to produce analytically accurate results
and be economically efficient for routine analysis. In
addition, it must be safe and easy to perform. The fre-
quently used extraction methods are liquid‒liquid
extraction (LLE) ad solid-phase extraction (SPE)
[10–13]. In the literature there are a lot of papers
describing different kinds of techniques and analytical
methods for determination of pesticide residues in
tomato, but the most commonly used are gas chroma-
tography and HPLC [7, 14–19].

Pesticide residual analysis in tomato has become
indispensable in order to guarantee the use of pesti-
cides in field according to good agricultural practices
(GAP) as well as to protect consumers’ health. This is
the reason why there is a constant need to develop new

sensitive, rapid and high-resolution analytical meth-
ods for determination and monitoring of pesticides in
vegetables, especially in those which are mainly con-
sumed fresh, such as tomatoes.

Hence, the objective of the present study was to
perform simultaneous determination of azox-
ystrobin, acetamiprid and metalaxyl pesticide resi-
dues in tomato samples. In order to achieve that, the
reverse-phase HPLC with diode-array detection
(DAD) was developed and validated. The clean up
procedure was performed by LLE and SPE. The
developed method was tested on tomato samples col-
lected from different regions of Macedonia. The
chemical structures of acetamiprid (N-[(6-chloro-3-
pyridyl)methyl]-N’-cyano-N-methyl-acetamidine),
azoxystrobin (Methyl (2E)-2-(2-{[6-(2-cyanophe-
noxy)pyrimidin-4-yl]oxy}phenyl)-3-metoxyacry-
late) and metalaxyl (2-[(2,6-dimethylphenyl)-(2-
metoxy-1-oxoethyl) amino]propanoic) are shown in
the Scheme.

The structural formulas of acetamiprid (a), azoxystrobin (b) and metalaxyl (c).

EXPERIMENTAL
Chemicals and instruments. Chromatographic

analysis was carried out using an Agilent 1260 Infinity
Rapid Resolution Liquid Chromatography (RRLC)
system equipped with a vacuum degasser (G1322A), a
binary pump (G1312B), an autosampler (G1329B), a
thermostatted column compartment (G1316A), a
diode array detector (G1316B) and ChemStation soft-
ware. Successful separation of investigated pesticides
was achieved using a reverse-phase column LiChro-
spher 60 RP-select B (250 × 4 mm, 5 μm). An ultra-
sonic bath “Elma” was applied to ensure better dis-
solving of standard and sample solutions. Evaporation
of the samples was performed using a vacuum rotary
evaporator Buchi. A vacuum manifold Visiprep
(Supelco, Sigma Aldrich) was used for solid phase
extraction, while the samples were vortexed with IKA
Vortex Genius 3 (Germany). The SPE procedure was
performed on Supelclean ENVI-18 tubes, 6 mL, 0.5 g
(Supelco, Sigma Aldrich, Germany).

Analytical standards of azoxystrobin (99.7%), acet-
amiprid (99.5%) and metalaxyl (99.8%) were pro-
duced by Sigma Aldrich (Germany). The used chemi-

cals (acetonitrile, acetone, ethyl acetate and water)
were produced by Sigma Aldrich (Germany). Formic
acid with purity 98–100% was obtained from Merck.
All chemicals and reagents were of HPLC grade.

Preparation of standard and working solutions.
Standard solutions were prepared by dissolving exact
amounts of analytical standards of azoxystrobin
(3.6 mg), acetamiprid (3.1 mg) and metalaxyl (3.2 mg)
in acetonitrile using 10 mL volumetric f lasks. The
solutions were degassed for 15 min with an ultrasonic
bath. Working solutions were prepared daily by appro-
priate dilution of the standard solutions withacetoni-
trile‒water (50 : 50, v/v). All solutions were stored in a
refrigerator in the dark at 4°C before use.

Preparation of sample solutions. Clean up is an
essential step in analysis, greatly influencing the reli-
ability and accuracy of result. Preparation of the sam-
ples for analysis was performed in few steps. First step
in sample preparation procedure for HPLC determi-
nation was homogenization of tomato sample to
obtain a uniform matrix. Tomato samples were col-
lected randomly from different regions of Macedonia.
After homogenization 100 g was transferred into a
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250 mL conical f lask with stopper and 150 mL of ace-
tone was added into the f lask. The conical f lask was
shaken for 60 min in the ultrasonic bath. The separa-
tion of the extracts from the solid part of the tomato
matrix was performed by vacuum filtration using a
Buchner funnel with double filter paper. Additional
20 mL of acetone was used for rinsing the conical f lask
and the filter paper. The obtained extract was trans-
ferred into a f lask with round bottom and concen-
trated using a rotary evaporator under vacuum.
Approximately 5 mL of extract was obtained and
transferred into a separating funnel together with
100 mL of distilled water and 20 g of NaCl. The com-
bined aqueous phases were extracted twice with 40 mL
of ethyl acetate. The extracts were dried with sodium
sulfate and then evaporated to dryness in a rotary
evaporator. The residue obtained from the extract was
dissolved in 10 mL mixture of water and methanol in
the volume ratio of 9 : 1. The obtained solution was fil-
trated through Büuchner funnel with double filter
paper under vacuum. A clean up step was employed to
remove interfering matrix components. The SPE car-
tridges prior to use were conditioned with 3 mL of
methanol and equilibrated using 3 mL of water at a
flow rate of 2 mL/min. Subsequently, 9 mL of the
samples were passed through the cartridges and then
the tubes were washed with 3 mL of water. The drying
process of the cartridges was carried out under a vac-
uum for 10 min. The elution of the cartridges was
achieved with 3 mL of methanol‒ethyl acetate (75 :
25, v/v) and the eluates were evaporated to dryness in
a nitrogen evaporator. The obtained residues were dis-
solved in 1 mL of methanol and filtered through 0.45
μm Iso-Disc PTFE syringe filters prior to analysis by
HPLC. The blank samples were prepared in the same
way but using tomatoes which were not treated with
investigated pesticides.

Conditions of HPLC determination. After clean up,
the samples were analyzed by HPLC. Several tests
were carried out before setting up the best experimen-
tal separation of investigated pesticides. The best chro-
matographic separation was achieved using isocratic
elution with a mobile phase consisting of acetoni-
trile‒water (50 : 50, v/v). The f low rate of the mobile
phase was 1 mL/min at ambient column temperature.
The investigated pesticides were detected at wave-
lengths of 220 and 250 nm with the injection volume
of 30 μL. The run time of the analysis was 11 min.
Identification of the pesticides in the samples was
accomplished on the basis of their retention times and
by comparison between the UV spectrum of the pesti-
cides in the standard solutions and the UV spectrum of
the detected peak in the sample. Quantification was
made with a freshly prepared standard curve of the rel-
evant pesticide.

RESULTS AND DISCUSSION

UV spectra of investigated pesticides. The investi-
gated pesticides azoxystrobin, acetamiprid and metal-
axyl have been extensively applied in tomato produc-
tion in Macedonia. Because of the fact that tomato is
widely used in every day diet, its intake may cause
human exposure to the pesticide residues. Effective
separation, identification and quantification of these
pesticides were achieved using HPLC with DAD
detection. The investigated pesticides showed the best
absorbance in the UV region of the spectrum
(Fig. 1).From the UV spectra (Fig. 1) it can be seen
that the absorption maxima of azoxystrobin, acetami-
prid and metalaxyl are placed at wavelengths around
220 and 250 nm. Further chromatographic determina-
tion of investigated pesticides was performed at these
wavelengths. The obtained UV spectra were used for
identification of investigated pesticides [20]. The val-
ues of purity index were up to 990 (whereas the maxi-
mum value is 1000), which confirmed that the chro-

Fig. 1. The UV spectra of azoxystrobin (a), acetamiprid (b)
and metalaxyl (c) in acetonitrile‒water (50 : 50, v/v).
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matographic peaks were not affected by other com-
pounds.

Chromatograms of investigated pesticides and
tomato samples.The best separation of investigated
pesticides with symmetrical peak shapes was achieved
using a LiChrospher 60 RP-select B (250 × 4 mm,
5 μm) column under chromatographic conditions
explained in experimental section. The obtained chro-
matogram of a standard mixture of acetamiprid, meta-
laxyl and azoxystrobin is presented in Fig. 2. It can be
seen that the retention times for acetamiprid (I), meta-
laxyl (II) and azoxystrobin (III) are 3.4, 5.4 and
10.2 min, respectively. The retention time values were
used for identification of investigated pesticides by
comparison with those of the reference standards. The
values of retention factors (k') were 2.44, 4.46 and 9.32
for acetamiprid, metalaxyl and azoxystrobin respec-
tively. The separation factor (α) values were 1.829 and
2.087. The values of the retention factor below 20 and
the separation factor above 1.2 indicated that the sep-
aration of investigated pesticides under the presented
chromatographic conditions was successful [21]. The
chromatograms of blank tomato sample and tomato
sample spiked with investigated pesticides at concen-
tration levels equal to MRLs for azoxystrobin, acet-
amiprid and metalaxyl are presented in Fig. 3. As it
can be seen, the chromatograms were without interfer-
ing peaks in the areas of interest. The retention times
of investigated pesticides at the spiked samples com-
pletely matched with those of the standard samples
(see Fig. 2).

Method validation parameters. The developed
method was validated for linearity, sensitivity (limits of
detection and quantification), accuracy (recovery)
and intraday precision (repeatability). Method valida-
tion was performed according to EU regulations [22,
23]. The linearity of the method was important to be
tested in order to demonstrate a proportional relation-
ship of the peak area/height versus analyte concentra-

tion over the working range. Five concentration levels
were used from 80 to 120% of the concentration which
corresponded to the MRLs of investigated pesticides.
Acceptability of linearity data was evaluated by the
correlation coefficient (R2) and intercept of the linear
regression line obtained from plotting the peak
area/height versus the concentration of the analyte. In
the present study, linearity was studied in the range
between 0.07 and 0.24 mg/kg for metalaxyl, 0.07–
0.24 mg/kg for acetamiprid and 1.05–3.59 for azox-
ystrobin. The correlation coefficient obtained for the
regression line demonstrated the good relationship
between the peak area/height and the concentrations
of investigated pesticides (Table 1). The quantitation
was carried out according to calibration curves
obtained with different concentrations of the standard
solutions.

Sensitivityof the method was evaluated using the
limit of detection (LOD) and limit of quantification
(LOQ) values. Their determination is significant for
the samples containing very low concentrations of tar-
get analyte. LOD is defined as the lowest amount of
analyte that can be detected above baseline noise, typ-
ically, three times the noise level. LOQ is defined as
the lowest amount of analyte which can be reproduc-
ibly quantified above the baseline noise, that gives
S/N = 10. The values of LOQ were lower than MRLs
set by European Union for analyzed pesticides [8].

Fig. 2. Chromatograms of a standard mixture of acetami-
prid (0.2 mg/kg) (I), metalaxyl (0.2 mg/kg) (II) and azox-
ystrobin (3.0 mg/kg) (III) at the optimum chromato-
graphic conditions.
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Fig. 3. Chromatograms of a blank tomato sample (a) and
spiked tomato sample (b) with concentrations of investi-
gated pesticides corresponding to MRLs at the optimum
chromatographic conditions.
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According to the obtained results, the developed
method allows to identify and quantify the pesticides
in the tested concentration range (Table 1).

The accuracy of an analytical method is the close-
ness of test results obtained by that method to the true
value. Accuracy is often determined by recovery stud-
ies which can be estimated by spiking known amounts
of the analyte to test samples with further measure-
ments by the method being evaluated. This was per-
formed by the method of standard additions in tomato
samples. In the present study spiked samples were pre-
pared in triplicate at three different concentration lev-
els over the range of MRL – 30%, MRL and MRL +
20%. The percent recoveries were then calculated.
Recoveries obtained for tomato sample spiked with
pesticides at three concentration levels are shown in
Table 2. It is evident from their values that this method
is accurate within the desired recovery range from
95.56 to 106.11%.

Precision is the measure of the degree of repeat-
ability of an analytical method under normal opera-
tion and is normally expressed as the percent
relative standard deviation for a statistically significant
number of samples. In this study, precision of the
method was evaluated through the repeatability of the
method (intra-day precision) by assaying eight repli-

cate (n = 8) injections of pesticide at the same concen-
tration, during the same day, under the same experi-
mental conditions. The obtained standard deviation
(SD) and relative standard deviation (RSD) values
demonstrated satisfactory precision (Table 3). A preci-
sion criterion for an assay method is that the instru-
ment precision estimated from the RSD values will be
≤1%.

Tomato samples.The developed method was
applied to the monitoring of azoxystrobin, acetami-
prid and metalaxyl in tomato samples grown in differ-
ent regions of Macedonia. For this purpose, six sam-
ples were randomly collected from agricultural fields
in different locations. The obtained result showed that
none of the pesticides analyzed were detected in any of
the tested samples. The reason for that could be
attributed to the storage period and conditions that
influence the rate of degradation of investigated pesti-
cides in tomatoes. According to literature data, under
field conditions the half-life values for degradation of
acetamiprid, metalaxyl and azoxystrobin were 1.04,
1.81 and 4.07 days in tomato [24]. Therefore, the
tomato fruits should not be used for human consump-
tion until the residues reach the MRLs. A protection
average period of about 7 days for metalaxyl and acet-
amiprid and 20 days for azoxystrobin were predicted
[25].

CONCLUSIONS

The development of effective analytical methods to
monitor pesticide residues in vegetables is of signifi-
cant importance. In this work we described a simple,
rapid, low-cost and selective reverse-phase HPLC
method for simultaneous determination of azox-
ystrobin, acetamiprid and metalaxyl widely used in
tomato production.Effective separation and quantifi-
cation was achieved in 11 min, at a f low rate of
1 mL/min using isocratic elution. The pesticide resi-
dues from the tomato samples were extracted with ace-
tone and purified by both LLE and SPE. Analytical
characteristics of the separation, such as linearity, sen-
sitivity (LOD and LOQ), accuracy and repeatability
were evaluated. According to the results presented in

Table 1. Calibration data, limits of detection and quantification of azoxystrobin, acetamiprid and metalaxyl

* Peak area, ** peak height.

Pesticide Linearity range,
mg/kg Regression equation R2 LOD,

mg/kg
LOQ,
mg/kg

Azoxystrobin 1.05–3.59 y* = 24 413x – 3697 0.9904 0.350 1.05
y** = 864x – 361 0.9830

Acetamiprid 0.07–0.24 y* = 14657x – 499 0.9806 0.023 0.07
y** = 1508x – 75 0.9750

Metalaxyl 0.07–0.24 y* = 12607x – 114 0.9850 0.023 0.07
y** = 1101x – 19 0.9840

Table 2. Recovery data (%) for investigated pesticides at
three concentration levels (n = 3)

Compound Added, μg Found, μg Reco-
very, %

RSD,
%

Azoxystrobin 0.4199 0.4323 102.9 0.19
0.6001 0.6259 104.3 0.12
0.7198 0.6913 96.0 1.31

Acetamiprid 0.0283 0.0283 99.6 0.19
0.0401 0.0419 104.6 1.88
0.0481 0.0459 95.5 2.53

Metalaxyl 0.0281 0.0298 106.1 0.95
0.0402 0.0406 101.0 0.37
0.0485 0.0469 96.6 1.62
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this study, reverse-phase HPLC method is sufficient
and accurate enough for the detection and quantifica-
tion of investigated pesticides in tomatoes. The devel-
oped method was applied for determination of pesti-
cide residues in tomatoes. The obtained results indi-
cated that analysed samples did not contain detectable
residues of analyzed pesticides.
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