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ABSTRACT: A simple analytical method was developed for the determination of acetamiprid residues in zucchini and zucchini
leaves grown under greenhouse conditions using liquid chromatography. Residues were confirmed via tandem mass spec-
trometry in positive-ion electrospray ionization mode. The calibration curves were linear with correlation coefficients in excess
of 0.999. The limits of detection and limits of quantification were 0.01 and 0.03 mg/g and 0.02 and 0.06 mg/g, for the zucchini
and zucchini leaves, respectively. For validation purposes, recoveries studies were carried out at low and high levels, yielding
recovery rates ranged from 85.7 to 92.2% in zucchini and from 90.5 to 101.9% in zucchini leaves, with a relative standard
deviation of <12%. The results demonstrated that the pattern of acetamiprid dissipation followed pseudo first-order kinetics
with a half-life of 1.9 and 2.5 days, respectively. The residues in zucchini leaves were substantially higher than in the zucchini
plant itself. No residues were detected at 7 days post-application. The results of this study suggest that acetamiprid is accept-
able for application in/on zucchini under the recommended dosage conditions. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
In modern agriculture, pesticides have been broadly employed in
order to protect agricultural products against harmful insects and
weeds, in order to improve their quality and increase their yields
(Kim et al., 2008; Lee et al., 2008). It was previously reported that
rice yields were reduced by up to 30% and vegetable yields were
decreased by 20–70% if pesticides were not used (Kim et al., 2005).
Neonicotinoid insecticides are the fastest growing class of insec-
ticides introduced to the market since the launch of the pyre-
throids (Muccio et al., 2006). The neonicotinoids are systemic
insecticides that are quite effective in controlling numerous Hemi-
pteran, Thysanopteran, Coleopteran and Lepidopteran species on
a wide range of crops, particularly vegetables and fruits (Kim et al.,
2003). Acetamiprid {(E)-N1-[(6-chloro-3-pyridyl) methyl]-N2-
cyano-N1-methylacetamidine} was registered in Japan, New
Zealand, China and other European countries, in the 1990s (Gupta
and Shanker, 2008). In the Republic of Korea, acetamiprid was
registered and has been used since 2001 and its maximum residue
limits were established for 32 foodstuffs (Korea Food and Drug
Administration, 2010). It was reported that the half-life value of
acetamiprid was 11.1 days under UV light, 25.1 days under sun-
light in soil (Gupta et al., 2008), 1–2 days in field soils (Tokieda et al.,
1999; Hong et al., 2001), 1.02–1.59 days in the mustard plant (Pra-
manik et al., 2006), 1.82 to 2.33 days in tea (Gupta and Shanker,
2008) and 2.24 days in chilli (Sanyal et al., 2008).

Zucchini is a type of summer squash that belongs to the Cucur-
bitaceae family; in culinary use, the zucchini is regarded as a
vegetable (Lucera et al., 2010). Zucchini are rich in a variety of
nutrients, including carbohydrates, vitamins and minerals (Roura
et al., 2003). In the Republic of Korea, the average rate of con-

sumption is 10.65 g/day (Ministry for Health, Welfare and Family
Affairs in Korea, 2008). According to the Ministry for Food, Agri-
culture, Forestry, and Fisheries (2008), the total culture area for
zucchini is 6,528 ha, and 2,945 ha of that land is cultivated under
greenhouse conditions. It has, in recent years, become an
accepted and routine practice to cultivate zucchini under green-
house conditions, in an effort to fulfill consumer demand in the
off-season (Kang et al., 2008).

Acetamiprid residues have been determined singly and/or
among multiclass residue analytes using GC-NPD, GC-ECD,
GC-MS, LC with DAD, LC-MS-MS and LC/TOF-MS in cotton, veg-
etables, fruits, milk, honey and fine airborne particulate matter
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(Obana et al., 2002; Jansson et al., 2004; Ferrer et al., 2005; Fidente
et al., 2005; Lesueur et al., 2008; Seccia et al., 2008; Zhang et al.,
2008; Coscollà et al., 2009; Lee et al., 2009). Thus far, there have
been no reports in the relevant literature concerning residues of
this insecticide in zucchini and zucchini leaves.

The dissipation rate of pesticides following application
depends heavily on many factors, including chemical and photo-
chemical degradation, climatic conditions, volatilization, culti-
vated species, formulation class and application mode (Sur et al.,
2000). Thus, the dissipation curves reported in the literature are
valid only for a given crop under specific conditions. Studies con-
cerning the fate/persistence of acetamiprid residues in black tea
(Gupta and Shanker, 2008) and in/on the mustard plant (Brassica
juncea L.; Pramanik et al., 2006) have been previously reported in
the literature. However, no information is currently available con-
cerning the residual status and pattern of acetamiprid disappear-
ance in zucchini and zucchini leaves. Therefore, the principal
objective of this study was to generate data regarding the per-
sistence, pattern of decline and residue levels of acetamiprid in
zucchini and zucchini leaves cultivated under experimental
greenhouse conditions via HPLC, with confirmation conducted
via tandem mass spectrometry (LC-MS/MS). Emphasis on the
safety period was also considered.

Experimental

Reagents and Analytical Standards

Acetamiprid (purity 99.9%) was obtained from Dr Ehrenstorfer GmbH
(Augsburg, Germany). Acetone, n-hexane, dichloromethane, methanol,
acetonitrile and anhydrous sodium sulfate (GR grade) were purchased
from Merck KGaA (Darmstadt, Germany). Water was distilled and filtered
through a Milli-Q apparatus (Millipore, Seoul, Republic of Korea) prior
to use.

Standard Solutions

A stock solution of acetamiprid was prepared in acetonitrile at a concen-
tration rate of 100 mg/mL. Fortification levels and working calibration
solutions for HPLC analysis were prepared via further dilution with aceto-
nitrile, achieving concentrations in a range from 0.025 to 5 mg/mL. Forti-
fied and calibrated standard solutions were stored in a refrigerator (4°C).
The solutions remained stable for at least 3 months.

Field Experiment and Sampling

The crops were raised in a greenhouse at Chonnam National University,
Gwangju, Republic of Korea, from the second week of May until the fourth
week of July, 2009. Climatic conditions were monitored and registered
throughout the experimental periods; temperatures ranged from 23 to
27°C and relative humidity ranged from 62 to 85%. Two plots (10 ¥ 30 m)
were used for acetamiprid treatment and one was used as a control. The
control plot was allocated some distance from the tested plots. The
experiments in all three plots were replicated three times. No pesticides
were applied to the test plots prior to or during the experiments. The
pesticide was applied using a portable hand sprayer (Apollo Corp., Gimje,
Republic of Korea), with the solution (SinX® 5% soluble concentrate,
Kyung Nong, Seoul, Republic of Korea) prepared in accordance with the
manufacturer’s recommendations. The first plot was sprayed twice at a
dose rate of 250 L/10a with an interval of 7 days, whereas the second plot
was sprayed three times with the same time interval. Samples were ran-
domly collected from each plot at 1, 3, 5, 7, 11 and 14 days after pesticide
application. Zucchini (1 kg) and zucchini leaves (500 g) were chopped and
stored in individual polyethylene bags at -20°C until extraction.

Sample Extraction

Approximately 20 g of chopped zucchini samples were weighed out
into a 500 mL Erlenmeyer flask (recoveries were fortified at this point)
and 100 mL of water–methanol (50:50, v/v) was added. The samples
were homogenized for 2 min (~11,000 rpm) using Wise Mix™ HG-150
Homogenizer (Daihan Scientific., Republic of Korea). The homogenate
was filtered through filter paper (Whatman®, 110 mm diameter, no. 6,
UK) topped with 1 cm of Celite 545 (Daejung Chemicals and Materials
Co. Ltd, Daejung, Republic of Korea) in a porcelain Büchner funnel. The
flask was then rinsed with an additional 100 mL of water–methanol
(50:50, v/v). The filtrate (approximately 200 mL) was then quantitatively
transferred to a 250 mL round bottomed flask and partially evaporated
under a rotary evaporator until 50 mL of the filtrate remained. The con-
centrate was transferred to another 500 mL separatory funnel, followed
by the sequential addition of 50 mL of a saturated sodium chloride solu-
tion and 100 mL of n-hexane (50 mL ¥ 2 in case of zucchini leaves). The
mixture was shaken vigorously for 2 min. After shaking, the n-hexane
layer was discarded and 100 mL of dichloromethane was added for
extraction. The mixture was shaken for 3 min, and its lower organic
phase was filtered through a glass funnel over anhydrous sodium
sulfate. The upper layer was once again extracted via the addition of
50 mL dichloromethane. The organic phase was evaporated to dryness
on a rotary evaporator (Bűchi Rotavapor R-114, Germany) in a water
bath <40°C. The residue was then dissolved in 10 mL of n-hexane–
acetone (9:1, v/v) for cleanup. An SPE Florisil cartridge (1000 mg, 6 mL)
was washed and activated with n-hexane and the extract was loaded.
The cartridge was washed with 6 mL of n-hexane–acetone (8:2, v/v) and
the elute fraction was discarded. A 15 mL aliquot of n-hexane–acetone
(4:6, v/v) was added to elute the pesticide from the cartridge. The elutes
were evaporated and the residue was reconstituted in 2 mL water:
acetonitrile (7:3, v/v) for HPLC-UVD analysis.

Chromatographic Analysis

Separation was conducted using a Shimadzu liquid chromatography
system equipped with an SCL-10AVP system controller, LC-6AD pumps
and an SPD-10AVP UV–vis detector (Shimadzu, Kyoto, Japan). An AQ C18

analytical guard cartridge (4 ¥ 3 mm, Security Guard, Phenomenex, USA)
was used and an Aqua C18 200 Å column (i.d. 4.6 ¥ 250 mm, 5 mm, particle
size, Phenomenex, USA) was operated at a flow rate of 1.0 mL/min. The
mobile phase was water–acetonitrile (7:3, v/v) for zucchini and water–
acetonitrile (75:25, v/v) for zucchini leaves. Smartpor® PTFE syringe filters
with a pore size of 0.2 mm (Woongki Science Co. Ltd, Seoul, Republic of
Korea) were used to filter all samples prior to chromatographic injection
(10 mL). The detection wavelength was set to 248 nm.

LC-ESI- MS/MS

Acetamiprid was separated using an HPLC system (Agilent 1200 series)
and confirmed via tandem mass spectrometry equipped with an electron
spray ionization (ESI) source. Chromatographic separation was con-
ducted on an YMC-Pack Pro C8 column (150 ¥ 4.6 mm i.d., 3 mm particle
size, YMC Co. Ltd, Kyoto, Japan). The binary solvent system consisted of
methanol and 10 mM ammonium acetate solution (A) and water (B), with
a linear gradient. The mobile phase gradient consisted of 0–0.2 min 95:5,
a 0.2–2.0 min ramp to 40:60, a 2.0–8 min ramp to 1:99, an 8–12 min hold
at 1:99, and a 13–17.50 min ramp back to initial conditions. The flow rate
was 0.5 mL/min with the column temperature maintained at 40°C. The
injection volume in each experiment was 10 mL.

MS/MS was conducted with an Agilent Technology 6410 Triple Quad
LC/MS in ESI mode. Agilent QQQ LC/MS Mass Hunter revision b.01.03 was
used for instrument control and data acquisition. Nitrogen was employed
as both the nebulizing gas and the drying gas, both at a pressure of 45 psi.
The ion spray voltage was 4000 V and the source temperature was set to
350°C. The resolutions of the first quadrupole and ion trap were set to
‘unit’. Mass spectra were recorded between m/z 50 and 500, with a step
size of zero. Under the collision energy (CE = 25 V) of the precursor ion,
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the product ions were optimized by selecting the most intense product
ion. The mass spectrometer was operated in positive ion and multiple
reaction monitoring (MRM) mode in order to observe the transition of
m/z 223 to m/z 126 (via collision-induced dissociation with nitrogen gas).
Ion m/z 223 represents the molecular ion, whereas m/z 126 is suggestive
of the quantitative ion fragment. High-resolution mass spectrum analysis
was conducted at the National Agricultural Products Quality Manage-
ment Service, Products Safety Inspection Laboratory, Gwangju, Republic
of Korea.

Method Performance

Quantitation was conducted using calibration curves. The calibration
curves were constructed for the target analyte via the direct injection of
seven calibration standards into the HPLC, at concentrations of 0.025,
025, 0.5, 1.0, 1.25, 2.5 and 3.0 mg/mL for zucchini and 0.05, 0.25, 0.5, 1.0,
1.5, 2.5 and 5.0 mg/mL for zucchini leaves. The calibration curves were
acquired by plotting the peak area against the concentration of the cor-
responding calibration standards. The limit of detection (LOD) of the
test compound was determined using a signal-to-noise ratio of 3 with
reference to the background noise obtained for the blank sample,
whereas the limits of quantification (LOQ) were determined with a
signal-to-noise ratio of 10.

The recovery experiments were conducted on fresh uncontaminated
zucchini and zucchini leaves by fortifying the samples (20 g) in triplicate
with acetamiprid at two concentration levels: 0.1 and 0.5 mg/g. The spiked
samples were permitted to equilibrate for 1 h before extraction, in order
to allow the spiked solution to penetrate the matrix. The samples were
subsequently processed in accordance with the extraction procedure
mentioned above.

Results and Discussion

Method Validation

The analytical method used in this study was developed with
the goal of providing a rapid, accurate and efficient means of
determining acetamiprid residues in zucchini and zucchini
leaves. Calibration for quantitation was conducted using exter-
nal standard calibration curves. The calibration curves were
linear with correlation coefficients in excess of 0.999. The limits
of detection and limits of quantification were 0.01 and
0.03 mg/g and 0.02 and 0.06 mg/g, for the zucchini and zucchini
leaves, respectively (Table 1). The low and high recovery values
ranged from 85.7 to 92.2% in zucchini and from 90.5 to 101.9%
in zucchini leaves, with a relative standard deviation (RSD%) of
<12%. Sample chromatograms for blank uncontaminated zuc-
chini sample, standard acetamiprid and fortified samples are
shown in Fig 1, and those for zucchini leaves are provided in
Fig 2. Field samples confirmed via LC-MS/MS are shown in
Figs 3 and 4.

Residues in Zucchini and Zucchini Leaves

Acetamiprid residues in/on zucchini and zucchini leaves after
each treatment are reported in Table 2. No residues were
detected on blank uncontaminated zucchini and zucchini leaves.
The maximum residue levels were detected on day 1, with con-
centrations of 0.15 and 0.45 mg/g in the zucchini and 7.1 and

Table 1. Linearity, recovery rate, LOD and LOQ in zucchini and zucchini leaves

Pesticide Sample Linear range
(mg/mL)

Linearity (r2) LOD (mg/g) LOQ (mg/g) Recoveries (%)

Acetamiprid Zucchini 0.025–3 0.999 0.01 0.03 0.1 mg/g 0.5 mg/g
92.2 � 10.44 85.7 � 3.52

Zucchini leaves 0.05–5 0.02 0.06 0.2 mg/g 1 mg/g
101.9 � 1.10 90.5 � 7.24

Table 2. Acetamiprid residues in zucchini and zucchini leaves at various time intervals following its application

Treatment Days after application Zucchini Half-life (day) Zucchini leaf Half-life (day)
Residue (mg/g) Residue (mg/g)

Spray twice 1 0.15 � 0.01 1.94 7.1 � 0.18 2.54
3 0.12 � 0.01 5.7 � 0.07
5 0.08 � 0.01 6.8 � 0.17
7 0.01 5.01 � 0.06

11 ND 1.64 � 0.05
14 ND 1.29 � 0.03

Spray 3 times 1 0.45 � 0.06 1.87 10.5 � 0.24 2.5
3 0.40 � 0.18 6.93 � 0.42
5 0.09 � 0.01 7.57 � 0.43
7 0.01 � 0.01 7.52 � 0.41

11 ND 0.47 � 0.07
14 ND 0.43 � 0.02

ND, not determined.138
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(a)  Blank uncontaminated zucchini

(b)  Standard acetamiprid
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(c)  Fortified sample
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Figure 1. Typical HPLC chromatograms of (a) blank uncontaminated zucchini; (b) standard acetamiprid at a concentration of 1.25 mg/mL; (c) spiked
zucchini at a concentration of 0.5 mg/g; and (d) field sample collected at 1 day after triplicate applications.
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(a)  Blank uncontaminated zucchini leaves
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Figure 2. Typical HPLC chromatograms of (a) blank uncontaminated zucchini leaves; (b) standard acetamiprid at a concentration of 2.5 mg/mL; (c)
spiked zucchini leaves at a concentration of 1 mg/g; and (d) field sample collected 11 days after triplicate applications.

(d)  Field sample
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Figure 1. Continued.
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10.5 mg/g in the zucchini leaves, respectively. Samples collected
on day 5 evidenced mean acetamiprid residue concentrations of
0.08 and 0.09 mg/g, which corresponds to dissipation rates of
46% and 80%, respectively. Only 0.01 mg/g of acetamiprid resi-
dues were recorded on day 7 with dissipation rates of 99.9%. In
the zucchini, acetamiprid was not detected on the day 11 after
application. In zucchini leaves, it was noted that samples
obtained on day 5 (following two applications) had a slightly
higher residue concentration relative to the concentration on day
7. This may reflect an error in the handling and/or analysis of the
sample. The pesticide residue concentrations were sharply
reduced at 7 days post-application. The zucchini leaf samples
collected on day 11 exhibited mean acetamiprid residue concen-
trations of 1.64 and 0.47 mg/g, which correspond to dissipation
rates of 77 and 95.5%, respectively. From day 11 onward, the
pesticide residues were reduced. It is worth noting that the con-
centrations of acetamiprid were substantially higher in the zuc-
chini leaves. This might be expected, as a great deal of pesticide
might be absorbed into the leaves and only a small amount
accumulates in the vegetables themselves. The pesticide

residue concentrations in/on the zucchini leaves were much
higher than in pepper leaves (Korea Food and Drug
Administration, 2010).

The disappearance of acetamiprid was shown to fit a pseudo
first-order kinetics pattern irrespective of treatments, with
correlation coefficients (r2) of >0.78 and 0.84 in the zucchini
and zucchini leaves. The biological half-life (t1/2) was calculated
by the formula t1/2 = ln2/k, in which the constant k is the
slope of the linear regression. The change in acetamiprid
residue concentrations extracted from zucchini and zucchini
leaves in this study indicated half-lives of 1.9 and 2.5 days,
respectively.

The absorption and translocation of acetamiprid in various
crops have been previously assessed by researchers. It was
reported that acetamiprid dissipated by about 5–21 and
25–38% on day 1 after the application of the recommended
dose (5 g a.i./100 L water) and double the recommended
dose (10 g a.i./100 L water) in chilli (Sanyal et al., 2008).
The dissipation of acetamiprid residues increased with increas-
ing time after application, reaching 60–69 and 78–89% on

(c)  Fortified sample
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Figure 2. Continued.
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day 7, after the application of the recommended and double
the recommended doses. The half-life values of acetamiprid in
chilli were measured in a range of 2.24–4.84 days (Sanyal et al.,
2008).

The level of acetamiprid in tea during the dry season evi-
denced a sharp decline in residue levels from days 3–5. The
acetamiprid dissipation rate was found to be faster in the wet

season. The half-life was measured at 1.82–2.33 days in green tea
shoots and 1.84–2.25 days in tea in both the dry and wet seasons
(Gupta and Shanker, 2008).

In the field, physical and chemical factors, including light, heat,
pH and moisture as well as growth dilution factor may perform a
pivotal role in the degradation of pesticide residues (Khay et al.,
2006). Dissipation studies of acetamiprid under sunlight and

(a)  Blank uncontaminated zucchini sample

(b)  Standard acetamiprid

Figure 3. Selected ion chromatogram of (a) blank uncontaminated zucchini; (b) standard acetamiprid at a concentration
of 1.25 mg/mL; (c) spiked zucchini at a concentration of 0.5 mg/g; and (d) field sample collected at 1 day after triplicate
applications.
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UV-light showed that the compound is unstable to light, particu-
larly UV light. Additionally, the effects of light on acetamiprid
dissipation were more pronounced (Gupta et al., 2008). In this
study, the temperature increased suddenly at 7 days post-
application. This elevation of temperature might enhance the
rate of acetamiprid dissipation in zucchini and zucchini leaves.

Additionally, it may affect the growth of plants, resulting in an
eruption of new leaves harboring very small amounts of pesti-
cide, as was observed on day 11 post-application. Additionally,
the imbalance resulting from the mixing of large and small leaves
might contribute to the low level of pesticide residues on day 11
onward.

(c)  Fortified sample

(d)  Field sample

Figure 3. Continued.
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Conclusions

A method for the determination of acetamiprid residues
using HPLC was developed in this study. This method, interest-
ingly, achieved excellent validation results. Based on the pattern
of decline of the acetamiprid residues in relation to the esti-
mated maximum residue limits (0.5 ppm), a safety pre-harvest

interval of 1 day is suggested for zucchini at the recommended
dosage.
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(a)  Blank uncontaminated zucchini leaves

(b)  Standard acetamiprid

Figure 4. Selected ion chromatogram of (a) blank uncontaminated zucchini leaves; (b) standard acetamiprid at a concentration of 2.5 mg/mL; (c) spiked
zucchini leaves at a concentration of 1 mg/g; and (d) field sample collected at 11 days after triplicate applications.
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