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SUMMARY 

Degradation of acetamiprid in sweet cherry samples was evaluated at several inter-
vals from the product application until the end of the pre-harvest interval. An orchard 
of sweet cherries located at Stepanovićevo village near Novi Sad was used in this study. 
Acetamiprid was applied according to the manufacturer’s recommendation for protect-
ing sweet cherries from their most important pests. Sweet cherry fruit samples were col-
lected at eight intervals: immediately after acetamiprid application and 2, 4, 6, 8, 10, 12 
and 14 days after application. The extraction of acetamiprid from sweet cherry samples 
was performed using a QuEChERS-based method. Determination was carried out using 
an HPLC-UV diode array detection system (Agilent 1100, United States) with an Agilent 
Zorbax Eclipse C18 column (50 mm × 4.6 mm internal diameter, 1.8 µm particle size). 
The method was subjected to a thorough validation procedure. The recovery data were 
obtained by spiking blank sweet cherry samples at three concentration levels (0.1-0.3 mg/
kg), yielding 85.4% average recovery. Precision values expressed as relative standard devi-
ation (RSD) were below 1.61% for the intraday precision. Acetamiprid showed linear cal-
ibrations from 0.05 to 2.5 µg/ml with correlation coefficient (R2) of 0.995%. The limit of 
detection and limit of quantification were found to be 5 µg/kg and 14 µg/kg, respective-
ly. The validated method was applied in the analysis of acetamiprid in sweet cherry sam-
ples. During the study period, the concentration of acetamiprid decreased from 0.529 
mg/kg to 0.111 mg/kg. The content of acetamiprid in sweet cherry samples at the end 
of the pre-harvest interval was below the maximum permissible level specified by the 
Serbian and EU MRLs. 
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INTRODUCTION 

The use of pesticides in contemporary agricultural 
production helps to increase yields and improve the qual-
ity of products. However, their inadequate usage leads to 
accumulation of their residues in the environment and 
agricultural products. This is especially important for 
fruits and vegetables that are mostly consumed fresh. 
One of such fruit species is the sweet cherry as only 15% 
of its overall production is planned for processing (Com-
mission of the European Communities, 2006). 

Sweet cherry (Prunus avium L.) is a highly valued fruit 
species owing to its pleasant taste, but also because of its 
nutritive value. It is a significant species with considerable 
potentials in terms of export to the international market. 
As the acreage of this crop is increasing worldwide, the 
producers are facing a challenge to their efforts to produce 
quality fruit despite the increasing pressures from harm-
ful agents. One of the most important pests of the sweet 
cherry is the cherry fly (Rhagoletis cerasi L.). Its attack re-
sults in a reduced market value of fruits, and they addi-
tionally become susceptible to saprophytes and frequent-
ly to rot, and fall prematurely. The control of this pest is a 
great challenge in integrated as well as conventional sys-
tems of production, and both in terms of ecotoxicolo-
gy and pesticide residues (Kovanci and Kovanci, 2006). 

Its control is successfully performed by insecticides of 
the group of organophosphates. However, their application 
time and toxicity, and especially the short period of fruit 
ripening and the violation of its prescribed harvest wait-
ing period create preconditions for residues of these com-
pounds to occur in sweet cherry fruits. Good agricultural 
practice therefore requires that protection be performed 
with products that have shorter harvest waiting periods 
and more convenient ecotoxicological properties than the 
insecticides used at earlier times (Lazić et al., 2012). 

Acetamiprid, a neonicotinoid insecticide, has been in-
troduced as an alternative to organosphosphate insecti-
cides for control of major cherry pests (Table 1). It is an 
antagonist of the acetylcholine receptor in postsynaps-
es of insects that has excellent systemic properties, rela-
tively low toxicity to warm-blooded organisms and long 
lasting effect. The pre-harvest period for acetamiprid 
in sweet cherries is 14 days (Sekulić and Jeličić, 2013). 

However, due to a growing use of insecticides from 
the family of neonicotinoids, their increased presence 
in the environment is evident. The European Commi-
sion has adopted a proposal for a two-year restriction on 
the use (as of 1 December 2013) of three pesticides be-
longing to the neonicotinoid family (clothianidin, im-
idacloprid and thiamethoxam) (Official website of the 
European Commission, 2013). 

Besides its positive effects, acetamiprid also poses vari-
ous health risks to consumers (Lazić et al., 2012a). Pesti-
cide residues can be found even when products are applied 
in accordance with good agricultural practices. The Euro-
pean Union specified a maximum residue level (MRL) for 
acetamiprid in sweet cherries of 0.5 mg/kg [Commission 
Regulation (EU) No. 978/2011], while it is 1.5 mg/kg un-
der the EU Reg. No. 500/2013. The maximum permis-
sible level for acetamiprid in sweet cherries set by the Ser-
bian legislation is 0.2 mg/kg (Pravilnik, 2010). 

The dissipation rate of pesticides after application 
depends on many factors, including their chemical and 
photochemical degradation, climatic conditions, vola-
tilization, cultivated species, formulation class and ap-
plication method (Sur et al., 2000). 

The aim of this study was to generate data show-
ing the persistence and residue levels of acetamiprid in 
sweet cherry fruits under controlled conditions. The 
extraction of acetamiprid from sweet cherry samples 
was done using a QuEChERS-based method with in-
secticide determination and quantification performed 
by HPLC/DAD. 

MATERIAL AND METHODS 

Field experiment 

The study was conducted in a sweet cherry orchard 
located at Stepanovićevo village near Novi Sad. In order 
to protect the sweet cherry crop from Rhagoletis cerasi 
L., a commercial formulation (SP) with 200 g/kg aceta-
miprid active ingredient was used. The insecticide was 
applied by a portable hand sprayer and the solution was 
prepared at the recommended concentration of 0.025%, 
according to the manufacturer’s instructions.

Table 1. �Physicochemical properties of acetamiprid (Tomlin, 2006)

Common name/ molecular 
formula/CAS No. Chemical name (IUPAC) Structural formula 

Acetamiprid 
C10H11ClN4 

(160430-64-8) 

(E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-
Methylacetamidine

OVO JE FOTKA U TABELI 
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Sampling procedure 

Field sampling was carried out during the techno-
logical maturity of a medium late sweet cherry variety. 
Sweet cherry samples were collected at eight intervals: 
immediately after acetamiprid application, and 2, 4, 6, 
8, 10, 12 and 14 days after application. The samples were 
collected from different heights. The weight of each lab-
oratory sample of sweet cherries was approximately 500 
g. The samples were packed in plastic bags, hand deliv-
ered to a laboratory freezer and stored at -20 °C. Each 
sample was represented by triplicates used for calcula-
tion of the mean values of acetamiprid residue levels. 

Chemicals and solutions 

A certified standard of acetamiprid (purity 98.1%) was 
purchased from Dr Ehrenstorfer (Augsburg, Germany). 
The extraction solvent acetonitrile (ACN), of a suitable 
grade (HPLC) for pesticide residue analysis, and CH-
3COOH were purchased from J.T. Baker (Germany). 

The dispersive SP extraction (Cat. No. 5982-5650) 
and clean-up (Cat. No. 5982-5056) kits for QuECh-
ERS sample preparation were purchased as ready-to-use 
from Agilent Technologies (USA). The water was puri-
fied with a water purification system (TKA, Germany). 

A stock solution of acetamiprid was prepared in ac-
etonitrile at a concentration of 100 µg/ml and stored 
at -10 °C, in the dark. Calibration solutions for the 
HPLC analysis were prepared by further dilution with 
acetonitrile, achieving concentrations in a range from 
0.05 to 2.5 µg/ml. 

Validation of the analytical method 

The extraction and determination procedures had 
been optimized in our previous study (Lazić et al., 
2013). Insecticide determination and quantification 
were performed by HPLC with diode-array detection 
(Agilent 1100 Series LC system, United States) and Ag-
ilent Zorbax Eclipse C18 column (50 mm × 4.6 mm in-
ternal diameter, 1.8 µm particle size). The analysis was 
done under the conditions described below (Table 2). 

Table 2. Conditions for HPLC/DAD analysis of acetamiprid

Mobile phase ACN/ ultrapure water  
with 1.5% CH3COOH 

Mobile phase ratio 30/70 
Column temperature 25 °C 
Flow rate 1.000 ml/min 
Wavelength 254 nm 
Injected volume 2.5 µl 

Under the selected conditions, the linearity of detec-
tor response was evaluated at a concentration range be-
tween 0.05 and 2.5 µg/ml using nine calibration solu-
tions prepared in acetonitrile. Calculations were done 
using the peak areas and linear regression was used 
for the calibration curve. The linearity of calibration 
curves was expressed by regression equation and the 
correlation coefficient (R2). 

The limit of detection was determined at a signal-
to-noise ratio of three, whereas the limit of quantifica-
tion (LOQ) was determined by considering a signal-
to-noise ratio of 10. 

The accuracy and precision of the proposed meth-
od were evaluated by spiking blank sweet cherry sam-
ples to fulfill all the necessary requirements of SAN-
CO/12495/2011 – the Method Validation and Quali-
ty Control Procedures for Pesticide Residues Analyses 
in Food and Feed (EU Commission Health and Con-
sumer Protection Directorate-General, 2011). 

Precision was evaluated through the repeatabili-
ty of acetamiprid determination. Repeatability was 
checked by injecting 2.5 µl of acetamiprid standard 
in the matrix (0.75 and 1.5 µg/ml, respectively) five 
times. The samples were analyzed on the same day, 
using the same instrument by the same operator, and 
repeatability was calculated as a relative standard de-
viation (RSD%). 

The accuracy of the proposed method was evaluated 
as the mean recovery (%) at three spiking levels. Accord-
ing to the EU validation guideline for pesticide residues, 
the mean recovery values should be within the range of 
70-120% at each spiking level with RSDs≤20%. 

Sample extraction 

The extraction of acetamiprid from sweet cherry 
samples was performed using the QuEChERS-based 
method (Anastassiades et al., 2003). Each homogenized 
sweet cherry sample (10 g) was weighed into a polypro-
pylene tube (50 ml volume), 10 ml volume of ACN was 
added as an extraction solvent and the tube was tightly 
capped and vigorously shaken for 1 min. A mix of buff-
ered salts (1000 mg of sodium citrate, 500 mg of sodi-
um hydrogen citrate sesquihydrate, 4000 mg magnesi-
um sulphate and 1000 mg sodium chloride) from sep-
arate pouches was added to each tube and immediately 
mixed for 1 min. After that, the tube was centrifuged 
at 3000 rpm for 5 min (Sigma, Germany). An aliquot 
of 6 ml of the upper acetonitrile layer was transferred to 
each 15 ml centrifuge tube containing the sorbent, 150 
mg of primary-secondary amine (PSA) and 900 mg of 
magnesium sulphate. The tubes were vigorously mixed 
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for 1 min and then centrifuged at 3000 rpm for 5 min. 
An aliquot of the final upper layer was filtered through 
a 0.45 µm membrane filter and transferred into an au-
tosampler vial for HPLC/DAD analyses. 

RESULTS AND DISCUSSION 

Method validation 

In some official methods, acetamiprid is determined 
by the GC/NPD (Ministry of Health and Welfare of 
Japan, 1997). However, GC determination can produce 
overestimated values of highly polar compounds such 
as acetamiprid because of the matrix-induced enhance-
ment effect (Sasaki et al., 1998). For determination of 

other neonicotionoids, such as imidacloprid, the high-
performance liquid chromatography is already com-
monly used (Mandić et al., 2005). In this study, aceta-
miprid was determined by HPLC. HPLC/DAD chro-
matograms of acetamiprid standard in acetonitrile and 
in spiked sweet cheery samples at a concentration of 
0.75 µg/ml are shown in Figure 1. UV apex spectrums 
of acetamiprid in ACN and in matrix are illustrated 
in Figure 2. 

In the studied range of mass concentrations of 
acetamiprid, a good linearity of detector response was 
achieved. The obtained values suggest that the increase 
in concentration of acetamiprid working solutions line-
arly followed the increase in peak area. The calibration 
curves were linear over the range with the correlation 
coefficient of 0.995. 
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Figure 1. �Comparison of HPLC/DAD chromatograms of acetamiprid in ACN (blue) 
and spiked sweet cherry (red) at a concentration of 0.75 µg/ml 
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Figure 2. �UV apex spectrum of acetamiprid in ACN and matrix 
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The precision of measurement of an analyte can be 
evaluated as repeatability or reproducibility. In this 
study, precision is expressed as repeatability. Precision 
was examined by analysing the same samples (n=5) at 
two different concentrations on the same day. The re-
tention time of acetamiprid was 1.382 min. The RSD 
values were within the range of 0.06–0.25% for reten-
tion times and from 0.96 to 1.61% for peak area, ful-
filling the mentioned criteria of RSD≤20% (EU Com-
mission Health and Consumer Protection Directorate-
General, 2011). 

The calculated LOD, determined as an S/N ratio of 
three, and LOQ, determined by considering an S/N of 
10 by using matrix-matched calibration curves, are 5 
and 14 µg/kg, respectively. The presented LOQ is low-
er than the acetamiprid MRLs in sweet cheeries set by 
the Serbian legislation and the European Commission. 

The accuracy of the proposed method was evaluat-
ed as recovery, using blank samples spiked with the so-
lution of acetamipid insecticide at three levels (0.1, 0.2 
and 0.3 mg/kg). A sweet cherry sample from a known 
locality without acetamiprid contamination was used as 
the blank sample. In this study acetamiprid was success-
fully extracted with acetonitrile, while in other studies 
neonicotinoid insecticides had been extracted with ac-
etone and eluted from columns with dichloromethane 
(Tsumura et al., 1998, cit. Obana et al., 2002). Imidaclo-
prid was extracted with acetone and transferred to a mix-
ture of dichloromethane and petroleum ether to reduce 
interferences (Fernandez-Alba et al., 1996). The use of 
dichloromethane in these methods is not advisable be-
cause of environmental concerns (Obana et al., 2002). 

The mean recovery achieved was 85.4% with an asso-
ciated relative standard deviation (RSD) of 2.5%. The 

average recoveries and RSD of the analyzed samples 
complied with the EU Commission Health and Con-
sumer Protection Directorate-General (2011) criteria 
(70-120%), and were also used for method validation. 
Having in mind that the maximum permissible level 
of acetamiprid in sweet cherries is 0.2 mg/kg (Praviln-
ik, 2010), the method is sensitive enough for determi-
nation of that pesticide at concentrations well below 
the permissible level. 

Acetamiprid residues in treated  
sweet cherry samples 

The validated method was applied to analyse aceta-
miprid residues in sweet cherry samples, to which aceta-
miprid was applied under controlled conditions. The 
detected pesticide was selected by a respective retention 
time and UV spectra comparison with the reference 
standard. To obtain quantitative data, a method of ex-
ternal standard with calibration on nine levels was used. 

Considering the importance of fresh fruits in a 
healthy diet, the concentration of acetamiprid residues 
in agricultural products should be monitored. The 
identification of acetamiprid in this study was based 
on its retention time and the spectrum was obtained 
by comparing it with the Rt standard of acetamiprid 
and its spectrum. No residues were detected on sweet 
cherry samples collected immediately before acetami-
prid application (Figure 3). 

Acetamiprid residues in sweet cherry samples after its 
application are presented in Figure 4. The maximum 
residue levels of acetamiprid were detected in the sam-
ples collected immediately after its application (0) with 
an average concentration of 0.529 mg/kg. 

Figure 3. �HPLC/DAD chromatogram of a blank uncontaminated sweet cherry sample 
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The samples collected on day 2 had a mean aceta-
miprid residue concentration of 0.359 mg/kg, which 
corresponds to 32% dissipation rate. The degradation 
of acetamiprid increased, and the content of acetami-
prid was 0.313 mg/kg 4 days after treatment. The con-
tent of acetamiprid in sweet cherry samples collected 
6 days after treatment was at the maximum permissi-
ble level in Serbia (0.209 mg/kg). Eight and 10 days af-
ter treatment, the concentrations of acetamiprid were 
0.152 and 0.134, and the respective dissipation rates 
71 and 75%. In sweet cherry samples collected on day 
12, the content of acetamiprid residues was 0.139 mg/
kg (74%), a slightly higher concentration than it was 
on day 10, which may be due to an error in handling 
and/or analysis of the sample (Park et al., 2011). The 
pre-harvest interval for acetamiprid in sweet cherries 
in Serbia is 14 days (Sekulić and Jeličić, 2013). At that 
time interval, the concentration of acetamiprid in our 
sweet cherries samples was 0.111 mg/kg, with a dissi-
pation rate of 79%. 

In this study, a method for determination of aceta-
miprid residues in sweet cherry samples was de-
scribed. It is fast and simple, and can be used as a 
routine acetamiprid residue control procedure in a 
laboratory. Considering the obtained values of ana-
lytical parameters, the proposed method proved to be 
an efficient and sensitive method for determination 
of acetamiprid contents in cherries samples. The val-
idated method was applied in an analysis of acetami-
prid residues in sweet cherry samples after application 
at the recommended dose in accordance with good  

agricultural practice. During the period of evaluation 
(0-14 days), acetamiprid concentrations decreased 
from 0.529 mg/kg to 0.111 mg/kg. After 6 days, the 
content of acetamiprid was at the Serbian MRL lev-
el (0.2 mg/kg). 
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Razgradnja acetamiprida  
u plodovima trešanja

REZIME

U cilju praćenja razgradnje acetamiprida u plodovima trešanja u periodu od primene 
preparata do isteka karence, izvršen je tretman preparatom na bazi ove aktivne materije 
u preporučenoj dozi. Ogled je postavljen u zasadu srednje kasne sorte trešnje na lokalite-
tu Stepanovićevo u okolini Novog Sada. Plodovi su uzorkovani osam puta – odmah nakon 
primene preparata, 2, 4, 6, 8, 10, 12 i 14 dana. Ekstrakcija acetamiprida iz trešanja izvedena 
je QuEChERS metodom. Za određivanje acetamiprida korišćena je tečna hromatografija sa 
DAD detektorom (Agilent 1100, United States) i Agilent Zorbax Eclipse C18 kolonom (unu-
trašnji prečnik 50 mm x 4.6 mm, veličina čestica 1.8 μm). Kao mobilna faza upotrebljeni su 
acetonitril i 1.5% rastvor CH3COOH (30/70), sa protokom 1 ml/min, temperaturom kolone 
25 oC i injektovanom zapreminom 2,5 µl, dok je kao odgovarajuća talasna dužina usvojena 
vrednost od 254 nm. Validacija metode je u potpunosti sprovedena u skladu sa zahtevima 
standarda SANCO/12495/2011 (EU Commission Health and Consumer Protection Directora-
te-General, 2011). Prosečna vrednost prinosa ekstrakcije acetamiprida iz trešanja provere-
na na tri nivoa obogaćenja (0.1-0.3 mg/kg) iznosila je 85.4%. Preciznost merenja razmotre-
na proverom ponovljivosti određivanja acetamiprida izražena je relativnom standardnom 
devijacijom (RSD) sa vrednošću manjom od 1.61%. U opsegu masenih koncentracija ace-
tamiprida od 0,05 do 2,5 µg/ml postignuta je dobra linearnost odziva detektora sa koefi-
cijentom varijacije od 0,995%. Limit detekcije i kvantifikacije za određivanje acetamiprida 
u trešnjama prikazanom metodom iznose 5 µg/kg i 14 µg/kg. Tokom ispitivanog perioda 
koncentracija acetamiprida u trešnjama se smanjivala od 0,592 mg/kg neposredno nakon 
primene insekticida do 0,111 mg/kg po isteku karence od 14 dana. Analizom je utvrđeno 
da je sadržaj acetamiprida u uzorcima plodova trešnje nakon isteka perioda karence ispod 
maksimalno dozvoljene količine za ovu aktivnu materiju propisane Pravilnikom Republike 
Srbije (0,2 mg/kg) i Evropske Unije (1,5 mg/kg). 
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