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Summary

This study gives insight into the behavior of the neonicotinoid insecticide thiacloprid in 
greenhouse production of pepper. Thiacloprid was applied at a concentration of 96 g a.i./
ha, as recommended by the manufacturer for aphid control. Degradation of thiacloprid in 
pepper fruits was evaluated over a ten-day period, starting from the moment of insecticide 
application. Sample preparation was performed using the QuEChERS method for liquid 
chromatography with diode array detection for identification and quantification of thiacloprid 
residues in extracts of pepper samples. The method was validated in accordance with the 
SANCO/12571/2013 document. The obtained mean recovery value was 83.69%, with RSD 
5.05%. Intraday precision was 3.21%. Within a concentration range from 0.01-2.0 µg/ml, 
thiacloprid showed linear calibration with R2 0.997%, while the quantification limit of the 
method was 0.01 mg/kg. The results of a field trial showed that thiacloprid dissipated rapidly 
from 1.136 mg/kg to 0.321 mg/kg with a loss of 72% in the first two days after application. 
Throughout the experimental period, thiacloprid residues in pepper fruits basically remained 
at a stable low level, and no residue exceeding 0.198 mg/kg was detected in the terminal 
residue experiment, which was below the MRL of 1.0 mg/kg. The half-life (DT50) of thiacloprid 
in pepper fruits obtained in this study was 4.95 days. Finally, the pre-harvest interval (PHI) for 
thiacloprid prescribed by Serbian authorities was proved to be safe enough in greenhouse 
production of pepper. 
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INTrODuCTION 

Pepper (Capsicum annum) is one of the most important 
vegetables with great economic significance. It is usually 
infested by a variety of rapidly reproducing pests, and 
growers usually apply a combination of several types 
of pesticides to control them (Lazić et al., 2014a). 

Intensified production and inadequate application of 
cultural practices lead to increased insect infestation 
and diseases, especially under greenhouse conditions 
of pepper growth. The insecticide thiacloprid is widely 
used for control of economically highly important pests 
of pepper, such as aphids. Thiacloprid [(Z)-3-(6-chloro-
3-pyridylmethyl)-1,3-thiazolidin-2 ylidenecyanamide] 
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Sample extraction 

The samples were chopped, homogenized and 
extracted according to the QuEChERS method. 
In brief, 10.0 g of homogenized pepper sample was 
weighed into a 50 ml centrifuge tube and 10 ml of 
acetonitrile was added. The tube was sealed and 
shaken for 1 min, then votexed for 1 min. To induce 
the phase of separation and pesticide partitioning, 1000 
mg sodium citrate, 500 mg sodium hydrogen citrate 
sesquihydrate, 4000 mg magnesium sulfate and 1000 
mg sodium chloride were added. This was followed 
by immediate sealing of the tube and its shaking for 1 
min, vortexing for 1 min and centrifugation for 5 min 
at 3000 rpm, and then the tube was sealed, shaken for 
1 min, vortexed for 1 min and centrifuged for 5 min 
at 3000 rpm. For sample clean-up, 6.0 ml of the upper 
layer was transferred to a tube with primary-secondary 
amine sorbent (150 mg) and magnesium sulfate (900 
mg). After closing the tube, it was vortexed for 1 min 

and centrifuged for 5 min at 3000 rpm. An aliquot 
of the upper layer (3 ml) was evaporated to dryness 
under gentle nitrogen stream, dissolved in 1 ml of 
acetonitrile, filtered through a 0.45 µm membrane filter 
and transferred into an autosampler vial (Figure 2). 

LC analysis 

Liquid chromatographic analysis was performed 
with an Agilent Technologies Liquid Chromatograph 
1100 Series. Chromatographic data were collected 
and recorded using the Chemstation system software. 
Separation was carried out using a C18 column (50 mm × 
4.6 mm internal diameter, 1.8 µm particle size, Agilent 
Technologies) and isocratic elution of acetonitrile and 
water acidified with 1.5% CH3COOH (30/70). The 
flow rate of the mobile phase was 1 ml/min and column 
temperature was ambient. The DAD was set at 225 nm 
with a bandwidth of 4 nm. Each analytical sample was 
considered in triplicates. 

Figure 2. Sample extraction and clean-up procedure
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the DT50 was calculated by the following equation: 
DT50=ln2/k, using dissipation rate constant value. 

Dissipation of thiacloprid residues was simulated by a 
first-order model (Table 2). Degradation monitoring lasted 
ten days, slightly longer than PHI. Under such conditions, 
thiacloprid DT50 in pepper fruits was 4.95 days. 

Table 2. Half-life (DT50) of thiacloprid dissipation

Analyte Model Dynamic  
equation R2 DT50 

Thiacloprid First-order  
model y=0.620e-0.14x R²=0.682 4.95 

In the study conducted by Li et al. (2016) in pepper 
plants, thiacloprid was applied at 1.5-fold recommended 
dose of 144 g a.i./ha. The trial was set up in the field. 
Samples were collected randomly from sampling plots 
at 0 (2 h after spraying), 1, 3, 7, 10, 14, 21 and 28 days 
after treatment. The initial residue level of thiacloprid 
in pepper was 0.503 mg/kg, which is much lower than 
the established EU MRL. The half-life was 0.81 days. 

Considerating the differences in doses of thiacloprid 
residues and DT50 value in our experiment and the trial 
reported by Li et al. (2016), they can be attributed to 
different temperature conditions, humidity, and possibly to 
the insolation level, but also to the plants’ habitats. Previous 
studies had reported that dissipation of pesticide deposits 
was a complex process depending on various environmental 
factors, such as temperature, relative humidity and UV 
irradiation, metabolism and translocation (pesticide 
penetration and plant growth), application technique and 
pesticide formulation (Brouwer et al., 1997). 

The results of this study indicate that thiacloprid 
dissipates relatively rapidly in pepper fruits grown in 
greenhouses as its half-life was 4.95 days. At the end of 
PHI, thiacloprid residues in pepper plants were far below 
the MRLs. Finally, the PHI for the thiacloprid insecticide 
prescribed by the Serbian authorities was proved to be 
safe enough in greenhouse production of pepper. 
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Razgradnja i perzistentnost tiakloprida  
u plodovima paprike 

rEzImE

Istraživanje dato u ovom radu sprovedeno je u cilju praćenja dinamike razgradnje insekticida 
tiakloprida u plodovima paprike iz plasteničke proizvodnje. Tiakloprid je primenjen u količini 
(96 g a.m./ha) preporučenoj od strane proizvođača za zaštitu paprike od biljnih vaši. Paprika je 
uzorkovana odmah po sušenju depozita, nakon 2, 3, 4, 5, 6, 7 i 10 dana. Ekstrakcija i prečišćavanje 
tiakloprida iz plodova paprike izvedena je QuEChERS metodom, dok je za određivanje nivoa 
ostataka primenjena tečna hromatografija sa DAD detektorom i Agilent Zorbax SB C18 kolona. 
Validacija metode izvedena je u potpunosti u skladu sa kriterijumima SANCO/12571/2013. 
Prosečna vrednost prinosa ekstrakcije tiakloprida iz plodova paprike iznosila je 83,69±5,05%, 
dok je preciznost metode izražena relativnom standardnom devijacijom (RSD) sa vrednošću 
od 3,21%. Dobra linearnost odziva detektora potvrđena je koeficijentom varijacije od 0,997%. 
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Limit kvantifikacije za određivanje tiakloprida u paprici ovom metodom iznosi 0,01 mg/kg. 
Maksimalan nivo ostataka tiakloprida u plodovima paprike gajene u plasteniku utvrđen je 
po sušenju depozita i iznosio je 1,136 mg/kg. U uzorcima prikupljenim 2. dana od tretiranja, 
prosečna vrednost ostataka tiakloprida u uzorkovanim plodovima paprike iznosila je 0,321 mg/
kg, sa gubitkom od 72%. Pod ovim uslovima proizvodnje, količina tiakloprida se u narednom 
periodu postepeno smanjivala, sa krajnjom vrednosti od 0,198 mg/kg, znatno ispod MDK od 
1,0 mg/kg. Vreme poluraspada (DT50) tiakloprida u plodovima paprike gajene na ovaj način 
iznosi 4,95 dana. Na osnovu ostvarenih rezultata može se zaključiti da propisana karenca za 
tiakloprid obezbeđuje bezbednu primenu ovog insekticida u plasteničkoj proizvodnji paprike. 

Ključne reči: Tiakloprid; Paprika; Razgradnja; Ostaci; Plastenici


