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A B S T R A C T   

A simple, green, and effective vortex-assisted dispersive liquid–liquid microextraction method was developed for 
separation, preconcentration and spectrophotometric determination of thiabendazole in fruit samples. This 
method is based on zwitterionic deep eutectic solvent. Four different deep eutectic solvents were prepared by 
mixing betaine with 2-furoic acid, phenylacetic acid, mandelic acid, and glycolic acid at different molar ratio. 
Then these solvents were used for the extraction of thiabendazole. The interaction of acid-betaine complexes 
with TBZ molecule have been supported by theoretical investigation. Various analytical parameters such as pH, 
type and volume of deep eutectic solvent, dispersing solvent type, vortex time, and sample volume were studied 
and optimized. Tolerance limits of foreign species were also measured. The presented method provided a good 
linearity in the range of 0.4–150 µg L− 1, low limit of detection (0.1 µg L− 1), high preconcentration factor (150) 
and low relative standard deviation (below 2.5%). Presented method was successfully applied for extraction and 
determination of thiabendazole in fruit samples. The accuracy of method was confirmed by comparison with the 
standard addition method applied to the same fruit samples.   

1. Introduction 

Benzimidazole pesticides including thiabendazole (TBZ, 2-(4-thia
zolyl)-benzimidazole) are used in agricultural areas for the prevention 
and treatment of parasitic diseases in crops. The residues of these sub
stances in fruits, vegetables, and food products can indirectly affect 
humans and animals life [1]. Pesticides can be easily released into 
environment because they are either applied directly to the soil or crop 
fields. They are caused some health problems such asanemia, diarrhea, 
congenic malformations, nephrotoxicity, teratogenicity, hyperplasia, 
mutagenicity, and pulmonary edemas [2,3]. In order to ensure food 
safety for human beings, maximum residue limit for TBZ in fruits and 
vegetables is set by European Union and China Food and Drug Admin
istration [4,5]. Maximum residue limit for TBZ is 5 mg kg− 1 in fruits 
such as pear, orange, apple, and banana samples [6]. TBZ monitoring in 
fruit and food samples is very important because of its toxic effect for 

living organisms. So, green, efficient, sensitive, selective, and minia
turized method is necessary for the determination of TBZ in food and 
fruit samples. 

Various instrumental techniques such as high performance liquid 
chromatography [6], gas chromatography-mass spectrometry [7], 
fluorescence spectroscopy [8], surface enhanced Raman spectroscopy 
[9], liquid chromatography-mass spectrometry [10], capillary electro
phoresis [11], spectrophotometery [12] have been used for the deter
mination of TBZ pesticides. Using of spectrophotometer has some 
advantages and provides simple, cheap, effective, fast, and selective TBZ 
determination. However, direct determination of TBZ in real samples is 
difficult because of low detection limit of instruments and matrix effect. 
In order to overcome these problems, several enrichment and separation 
methods such as electromembrane extraction [11], supramolecular 
solvent extraction [13], dispersive liquid–liquid microextraction [14], 
dispersive solidphase extraction [15], surfactant enhanced 
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