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A B S T R A C T   

We applied novel vortex-assisted ionic liquid dispersive liquid-liquid microextraction (VA-IL-DLLME) method to 
preconcentration and extraction of Se(IV) ions from water, beverage and food samples. The method was opti-
mized using central composite design combined with the response surface analysis. After extraction, inorganic 
selenium species (total Se, Se(IV) and Se(VI)) were determined by hydride generation atomic absorption spec-
trometry. 1-n-Octyl-3-methylimidazolium bis(trifluoromethane)-sulfonamide [C8mim NTf2] and tetrahydro-
furan were used as the extraction and dispersive solvents, respectively. Applied vortex assisted the extractant 
dispersion and accelerated the mass transfer process. Obtained optimum conditions for microextraction pro-
cedure are as follows: mass of [C8mim NTf2], pH, extraction time and THF volume should be equal to 85 mg, 6.8, 
15 min and 730 μL, respectively. Under these conditions, we observed linear range, limit of detection and 
enrichment factor equal to 5− 500ng L− 1, 1.5 ng L− 1 and 120, respectively. We also fount linear regression 
coefficients in the dependence between Absorbance and Se(IV) concentration: Absorbance = 0.0652 CSe(IV) +

0.0185. We added 200 μg kg− 1 of Se(IV) to selected food samples and 100 ng L− 1 of Se(IV) to selected waters and 
beverages. Relative standard deviations and recovery values were within the ranges of 2.4–3.5 % and 
92.7÷103.4 %, respectively. The optimized VA-IL-DLLME method reported here provides high extraction effi-
ciency, fast extraction and lower detection limit without a heating step than alternative microextraction 
methods. This method also requires environmental solvents for determination and preconcentration of trace Se 
species in the selected samples. In addition, the reported VA-IL-DLLME procedure is the first method which use 
[C8mim NTf2] as extraction solvent for the preconcentration and separation of Se(IV) ions.   

1. Introduction 

Selenium (Se) has an important effect on human health. This element 
plays a role in structural and enzymatic functions as a part of seleno-
proteins and acts as an antioxidant and catalyst in the production of 
thyroid hormone (Valea, and Georgescu, 2018). It also has a protective 
effect on the immune system. Glutathione peroxidase enzyme (GSH-Px) 
contains Se in its structure (De Vega et al., 2016). In addition, selenium 
converts peroxides formed by oxidizing unsaturated fatty acids into 
water and therefore destroys cell-damaging free radicals (Fernán-
dez-Lázaro et al., 2020). Еhis feature determines its high antioxidant 

activity (Bai et al., 2017). Natural Se is mostly found in selenate (SeO4
− 2), 

selenite (SeO3
− 2) and selenide (Se− 2) forms in soils (Ali et al., 2017). 

Because of the addition of Se to protein structure, the food samples with 
high protein content, such as meat, fish and seafood, are generally rich 
in Se (Fang et al., 2019). Safe and sufficient selenium intakes for adult 
women and men are equal to 60 and 75 μg day-1, respectively. (Kipp 
et al., 2015). Moreover, selenium possesses one of the narrowest ranges 
between dietary deficiency (<40 μg day− 1) and toxic levels (>400 μg 
day− 1) (WHO, 1996). Too high content of selenium in the diet leads to 
deformities and losses in the skin, hair and nails tooth decay, gastroin-
testinal and neurological disorders, headache and nausea (Olalekan 
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