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A B S T R A C T   

A simple and green ultrasound liquid-liquid microextraction method based on low viscous hydrophobic deep 
eutectic solvent (ULLME-LV-HDES) was proposed for the preconcentration and separation of selenium prior to 
HG-AAS detection. Six different DESs were prepared for the extraction of selenium. Quercetin was used com-
plexing agent for Se(IV) ions. Various analytical parameters such as pH, quercetin amount, DES type and its 
volume, sonication time, sample volume were optimized. Tolerance limits of anion, cation and transition metal 
ions were studied. Preconcentration and enhancement factor were found 62.5 and 121. Under the optimum 
conditions, limit of detection was found 0.25 ng L− 1 with calibration range of 0.8–120 ng L− 1. Relative standard 
deviation was found 3.2%. The accuracy of the method was confirmed with certified reference materials (NIST 
1567a Wheat flour and NIST 1548a Typical diet). Finally, the developed method was successfully applied to food 
and water samples.   

1. Introduction 

Although selenium is necessary for living organisms at low levels, its 
high concentration is toxic. There is a narrow range between essential-
ity, deficiency and toxic effects of selenium (Olmedo et al., 2013; Pan-
hwar, Tuzen, & Kazi, 2017). The recommended allowance levels of 
selenium in food samples for consumptions below 0.1 µg g− 1 is defi-
ciency, but dietary levels above 1 µg g− 1 is lead to toxic effects (Fordyce, 
2005; Li & Yu, 2016). The toxicity of selenium species depends on their 
organic (seleno amino acids, selenomethionine and very complex seleno 
proteins) and inorganic forms (selenite SeO3

2− , selenate SeO4
2− ) in the 

samples. Inorganic forms of selenium species are more toxic than the 
organic forms (Andrew, Edward, Butler, & Haddad, 2004). Inorganic 
selenium can be found two different oxidation stage as Se(IV) and Se(VI) 
in natural waters. The toxicity of Se(IV) is higher than Se(VI) (Asiabi 
et al., 2016). The recommended daily dietary allowance of selenium is 
55 μg per day for an adult. The maximum limit for health intake of se-
lenium for adults is 400 µg per day (Food and Nutrition Board, Institute 

of Medicine, 2000). Selenium supplementary may be acquired through 
food, but the essentiality, bioavailability and toxicity of selenium species 
depends on its concentration and chemical form in the food samples 
(Finley, 2006). 

Selenium is a difficult element to determine from real samples due to 
its multiple oxidation states, matrix effects, and possible evaporation. 
Different analytical techniques such as liquid chromatography- 
inductively couple plasma mass spectrometry (Hsieh & Jiang, 2013), 
inductively couple plasma optic emission spectrometry (Nyaba, Matong, 
Dimpe, & Nomngongo, 2016), energy-dispersive X-ray fluorescence 
spectrometry (Kocot, Leardi, Walczak, & Sitko, 2015), hydride genera-
tion atomic fluorescence spectrometry (Tong, Ying, & Jinyong, 2016), 
graphite furnace atomic absorption spectrometry (Sun, Liu, & Wu, 
2013), continuum sources atomic absorption spectrometry (Shaltout, 
Bouslimi, & Besbes, 2020), hydride generation atomic absorption 
spectrometry (Abdolmohammad-Zadeh, Jouyban, Amini, & Sadeghi, 
2013) have been used for selenium determination in different matrix. 
Hydride generation atomic absorption spectrometry (HGAAS) has some 
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