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A B S T R A C T   

This paper reports a new and simple microextraction procedure for cobalt determination using green ionic hy
drophobic deep eutectic solvent in developing air-assisted liquid-phase microextraction and flame atomic ab
sorption spectrometry. The complexation of Co(II) ions was carried out by using dithizone solution as 
complexing agent at pH 5. The key variables affecting microextraction steps were optimized by response surface 
methodology (RSM) based on central composite design. Under the optimum microextraction conditions, cali
bration graph was linear in the range of 0.1–500 µg L− 1 Co(II) with correlation coefficient of 0.9985. Addi
tionally, detection limit, quantitation limit and enrichment factor were found to be 0.04 µg L− 1, 0.1 µg L− 1 and 
175, respectively. The reproducibility and repeatability were ≤ 2.9% and ≤ 3.6%, respectively. Based on the 
results obtained, the proposed methodology has been successfully employed for Co analysis in liquid and solid 
samples with recovery range of 94.2–105%.   

1. Introduction 

Cobalt (Co) is the building block of vitamin B12, which plays an 
important role in vital activities in our body, and is also involved in the 
formation of erythrocytes, one of the blood cells (González-Montaña 
et al., 2020. Co deficiency in the body can cause many problems and 
symptoms such as anemia called “pernicious anemia”, liver, pancreas, 
and nervous system disorders (Briani et al., 2013. However, cobalt, 
which is required in low concentrations, creates undesirable diseases for 
the body in long-term exposure (Delaunay et al., 2010). The maximum 
allowable concentration of cobalt in drinking water is specified by the 
United States of Environmental Protection Agency as 100 µg L-1 (Beir
aghi et al., 2012). For this reason, routine quantitation of cobalt at very 
low concentrations in liquid and solid samples is important, and it is 
necessary to develop accurate, sensitive and reproducible methods for 
these analyzes. 

Currently, different analytical techniques such as inductively 
coupled plasma-mass spectrometry (ICP-MS) (Wu et al., 2019), 

inductively coupled plasma-optical emission spectrometry (ICP-OES) 
(Bartosiak et al., 2018), flame atomic absorption spectrometry (FAAS) 
(Altunay et al., 2019, 2018), inductively coupled plasma atomic emis
sion spectrometry (ICP-AES) (Dash et al., 2016) and graphite furnace 
atomic absorption spectrometry (GFAAS) (Sorouraddin et al., 2018) 
have been reported for the determination of low concentrations of cobalt 
in various matrices. ICP-MS, ICP-AES and ICP-OES techniques are 
preferred by scientists due to the advantage of multi-element determi
nation at low concentrations. However, these techniques are relatively 
expensive and the daily operating and maintenance costs are also high 
(Yazıcı et al., 2020). Also, their working range is narrow. GFAAS offers 
detection limits comparable to plasma techniques, but only determines 
one element at a time. Although FAAS offers low cost, rapid measure
ment, cheapness, and simple operation, its sensitivity is low compared to 
other techniques. To minimize this problem, an appropriate method of 
separation and preconcentration is widely used before determination 
(Ali et al., 2019). In this context, sample preparation methods such as 
ultrasound-assisted liquid phase microextraction (Arain et al., 2016), 
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