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A B S T R A C T   

Herein, a new and green analytical method was described for extraction and determination of cadmium in food 
and environmental samples using ultrasound assisted alkanol-based nano structured supramolecular solvent 
microextraction (UA-alkanol-based-SUPRAS-ME) coupled with flame atomic absorption spectrometry (FAAS) 
detection. The SUPRAS was easily prepared from reverse micelles of 1-tetradecanol (as extraction solvent) in 
tetrahydrofuran (THF as dispersive solvent). The Box-Behnken design based on the analysis of variance and the 
desirability function guide was used to optimize the key variables (pH, SUPRAS volume, ligand amount, ultra-
sonic time) of the UA-alkanol-based-SUPRAS-ME procedure. Under the optimum conditions, the calibration 
graphs were linear in the range of 50–3500 µg kg− 1 and 1–400 ng mL− 1 for foods and environmental samples, 
respectively. Acceptable limits of detection (LODs) of 15 µg kg− 1 and 0.3 ng mL− 1 were calculated for food and 
environmental samples, respectively. Inter day RSDs% lower than 4.9% with an average recovery of 99.8%, and 
intraday RSDs% lower than 4.1% with an average recovery of 97% were obtained. Total cadmium was deter-
mined in the range of 48.2–186.4 µg kg− 1 and 35.4–124.6 ng mL− 1 in food and environmental samples, 
respectively.   

1. Introduction 

Rapid developments in the field of industry and technology, while 
facilitating the lives of people, on the one hand, cause an increase in 
production and consumption, deterioration of natural balances, 
destruction of resources, and environmental and food problems due to 
the pollution of air, water, and soil [1]. Heavy metals and metalloids like 
arsenic (As) cadmium (Cd), lead (Pb) and chromium (Cr) are the most 
important toxins causing these problems. Cd is a mobile element in the 
soil and can be easily taken up by plants [2]. The possibility of Cd 
entering the food chain as a result of taking it by plants or reaching the 
water environment by washing from the soil creates an important 
environmental problem [3]. In addition, Cd is transported down from 
the soil by the chelating agents in the soil, it mixes with the groundwater 
and causes pollution in drinking and irrigation water [4]. Studies have 
shown that when the cadmium concentration accumulated in the kidney 
reaches 200 mg kg− 1, kidney functions are impaired [5]. On the other 
hand, Cd maximum level in food products such as leafy vegetables, tu-
bers, cereals and fruits have been limited to 0.2 mg kg− 1 wet weight by 

European Union. [6]. Therefore, the determination of Cd in real samples 
requires a simple, green, and fast microextraction procedure to separate 
the sample matrices and to increase the sensitivity of analytical 
techniques. 

So far, many analytical techniques such as laser-induced breakdown 
spectroscopy (LIBS) [7], anodic stripping voltammetry (ASV) [8], hy-
dride generation atomic absorption spectrometry (HG-AAS) [9], flame 
atomic absorption spectrometry (FAAS) [10], inductively coupled 
plasma mass spectrometry (ICP-MS) [11], high performance liquid- 
phase chromatography and ultraviolet variable wavelength detector 
(HPLC-VWD) [12], thermospray flame furnace atomic absorption 
spectrometry (TS-FF-AAS) [13], and graphite furnace or electrothermal 
atomic absorption spectrometry (GFAAS and ETAAS) [14,15] have been 
reported for the determination of cadmium in different samples 
including rice, wastewater, beverage and food. The ICP-MS, HG-AAS, 
and LIBS are high sensitivity, but, these have limitations in terms of cost 
and interferences. Although the FAAS has low sensitivity compared to 
other techniques, it is still widely used in many research laboratories due 
to its features such as cost and ease of use [10]. In addition, many 
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