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Abstract  
A very explicate and ligand-less ultrasound-vortex-assisted dispersive liquid–liquid microextraction (US-VA-DLLME) 
technique has been designed for the pre-concentration and extraction of ultra-trace amounts of cadmium ions, before its 
determination by graphite furnace atomic absorption spectrophotometry. In the proposed approach, a hydrophobic natural 
deep eutectic solvent (NADES), prepared from combination of salicylic acid (SA) and l-menthol (M), was studied as both 
the extraction solvent and the complexing agent for the extraction of cadmium ions. Some significant factors influencing 
the microextraction performance including pH, volume of DES, sonication time, and extraction temperature were carefully 
examined and optimized. The calibration curve, obtained under the optimal extraction and instrumental parameters for 
determination of cadmium, exhibited a wide linearity over the range of 0.001–7.5 µgL−1 (R2 = 0.9953). The proposed method 
provided low limits of detection (LOD) and quantification (LOQ) of 0.37 × 10−4 and 1.24 × 10−4 µgL−1, respectively. The 
relative standard deviation (RSD) and pre-concentration factor (PF) were also evaluated as 2.65% and 125, respectively. 
Finally, the developed US-VA-DLLME technique was favorably applied to the separation and determination of ultra-traces 
of cadmium in several waters and food samples.

Keywords  Ultrasound-vortex-assisted dispersive liquid–liquid microextraction · Ligand-less · NADES · Cadmium 
detection · Food samples

Introduction

Heavy metals enter the environment from natural sources 
via different types of anthropogenic activities such as min-
ing operation (Taylor et al. 2014), metallurgy (Shao et al. 
2013), and electronic industry (Pecht et al. 2004). It is vital 
to check the level of heavy metals in the nourishment as 
they can accumulate in environment and living organisms, 
causing long-term toxic effects (Uluozlu et al. 2009; Mendil 
et al. 2009). One of these heavy metals is cadmium, which 
has a carcinogenic effect at low concentrations and is mainly 
accumulated in human organs including kidney, lung, liver, 
and reproductive organs. Cd(II) ion has been classified as a 

group B1 carcinomatous agents by the Environment Protec-
tion Agency (EPA). The acceptable value for Cd(II) con-
centration in drinking water has been set at 3.0 μg L−1 and 
5.0 μg L−1 via the World Health Organization (WHO) and 
EPA, respectively (Chang et al. 2008; Liu et al. 2006; World 
Health Organization 2004; Waalkes 2000). Cd(II) ion is also 
considered as one of the main pollutions in plants owing to 
the use of phosphate fertilizers in husbandry (Kubier and 
Pichler 2019). In the case of the use of phosphate fertilizers, 
the agglomeration of cadmium is scaled up exceptionally in 
plants. Therefore, their consumption can be destructive to 
human health, through agglomeration into the food chain.

Nowadays, the design of selective and sensitive analytical 
methods for the determination of Cd(II) ions in various eco-
logical and agricultural specimens is of increasing impor-
tance. Several analytical systems have been introduced for 
the determination of cadmium in complex matrices. These 
include flame atomic absorption spectrometry (FAAS) 

 *	 Mojtaba Shamsipur 
	 mshamsipur@yahoo.com

1	 Department of Chemistry, Razi University, Kermanshah, 
Iran

/ Published online: 11 January 2022

Food Analytical Methods (2022) 15:1203–1213

http://orcid.org/0000-0001-6560-4815
http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-021-02222-x&domain=pdf


1 3

(Yilmaz et al. 2016), electrothermal vaporization atomic 
fluorescence spectrometry (ETVAFS) (Mao et al. 2013), 
inductively coupled plasma–mass spectrometry (ICP-MS) 
(Miedico et al. 2015), inductively coupled plasma–optical 
emission spectrometry (ICP-OES) (Bezerra et al. 2007), and 
graphite furnace atomic absorption spectrometry (GFAAS) 
(Shamsipur and Habibollahi 2010). Among these methods, 
GFAAS is established as a highly efficient technique for 
determination of concentration of various metal ion species, 
and is widely used owing to its small scale operational price, 
high accessibility, and high speed. Nevertheless, the draw-
back of this technique is its inability to detect ultra-traces of 
the analytes, because of their minute amounts and matrix 
interferences. In order to overcome this drawback, different 
sample preparation strategies have been introduced.

The liquid-phase microextraction method (LPME) is an 
effective technique for the pre-concentration of the metallic 
ions of interest and removal of the sample matrices. This 
technique is time-efficient and has the advantages in terms 
of miniaturization and simplicity (Shamsipur et al. 2015; 
Behbahani et al. 2014; Efendioglu et al. 2010). The new 
branches of LPME method include headspace liquid-phase 
microextraction (HS-LPME) (Shen and Lee 2003), disper-
sive liquid–liquid microextraction (DLLME) (Hibila et al. 
2016; Pouyan et al. 2016; Zhang et al. 2013; Ragheb et al. 
2021), ultrasound-assisted ionic liquid–based dispersive liq-
uid–liquid microextraction (UA-IL-DLLME) (Unsal et al. 
2015), vortex-assisted liquid–liquid microextraction (VA-
LLME) (Hashemi et al. 2017; Chamsaz et al. 2013), ultra-
sound-assisted emulsification microextraction (USAEME) 
(Sereshti et al. 2012), and supramolecular solvent–based 
liquid-phase microextraction (Zohrabi et al. 2016; Jafarvand 
and Shemirani 2011).

In the late advances in liquid–liquid microextraction 
methods, it is also critical to select eco-friendly, low cost, 
and non-toxic extraction solvents for the improved pre-
concentration of the pollutants in different specimens (Ali 
et al. 2020). In recent years, ionic liquids (ILs) received 
significant attention as environment-friendly alternatives 
to the conventional organic solvents, mainly due to their 
such excellent physicochemical characteristics as struc-
tural design-ability, insignificant vapor pressure, and high 
thermal stability, which lead to more efficient separations 
with less energy consumption (Han and Row 2010; Ander-
son et al. 2006). However, most of the ionic liquids possess 
several imperfections, including indigent biodegradability, 
high price, and toxicity. Thus, in order to get free of the 
disadvantages of ILs, the application of deep eutectic sol-
vents (DESs) as a modern group of green and sustainable 
solvents have been developed (Zhang et al. 2012). These 
solvents are composed of several ingredients, specifically 
hydrogen bond donors (HBD) and hydrogen bond accep-
tors (HBA), which interacting by intramolecular hydrogen 

bonds to form liquids with melting points lower than those 
of their singular ingredients.

The DESs possessed various advantages such as less 
toxicity, more biodegradability and reduced ecological 
impacts, compare to the ILs. Furthermore, the DESs are 
not difficult to provide, are greatly biocompatible, and 
have low-prices (Vilková and Płotka-Wasylka 2020; Smith 
et al. 2014). Currently, DESs have been favorably exerted 
to such diverse fields of research as organic synthesis (Nia-
kan et al. 2021), CO2 absorption (Lin et al. 2021), elec-
trochemistry (Li et al. 2020), and nanotechnology (Chen 
et al. 2021). Additionally, these solvents supply a variety 
of bonding abilities like hydrogen bonding, π–π interac-
tions, and anion interchange with the analytes, which sup-
ply them a large capacity as clean solvents for the extrac-
tion and separation processes (Karimi et al. 2015; Yilmaz 
and Soylak 2015; Shahrezaei et al. 2020).

Cadmium (Cd) is a common and lateen toxic ecological 
pollutant, which originating chiefly from swift industrial 
operations, the overuse of fertilizers, composts and sewage 
sediments, and municipal activities (Shirani et al. 2019; 
Waalkes 2000). The essential goal of this study was the 
design of a powerful, green, and highly sensitive ligand-
less ultrasound-vortex-assisted dispersive liquid–liquid 
microextraction (US-VA-DLLME) method for the separa-
tion and pre-concentration of cadmium ions from real sam-
ples. In this work, for the first time, a hydrophobic NADES 
composed of salicylic acid and l-menthol was used as an 
efficient extraction solvent and as a proper extraction agent 
in a novel microextraction procedure for the selective sep-
aration of trace magnitudes of cadmium ions. It is worth 
mentioning that salicylic acid (SA) is an everywhere plant 
phenolic combination that possesses a widespread effect 
on the growth and tolerance of rice seedlings to Cd stress. 
Therefore, SA addition to Cd contaminated soil can reduce 
toxicity in the rice cultivation (Majumdar et al. 2020; Liu 
et al. 2016). Thus, in this work, we used salicylic acid 
as a hydrogen bond donor and l-menthol as a hydrogen 
bond acceptor for the preparation of a novel deep eutec-
tic solvent for successful ligand-less extraction of Cd(II) 
ion from different samples. To the best of our knowledge, 
there is no report on the utilization of a natural deep eutec-
tic solvent based on salicylic acid and l-menthol for the 
microextraction of cadmium ion, in the literature.

Various experimental parameters, which potentially 
affecting the extraction process were carried out in the 
suggested procedure, in detail, and the analytical figures 
of merits for the suggested technique were investigated and 
compared with other methods. Also, the proposed meth-
odology enabled us to monitoring the low concentration 
levels of Cd(II) ions in water, cereal products, and fruit 
samples, with excellent statistical consequences.
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Materials and Methods

Reagents and Materials

Salicylic acid (≥ 99.0%), l-menthol (≥ 99.0%), Cd(NO3)2 
(≥ 99.9%), and Pd(NO3)2 (≥ 99.9%) were purchased from 
Sigma-Aldrich (USA) and Merck (Germany). The stock 
solutions of Cd(II) were unlimbered by the dilution of a 
certified standard solution of 1000 mg L−1 (Merck, Darm-
stadt, Germany). The operative standards were prepared 
by subsequent dilutions of stocks solution with ultra-pure 
water (resistivity > 18 MΩ cm). The pH was adjusted by 
using acetate buffer.

Apparatus

Cadmium determination was performed with an atomic 
absorption spectrophotometer M5-Thermo series (Thermo, 
USA) equipped with an Analyst 95 graphite furnace and a 
deuterium (D2) background correction. The spectral band-
pass and operating current of the cadmium hollow cathode 
lamp were regulated at 0.50 nm and 7.0 mA, respectively. 
The wavelength for analysis of Cd was set at 228.8 nm. 
Pd(NO3)2 was used as a matrix modifier and transferred 
to furnace by means of an auto sampler (AS-95). Highly 
pure argon gas with a flow speed of 200 mL min−1 was 
employed. A model 692 digital pH meter (Metrohm, Heri-
sau, Switzerland) supplied by a glass electrode was applied 
for pH regulations. The digestion of solid specimen was 
attained using a closed vessel microwave apparatus (Mile-
stone ETHOS UP, Sorisole BG, Italy). The operating con-
ditions of microwave were adjusted, as suggested by the 
manufacturer.

The water content of the prepared DES was found to be 
lower than 0.01%, as examined by the Karl–Fischer titra-
tion method (720-KSS-Metrohm Herisau, Switzerland). 
FT-IR spectra were recorded with a Bruker PS-15 spec-
trometer (Germany), over the limits of 4000–400 cm‒1. 
1H and 13C NMR spectra were taken on a Bruker SP-400 
Avance spectrometer (Germany). The thermal properties of 
the DES were measured by differential scanning calorim-
etry (DSC) instrument (Mettler Toledo Instrument Model 
DSC 822 e, Switzerland), purging with nitrogen, over a 
temperature limit of − 40 to 40 °C with a heating rate of 
10 °C min−1. Weight changes of NADES were obtained 
by (Mettler Toledo Instrument Model TGA/SDTA 851 e, 
Switzerland) in an open aluminum pan and heated at a rate 
of 10 °C/min from 50 to 700 °C, with a nitrogen purge. 
The information on speed of sound and density were 
examined using a mercantile sound and density velocity 
meter (Anton Paar DSA 5000 densitometer and a rate of 

sound analyzer) at a frequency of 3 MHz. The tempera-
ture was established to ± 0.01 K using a Peltier instrument. 
The degassed dual distilled water and dehydrated air were 
applied to calibrate the equipment at 298.15 K. The esti-
mated precision was ± 5 × 10−6 g cm−3 and ± 0.5 m s−1 for 
density and velocity of sound, respectively.

Preparation of Hydrophobic Natural Deep Eutectic 
Solvent

There are a variety of hydrogen bond acceptors and hydro-
gen bond donors which can be applied to the production a 
different of DESs (Zhang et al. 2012; Han and Row 2010; 
Anderson et al. 2006). The hydrophobic natural deep eutectic 
solvent used in this work was first reported by our research 
group (Abri et al. 2019). Generally, a mixture of l-menthol 
crystal and salicylic acid powder, in a 4:1 molar proportion, 
was warmed at 40 °C for 30 min to appear a clear solution. 
When a homogenous water-immiscible solution was formed, 
the stirring was slap down and the mixture was permitted 
to cool down. The water content of the prepared NADES 
was found to be lower than 0.01%. Finally, the purity and 
structure of the prepared NADES were studied by the FT-IR 
and NMR spectroscopies.

General Procedure for VE‑UA‑DLLME

In this work, 200 µL of the l-menthol-salicylic acid NADES 
as a green hydrophobic extraction solvent was rapidly 
injected into 25 mL of a standard solution including 1.0 μg 
L−1 of Cd(II) and 1.0 mL acetate buffer of pH 6.0, and then 
vortexed for 5 min. A water/NADES cloudy solution was 
then formed in the extraction vessel. In this stage, the Cd(II) 
from the aqueous sample was extracted into the fine droplets 
of NADES. The mixture was then put into an ultrasonic 
bath at 40 °C for 5 min and the NADES aggregates were 
gradually fragmented into nano-sized species under ultra-
sonication process. Then, 20 μL of the extracted higher thin 
layer was taken, and together with 10 μL of Pd(NO3)2 modi-
fier solution, were injected into GFAAS.

Sample Collection and Pretreatment

Different water and food samples were collected from 
Kurdistan Province, Iran. The collected water samples were 
passed through a filter paper, in order to efface any impurity 
materials, and were kept at 8 °C, until analysis. The other 
samples were cleaned by deionized water and, after drying 
at room temperature, they were digested by a microwave 
system.
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Microwave‑assisted Digestion of Agricultural 
Samples

The microwave digestion procedure was used to digest sev-
eral agricultural samples. For effective microwave diges-
tion of samples, a mixture of hydrogen peroxide and nitric 
acid in an optimal proportion of 1:4 was added to 0.5 g of 
each specimen and then heated with microwave energy for 
15 min. The temperature was risen to 200 °C at 20 bar pres-
sure and 1800 W power. After cooling to ambient tempera-
ture, the samples were transferred into different tubes and 
the contents were diluted to 25 mL with deionized water for 
subsequent cadmium determination.

Results and Discussion

Spectroscopic and Thermal Characterization 
of the Prepared Natural Deep Eutectic Solvent

The natural deep eutectic solvents have been prosperously 
used for the pre-concentration of environmental contami-
nations, essential and nonessential elements, food addi-
tives and have received an increasing attention, due to 
their attributed green chemistry (Zhang et al. 2012; Han 
and Row 2010; Anderson et al. 2006). In this work, we 
afforded the application of the abovementioned NADES as 
extraction solvent for the pre-concentration and separation 
of Cd(II) ions from rice, wheat, watermelon, and drinking 
water samples.

The composition and purity of the prepared NADES 
was first intensely explored using FT-IR and nuclear mag-
netic resonance (1HNMR, 13CNMR) spectroscopies. To 
this aim, the FT-IR spectra of salicylic acid:l-menthol 

at 1:4 ratio eutectic solvent and the specific ingredients 
were conducted and the results are shown in Fig. 1. As 
seen, upon mixing of the l-menthol with salicylic acid, 
the O–H stretching vibration band of l-menthol exhibited 
a blue shift from 3263 to 3360 cm−1, which can indicate 
the occurrence of hydrogen bond generation. It should 
additionally be noted that the blue shift from 1655 to 
1668 cm−1 in the carbonyl band and red shift from 3423 
to 3360  cm−1 in the O–H stretching vibration band of 
salicylic acid is also suggesting the generation of hydro-
gen bonding arrangement between l-menthol and salicylic 
acid as hydrogen bond acceptor and hydrogen bond donor, 
respectively.

The purity and configuration of the prepared 
l-menthol:salicylic acid deep eutectic solvent were studied 
with 1H and 13C NMR spectroscopies (Fig. 2a and b). As can 
be seen from Fig. 2, the peaks ascribed to the initial ingre-
dients are obviously comprehended and no additional peaks 
were found, which indicated that no interaction occurred 
between the ingredients of the NADES. The thermal behav-
ior of NADES was studied using differential scanning calo-
rimetry (DSC) and thermogravimetric analysis (TGA) and 
their curves were illustrated in Figs. 3a and b, respectively. 
The TGA thermogram reported of the l-menthol as basic 
component in NADES shows one-step thermal the composi-
tion pattern. The decomposition was completed at 115 °C. 
Therefore, NADES indicates rapid weight loss of ≥ 95% dur-
ing this process. Based on DTG curve, the maximum ther-
mal degradation temperature of the prepared NADES was 
determined. The DSC thermogram of salicylic acid showed 
a sharp endothermic peak at 173 °C. The DSC thermal curve 
of l-menthol:SA system presented a unique endothermic 
peak at 22.9 °C. The thermogram of NADES contained no 
peak from the alpha and beta polymorphs of l-menthol (i.e., 

Fig. 1   FT-IR spectra of the pure 
l-menthol, salicylic acid and 
NADES mixture
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≈ 28 °C and ≈ 33 °C) and salicylic acid. The l-menthol basis 
NADES also displayed a decline in melting peak, compared 
to the individual components, which was perhaps owing to 

asymmetrical system in the NADES, based on mixing of 
l-menthol and salicylic acid.

Some of the resulting physicochemical properties of 
the prepared NADES, such as density, speed of sound, and 
molar mass, are given in Table 1.

Optimization of Experimental Factors

Finally, the experimental factors influencing the efficiency 
of the analytical method including pH, proportion of deep 
eutectic solvent, vortex, and ultrasonic times were stud-
ied and optimized in detail. The optimization studies were 
carried out by using 25-mL standard aqueous solutions, 

Fig. 2   NMR spectra of NADES 
in CDCl3: a 1HNMR, b 
13CNMR

Fig. 3   a DSC curve of 
l-menthol:salicylic acid 
NADES, b TGA/DTG thermo-
gram of l-menthol:salicylic acid 
NADES

Table 1   Physicochemical properties of the prepared NADES at 
T = 313.15 K

* Mw DES = R1 Mw1 + R2 Mw2

DES designa-
tion

Molar 
ratio of 
liquid 
mixtures

Water 
content

Molar 
mass*

ρ 
(g∙cm−3)

u (m∙s−1)

l-menthol:SA 4:1  < 0.01% 763.20 0.951117 1389.27
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containing 1.0 μgL−1 of Cd(II), and all experiments were 
repeated for three times.

Choice of Extracting Solvent

The selection of a suitable extraction solvent is all-signif-
icant to improve the extraction efficiency and selectivity. 
In the current research, the appropriate formulation of the 
NADES was chosen from several important properties such 
as low toxicity, hydrophobic nature, and low solubility in 
aqueous phases and selectivity. Considering these proper-
ties, six types of DESs containing choline chloride–ethyl-
ene glycol (Chcl-EG), menthol-ethylene glycol (M-EG), 
methyl tert-butyl ether-ethylene glycol (MTB-EG), choline 
chloride-urea (Chcl-U), l-menthol-salicylic acid (M-SA), 
and l-menthol-camphor sulfonic acid (M-CSA) were stud-
ied by the adding of 0.5 mL of these DESs to the 1.0 μg L−1 
of Cd(II) sample solution. As shown in Fig. 4, among the 
investigated solvents examined, the best extraction efficiency 
was obtained with the l-menthol-salicylic NADES. In the 
combination of l-menthol-salicylic acid, salicylic acid is the 
ingredient that is complexed with cadmium ion and, subse-
quently, removed it from the aqueous phase by the NADES 
used, as it is insoluble in water. Therefore, the l-menthol-
salicylic acid NADES was selected as the best extraction 
solvent for additional analyses.

Effect of pH

The pre-concentration/separation of metallic ions is signifi-
cantly affected with pH of the sample solution. In addition, 
pH performs a significant affect in both the chemical stabil-
ity of DES and its interaction with the metal ions. Hence, the 
impact of sample pH on the extraction efficiency of cadmium 

was examined over the range of 3.0–8.0, and the results are 
displayed in Fig. 5a. As is clearly observed, at low pHs, the 
absorbance signal and extraction efficiency of the cadmium 
ion are low. This may be attributed to the interaction of DES 
with hydronium ions rather than the Cd(II) ions. The extrac-
tion efficiency and sensitivity increased with increasing of 
pH, until reaching a maximum at pH 6.0. However, upon 
further increase in the solution pH, a decrease was observed 
in the analytical signal and the extraction efficiency, most 
presumably owing to the hydrolysis of cadmium ion in basic 
solutions. As it can be seen, the highest extraction efficiency 
of cadmium was attained at pH 6.0, when an acetate buffer 
was used. Thus, a solution of pH 6.0 was selected for further 
studies.

Effect of Volume of NADES

In order to achieve an appropriate pre-concentration factor, 
high extraction efficiency, and also a minimum toxicity to 
the environment, the volume of extraction solvent was stud-
ied. The results for the influence of the NADES solvent on 
the extraction of Cd(II) ion was examined over the limits of 
50–350 μL and the results are shown in Fig. 5b. It is clearly 
seen that the highest absorbance signal was recorded for 
200 μL. With further addition in volume of the extraction 
solvent, no noteworthy difference in absorbance signal and 
percentage recovery of cadmium ion was observed. Thus, a 
volume of 200 μL of DES was selected as the best solvent 
volume for furthermore studies.

Effect of Temperature

It is well known that the temperature plays a significant role 
in increasing kinetics and performance of the extraction pro-
cesses, via its influence on the viscosity of extraction solvent 
and the diffusion coefficients of analytes. At low tempera-
tures, the viscosity of DES is high and, consequently, the 
diffusion rate of the analyte and dispersion of the extraction 
solvent is low. It is expected that both the diffusion coef-
ficients and mass transfer rates enhance at higher temper-
atures. Thus, the change of temperature was investigated 
between 25 (room temperature) and 70 °C, and the results 
are given in Fig. 5c. It is seen that the extraction efficiency 
increased gradually with increasing temperature up to 40 °C 
and then decreased with further increase in temperature, 
most probably due to the increased solubility of the analyte 
in the aqueous phase, compared with that in NADES. Hence, 
a temperature of 40 °C was chosen for furthermore studies.

Effects of Ultra‑sonication and Extraction Time

The dispersion of extraction solvent and the mass 
transfer phenomena are largely inf luenced by the 

Fig. 4   Effects of extraction solvent on the pre-concentration of Cd(II) 
ions by US-VA-DLLME–GFAAS (conditions: pH, 6.0; volume of 
extraction solvent, 500 µL; sample volume, 25.0 mL; Cd(II), 1.0 μg 
L−1; sonication time, 5 min)
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ultra-sonication time. The impact of this parameter on 
extraction efficiency was evaluated over the limit of 
1–7 min, under unchanged ultrasound energy. From the 
results shown in Fig. 5d, it can be seen that a linear 
increase in analytical signal was obtained as the ultra-
sonication time was enlarged up to 5 min and then per-
sisted unchanged. The observed increase in analytical 
signal with increasing of the sonication time may be 
due to the great contact region among the aqueous phase 
and the extraction solvent which provides a better mass 
transfer and higher extraction efficiency. Based on this 
observation, a sonication time of 5 min was selected for 
further studies.

The extraction time is also another significant param-
eter that can influence the efficiency of extraction pro-
cess. In this study, the extraction time was interpreted as 
the time interval between injection of NADES solvent 
into the aqueous solution and the appearance of phase 
separation. It should be noted that, following the for-
mation of a cloudy solution, the surface region among 
fine droplets of extraction solvent and aqueous sample 
solution is indefinitely great and, accordingly, the mass 
transfer from the aqueous solution to the extraction sol-
vent is very fast. Hence, a quick equilibrium state is 
established and the extraction time is acutely small. 

This is a remarkable benefit of the technique used in 
this work.

Analytical Figures of Merit

The operation analysis of the proposed US-VA-DLLME 
technique was evaluated under optimum experimental con-
ditions. A linear calibration curve was achieved ranging 
from 0.001 to 7.5 μg L−1, with a correlation coefficient 
(R2) of 0.9953. The precision of the method (expressed 
as RSD%), was investigated over six replicate spikes at a 
cadmium ion concentration of 0.1 μg L−1, and it was found 
to be 2.65%, indicating a quite good precision for the pro-
posed technique. The limit of detection (LOD) and limit 
of quantification (LOQ) were computed with 3Sb/m and 
10Sb/m equations, respectively, where Sb is the standard 
deviation for five repetitive analyses of the blank solu-
tions and m is the slope of calibration curve after pre-
concentration with the proposed procedure. The resulting 
LOD and LOQ were then estimated as 0.37 × 10−4 µgL−1 
and 1.24 × 10−4 µgL−1, respectively. The pre-concentration 
factor (PF), which represents the ratio of volumes of the 
aqueous sample solution (25 mL) and the organic extrac-
tion solvent (200 µL), was found to be 125 for determina-
tion of Cd(II) ion.

Fig. 5   A Effect of solution pH on pre-concentration of Cd(II) ions 
by US-VA-DLLME–GFAAS (conditions: volume of extraction sol-
vent, 200 µL; sample volume, 25.0 mL; Cd(II), 1.0 μg L−1; sonica-
tion time, 5 min). B Effect of volume of DES on pre-concentration of 
Cd(II) ions by US-VA-DLLME–GFAAS (conditions: pH, 6.0; sam-
ple volume, 25.0 mL; Cd(II), 1.0 μg L−1; sonication time, 5 min). C 

Effect of temperature on pre-concentration of Cd(II) ions by US-VA-
DLLME–GFAAS (conditions: pH, 6.0; extraction solvent, 200 µL; 
sample volume, 25.0 mL; Cd(II), 1.0 μg L−1; sonication time, 5 min). 
D Effect ultrasonic time on pre-concentration of Cd(II) ions in US-
VA-DLLME–GFAAS (conditions: pH, 6.0; volume of extraction sol-
vent, 200 µL; sample volume, 25.0 mL, Cd(II): 1.0 μg L−1)
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Interference Study

After the optimization of the experimental parameters, 
the interference effects of several anions, cations, and 
some trace metal ions on the determination of Cd(II) ions 
were analyzed. The tolerance limit was established as the 
amount of added ions causing less than 5% relative error in 
the analytical signal. The results shown in Table 2 clearly 
indicated the pre-concentration of cadmium ion was not 
obviously affected by any of the foreign ions. It is quite 
obvious that the proposed technique possesses a high 
selectivity for Cd(II) ions and is, therefore, appropriate 
for the analysis of Cd(II) ion within the complex matrices.

Analysis of Real Samples

To demonstrate the utility of the technique in actual sam-
ples, it was used to the quantitation of Cd(II) ions in rice, 
wheat, watermelon, and drinking water samples. The 
standard addition method was used to assess the matrix 
effects. For this purpose, all real samples were spiked 
with standard solution of Cd(II) ions at various levels. The 
obtained results for the prediction of the concentrations 
of Cd(II) ions are shown in Table 3. The good extraction 
recoveries of spiked samples and high precision obtained 
indicated the fact that the matrix of real samples has no 
measureable impress on the extraction efficiency of the 
proposed method.

Conclusion

In this research, an efficient, green, and inexpensive ligand-
less ultrasound-vortex-assisted liquid-phase microextraction 
procedure based on the use of a novel deep eutectic solvent 
coupled with GFAAS has been established for the extraction 
and determination of traces of Cd(II) ions. The deep eutec-
tic solvents are biodegradable and environment-friendly 
solvents that have attracted a broad attention of analytical 
researchers because of their essential specifications. In this 
study, a hydrophobic natural deep eutectic solvent composed 
of salicylic acid and l-menthol (at 1:4 molar proportion) was 
used as both the complexing agent and the extraction sol-
vent for the microextraction of Cd(II) ions. The solvent is 
provided from inexpensive raw materials without any signifi-
cant instrument and difficult process. A comparison of the 
analytical performances achieved from the present technique 
and the previously reported techniques for the extraction and 
determination of Cd(II) ions (Ali et al. 2020; Sorouraddin 
et al. 2020; Altunay et al. 2019; Unutkan et al. 2019; Yilmaz 
and Soylak 2015; Jalbani and Soylak 2014; Chamsaz et al. 
2013; Zeng et al. 2012; Karim-Nezhad et al. 2011; Mahpis-
hanian and Shemirani 2010; Li et al. 2009; Ma et al. 2009) 
is presented in Table 4. As it is seen, the proposed US-VA-
DLLME method possesses good analytical performance, 
low detection limit, and suitable precision with a wide linear 
range, as compared to other techniques. The chief benefits 
of the suggested technique are simplicity, rapidity, superior 
sensitivity, and low usage of reagents. Importantly, the pre-
sent method does not require any chelating agent for the 
separation of cadmium ions from different actual samples, 
including drinking water, cereal products (wheat and rice), 
and watermelon.

Table 2   Interference effect of several coexistent cations and ani-
ons on the separation and determination of 0.01 µgL−1 of Cd(II) ion 
(N = 3)

Ion Added Tolerance limit 
(mg L−1)

Recovery (%)

Pb2+ Pb(NO3)2 100 97 ± 2
Zn2+ ZnSO4 50 96 ± 3
Mn2+ MnSO4 50 96 ± 2
Cu2+ CuSO4 100 97 ± 3
Co2+ Co(NO3)2 100 97 ± 2
Ca2+ CaCl2 2000 98 ± 4
Fe3+ FeCl3 100 96 ± 3
Al3+ Al(NO3)3 100 99 ± 3
Cr3+ Cr(NO3)3 100 98 ± 2
K+ KCl 4000 99 ± 3
Na+ NaCl 7000 99 ± 3
F− NaF 3000 97 ± 2
Cl− NH4Cl 1000 97 ± 3
NO3

− NaNO3 1000 96 ± 2
CH3COO− CH3COONa 100 95 ± 3
SO4

2− Na2SO4 1000 95 ± 3
PO4

3− Na3PO4 1000 98 ± 2

Table 3   Standard addition method results for determination of Cd(II) 
in real samples (N = 3)

Sample Added (µg L−1) Found (µg L−1) Recovery (%)
Mean ± SD

Drinking Water - 1.23 ± 0.08 -
1.0 2.22 ± 0.12 99.5
3.0 4.14 ± 0.24 97.9

Wheat - 1.75 ± 0.26 -
2.0 3.69 ± 0.37 98.4
5.0 6.65 ± 0.44 98.5

Rice - 1.20 ± 0.25 -
1.0 2.18 ± 0.27 99.1
3.0 4.11 ± 0.38 97.8

Watermelon - 0.41 ± 0.03 -
1.0 1.39 ± 0.17 98.6
3.0 3.32 ± 0.22 97.4
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