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Abstract
In this work, a solidified floating organic drop microextraction was developed based on a vesicular supramolecular solvent 
consisting of decanoic acid and quaternary ammonium. The method was used for preconcentration of trace amount of cad-
mium in different rice samples followed by flow-injection analysis–flame atomic absorption spectrometry. Several parameters 
affecting the extraction efficiency including pH, concentration of 1-(2-pyridylazo)-2-naphthol as the chelating agent, sample 
and extraction solvent volume, stirring rate, extraction time, salt effect, and interfering ions were investigated and optimized. 
Under the optimum conditions, a preconcentration factor of 84 was achieved. LOD and LOQ were found to be 0.09 and 
0.31 µg  L−1, respectively. The calibration curve was linear within the range of 5.0–700 µg  L−1 (r2 > 0.9978). Intra- and inter-
day precisions (RSD% n = 3) were estimated 2.7 and 3.9% at the concentration of 20 µg  L−1, respectively. The accuracy of 
the method was successfully validated by analysis of an SRM-1643f standard reference material. Relative recoveries were 
achieved within the range of 93–107% elucidating suitability of the method for determination of cadmium in rice samples.

Keywords Supramolecular solvent · Vesicle · Solidified floating organic drop microextraction · Flow-injection analysis · 
Cadmium · Rice

Introduction

Cadmium has been classified as a human carcinogen by the 
International Agency for Research on Cancer and by the 
US National Toxicology Program [1]. Cd(II) is known to 
damage organs such as kidneys, liver, and lungs, even at 
very low concentrations [2]. Cd(II) enters the body through 
different pathways such as daily food uptake, growing plants 
in contaminated soils, and industrial wastewaters [3]. Thus, 
determination of Cd(II) in food samples has a great deal of 
importance [4].

Different instrumental methods such as inductively 
coupled plasma mass spectrometry [5] or optical emis-
sion spectrometry [6], graphite furnace atomic absorption 

spectrometry [7], flame atomic absorption spectrometry 
(FAAS) [8], and FAAS coupled with flow-injection analy-
sis (FIA-FAAS) [9–11] have been used for determination 
of Cd(II). Among these, FAAS is a well-known technique 
because of its good selectivity, low cost of operation and 
maintenance, rapidness, and simplicity. However, direct 
determination of Cd(II) in complicated matrices such as food 
samples is often difficult due to the presence of a vast variety 
of contaminants and low concentration of the analytes.

To solve this problem, separation and preconcentration 
procedures are often performed prior to analysis. Precon-
centration is a very crucial issue for improvement of the 
sensitivity and separation is an efficient technique to reduce 
the interference of the sample matrix. Liquid–liquid extrac-
tion (LLE) is one of the classical pretreatment techniques 
that has been widely employed in analytical chemistry [12]. 
However, LLE requires large volumes of the organic solvents 
which are harmful and contaminate the environment [13].

Shortcomings of LLE directed the analytical chemists 
toward miniaturization of the traditional LLE procedure 
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by reducing the organic solvent-to-aqueous phase ratio, 
resulting to the development of microextraction techniques 
such as single drop microextraction [14], homogenous 
liquid–liquid microextraction [15], cloud point extraction 
[16], dispersive liquid–liquid microextraction [17], hol-
low fiber liquid-phase microextraction [18], and solidified 
floating organic drop microextraction (SFODME) [19]. 
Therefore, it can be noted that today’s trend in analytical 
chemistry is seeking for the more effective, simple, envi-
ronmental-friendly, and green sample preparation meth-
ods. Liquid-phase microextraction (LPME) approaches 
are in accordance with these requirements and have been 
discussed in several reviews [20–27].

Recently, attention has been paid to the use of alterna-
tive solvents, mainly supercritical fluids [28], ionic liquids 
[29], deep eutectic solvents [30], and supramolecular sol-
vents (SUPRASs) as well as applying of physical energies 
during the extraction [31, 32]. Utilization of physical ener-
gies in dispersive liquid-phase microextraction enhances 
analyte transfer from the aqueous sample to the extraction 
medium and reduces the organic solvent consumption by 
omitting the disperser solvent [33–40].

SUPRASs are water-immiscible liquids made up of 
large surfactant aggregates dispersed in a continuous 
phase, usually water [32, 41, 42]. Different parameters 
influence the formation of larger aggregates such as tem-
perature, electrolyte, pH, and solvent. SUPRASs have two 
versatile properties that make them suitable for LPME 
methods. First, they have regions of different polarities 
that provide a variety of interactions for the analytes. The 
type of interaction may be tuned by varying the hydropho-
bic or the polar group of the surfactant and in theory one 
may design the most appropriate extractant for a specific 
application. Second, the major feature of SUPRASs is the 
high concentration of amphiphiles. This characteristic per-
mits to use low volume of the extraction solvent and con-
sequently, achieve to a high preconcentration factor which 
are essential for the microextraction methods [43–47].

In this study, the SUPRAS was formed based on coac-
ervation of decanoic acid at the presence of quaternary 
ammonium  (Bu4N+) and used as the extraction phase for 
SFODME. The method was applied for preconcentration 
and determination of Cd(II) in rice samples followed by 
FIA-FAAS. According to the best of our knowledge, there 
is no report in the literature related to the application of 
vesicular-based SFODME for determination of metal ions 
and its combination with FIA-FAAS. Factors affecting 
the extraction efficiency, such as sample pH, metal-to-
chelating agent mole ratio, sample volume, volume of the 
extraction solvent, ionic strength, stirring rate, extraction 
time, and potentially interference ions were studied and 
optimized.

Experimental

Chemicals and solutions

All chemicals were of analytical grade. Tetrabutylammo-
nium hydroxide (40% w/v in water) and decanoic acid (DeA) 
were purchased from Sigma Aldrich (St. Louis, MO, USA). 
Ultrapure water was obtained from a Milli-Q water purifica-
tion system (Millipore, Madrid, Spain). 1-(2-pyridylazo)-
2-naphthol (PAN), cadmium nitrate, nitric acid, and sodium 
hydroxide were purchased from Merck (Darmstadt, Ger-
many). The standard stock solution of cadmium (1000 mg 
 L−1) was prepared by dissolving proper amount of Cd(NO3)2 
in 1.0% (v/v) of nitric acid solution. A 0.1 mmol  L−1 of 
PAN solution was prepared by dissolving proper amount 
in ethanol.

Instrumentation

Determination of Cd(II) was performed by a GBC flame 
atomic absorption spectrometer model 932 (Victoria, Aus-
tralia). It was equipped with a cadmium hallow cathode 
lamp, a deuterium background correction, and air–acetylene 
burner. The selected parameters were as follows: wavelength 
of 228.8 nm, lamp current of 5.0 mA, air flow rate of 10 mL 
 min−1, fuel rate of 2.0 mL  min−1, sample flow rate of 5.0 mL 
 min−1, and slit width of 0.7 nm. A flow-injection manifold 
consisting of a Pumpdrive 5001 peristaltic pump (Heidolph, 
Germany) and a home-made six-port injection valve was 
coupled to the FAAS system for analysis of the extracts. A 
digital pH meter, Metrohm 827 (Titrino, Metrohm, Swit-
zerland) was used for pH adjustments. An MR 3200 heater 
stirrer (Heiddolph, Germany) was used during the extraction 
procedure.

Vesicular coacervate phase formation

Vesicular-based supramolecular solvent was prepared 
by mixing 5.15 g of decanoic acid and 3.9 g of tetrabutyl 
ammonium hydroxide. The mixture was added in 200 mL of 
distilled water (pH ≈ 7) and stirred at 1200 rpm for 15 min. 
Finally, phase separation was achieved by centrifugation of 
the mixture for 5 min at 4000 rpm. The collected vesicular 
coacervate solvent (about 8 mL) was employed for further 
experiments. The solvent was less dense than water and was 
separated at the top of the solution.

SFODME procedure

A schematic representation of the SFODME procedure is 
shown in Fig. 1. 35 mL of the sample solution (pH ≈ 9) 
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containing appropriate amount of Cd(II) was placed in a 
50-mL glass vial. An appropriate amount of PAN was added 
to the solution. Then, 100 µL of SUPRAS was floated on 
the surface of the sample solution and stirred at 700 rpm. 
At the end of extraction time (50 min), the sample vial was 
placed in an ice bath until the SUPRAS was solidified. The 
solidified solvent was subsequently transferred into a coni-
cal vial and melted. Finally, the solvent was diluted with 
methanol (1:4) and introduced to the FIA-FAAS system for 
quantification.

Sample preparation

Different white rice samples were purchased from a local 
market in Tehran (Iran). Digestion of the rice samples 
was done according to literature [48]. The samples were 
grounded, homogenized and passed through a 850-mm 
sieve. Then, 0.1 g of each powdered rice sample was placed 
in a plastic flask and 10 mL of nitric acid (0.5 mol  L−1) was 
added. Finally, each sample was sonicated for 136 min to 
complete its digestion.

Results and discussion

Composition and binding capability of the vesicular 
SUPRAS

The vesicular solvent was formed in an aqueous phase con-
taining both protonated (DeA) and deprotonated  (De−) deca-
noic acid at the presence of tetrabutylammonium  (Bu4N+). 
In the aqueous solution, small water-soluble vesicular is 
formed due to self-assembly of DeA and  De−. Vesicle for-
mation near the apparent pKa of acids has been explained 
on the basis of Vander Waals interactions between the alkyl 
chains and the formation of unusually strong hydrogen bonds 
between the deprotonated and protonated carboxylic groups 
[49]. Moreover,  Bu4N+ ions induce the vesicular coacer-
vation by reducing the repulsion between the carboxylate 
groups in the vesicle and creating electrostatic interaction 
with  De−. As a result, two significant parameters affect the 
obtaining maximal amount of the vesicle and its stability. 
The first parameter is the pH of the sample solution. At 
pH ≈ 7 (pH = pKa), the molar ratio of the alkyl carboxylic 
acid/carboxylate is around 1.0 in which half of the decanoic 
acid molecules are neutralized by the hydroxide ions. This 
permits the formation of aqueous vesicles. Second, molar 
ratio of  Bu4N+/DeA+De− (w/w) in the bulk solution plays 
an important role on the vesicular coacervation. Our studies 
showed that an highest formation efficiency of the vesicular 
aggregates at the molar ratio of 0.5 which was in accordance 
with the literature [50].

Fig. 1  Schematic representation for synthesis of the supramolecular solvent and solidified organic drop microextraction
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Extraction mechanism of cadmium

Due to existence of polar and apolar groups in the 
SUPRAS structure, their different interactions with the 
analytes can improve the extraction efficiency. Figure 2 
shows the interactions between the vesicular SUPRAS 
and the Cd(II)–PAN complex. It seems that three types of 
interactions are the main extraction driving forces, namely: 
(1) dispersion forces between the hydrocarbon chains of 
the amphiphile and the analyte; (2) π-cation interactions 
between the aromatic rings of Cd(II)–PAN complex and 
 Bu4N+; and (3) hydrogen bonding between the nitrogen 
and oxygen atoms in the Cd(II)–PAN complex and hydro-
gen of carboxylic acid. These types of interactions provide 
good solubilization of Cd(II)–PAN in the SUPRAS and a 
high extraction efficiency.

Optimization of the extraction conditions

The effect of sample pH

The influence of sample pH on the extraction recovery was 
investigated within the range of 6–10, whereas the other 
parameters were kept constant. The results are shown in 
Fig. 3a. The evaluation of pH is critical in metal extrac-
tion procedures, mainly due to its influence on the complex 
formation and extraction of the hydrophobic complex into 
the extraction phase. On the other hand, high increasing of 
pH facilitates hydrolysis of metal ions, which decreases the 
extraction recovery.

In the particular case of PAN, it may exist as the three 
different forms in the solution at various pHs [51–54]. 
Acidic solutions lead to protonation of the nitrogen atoms 

Fig. 2  a Chemical interactions 
can influence vesicle formation 
and its stability, b hydrogen 
bonding in vesicular formation, 
and c molecular mechanism of 
microextraction and different 
interactions between Cd(II)–
PAN complex and the vesicle
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of PAN and consequently, decreasing of their nucleophi-
licity, whereas an alkaline pH increases the complexation 
efficiency due to deprotonating of the PAN oxygen and nitro-
gen heteroatoms (Fig. 2). Moreover, at an alkaline pH, the 
electrostatic interaction possibility between the nitrogen free 
pair electrons and  Bu4N+ as well as the hydrogen binding 
between the heteroatoms of Cd(II)–PAN complex and the 
vesicular coacervate solvent are increased. On the basis of 
the experimental results, pH of 9.0 was selected for next 
experiments.

Effect of ligand amount

The molar ratio approach was applied to determine the 
ligand-to-metal stoichiometric ratio in the Cd(II)–PAN 

complex. To this aim, different volumes of PAN (0.1 mmol 
 L−1) were added to the sample solutions containing 25 µg 
 L−1 of Cd(II). As it is shown in Fig. 3b, the highest extrac-
tion efficiency was obtained when a metal-to-ligand mole 
ratio of 1:2 was applied and then, reached to a plateau. As 
a result, considering the existence possibility of other ions 
in the sample solution, which can complex with PAN, an 
excess amount of PAN with a molar ratio higher than 1:2 
should practically be chosen for the analysis of real samples.

Effect of the extraction solvent volume

The volume of the extraction solvent influences the extrac-
tion recovery and preconcentration factor of the analyte. 
Increasing the sample-to-extraction solvent ratio can 

Fig. 3  a Effect of pH on the extraction efficiency; extraction condi-
tions: sample solution, 20 mL of 25 µg  L−1 Cd(II); SUPRAS amount: 
70; 120 µL of PAN (0.1 mM); stirring rate 400 rpm, extraction time, 

30 min, b effect of ligand-to-metal mole ratio on the extraction effi-
ciency; sample pH, 9.0; the other conditions are the same as given in 
a 

Fig. 4  a Effect of extraction solvent volume on the extraction effi-
ciency; ligand-to-metal mole ratio, 1:4, the other conditions are the 
same as given in Fig. 3b. b Effect of sample volume on the extrac-

tion efficiency; SUPRAS volume, 100 µL; the other conditions are the 
same as given in a 
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increase the preconcentration factor. Accordingly, volume of 
the extraction solvent should be large enough to promote the 
analyte transport to the acceptor phase. In the present work, 
the donor-to-acceptor phase ratios were changed within the 
range of 1000:1–166.7:1, by changing the vesicular solvent 
volume (20–120 µL), while the sample solution volume was 
kept constant (20 mL). As it can be seen in Fig. 4a, while 
the solvent volume was increased from 20 to 100 µL, the 
absorbance was increased. Further increasing of the extrac-
tion solvent volume led to decreasing of the extraction effi-
ciency due to dilution effect. Thus, the optimal volume of 
100 µL was selected for further experiments.

Effect of the sample volume

In an LPME procedure, the amount of analyte which is trans-
ferred to the extraction solvent is increased by increasing the 
sample volume leading to the improvement of preconcentra-
tion factor and determination sensitivity [55]. However, the 
speed at which thermodynamic balance is achieved depends 
on the sample volume-to-acceptor phase ratio. Thus, influ-
ence of the sample volume on the extraction efficiency was 
investigated within the range of 15–55 mL, with a constant 
Cd(II) concentration of 25 µg  L−1. According to the obtained 
results, shown in Fig. 4b, an optimum sample volume of 
35 mL was chosen for the subsequent experiments.

Effect of stirring rate

The sample stirring rate is an essential step in the micro-
extraction methods to reduce the time needed to reach the 
thermodynamic equilibrium. Moreover, stirring rate had 
a direct impact on the shape and stability of the droplet. 
Extractions were examined at different stirring rates within 
the range of 300–800 rpm (Fig. 5a). While the stirring rate 

was increased up to 700 rpm, the mass transfer phenom-
enon was promoted led to an increase in the absorbance 
signal and the vesicular droplet was also stable. Neverthe-
less, at higher stirring rates, some problems were appeared 
in the solvent collection due to dispersion of the vesicular 
droplet in the sample solution.

Effect of extraction time

An appropriate extraction time guarantees the equilibrium 
achievement between the aqueous and vesicular phases. The 
effect of time on the extraction efficiency was examined 
from 10 to 90 min, whereas the other experimental condi-
tions were kept constant. The results are shown in Fig. 5b. 
According to the results, the equilibrium between two phases 
was reached at 50 min.

Salt effect

In general, the addition of NaCl can have three effects on the 
vesicular-based SFODME procedure including (1) increas-
ing of the ionic strength, decreasing of the analyte solubility 
and improvement of the extraction efficiency; (2) increas-
ing of the sample viscosity and decreasing of the analyte 
diffusion rate from the sample solution into the vesicular 
droplet; and (3) interaction of excess amount of chloride 
with  Bu4N+ and decreasing of its ability for neutralizing the 
surface charge of the vesicular solvent [56]. In this study, the 
effect of NaCl concentration was studied within the range 
of 0–15% (w/v). The results (Fig. 6) showed no meaningful 
effect on the extraction recovery due to salt addition in the 
studied range. Hence, further experiments were performed 
without the salt addition.

Fig. 5  a Effect of stirring rate on the extraction efficiency; sample volume, 35 mL; the other conditions are the same, as given in Fig. 4b. b Effect 
of extraction time on the extraction efficiency; stirring rate, 700 rpm; the other conditions are the same as given in a 
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Effect of potentially interfering ions

To study whether other ions can interfere during the 
extraction of Cd(II), the procedure was performed at the 
presence of cations that often accompany the analyte in 
the real samples. In these experiments, various amounts of 
interfering ions were added to 35 mL of the sample solu-
tions containing 20 µg  L−1 of Cd(II) and excess amount 
of PAN. The tolerance limit of ions was fixed as the maxi-
mum amount, causing an error not greater than ± 10%. The 
results shown in Table 1 indicated no obvious influences 
by the coexisting ions on the recovery of Cd(II) owing to 
the good tendency of Cd(II) to PAN as well as applying 
excess amount of the ligand.

Analytical performance

To evaluate practical applicability of the proposed 
SFODME, linearity, relative standard deviations (RSD%), 
limits of detection (LOD), and quantification (LOQ) and 
preconcentration factors (PF) were investigated under the 
optimized conditions. LOD (3 Sb/m) and LOQ (10 Sb/m), 
where  Sb is the standard deviation of ten replicates of the 
blank signal and m is the slope of the extraction calibration 
curve, were 0.09 and 0.31 µg  L−1, respectively. In addition, 
practical LOD of 2.0 µg  L−1 and LOQ of 5.0 µg  L−1 were 
obtained. For this aim, the concentration of the analyte was 
decreased, since the obtained response created a detectable 
signal-to-noise ratio of 3 (3 S/N). LOQ was considered the 
lowest concentration that the linearity of the calibration 
curve was started.

Calibration curve, Abs = 0.0015C (µg  L1−) + 0.0628, 
was linear within the concentration range of 5–700 µg  L−1 
with the regression coefficient (R2) higher than 0.9976. The 
intra- and inter-day precisions (RSD% n = 3), at the con-
centration of 20 µg  L−1 of Cd(II), were found to be 2.7 and 
3.9%, respectively. Preconcentration factor (PF) was calcu-
lated as the slope ratio of the extraction calibration curve to 
the direct calibration curve and was estimated 84.

Furthermore, the accuracy of the method was validated 
by analyzing a standard reference material (SRM-1643f) 
from the National Institute of Standard and Technology 
(NIST). The presented Cd(II) in SRM was 5.83 ± 0.13 µg 
 L−1. The amount of Cd(II) found by the proposed method 
was 5.6 ± 0.4 µg  L−1 (n = 3) which was in good agreement 
with the certified value.

A comparison between the proposed method with 
the other works in literature is provided in Table 2. The 
SFODME method has generally low LOD, LOQ, and 
RSD%, high PF, and a wide dynamic linear range that are 
comparable with the other studies. Moreover, SUPRASs 
have different polarity regions that provide several types 
of interactions with the analytes and consequently, a mixed 
mechanism for their solubilization. As a result, the analytes 
with different polarities can be extracted simultaneously and 
efficiently.

Analysis of rice samples

The proposed SFODME method was applied for determina-
tion of Cd(II) in different rice samples. Each sample was 
digested according to the procedure, as described in sect. 
“Sample preparation”, and analyzed in triplicates. Results 
are shown in Table 3.

Furthermore, each sample was spiked with Cd(II) stand-
ard at the concentrations of 20 µg  L−1 and the procedure 
was used to investigate the relative recovery (RR%) using 
the following equation:

Fig. 6  Salt effect on the extraction efficiency; extraction time, 50 min; 
the other conditions are the same, as given in Fig. 5b

Table 1  Tolerance limits of the coexisting ions for determination of 
Cd(II) at the concentration of 20 µg  L−1

Interfering ions added Interference/ion ratio Relative recovery%

Na+ 1000 96.7 ± 1.2
K+ 1000 101.1 ± 0.8
Ca2+ 1000 103.2 ± 2.7
Mg2+ 1000 99.3 ± 2.4
Ba2+ 500 93.4 ± 3.2
Fe2+ 100 93.1 ± 2.8
Mn2+ 100 90.5 ± 0.6
Zn2+ 100 104.1 ± 1.8
Cu2+ 100 92.7 ± 2.9
Cr3+ 100 98.5 ± 3.8
Co2+ 100 96.8 ± 1.4
Pb2+ 100 95.5 ± 2.4
Ni2+ 100 101.4 ± 1.6
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where Cfound is the concentration of Cd(II) after the addi-
tion of known amount of standard to the sample solution, 
Creal is the initial concentration of Cd(II) which existed in 
the sample, and Cadded is the certain concentration of Cd(II) 
standard solution which is added to the sample solution. As 
shown in Table 3, RR% and RSD% values were achieved 
within the range of 93–107 and 2.0–3.6%, respectively, con-
firming capability of the SFODME/FIA-FAAS method for 
preconcentration of Cd(II) in rice samples at the trace levels.

(1)RR% =
Cfound − Creal

Cadded

× 100,
Conclusion

A solidified floating organic drop microextraction procedure 
based on vesicular supramolecular solvent was developed 
for extraction of cadmium from rice samples followed by 
FIA-FAAS. The supramolecular solvent was formed by 
coacervation of decanoic acid at the presence of  Bu4N+, as 
the environmental-friendly reagents, in a simple way with-
out any special device and complicated operation. Because 
of existence of amphiphilic nanostructures in SUPRASs, 
they can be considered as the multifunctional solvents for 

Table 2  Comparison of the proposed method with other extraction methods for determination of Cd(II) from food samples followed by FAAS

a SPE solid-phase extraction, CPE cloud point extraction, SPE-MNS SPE based on modified magnetic nanoporous silica, VALLME vortex-
assisted ionic liquid-based liquid–liquid microextraction technique, SFODME-SUPRAS solidification floating organic drop microextraction 
based on supramolecular solvent

Matrix Analytical 
 techniquea

LOD (µg  L−1) LOQ (µg  L−1) LDR (µg  L−1) RR% PF RSD% Sample 
volume 
(mL)

Refs.

Food samples SPE/FAAS 0.42 1.39 2.1–75 95–98 100 3.0 600 [57]
Tuna fish candidate 

reference material
CPE/FAAS 0.37 1.2 5–80 98–113 30 2.2–2.6 15 [58]

Cow’s milk SPE/FAAS 1.02 1.34 – – 220 – 2400 [59]
Rice and vegetables SPE-MNS/FAAS 0.04 – 0.1–50 98.6–101.9 100 2.9 100 [60]
Various rice type, 

milk powder, 
walnut powder, 
laver, kelp

SCPE/FAAS 0.9 3.0 2-200 90–108 13.5 4.2 9 [61]

Water, apple and 
rice samples

VALLME-FAAS 2.9 – 10–25 88–106 35 4.1 25 [62]

White rice samples SFODME-
SUPRAS/FIA-
FAAS

0.09 0.31 5–700 93–107 84 2.7–3.9 35 This work

Table 3  Determination of 
Cd(II) in different rice samples 
using vesicle-based SFODME 
procedure followed by FIA-
FAAS

a Each sample was spiked at the concentration of 20 µg  L−1 to calculate relative recovery (RR%)

Rice samples Creal (µg  g−1) Cfound (µg  g−1)a RR% RSD% (n = 3)

Sample 1 (Iran grad 3) 10.2 17.4 102.9 2.0
Sample 2 (Uruguay) 10.4 17.6 102.9 3.5
Sample 3 (Pakistan grad 1) 2.4 9.3 98.6 2.4
Sample 4 (India grade 3) 7.8 15.3 107.0 3.6
Sample 5 (India grade 2) 13.9 20.9 100.0 2.3
Sample 6 (Pakistan grade 2) 15.3 21.8 93.0 3.4
Sample 7 (India grade 1) 16.5 23.5 100.0 2.8
Sample 8 (Pakistan grad 1) 15.5 22.3 97.1 2.9
Sample 9 (Iran grad 3) 11.6 18.3 95.7 3.3
Sample 10 (Tailand) 8.3 15.5 102.9 3.1
Sample 11 (India grade 3) 7.8 15.1 104.3 2.7
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efficient extraction of a wide variety of compounds. Owing 
this characteristic of SUPRASs, extraction of Cd(II)–PAN 
complex was performed based on different interactions with 
the vesicular aggregates mainly hydrophobic, hydrogen 
bonding, and π-cation interactions. Moreover, low volatility 
and inflammability of SUPRASs render them as very attrac-
tive candidates to replace with the toxic organic solvents for 
the extraction purposes. The proposed method was environ-
mentally friendly, simple, low cost, precise, reproducible, 
selective, sensitive, and linear over a broad concentration 
range and provided a high preconcentration factor. More-
over, it was better or comparable with the other reported 
methods and, thus, can be used as a suitable alternative for 
extraction of trace amount of Cd(II) from rice samples.
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