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Abstract  The present study aims to develop a new 
preconcentration strategy for the determination of 
non-essential cadmium ions in red onion samples. 
Determination of the extracted cadmium ions was 
carried out using flame atomic absorption spectrom-
etry for efficient and sensitive detection. The synthe-
sis of CuSn(OH)6 nanoparticles was accomplished 
via a single-step one-pot coprecipitation method 
under ambient conditions to obtain nanoparticles 
below 100  nm in size, which are particularly effec-
tive for preconcentration procedures. The morphol-
ogy and structure of the nanoparticles were confirmed 
with different characterization techniques. Under the 

optimized conditions, the calibration curve of the 
presented method showed good linearity between 2.5 
and 50 μg/L, with a detection limit of 0.84 μg/L. The 
accuracy of this method was confirmed by obtaining 
recoveries of spiked red onion extracts. This method 
offers a sensitive, efficient, and eco-friendly method 
for the separation/detection of trace cadmium ions in 
aqueous plant-derived matrixes, especially red onion 
extracts.

Keywords  Cadmium · CuSn(OH)6 nanoparticles · 
Preconcentration · Flame atomic absorption 
spectrometry · Onion

Introduction

The onion is a biennial plant belonging to the Alli-
aceae family [7, 16]. Onions are among the most 
consumed vegetables in the world due to their charac-
teristic aroma and taste, high content of health-bene-
ficial components, and good storability. From a medi-
cal perspective, it has been widely used to treat many 
diseases including asthma, atherosclerosis, diabetes, 
high blood pressure, and various cardiovascular and 
tumor diseases [6]. Red onions, a variety of Allium 
cepa, have a white interior with red stripes and a pur-
plish-red exterior [27]. Pharmacological and biologi-
cal studies have revealed that bioactive compounds 
obtained from onions have potential antioxidant func-
tions and are effective in preventing cardiovascular 
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and neurological diseases. In addition, these bioactive 
compounds exhibit anticarcinogenic activity, antidia-
betic potential, antimicrobial activity, and antimuta-
genic activity [14]. The majority of the known active 
ingredients of onion consist of two major groups of 
compounds, including sulfur compounds and flavo-
noids [13]. The polyphenol quercetin is one of the 
main plant-derived flavonoids that is abundant in 
onion peels [19]. Soil is vital for the nutrition of all 
food crops, and the soil has been significantly pol-
luted by heavy metals emitted from both point and 
non-point sources in recent years. Thus, beneficial 
soil insects in soil biota, invertebrates, and small and 
large mammals have been adversely affected by heavy 
metals. Heavy metals are easily absorbed by plant 
species through the root system and can significantly 
accumulate in their edible parts [5].

The heavy metals are defined by metallic prop-
erties and associated with pollution and biological 
toxicity for living beings. Cadmium is classified as a 
“non-essential” heavy metal, which has no biologi-
cal function [26]. There is a proven link between food 
cross-contamination by heavy metals, environmental 
pollution, and the food chain, and this issue emerges 
as a nutritional hazard. Accordingly, serious systemic 
health problems can develop because of contamina-
tion of basic dietary components such as onions, 
carrots, and potatoes and the accumulation of exces-
sive amounts of dietary heavy metals in the human 
body [40]. In humans, Ca is responsible for regulat-
ing normal heart rhythms, helping muscles contract, 
bone and teeth health, and nerve functions, while Cd 
substitutes Ca and translocates due to similar proper-
ties such as equal charges and comparable ionic radii. 
Therefore, the World Health Organization (WHO) has 
established a monthly consumption limit of Cd ions 
of 25  μg/kg body weight, and Cd content is limited 
to 3.0 μg/L in drinking water (Y. [21, 22]). The pres-
ence of toxic heavy elements, including Al, Cd, Hg, 
Pb, etc., can display a health risk depending on their 
oxidation states at high concentrations in medicinal 
herbs and their mixtures for human beings [2]. For 
example, the presence of toxic metals causes serious 
health issues such as dysfunction of the central nerv-
ous system, brain, heart, liver, kidneys, and lungs [1].

Inductively coupled plasma mass spectrometry 
(ICP-MS) [29], inductively coupled plasma optical 
emission spectrometry (ICP-OES) [36], and flame 
atomic absorption spectrometry (FAAS) [1] are 

widely applied spectroscopic techniques for elemen-
tal analysis of plant samples. FAAS is a commonly 
employed spectroscopic method due to its affordabil-
ity and ease of use, while the determination of trace 
levels of Cd in natural samples is affected by low 
analyte concentration and matrix effects. Overcoming 
these challenges requires preconcentration and matrix 
elimination steps [8]. Advanced sample preparation 
methods increasingly focus on “greener” approaches, 
such as reducing sample and solvent consumption, 
generating low-cost sorbents for cleanup and analyti-
cal processes, and equipment miniaturization [31]. 
Despite this trend, many conventional preconcentra-
tion strategies used for Cd and other heavy metals 
still rely on liquid-liquid extraction and co-precipita-
tion, which can provide high enrichment factors but 
usually require large volumes of organic solvents, 
multiple handling steps, and relatively long extrac-
tion times [37, 43]. In contrast, solid-phase extraction 
(SPE) and solid-phase microextraction (SPME) rely 
on small amounts of sorbent and sample, offer easier 
automation and coupling to FAAS, and better com-
ply with green analytical chemistry principles. Thus, 
SPME approaches that deploy the sorbent directly in 
the sample solution require high-surface-area, water-
compatible materials capable of rapid metal uptake, 
making the choice of sorbent a critical factor in the 
overall preconcentration performance [32].

Metal hexahydroxystannates (MSn(OH)6; 
M = Co, Cu, Zn, etc.) are a type of transition 
metal stannate that possess excellent physical and 
chemical properties due to their unique crystal 
structure, and offer a variety of sizes, shapes, and 
morphologies. MSn(OH)6 offers intrinsic advan-
tages, including large specific surface area, low 
cost, eco-friendly, morphological diversity, and 
high catalytic activity [34]. Their high surface 
area, abundance of surface hydroxyl groups, and 
ion-exchange capability make MSn(OH)6 type 
materials attractive sorbents for solid-phase extrac-
tion and microextraction-based preconcentration 
of metal ions (Z. [23]). Several studies have been 
reported for the synthesis of MSn(OH)6, involving 
co-precipitation, hydrothermal methods, and sono-
chemical methods [11]. The perovskite-structured 
metal hexahydroxystannate CuSn(OH)6, which 
exhibits ReO3 lattice connectivity, has received 
significant attention due to its large specific sur-
face area with eco-friendliness and affordability (J. 
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[21, 22]). Herein, CuSn(OH)6 nanoparticles have 
been successfully synthesized via a simple one-
pot coprecipitation method and used as adsorbent 
material for the preconcentration of Cd ions.

In the present study, the main objective was to 
develop a new CuSn(OH)6 nanoparticle-assisted 
preconcentration strategy for the determination 
and monitoring of Cd ions in onion extracts using 
flame atomic absorption spectrometry (FAAS). 
CuSn(OH)6 nanoparticles were synthesized by 
a simple coprecipitation procedure performed at 
ambient temperature (⁓25℃), providing an opera-
tionally straightforward and time-efficient route to 
the sorbent material. Owing to their facile prepara-
tion and favorable surface properties, CuSn(OH)6 
nanoparticles  represent promising sorbents for the 
monitoring of environmental contamination and 
heavy metal pollution.

Materials and methods

Chemicals and reagents

The Cd(II) stock solution (1.0 g/L in 0.5 M HNO3) 
was purchased from Merck (Germany) and used 
for the preparation of serial dilutions of standard/
working solutions. Deionized water produced by the 
Elga Pure Flex 3 Ultrapure Water system (18.2 Ω 
cm resistivity, UK) served for sample preparation 
and cleaning. CuSn(OH)6 nanoparticles were syn-
thesized using CuCl2 and anhydrous SnCl4 supplied 
by Merck (Germany), and sodium citrate and NaOH 
were sourced from Isolab (Germany). The concen-
trated HNO3 solution (65%, w/w) was used as a des-
orption solution supplied by Merck (Germany) and 
systematically diluted with deionized water to pre-
pare the desired concentration. The buffer solution 
(pH 8.0) was prepared with borax and HCl solution, 
which was purchased from Merck, Germany. The 
other chemicals required for the preparation of the 
buffer solution were purchased from Merck (Ger-
many) with analytical-reagent grade. Acetylene gas 
with purity grade 2.0 was supplied from HABAŞ 
(Turkey) and used for the fuel of the FAAS sys-
tem. Onion samples used in recovery studies were 
purchased from the local greengrocer in İstanbul, 
Turkey.

Instrumentation

All absorbance measurements were performed by 
an atomic absorption spectrometer equipped with a 
flame burner and deuterium background corrector 
(ATI UNICAM 929 AA system, Cambridge, UK). A 
Cd multi-hollow cathode lamp (Photron Lamp, Aus-
tralia) was used, operating with a maximal current 
of 10  mA, a bandpass of 0.5  nm, and a wavelength 
of 228.8 nm, and other operating conditions were set 
to the manufacturer’s instructions. The digital pH 
meter (Hanna Multiparameter, HI2020) was used for 
the pH measurement and adjustment. The weigh-
ing of materials was done using an OHAUS Pioneer 
PA214C model analytical balance with a sensitivity 
of 0.1  mg. A BIOBASE brand (BKC-TL5II model) 
centrifuge was employed to separate the nanopar-
ticles from the aqueous phase. The stirring process 
was accomplished by the ultrasonic water bath (Hapa 
M-100 model), orbital shaker (BIOBASE brand SK-
O330-Pro model), and vortex (Isolab, Germany). 
The X-ray diffraction (XRD) analysis was conducted 
with the Bruker D2 PHASER model (Germany), and 
morphology analysis was acquired with the scan-
ning electron microscope (SEM) (Zeiss EVO LS 10 
model, Jena, Germany). Fourier Transform Infrared 
Spectroscopy (FT-IR) (Perkin ELMER Spectrum 
Two) was used to determine the structural analysis of 
the synthesized nanomaterials.

Synthesis of CuSn(OH)6 nanoparticles

CuSn(OH)6 nanoparticles were prepared by modi-
fying previously reported procedures [24, 44]. 
CuSn(OH)6  nanoparticles were prepared via a fac-
ile co-precipitation method at room temperature. 
The synthesis procedure is briefly as follows: CuCl2 
(0.0218  mol) and sodium citrate (0.0218  mol) were 
dissolved in 200  mL of deionized water in the 500-
mL flask. Subsequently, 2.56 mL of anhydrous SnCl4 
solution (0.0218  mol) was added to this solution at 
ambient conditions with continuous stirring. 100 mL 
of 2.0  M NaOH solution was introduced dropwise 
into the reaction medium. Upon completion of a one-
hour reaction period, the blue-greenish precipitate 
was collected by centrifugation and thoroughly rinsed 
with deionized water followed by ethanol in cycles to 
eliminate excessive chemicals and unreacted materi-
als. The rinsed materials underwent overnight drying 
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in an oven at 50–55 °C and were crushed in a porce-
lain mortar. The crushed materials were characterized 
by XRD, SEM, and FT-IR. The synthesized material 
was preserved in a polypropylene tube and stored 
in a wooden cabinet at room temperature before the 
analysis.

Experimental procedure

Thirty milliliters of standard/test solution was added 
to the 50  mL polypropylene test tubes containing 
40  mg of CuSn(OH)6 nanoparticles. 2.0  mL of pH 
8.0 borax buffer solution was used for the adjust-
ment of the test solutions. The uniform distribution 
of nanoparticles was achieved by ultrasonic bath for 
30 s. The nanoparticles were then separated with the 
help of centrifugation for 2.0 min (3000 rpm). After 
the centrifugation process, the clear upper aqueous 
phase was carefully disposed of using a pipette into 
the disposal. One hundred eighty microliters of 4.0 M 
nitric acid solution was added into the collected sam-
ples, and desorption was completed by vortexing for 
15 s. Following this process, the samples were centri-
fuged again at 3000  rpm (2.0 min), and CuSn(OH)6 
nanoparticles were easily separated. The analyte-rich 
acidic homogeneous phase was pipetted to a clean 
tube without touching the bottom of the tube. The 
analyte-rich acid phase was directly sent to the FAAS 
system without any filtration. Figure  1 indicates the 
experimental procedures of the optimized method.

Sampling and preparation of extracts

Red onions (RO) were purchased in the spring of 
2025 from different local greengrocers in İstanbul, 
Turkey. Sample preparation steps are briefly as fol-
lows: The fresh red onions were conventionally 
peeled to remove outer layers and cut into small 
pieces using a plastic knife to avoid potential metal 
contamination. Considering traditional consumption, 
the fresh samples were directly used without the dry-
ing process to preserve the natural moisture content 
and water-soluble components. 50  g of RO samples 
were then weighed and transferred into a 500  mL 
Erlenmeyer flask. Two hundred milliliters of the boil-
ing deionized water (95–100  °C) was added to the 
onion samples, followed by cooling to ambient tem-
perature. The resulting aqueous onion extract was 
subsequently diluted tenfold with deionized water 
used in the specified procedure. The same sample 
pretreatment process was applied for samples and 
spiked samples. The onion samples obtained from 
two different sources were coded as RO-1 and RO-2, 
respectively.

Results and discussion

Characterization studies

The FT-IR spectrum of the synthesized CuSn(OH)6 
nanoparticles was recorded within the region of 

Fig. 1   Scheme of preconcentration process under optimized conditions
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400–4000 cm⁻1, and the distinctive vibrational bands 
verify the formation of a hydrated CuSn(OH)6 struc-
ture (Fig.  2). A broad and sharp  absorption band 
apparent at 3571 cm⁻1 and 3294 cm⁻1 is ascribed to 
the stretching vibrations of hydrogen-bonded -OH 
groups from lattice-bound or adsorbed water mol-
ecules. These peaks indicate the presence of struc-
tural hydroxyl groups, an essential characteristic of 
CuSn(OH)6. The peaks at 1378 cm⁻1, 1157 cm⁻1, and 
936  cm⁻1 correspond to δ(OH) bending vibrations 
and/or coordinated water molecules in the hydrox-
ide structure. The prominent peaks at 694  cm⁻1 and 
519 cm⁻1 correspond to metal-O stretching vibrations 
associated with Cu–O and Sn–O bonds. The peak at 
416.44  cm⁻1 indicates the infrared-active modes for 
Cu(OH)2. These align with the vibrational modes 
reported for musinonite-type CuSn(OH)6 and analo-
gous mixed hydroxides [10, 28, 33].

The crystalline structure of the synthesized 
CuSn(OH)6 nanoparticles was examined using X-ray 
diffraction (XRD) in the 2θ range of 10°—90°, with 
Cu Kα radiation (λ = 1.5406  Å). The diffractogram 
exhibits sharp and peaks at approximately 2θ = 19.8°, 
21.9°, 23.4°, 32.3°, 33,40°, 40,3°, 51.0°, and 59.0°, 

which are characteristic of CuSn(OH)6 (PDF# 
04-017-7356, musinonite), confirming the formation 
of a crystalline mixed copper-tin hydroxide phase. 
Minor additional reflections matched with Cu(OH)2 
(PDF# 04-009-4366, spertiniite) indicate a small 
amount of secondary phase, likely due to incomplete 
incorporation of copper during synthesis (Fig.  3). 
The broadness of the peaks suggests nanocrystalline 
size, and no peaks corresponding to tin oxides were 
detected, indicating high phase selectivity [17, 28].

Scanning electron microscope (SEM) images evi-
denced the formation of well-defined nanoparticles 
with a highly uniform size distribution below 100 nm. 
As seen in Fig.  4, the CuSn(OH)6 nanoparticles 
exhibit a remarkably uniform morphology with mini-
mal agglomeration, indicating successful synthesis 
conditions.

Optimization of preconcentration conditions for Cd 
extraction and desorption

The various parameters impacting extraction and 
desorption conditions were assessed to achieve a 
high enrichment factor/extraction efficiency with 

Fig. 2   The FT-IR spectrum of CuSn(OH)6 nanoparticles
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Fig. 3   The XRD patterns for CuSn(OH)6 nanoparticles

Fig. 4   SEM images of the CuSn(OH) nanoparticles
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the recommended preconcentration method. The 
variables were examined using a univariate opti-
mization approach, in which one parameter was 
changed while the others remained constant. Each 
optimization factor was conducted in replicate 
experiments (n = 3) to ensure analytical precision 
and data reliability. The optimal conditions were 
selected using absorbance values and standard 
deviation (SD) of replicate measurements. Statisti-
cal analysis of the collected data was made with the 
assistance of Microsoft Excel software (Microsoft 
Inc., USA) to calculate basic statistical parameters, 
comprehensive analysis, and graphical representa-
tion of findings. Initial sample volume was main-
tained constant at 30  mL during all optimization 
experiments to facilitate and accelerate the extrac-
tion/desorption step. The optimized conditions are 
listed in Table 1.

Effect of sample pH

To obtain maximum recovery of analyte in the pre-
concentration process, adjusting the pH of the sam-
ple solution is an important requirement. This is 
because pH affects the surface charge distribution and 
thus determines the stability of the nanomaterial [4]. 
Additionally, the pH of the aqueous samples impacts 
the performance of the adsorption process due to the 
metal ions with negative or positive charges [30]. The 
suggested method was performed within a pH range 
of 4.0–8.0 to establish the optimal pH level (Fig. 5a). 
Firstly, 20  mg of sorbent was dispersed in 30  mL 
test solution and 4.0 mL of different buffer solution. 
The samples were mixed with the help of the orbital 
shaker for 15 min. Then, the samples were centrifu-
gated and approximately 2.0 mL of the upper phase 
was sent to the FAAS system. The quantitative recov-
ery values were obtained at pH 6.0–8.0, whereas low 
removal efficiencies were obtained at lower pH < 6.0. 
At lower pH values, removal efficiency is estimated 

Table 1   Optimal 
conditions of the presented 
method

Variable Optimal condition

Working/sample solution volume 30 mL
Buffer solution pH/volume pH 8.0 borax buffer solution/2.0 mL
Nanomaterial amount 40 mg CuSn(OH)6 nanoparticles
Mixing type/period Ultrasonication/30 s
Desorption solution conc./volume 4.0 M HNO3/0.180 mL
Mixing period after the desorption 15 s vortexing

Fig. 5   Effect of pH (a) and buffer solution volume (b) on 
extraction efficiency (n = 3) (experimental condition for pH: 
30  mL standard solution (1.0  mg/L), 4.0  mL buffer solution, 
20 mg sorbent, orbital shaking for 15 min. Experimental con-

dition for buffer solution volume: 30  mL standard solution 
(1.0  mg/L), pH 8.0 buffer solution, 20  mg sorbent, orbital 
shaking for 15 min)
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to decrease significantly due to increased competi-
tion between hydrogen ions and metal ions [41]. The 
solubility of Cd ions is pH-dependent. Cd(II) and 
Cd(OH)⁺ species become highly soluble when the 
pH decreases, resulting in poor adsorbate-adsorbent 
interactions. Conversely, Cd ions precipitate as metal 
hydroxides, such as Cd(OH)2, when the pH exceeds 
8.0 [3]. Moreover, the alkaline solution medium 
assists in the precipitation of heavy metal species and 
this may also be responsible for the increased removal 
efficiency when the pH of the sample is higher than 
8.0 [42]. The highest removal efficiency was recorded 
at pH 8.0 value. Therefore, the initial sample pH was 
fixed at 8.0 using a borax-buffer solution.

The effect of buffer solution volume on cadmium 
extraction was evaluated between 2.0 and 6.0  mL 
(Fig.  5b). The highest output was obtained with 
4.0 mL of buffer solution, while the repeatability of 
the results decreased. Therefore, 2.0  mL of buffer 
solution at pH 8.0 was selected as the optimal condi-
tion, which provided high efficiency to prevent dilu-
tion of analyte ions in the final phase.

Mixing conditions

Various mixing modes, including orbital shaking, 
vortexing, and ultrasonication, were tested at a con-
stant period of 60 s under similar experimental con-
ditions. Experiments were also performed simulta-
neously without a mixing process. The optimization 
of mixing demonstrated that ultrasonication was the 

most effective mixing method for Cd extraction due to 
a more efficient distribution of sorbent and improved 
mass transfer of analytes (Fig.  6a). Moreover, ultra-
sound is commonly employed in many application 
fields, especially adsorption and desorption processes 
of metal ions and organic pollutants, due to its low 
cost and the necessity of easy [35]. Accordingly, the 
effect of the ultrasonication period on Cd extraction 
was investigated in the range of 30–300 s. A fluctuat-
ing trend was observed for the Cd extraction during 
the investigated ultrasonication period (Fig. 6b). This 
is probably due to the competition between adsorp-
tion and desorption processes as the ultrasonication 
time extends. The optimization study revealed that a 
30  s ultrasonication period provided optimum con-
ditions, while extended periods showed decreasing-
increasing returns due to the competing adsorption-
desorption equilibrium. Hence, a 30 s ultrasonication 
period was determined as the optimum mixing condi-
tion for further studies, as it provided effective disper-
sion of sorbent in sample medium and enabled maxi-
mum extraction efficiency in a short time.

Effect of the CuSn(OH)6 nanoparticles amount

The effect of adsorbent amount was investigated 
in the range of 0.0 to 50 mg to improve the adsorp-
tion performance and minimize the adsorbent usage. 
The results in Fig. 7a show that the absorbance val-
ues gradually increased with increasing amounts and 
reached a peak at 50 mg. This trend can be explained 

Fig. 6   Effect of mixing type (a) and ultrasonication period 
(b) on extraction efficiency (n = 3) (experimental condition for 
mixing type: 30 mL standard solution (0.05 mg/L), 2.0 mL of 
pH 8.0 buffer solution, 50  mg sorbent, mixing for 60  s, 200 

µL of conc. HNO3. Experimental condition for ultrasonication 
period: 30  mL standard solution (0.05  mg/L), 2.0  mL of pH 
8.0 buffer solution, 40 mg sorbent, ultrasonication mixing, 200 
µL of conc. HNO3)
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by the increase in the number of active sites on the 
adsorbent surface with increasing amounts. Addition-
ally, there is no detectable analytical signal observed 
at 0.0 mg, confirming that the extraction process was 
entirely dependent on the presence of the synthe-
sized material. However, the use of 50 mg adsorbent 
resulted in low repeatability due to aggregation or the 
requirement of more desorption solution. Accord-
ingly, the lowest %RSD (< 5.0%) was obtained with 
40  mg, which showed high adsorption capacity. 
Therefore, 40  mg of CuSn(OH)6 nanoparticles was 
used in the remainder of the studies.

Desorption conditions

In this study, HNO3 solution was selected as the 
proper desorption solution due to compatibility with 
the FAAS system and providing good solubility of 

analyte ions [15]. The different HNO3 solution con-
centrations were studied in the 1.0–14.4 M range to 
determine the optimal conditions for the release of 
analyte ions, given in Fig. 7b. The sufficient extrac-
tion efficiency was recorded with a 4.0  M HNO3 
solution. Following this, the desorption solution 
volume was then optimized in the range of 100–240 
µL. According to Fig.  7c, the result was linearly 
decreased with increasing acidic solution volume. 
This trend can be linked to the dilution of analyte 
ions in the resulting phase. The highest desorp-
tion efficiency was observed at 100 µL; however, 
this caused a significant challenge during the phase 
separation process. Hence, 180 µL of 4.0 M HNO3 
solution was determined for the optimal desorption 
conditions that contribute to minimizing the con-
sumption of mineral acid solution and providing the 
highest extraction outputs.

Fig. 7   Effect of sorbent amount (a), desorption solution con-
centration (b), and desorption solution volume (c) on extrac-
tion efficiency (n = 3) (experimental condition for sorbent 
amount: 30 mL standard solution (0.05 mg/L), 2.0 mL of pH 
8.0 buffer solution, CuSn(OH)6 nanoparticles, ultrasonication 
for 60  s, 200 µL of conc. HNO3. Experimental Condition for 

desorption solution concentration: 30  mL standard solution 
(0.01  mg/L), 2.0  mL pH 8.0 buffer solution, 40  mg sorbent, 
ultrasonication for 30 s, 200 µL of desorption solution. Experi-
mental condition for desorption solution volume: 30 mL stand-
ard solution (0.01  mg/L), 2.0  mL of pH 8.0 buffer solution, 
40 mg sorbent, ultrasonication for 30 s, 4.0 M HNO3)
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Analytical figure of merits

The analytical performance of the CuSn(OH)6 nano-
particles-assisted preconcentration method was exam-
ined under the optimized conditions, presented in 
Table 1. In this study, the blank correction strategy was 
applied, which involved subtracting the method blank 
response from each calibration solution. This correc-
tion eliminates background contributions from sorbent 
or sample matrices and overestimated concentrations 
or deviated calibration curves. The corrected calibra-
tion graph exhibits a more accurate calculation for the 
studied analytes. The regression equation of the FAAS 
system and the developed method was obtained as 
y = 0.1454x + 0.0045 (based on mg/L, R2 = 0.9989) for 
the FAAS system and y = 0.0114x + 0.0075 (based on 
µg/L, R2 = 0.9949) for the corrected calibration graph 
of the developed method, respectively. The limit of 

detection (calculated based on 3 × SD/m, where SD is 
the standard deviation of the lowest concentration and 
m is the slope of the regression equation) and limit of 
quantification (based on 10 × SD/m) were found to be 
0.84 and 2.80 μg/L, respectively. The linear calibration 
plot was in the concentration range of 2.5–50 μg/L for 
Cd ions. The %RSD, expressed as precision of the pre-
sented method, was determined to be 8.9% for the low-
est concentration of the FAAS system (0.1 mg/L, n = 6) 
and 13.2% for the lowest concentration of the devel-
oped method (2.5 µg/L, n = 6). The performance of the 
method can be assessed through calibration sensitivity, 
which is determined by the ratio of calibration slopes 
between the FAAS system and the preconcentration 
method. The enhancement in calibration sensitivity 
(ECS) was calculated via the formula given  in Eq. 1. 
ECS was calculated as 78.6-folds, and comprehensive 
results are summarized in Table 2.

(1)ECS =
Slope of the method calibration obtained from FAAS for Cd

Slope of the calibration without method obtained from FAAS for Cd

Table 2   Comparison of the method presented with other reported techniques

a LOD, limit of detection
b LOQ, limit of quantitation
c EDP/ECS/PF, enhancement in detection power/Enhancement in calibration sensitivity/Preconcentration factor
d FAAS, flame atomic absorption spectrometry
e MWCNT@TiSiO4, multi-walled carbon nanotubes@TiSiO4 nanocomposite
f MWCNT-Fe3O4@SiO2-SH, multiwalled carbon nanotubes decorated with magnetic core–shell Fe3O4@SiO2 and functionalized with 
3-mercaptopropyltrimethoxysilane
g Fe3O4@MoS4

2−-FeMgAl LDH nanocomposite/ICP-OES, MoS4
2−-intercalated magnetic FeMgAl-layered double hydroxide nano-

composite/inductively coupled plasma optical emission spectrometry
h Fe3O4@HNT, magnetic halloysite nano clay
i Fe3O4@TEOS, tetraethyl orthosilicate functionalized magnetic iron oxide nanoparticles
j Fe3O4-SiO2-MIL-53 (Fe) nanocomposite/HR-CS-FAAS, magnetic silica-coated iron oxide—Materials of Institute Lavoisier-53 (Iron) 
Metal–Organic Framework nanocomposite/high-resolution continuum source flame atomic absorption spectrometry

Adsorbent/detection system LODa LOQb Dynamic range EDP/ECS/PFc REF

FAASd 0.03 mg/L 0.11 mg/L 0.1–4.0 mg/L - This study
CuSn(OH)6 NP/FAAS 0.84 µg/L 2.80 µg/L 2.5–50 µg/L 78.6 This study
MWCNT@TiSiO4 nanocomposite/FAASe 0.053 µg/L 0.176 µg/L - 40 [38]
MWCNT-Fe3O4@SiO2-SH composite/FAASf 0.090 µg/L 0.302 µg/L 0.001–40 µg/L 33.14 [12]
Fe3O4@MoS4

2−—FeMgAl LDH nanocomposite/ICP-OESg 0.031 µg/L 0.10 µg/L 0.1–800 µg/L - [18]
ZnO@Fe3O4/FAAS 7.86 µg/L 16.9 µg/L 50–5000 µg/L - [20]
Fe3O4@HNT/ICP-OESh 0.037 µg/L 0.12 µg/L 0.1–400 µg/L 73 [25]
Fe3O4@TEOS NP/FAASi 4.60 µg/L 20.0 µg/L 20–100 µg/L 1.54 [9]
Fe3O4-SiO2-MIL-53 (Fe) nanocomposite/HR-CS-FAASj 1.30 µg/L 4.3 µg/L 4.3–500 µg/L 4.9 [39]
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A comparison between the presented method and 
other methods reported in the literature for the deter-
mination of Cd is listed in Table  2. Nanomaterials 
were commonly employed for sample preparation 
techniques. In this study, CuSn(OH)6 nanomaterials 
were synthesized in only 1.0  h with a simple one-
pot coprecipitation method at ambient temperature. 
Compared to other synthesis techniques, it does not 
require long analysis periods and high energy con-
sumption. Additionally, CuSn(OH)6 nanoparticles 
provided a high enrichment factor with lower detec-
tion limits for the determination of Cd ions with low 
amounts and extraction time (just 40 mg and 30 s) in 
relatively inexpensive instrumentation.

Recovery studies

The analysis of Cd ions in red onion samples was 
used to validate the applicability and reliability of the 
method. The aqueous extracts of the samples were 
prepared according to the “Sampling and prepara-
tion of extracts” section, and the method was applied 
under the optimized experimental conditions. The 
external calibration strategy and matrix-matching cal-
ibration strategy were employed to determine percent 
recoveries. Firstly, the aqueous extracted red onion 
samples were tested to determine the presence of the 
analyte ions. Analytical signals were observed, which 
are most likely attributed to the characteristics of the 
nanomaterial or reagents within the detection system. 
Therefore, signals were corrected according to the 
mean absorbance value of the blank solution, proving 
more accurate analysis. The extracted samples had a 

spiked concentration range between 7.5 and 20 µg/L. 
An external calibration strategy was applied to ensure 
accurate quantification of Cd ions. This method 
involved the comparison between extraction results 
of aqueous standards and extracted samples, revealing 
significant insights into the method performance and 
matrix effects. Moreover, the method applicability 
was investigated using matrix-matched samples. The 
matrix-matched calibration regression equation of 
corrected RO-1 samples (y = 0.0121x −0.0149 based 
on µg/L) was used to calculate the %recoveries of 
RO-2 samples. Conversely, the regression equation of 
RO-2 (y = 0.0109x + 0.0267 based on µg/L) was used 
for the calculation of RO-1 samples. The %recoveries 
were calculated using Eq. (2).

where CCal represents the calculated concentration 
using regression equations of samples and CSpiked rep-
resents the initial concentration of the spiked samples.

The obtained results are summarized in Table  3 
as mean ± SD. These results demonstrate the supe-
rior extraction performance and high effectiveness 
of CuSn(OH)6 for removing cadmium ions from 
aqueous extracts. The matrix-matching calibration 
strategy showed significant differences compared to 
external calibration, with RO-1 exhibiting enhanced 
recovery (67.2%–96.2%) while RO-2 demonstrated 
suppressed analytical results (102.1%–131.4%). 
These contrasting results indicate that matrix effects 
are sample-dependent. This may be attributable to the 

(2)%Rec =
Ccal

Cspiked

× 100

Table 3   The %recoveries 
for Cd ions determination 
obtained from red 
onion extracts using the 
CuSn(OH)6 nanoparticles

a SD, standard deviation of 
triplicate measurements

Spiked concentration, 
µg/L

External calibration strategy Matrix-matching 
calibration strategy

% Recovery ± SD % Recovery ± SD

RO-1 7.5 93.8 ± 7.6 74.6 ± 8.0
10 81.1 ± 8.4 67.2 ± 8.8
12.5 87.4 ± 2.5 77.3 ± 2.6
15 87.6 ± 5.0 79.9 ± 5.3
20 100.4 ± 1.3 96.2 ± 1.4

RO-2 7.5 113.3 ± 3.1 131.4 ± 2.9
10 117.8 ± 10.5 129.5 ± 9.9
12.5 107.5 ± 5.3 116.1 ± 5.0
15 95.2 ± 5.8 102.1 ± 5.5
20 103.6 ± 5.4 106.8 ± 5.1
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compositional differences between onion samples. 
The acceptable % recoveries were obtained with the 
external calibration strategy for both onion samples 
(81.1%–117.5%), indicating minimal matrix interfer-
ence effects. Therefore, the presented method can be 
used as a feasible method for Cd determination/moni-
toring in plant-derived samples.

Conclusion

This study introduces a CuSn(OH)6 nanoparticle-
assisted preconcentration method for the separation/
extraction of Cd ions in a plant-derived matrix over 
a wide linear range. CuSn(OH)6 nanoparticles with 
uniform morphology were successfully synthesized 
using a simple one-pot co-precipitation method. 
Detection and quantification limits were found to be 
0.84 µg/L and 2.80 µg/L, respectively, within a wide 
working range (2.5–50 µg/L). The presented method 
resulted in remarkable sensitivity enhancement of 
the FAAS system, improving cadmium detection by 
approximately 78.6-fold. %recoveries were calcu-
lated in the range of 81.1%–117.5% using an external 
calibration strategy in red onion samples. Consider-
ing the widespread consumption of onion worldwide, 
it is crucial to determine Cd content to ensure the 
safety and quality of these food products and moni-
tor safe levels for human health and environmental 
assessment. Accordingly, the method developed using 
CuSn(OH)6 nanoparticles for the Cd ions showed 
excellent extraction performance for plant-derived 
matrixes. These results suggest that the method has 
potential for facile and straightforward extraction of 
Cd ions from different plant-derived matrixes.
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