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ABSTRACT: MgAl2O4@MoSe2 nanocomposite was used to separate-preconcentrate bismuth ions for micro solid phase 

extraction (µ-SPE). FT-IR, SEM, XRD, SEM-Mapping and SEM-EDX were used to find out about the functional groups, surface 

morphology, surface area, elemental composition, and crystalline structure of MgAl2O4@MoSe2. Analytical parameters, such as pH, 

adsorbent dose, sample volume, eluent concentration and volume, vortex time, and matrix effect, were optimized to get the best 

recovery values. Under optimized experimental conditions and by using FAAS 

measurements, analytical parameters were calculated, such as the limit of detection, 

the limit of quantification, the preconcentration factor, the enhancement factor (EF), 

the relative standard deviation, the sample volume, and the eluent volume as 0.012 

μg L-1, 0.04 μg L-1, 10, 8.69, 5.5, 30 mL, and 3.0 mL, respectively. The validation of 

the presented procedure was checked by the analysis of certified reference materials 

and the addition-recovery test to real samples. The presented method was applied for 

the determination of bismuth contents of natural water, food, and cosmetic products. 

Two certified reference materials (CRMs) (NCS ZC 73028 Rice and NCS ZC 73036 

Green tea) were used for the validation of the presented method. 
 

INTRODUCTION 

Human activities and industrialization have significantly impacted 

the environment, leading to the release of metals into water and 

food chains.1 Bismuth is found in environmental samples at 

concentrations ranging from (mg L−1 or mg kg−1) to (μg L−1 or μg 

kg−1), and in sediments, concentrations vary from 0.07 to 49.6 mg 

g−1. 2-4 Bismuth is commonly used in pharmaceuticals for treating 

stomach ulcers, dermatological issues, and diarrhea.3 Additionally, 

it finds applications in cosmetics like body lotions, lipstick, hair 

dyes, yellow pigments, and certain types of glass.3,4 Bismuth-

based nanomaterials serve various purposes, including 

semiconductors, alloys, metallurgy additives, and the production 

of uranium nuclear fuels.5 

The increasing use of bismuth has led to its widespread 

distribution in the environment, raising the potential for exposure 

in organisms. While bismuth is generally considered to have low 

toxicity for humans and has been employed in medical treatments, 

chronic exposure can result in adverse effects like 

osteoarthropathy, hepatitis, neuropathology, encephalopathy, and 

nephrotoxicity.6 Consequently, researchers have focused on 

determining bismuth concentrations in food, water, and 

environmental samples, even at very low levels. However, the 

limited presence of bismuth in these samples and the impact of 

matrix effects have posed challenges in accurate measurement.7,8 

Various techniques are used to separate and preconcentrate trace 

inorganic species, including liquid-phase extraction (LPE), solid-
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phase extraction (SPE), co-precipitation (CE), and cloud point 

extraction (CPE).9,10 Micro solid-phase extraction (µ-SPE) stands 

out due to its advantages such as high preconcentration, minimal 

adsorbent use, rapid processes, automation suitability, and use of 

environmentally friendly chemicals.11 

Numerous analytical methods have been utilized for bismuth 

detection in the environment, including flame atomic absorption 

spectrometry (FAAS), inductively coupled plasma-mass 

spectrometry (ICP-MS), graphite furnace atomic absorption 

spectrometry (GF-AAS), ultraviolet-visible spectroscopy (UV-

VIS), energy-dispersive x-ray fluorescence spectrometry (ED-

XRF), hydride generation for atomic fluorescence spectrometric 

(HG-AFS), and inductively coupled plasma-atomic emission 

spectroscopy (ICP-AES).12-17 FAAS, being easy to use and cost-

effective, is prevalent in laboratories.18-20 However, detecting trace 

analytes with FAAS is hindered by higher quantification limits and 

matrix effects. 21,22 Consequently, a separation-preconcentration 

approach enhancing sensitivity and selectivity is crucial before 

employing FAAS.23-26 

Nano porous materials have attracted a great deal of attention 

compared with other porous materials due to their easily accessible 

starting materials, low cost, biodegradability, functionalization 

ability, environmentally friendly nature, high chemical, and 

mechanical stability, safe, and recyclable. These have wide 

applications such as energy storage, dye degradation, organic 

pollutant degradation, water treatment, drug delivery, 

supercapacitors, fuel cells, nano-reactors, catalysis, dye-sensitized 

solar cells, and sensors.27-28 Therefore, recent µ-SPE studies have 

increasingly adopted new-generation adsorbents.29 To enhance 

analytical qualities in micro solid phase extraction (µ-SPE), 

diverse materials have been utilized, including ion imprinted 

polymers,30 graphene oxide or magnetic graphene oxide,31 

nanoparticles,32,33 silica nanoparticles (SiNPs),34 cellulose-based 

magnetic nanoparticles, and carbon nanomaterials (CNMs).35 

MgAl2O4 nanoparticles have a large surface area and can bind to 

a variety of chemicals strongly. They are also heat-resistant and 

can be reused many times. These properties make them very 

effective at adsorption of trace amounts of metal ions and 

removing pollutants from water and air. Additionally, MgAl2O4 

nanoparticles can be used as catalysts or to support other 

functional materials. When MoSe2 is used as a sorbent alone, its 

efficiency may be limited by its surface area or lack of synergistic 

interactions with specific analytes.36,37 The combination of spinel 

oxides like MgAl2O4 with molybdenum selenide (MoSe2) 

nanoparticles holds significant importance and offers a range of 

promising applications across different fields of science and 

technology. These nanocomposites offer enhanced properties and 

tunability, enabling customization for specific applications. With 

multifunctionality, their potential applications across catalysis, 

energy storage, sensing, biomedical applications, and 

environmental extraction and remediation.37-39 

The adsorption of Bi(III) ions onto an anti-site surface within a 

spinel structure (MgAl2O4) is determined by several factors. These 

factors include ionic charge, the electronic environment around the 

adsorption site, steric effects, and the potential for chemical 

bonding. These factors collectively influence the characteristics of 

the adsorption interaction. The surface of MgAl2O4 is attracted to 

water molecules because it is hydrophilic. This attraction can help 

to improve the adsorption of Bi(III) ions, which are also 

hydrophilic. The adsorption of Bi(III) ions onto MoSe2 is a 

complex process that is influenced by a number of factors. The 

hydrophilic nature of both Bi(III) and MoSe2 likely plays a role in 

the adsorption process. Chemical bonding, specifically 

chemisorption, is the main driving force behind the adsorption of 

Bi(III) onto MoSe2. Further investigation of the interaction 

between Bi(III) and MoSe2 can be carried out using adsorption 

isotherm experiments.40,41 

This research has focused on the formulation of a solid phase 

extraction (SPE) technique employing MgAl2O4@MoSe2 

nanocomposite for the purpose of effectively separating and pre-

concentrating Bi(III) from natural water and food samples as well 

as digested cosmetic products. 

MATERIALS AND METHODS 

Reagents and solutions. All chemicals used throughout the study 

were of analytical purity purchased from Merck (Darmstadt, 

Germany). Distilled water was supplied from (Millipore, Bedford, 

MA, USA). Bismuth standard solution of 1000 mg L-1 was used 

as a stock solution throughout the study. Standard solution of 

Bi(III), magnesium nitrate, aluminum nitrate nonahydrate, urea, 

sodium molybdate dihydrate, selenium, hydrazine hydrate, 

ethanol, and nitric acid were obtained from Sigma-Aldrich (St. 

Louis, MO, USA). The certified reference materials (NCS ZC 

73028 Rice and NCS ZC 73036 Green tea) were purchased from 

the Approved by China National Analysis Center for Iron and 

Steel (Beijing, China). Phosphate and acetate buffer solutions were 

used for pH adjustments. Food and cosmetic product samples 

were purchased from Kayseri markets, Turkey. 

Apparatus. A ContrAA 800 (Analytik Jena, Jena, Germany) 

flame atomic absorption spectrometer was used with an air-

acetylene gas mixture with a continuous source for the 

optimization stages and the measurements of Bi. The fuel and 

oxidant flow rates were 55 and 500 L/h. A WTW 3110 model 

digital pH meter (WTW GmbH, Germany) with a glass electrode 

was used for pH measurements and adjustments. Vortex 

(Weightlab WN-V 2800 Istanbul, Turkey) was used for the 

adsorption and desorption processes. A Fourier transform infrared 

spectrophotometer (Nicolet 5700, Thermofisher, USA) was used 

for determining functional group spectra. A scanning electron  
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Fig. 1 Schematic presentation of the presented µSPE method of Bi(III).

microscope (SEM, Oberkochen, Germany) was used to observe 

the morphological structure of the substance. The XRD of the 

material was performed by a Bruker AXS D8 advanced X-ray 

powder diffractometer. X-ray diffraction (XRD) analysis was used 

to illuminate the crystal structure of the synthesized new substance. 

A compact closed vessel microwave digestion system (Ethos Lean 

-1, Milestone, Bergamo, Italy) has been used for the digestion of 

food and cosmetic samples. 

Synthesis of MgAl2O4@MoSe2 nanocomposite. MgAl2O4 

nanoparticles were prepared by adding 0.45 g of magnesium 

nitrate and 2.31 g of aluminum nitrate nonahydrate, in 

stoichiometric molar proportions, to 200 mL of deionized water. 

1.65 g of urea was added to the resulting solution, and the mixture 

was stirred at 25 °C for 45 min using a hotplate magnetic stirrer. 

Subsequently, the temperature of the mixture was elevated to 

80 °C until the formation of a transparent gel. The resulting gel 

was placed in a furnace and heated to 300 °C for a duration of 3 h, 

leading to the production of MgAl2O4 nanoparticles. The product 

was white colored and powder but not fine. The mortar was used 

to make it fine powder.36 

To synthesize MgAl2O4@MoSe2 nanocomposite, a mixture of 

1.0 g of sodium molybdate dihydrate and 0.75 g of MgAl2O4 

nanoparticles was combined with a solution containing 20 ml of 

deionized water and 30 ml of ethanol, resulting in the creation of 

solution A. Similarly, 0.66 g of selenium powder was dissolved in 

15 ml of hydrazine hydrate, leading to the formation of suspension 

B, which promptly changed color from colorless to very dark 

violet. The two reaction solutions, A and B, were stirred 

continuously and then introduced into a 100 ml Teflon-lined 

stainless-steel autoclave. After being allowed to age at a 

temperature of 180°C for a duration of 24 h, the autoclave was 

naturally cooled down to room temperature. The resulting black 

precipitate was separated through centrifugation and underwent 

multiple washes with ethanol and deionized water. Subsequently, 

the obtained product was dried at 80°C for 12 h.42 Fig. 1 shows the 

schematic presentation of the synthesis of the nanocomposite and 

the presented µSPE method of Bi(III). 

Analytical procedure. A 30 mL model solution was adjusted to 

pH 5 using the acetate buffer solution. 200 µL from 20 ppm stock 

solution of Bi(III) was added to the model solution. 10 mg of 

MgAl2O4@MoSe2 was added, hand-shaken for 15 s and 

centrifuged for 5 min. Then 3 mL of 0.1 M HNO3 was added for 

elution and vortexed for 30 seconds and centrifuged for 5 minutes. 

The decanted solution was collected for FAAS for bismuth 

determination. 

Preparation of food and cosmetic samples. For digestion, 

approximately 250 mg each food and cosmetic samples were 

digested with 5 mL of HNO3 and 1 mL of H2O2 in PTFE vessels. 

The digestion was carried out by setting the manufacture protocol. 

After cooling down to room temperature, digested samples were 

taken out, and neutralized their pH according to our required 

method for further treatment.43 

Application of developed method to real samples. The 

developed µ-SPE method was used for the solid micro phase 

extraction for selection the of the selected target analyte from 

natural water samples (Tap, lake, and industrial wastewater 

samples). Natural water samples were subjected to centrifugation 

to remove solid suspended particles. The developed method was 

applied to determine Bi(III) levels. 

For the digested subsamples of food, cosmetics, and CRMs 

(NCS ZC 73028 Rice and NCS ZC 73036 Green tea). A 0.25 g of 

the sample were placed in a polytetrafluoroethylene (PTFE) vessel 

along with 5 mL of nitric acid and 1 mL of hydrogen peroxide. 

The vessels were sealed and heated according to a two-stage 

digestion protocol: an initial 5-minute ramp to 180°C followed by 

a 10-minute hold at 180°C.44 Upon cooling, the digested sample 

solutions were transferred to 50-milliliter centrifuge tubes, and the 

pH was adjusted to near 7. Certain volumes were taken from 

digested food, cosmetics and CRMs and the developed method  
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Fig. 2 (a): IR spectra of MgAl2O4 (a) and MgAl2O4@MoSe2 (b); (b): XRD patterns of MgAl2O4 (A) and MgAl2O4@MoSe2 (B); (c): SEM images of MgAl2O4 

(i and ii) and MgAl2O4@MoSe2 (iii and iv); (d): SEM-EDX of MgAl2O4 (i and ii) and MgAl2O4@MoSe2 (iii and iv); (e): SEM-Mapping image of 

MgAl2O4@MoSe2, element percentages (A), oxygen (B), magnesium (C), aluminum (D), molybdenum (E), selenium (F), and all elements (G).

 

was applied to determine Bi(III) levels. Standard addition and 

direct analysis of the analyte were performed in this work. 

RESULTS AND DISCUSSION 

Characterization of MgAl2O4@MoSe2 nanocomposite. 

MgAl2O4 was synthesized through the sol-gel method for 

utilization as a substrate for nanocomposites. Subsequently, a fine 

layer of MoSe2 was applied onto it. The resultant nanocomposite 

underwent comprehensive analysis using various methodologies. 

The Fourier-transform infrared (FT-IR) spectra of the synthesized 

product recorded in the range 400 - 4000 cm−1 are depicted in Fig. 

2a. Within the IR spectra (Fig. 2a (a)), the MgAl2O4 samples 

exhibited three distinct vibrations at wavenumbers 530, 635, and 

760 cm-1, signifying the presence of AlO6 moieties, the lattice 

vibration corresponding to Mg-O stretching, and confirming the 

formation of the MgAl2O4 spinel structure. Particularly 

noteworthy were two vibrational bands at wavenumbers 3456 and 
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1401 cm-1 within the IR spectra of the products, likely originating 

from the stretching and bending vibrations of water molecules 

adsorbed on the MgAl2O4 substrate.45,46 In the spectrum of 

MgAl2O4@MoSe2 (Fig. 2a (b)), the peaks observed at 520, 635, 

and 771 cm−1 correspond to the bands of metal oxides (Mg-O & 

Al-O). The signals at 3450 and 2903 cm−1 can be linked to the 

stretching vibrations of Mo-Se and hydroxyl groups within the 

MgAl2O4@MoSe2 nanocomposite.47,48 

Figure 2b displays the XRD diagrams of MgAl2O4 and 

MgAl2O4@MoSe2. The distinctive diffraction peaks attributed to 

the Bragg reflections from planes like (111), (220), (311), (222), 

(400), (422), (511), (440), (533), (444), and (551) aligned with the 

well-known standard spinel arrangement of MgAl2O4 (as per 

JCPDS Card No. 01-075 1798), depicted in Fig. 2b (A).46 In Fig. 

2b (B), the XRD graph presents peaks for the MgAl2O4@MoSe2 

nanocomposite. The specific peaks located at angles of 2θ = 

14.54°, 31.82°, 38.38°, 56.16°, and 71.97°, which match the 

planes (002), (100), (103), (110), and (203) respectively, are 

associated with MoSe2 (according to JCPDF 29-0914). The 

remaining peaks marked with the (♠) symbol correspond to 

MgAl2O4. 49 

SEM and SEM-EDX were employed to investigate the 

morphology of the synthesized nanocomposite. The SEM images 

of MgAl2O4 can be observed in Figs. 2c (i) and (ii). These images 

display that MgAl2O4 is well dispersed and most of the prepared 

nanoparticles have shapes at the nanoscale.46 SEM images of 

MgAl2O4@MoSe2 are presented in Figs. 2c (iii) and (iv). As 

illustrated in Fig. 2c (iii), MgAl2O4@MoSe2 is observed in clusters 

of nanoparticles, made up of thin layers. This observation indicates 

the successful doping of MoSe2 onto the surface of MgAl2O4.50 

The EDX analysis is displayed in Figs. 2d (i)-(iv). This analysis 

clearly demonstrates the existence of all the anticipated primary 

elements (O, Mg, and Al in the case of MgAl2O4) and (O, Mg, Al, 

Mo, and Se in the case of MgAl2O4@MoSe2), which encompass 

the two specified nanoparticles. 

The SEM-Mapping image of MgAl2O4@MoSe2 in Fig 2e (A-

G) shows that the nanoparticles were successfully synthesized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 (a): Effect of pH on the recoveries of Bi(III), (N= 3); 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 mL, pH 3 - 10; Adsorbent amount: 15.0 mg; 

Vortex time for sorption: 2 min; Centrifuge time for sorption: 5 min; Vortex time for desorption: 2 min; Centrifuge time for desorption: 5 min; Sample volume: 

10 mL; Eluent volume: 5 mL; Eluent: 3 mol L-1 of HNO3, (N = 3). (b): Effect of adsorbent amount on the recoveries of Bi(III), (N= 3); 200 μL from (20 mg 

L-1) Bi(III); Buffer solution: 2 mL, pH 5; Adsorbent amount: 5.0 – 20.0 mg; Vortex time for sorption: 2 min; Centrifuge time for sorption: 5 min; Vortex time 

for desorption: 2 min; Centrifuge time for desorption: 5 min; Sample volume: 10 mL; Eluent volume: 5 mL; Eluent: 3 mol L-1 of HNO3, (N = 3). (c): Effect 

of adsorption and desorption vortex time (N=3); 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 mL, pH 5; Adsorbent amount: 10.0 mg; Vortex time for 

sorption: 0 – 3.0 min; Centrifuge time for sorption: 5 min; Vortex time for desorption: 2 min; Centrifuge time for desorption5 min; Sample volume: 10 mL; 

Eluent volume: 5 mL; Eluent: 3 mol L-1 of HNO3, (N = 3). 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 mL, pH 5; Adsorbent amount: 10.0 mg; Vortex 

time for sorption: 15 sec; Centrifuge time for sorption: 5 min; Vortex time for desorption: 0 – 3.0 min; Centrifuge time for desorption: 5 min; Sample volume: 

10 mL; Eluent volume: 5 mL; Eluent: 3 mol L-1 of HNO3, (N = 3). (d): Effect of sample volume (N=3); 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 

mL, pH 5; Adsorbent amount: 10.0 mg; Vortex time for sorption: 15 sec; Centrifuge time for sorption: 5 min; Vortex time for desorption: 0 – 3.0 min; 

Centrifuge time for desorption: 5 min; Sample volume: 10 - 50 mL; Eluent volume: 5 mL; Eluent: 3 mol L-1 of HNO3, (N = 3). (e): Effect of eluent 

concentration (N=3); 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 mL, pH 5; Adsorbent amount: 10.0 mg; Vortex time for sorption: 15 sec; Centrifuge 

time for sorption: 5 min; Vortex time for desorption: 0 – 3.0 min; Centrifuge time for desorption: 5 min; Sample volume: 30 mL; Eluent volume: 1.0 – 5.0 

mL; Eluent: 3 mol L-1 of HNO3, (N = 3). (f): Effect of eluent volume (N=3); 200 μL from (20 mg L-1) Bi(III); Buffer solution: 2 mL, pH 5; Adsorbent amount: 

10.0 mg; Vortex time for sorption: 15 sec; Centrifuge time for sorption: 5 min; Vortex time for desorption: 0 – 3.0 min; Centrifuge time for desorption: 5 min; 

Sample volume: 30 mL; Eluent volume: 3.0 mL; Eluent: 0.1 – 3.0 mol L-1 of HNO3, (N = 3).
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The elements are uniformly distributed, with Mg and Al 

concentrated in the core and Mo and Se concentrated in the shell. 

This suggests that the MgAl2O4@MoSe2 core-shell nanoparticles 

have a cubic structure with Mg and Al atoms occupying the 

tetrahedral and octahedral sites, respectively. The Mo atoms are 

sandwiched between two layers of Se atoms in a hexagonal 

structure. 

Method optimization 

Effect of pH on adsorption process. pH is one of the most 

important factors that affect the adsorption efficiency of the 

adsorbent.51 In situations where a ligand is absent during the metal 

sorption process, the role of pH in influencing the results becomes 

more noticeable. The acidity or alkalinity of the solution directly 

affects how soluble the metal ions are and the types of chemical 

structures they take. In an acidic media, the metal ions usually exist 

as independent, hydrated forms, whereas in a basic solution, they 

tend to create hydroxide complexes or solid particles.52,53 The 

effect of pH on the adsorption of Bi(III) on MgAl2O4@MoSe2 was 

investigated in the range of 3 − 10 as shown in Fig. 3a. It can be 

concluded from Fig. 3a, that the % recoveries of Bi(III) increases 

as pH of the solution increases from 2 to 5. There is a substantial 

decrease in % recovery of the metals above pH 5. It can be 

explained that at higher pH, there is a high concentration of OH- 

ion, and most of the vacant sites on the surface of the adsorbent 

were occupied by OH- and thus decreased the % recovery of the 

metal ions. Therefore, pH 5 was the optimum pH which was 

maintained in other optimization experiments. 

Adsorbent amount study. The amount of the adsorbent is also 

another critical parameter for the quantitative recoveries of the 

analytes in the solid phase extraction studies.54 The adsorption of 

Bi(III) ions onto MgAl2O4 and MoSe2 is driven by a combination 

of electrostatic and chemical interactions. The hydrophilic nature 

of MgAl2O4 facilitates the adsorption of Bi(III) ions, while 

chemisorption is the primary driving force for Bi(III) binding onto 

MoSe2. The specific type of chemical bond that forms between 

Bi(III) and MoSe2 depends on the pH of the solution and the 

presence of other ions. Adsorption isotherm experiments can be 

used to further investigate the nature of the interaction between 

Bi(III) and these two sorbents.55,56 The recovery values of Bi(III) 

are dependent on the amount of adsorbent. To explore the impact 

of MgAl2O4@MoSe2 quantity, preconcentration experiments 

were conducted using dosages ranging from 5 mg to 20 mg (Fig. 

3b). Results indicate that the % recoveries of Bi(III) were 

enhanced, as the amount of adsorbent amount increased, and 

quantitative recoveries of Bi(III) were found at 10 − 20 mg as 

shown in Fig. 3b. Adsorbent has a higher surface area and porosity, 

so it adsorbs more metal ions. Hence, 10 mg was chosen as the 

optimal amount of adsorbent for further studied. 

Vortex time. During the process of micro solid-phase extraction, 

the adsorption of target analytes onto the surface of the solid phase  

Table 1. Effect of some foreign ions on the recoveries of 200 μL from (20 

mg L-1) Bi(III) (N= 3) 

Ions Added as  Concentration, mg L- Recovery, % 

Na+ NaNO3 2000 94 ± 0a 

K+ KNO3 2500 101 ± 2 

Ca2+ CaCO3 250 90 ± 4 

Mg2+ Mg(NO3)2.6H2O 250 107 ± 3 

Fe2+ FeCl2 5.0 95 ± 1 

Zn2+ Zn(NO3)2.6H2O 2.5 91 ± 3 

Fe3+ Fe(NO3)3.9H2O 2.0 97 ± 3 

Al3+ Al(NO3)3.9H2O 100 102 ± 4 

Mn2+ Mn(NO3)2.4H2O 2.5 91 ± 0 

Cl- KCl 2000 99 ± 4 

SO4
2- Na2SO4 250 97 ± 3 

CO3
2- CaCO3 375 90 ± 4 

NO3
- NaNO3 4500 94 ± 0 

HPO4
3- Na2HPO4 500 96 ± 1 

a Mean ± Standard deviation 

occurs through mechanisms encompassing van der Waals forces, 

hydrogen bonding, and specific chemical interactions. The 

temporal extent of adsorption significantly influences the quantity 

of analytes sequestered by the solid phase, a parameter subject to 

modulation by various factors including the inherent 

characteristics of the analytes, the properties inherent to the solid 

phase, and the composition of the sample matrix.53 To obtain the 

maximum efficiency of absorption and desorption of Bi(III) over 

adsorbent the preconcentration studies were conducted at different 

vortex times ranging from hand shaking to 3 min as shown in Fig. 

3c. The outcomes show that quantitative adsorption and 

quantitative desorption were obtained in hand shaking (15 sec) and 

30 sec respectively. Further increase in vortex time has no 

significant effect on adsorption process and recovery values of 

Bi(III). It can also be concluded from the results that after the 

further work was established in hand shaking for adsorption and 

30 sec for desorption. 

Sample volume and desorption studies. The sample volume plays 

an important role in µ-SPE for achieving the highest 

preconcentration factor.53 Fig. 3d shows the relationship between 

the sample volume and recovery of Bi(III) ions. Sample volume 

was tested in the range of 10 – 50 mL. There is a quantitative 

recovery at the volume rnage of 10 – 30 mL. The obtimal sample 

volume was chosen as 30 mL and has been used in the rest 

experiments.   

Desorption of Bi(III) from MgAl2O4@MoSe2 was carried out 

using diluted solutions of mineral acids like HCl and HNO3. 

HNO3 may be better than HCl for analytes that form stable and 

soluble complexes with nitrates, making it an optimal choice for 

their elution. It minimizes the risk of chloride interference (when 

HCl is used), which is particularly important when analyzing 

metals. For this reason, desorption studies were carried out using 

0.1 to 3 M HNO3 solutions for the quantitative recovery of Bi(III). 

The recovery results are given in Fig. 3e, showing that quantitative 

recoveries of Bi(III) can be obtained using 0.1 M HNO3. For  
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Table 2. Study of Bi(III) levels in natural water, food, and cosmetic product samples, (N = 3) 

Samples Added, µg mL-1 Found, µg mL-1 Recovery, % %RSD (N = 3) 

Water 

Talas tap water 
0.000 ND --- --- 

0.150 0.143 ± 0.005a 95 3.2 

0.300 0.278 ± 0.010 93 3.9 

Kocasinan tap water 
0.000 ND --- --- 

0.150 0.139 ± 0.002 93 1.5 

0.300 0.288 ± 0.009 96 3.0 

Incesu tap water 
0.000 ND --- --- 

0.150 0.133 ± 0.007 87 5.0 

0.300 0.275 ± 0.011 92 4.1 

Food 

Dried chickpea 
0.000 ND --- --- 

0.250 0.214 ± 0.008 86 3.5 

0.500 0.454 ± 0.015 91 3.4 

Red lentil 
0.000 0.009 ± 0.000 --- 4.6 

0.250 0.247 ± 0.002 95 0.9 

0.400 0.382 ± 0.006 93 1.5 

Dry sweet corn 
0.000 ND --- --- 

0.250 0.255 ± 0.005 102 1.9 

0.500 0.480 ± 0.022 96 4.5 

Chicken liver 
0.000 ND --- --- 

0.200 0.191 ± 0.006 96 2.9 

0.400 0.368 ± 0.015 92 4.1 

Beef liver 
0.000 ND --- --- 

0.200 0.183 ± 0.010 92 5.5 

0.400 0.359 ± 0.018 90 5.1 

Cosmetic 

Nivea body cream 
0.000 0.015 ± 0.001 --- 3.9 

0.200 0.201 ± 0.009 93 4.5 

0.400 0.395 ± 0.013 95 3.3 

Neutrogena body cream 
0.000 0.104 ± 0.004 --- 3.5 

0.200 0.290 ± 0.006 93 2.0 

0.400 0.488 ± 0.010 96 2.1 

Arko body cream 
0.000 ND --- --- 

0.200 0.182 ± 0.009 91 5.1 

0.400 0.351 ± 0.014 88 3.9 

ND: No detection; a Mean ± Standard deviation. 

 

eluent volume, desorption studies were conducted at different 

volumes of 0.1 M HNO3, ranging from 0.5 - 5 mL (Fig. 3f). It can 

be concluded from the Fig. 3e that 3 mL of 0.1 M HNO3 was 

enough to obtain quantitative recoveries Bi(III) using 

MgAl2O4@MoSe2. 

Matrix effects. For the selectivity of the method, studying the 

effect of different ions which are coexisting with the analyte metals 

in sample matrices is of immense importance.57-64 Distinct cations 

and anions, including were individually introduced into the model 

solutions to assess the method as described earlier. The effect of 

different ions, which are coexisting with analyte ions was studied 

on the percent recovery of Bi(III). The quantitative recovery 

results are given in Table 1 and show that there is no significant 

matrix effect on the % recovery of analyte ions. Based on the study 

findings, the analysis remained unaffected by the existence of 

Fe(II), Fe(III), Zn(II), and Mn(II) ions at concentrations ranging 

from 6 to 12 times higher than that of the target metal ion. The 

addition of foreign ions K+, Na+, Al3+, Mg2+, Ca2+, SO4
2-, NO3

-, Cl-, 

HPO4
2- and CO3

2- at concentrations up to 6500 mg L-1 did not 

affect the recovery of Bi(III) from aqueous solutions. This 

suggests that these ions do not have a significant effect on the 

adsorption of Bi(III) onto the adsorbent. It can be concluded from 

the matrix effect that the method is highly selective for the 

preconcentration of Bi(III). 

Analytical performance. The limit of detection (LOD), limit of 

quantification (LOQ), and preconcentration factor of the 

developed method were evaluated. To establish the calibration 

relationship, standard solutions were prepared, and their 

absorbance values were measured. The preconcentration factor 

(PF) was determined as the average of measurements of the model 

solution volume divided by the final volume after extraction. The 

LOD was determined using a calculation based the ratio of 3 s/m, 

where (s) represents the standard deviation of the blank 

absorbance (N = 10) and (m) represents the slope of the calibration 

curve. Similarly, the limit of quantitation (LOQ) was calculated 

using the relation of 10 s/m. The LOD, LOQ, R2, PF, enhancement 

factor (EF), and RSD% were obtained as 0.012 μg L-1,0.04 μg L-

1, 0.997, 10, 8.69, and 5.5, respectively. 

Application to real samples. The method was validated by the  
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Table 3. Levels of Bi(III) in CRMs after application of presented µSPE method, (N = 3) 

Certified Reference Material (CRM) Certified value, µg kg-1 Observed value, µg kg-1 Recovery, % Relative error (%) 

NCS ZC 73028 Rice 16 14.4 ± 2.11 90 -11 

NCS ZC 73036 Green tea 40.0 ± 11.0 36.0 ± 4.7 91 -11 

 

Table 4. Comparison of separation-preconcentration studies with µSPE for Bi(III) 

Adsorbent Detection system LOQ, μg L-1 PF Linear range, μg L-1 RSD, % Ref. 

Octadecyl bonded silica cartridge 

modified with cyanex 301 

ETAAS 0.033 20 0.5–10 --- 56 

Chitosan functionalized with 3,4-

dihydroxy benzoic acid 
ICP-AES 0.233 8.4 0–5 0.5–4 57 

Quinolin-8-ol and Amberlite XAD-7 HG-ICP-OES 0.067 37 DL-100 3.5 7 
2-(5-bromo-2-pyridylazo)-5-

diethylaminophenol 
ETAAS 0.029 300 0.035–0.35 4.1 65 

2-(5-bromo-2-pyridylazo)-5-

diethylaminophenol complex on 

amberlite XAD-2 

Voltammetry 0.467 --- 50–160,000 1.2 66 

Rice Husk FAAS 4.333 40 --- 1.8 67 
Amberlite XAD-16 FAAS 900 

μg kg-1 
30 --- <12 68 

TiO2 nanoparticles TS-FF-AAS 1.13 67 Upper linear range 0.15 

mg L-1 
3.7 69 

MgAl2O4@MoSe2   FAAS 0.04 10 0.2 - 100 5.5 Present 

work 

Note: ETAAS: Electrothermal atomic absorption spectrometry, FAAS: Flame atomic absorption spectrometry, LOQ: Limit of quantification, PF: 

Preconcentration factor, HG-ICP-OES: Hydride generation inductively coupled plasma atomic emission spectrometry, TS-FF-AAS: Thermospray flame 

furnace atomic absorption spectrometry. 

 
 

standard addition recovery method and certified reference material. 

Different natural water samples were used in the standard addition 

recovery studies (Table 2). The validated method was also 

employed to determine bismuth content in some food, and 

cosmetic product samples from local markets in Kayseri (Table 2). 

The certified reference materials (NCS ZC 73028 Rice and NCS 

ZC 73036 Green tea) were also used to validate the method (Table 

3). There is an agreement between the measured results and the 

certified values. The recovery of Bi(III) from both rice and green 

tea CRMs was around 90%. This indicates that the µSPE method 

is effective at recovering Bi(III) from these materials. The 

developed method was compared to previously reported methods 

as shown in Table 4. The advantages of this method can be 

summarized as a low LOD and LOQ, a wide linear range (0.2 – 

100 µg L-1), and reasonable precision. While it may not achieve 

the highest preconcentration factor when compared to other 

methods, it strikes a balance between sensitivity, versatility, and 

reliability, making it a valuable addition to the range of 

preconcentration techniques available for the analysis of Bi(III) in 

different sample matrices. This innovation enhances the tools 

accessible for trace metal analysis, offering an effective and 

adaptable approach for researchers and analysts and it is a very 

competitive technique by comparison with other costly 

approaches. 

CONCLUSION 

A novel material known as MgAl2O4@MoSe2 was successfully 

synthesized to use as a solid-phase extracting material for the 

separation-preconcentration of bismuth ions Bi(III) from some 

cosmetic products, natural water, and food samples. This choice of 

material was based on its advantageous characteristics, including 

a larger surface area and bigger pores, which enhance its 

adsorptive capacity to adsorb heavy metal ions effectively. To 

comprehensively characterize the newly synthesized material, a 

range of analytical techniques were employed. The methodology 

proved to be robust, cost-effective, selective, and sensitive in the 

detection of Bi(III) ions in environmental and cosmetic product 

samples. In conclusion, the synthesized MgAl2O4@MoSe2 

material exhibited its potential as a solid-phase extracting agent for 

efficient preconcentration of Bi(III) ions from complex 

environmental and food samples. The multi-technique 

characterization and thorough analytical validation collectively 

underscore the feasibility and applicability of the proposed method, 

offering a valuable tool for accurate detection of Bi(III) in diverse 

sample matrices. 
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