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Abstract
Arsenic is a toxic element with various applications. Due to the high toxicity of arsenic and its species, the determination 
of arsenic species in real samples is significant to control their effects on the environment and human health. A surfactant-
assisted dispersive micro-solid-phase extraction was utilized as a simple and efficient sample preparation method to extract 
and preconcentrate arsenic (III) species in environmental, biological, and fruit samples. The microextraction method was 
simply combined with a chemical hydride generation strategy to determine arsenic (III) species with the graphite furnace 
atomic absorption spectrophotometric method. A green and magnetic sorbent was synthesized based on coating the prepared 
magnetic  Fe3O4 nanoparticles with chitosan using a simple and straightforward chemical procedure. Usage of surfactant as 
a dispersion agent in the microextraction procedure enhanced the sorbent dispersion efficiency and reduced the ultrasonic 
time for the sorbent dispersion. Three surfactants such as sodium dodecyl sulfate, hexadecyltrimethylammonium bromide, 
and triton X100 were selected as representative of anionic, cationic, and neutral surfactants, respectively, and their effects 
were investigated in the As(III) extraction; as a result, hexadecyltrimethylammonium bromide was chosen as the best dis-
persion agent. Other factors that affected the microextraction method were optimized by an experimental design strategy. 
Under the optimum condition, a linear range was acquired in the range of 0.009–10.0 µg  mL−1 with a determination coef-
ficient of 0.9903. Limit of detection, limit of quantitation, and enrichment factor for the As(III) determination with the 
proposed method were 0.003 µg  L−1, 0.009 µg  L−1, and 21.4, respectively. The relative standard deviation (n = 5) for the 
As(III) determination with a concentration of 0.1 µg  L−1 was equal to 3.27%. The applicability of the method for the As(III) 
determination was investigated by analyzing water, urine, and fruit juice samples with a relative recovery and RSD in the 
ranges of 94.0–97.4% and 3.17–4.54%.

Keywords Dispersive micro-solid-phase extraction · Hydride generation · Arsenic species · Fe3O4@chitosan · Fruit juice 
sample · Urine sample

Introduction

Nowadays, heavy metals have increased environmental pol-
lution and enter into the food chains due to the rapid growth 
of industrial processes that lead to the risk of exposure of 
humans and animals to heavy metals. These elements have 
adverse effects on human and animal health; as a result, 

their measurement in various real samples such as water 
and biological samples with high accuracy and precision 
have been regarded [1, 2]. Among them, arsenic is one of 
the most toxic elements, increasing the risk of cancer and 
cardiovascular diseases [3–5]. However, most of the pro-
posed methods with the spectroscopy technique for deter-
mining the total As content are in real samples. Therefore, 
the development of a new approach to measuring the As 
species with these techniques is very important. Also, the 
low concentration of As species in real samples, the high 
matrix effects of the real samples, and the conversion of the 
sample to a suitable form for presentation to the detection 
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system necessitate the use of sample preparation methods 
[6–10]. Microextraction procedure as a sample preparation 
method has been developed and widely utilized for various 
real samples with low (or free) organic solvent consumption 
[11, 12]. The method can reduce the matrix effect of real 
samples and increase the analyte concentration simultane-
ously. Besides, a low amount of real samples is introduced 
in the microextraction procedure [13].

Dispersive micro-solid-phase extraction (DμSPE) is a 
widely used microextraction method in which a suitable 
sorbent is dispersed in the sample solution for analyte 
adsorption [14, 15]. In this method, the sorbent plays a criti-
cal role in an analyte extraction by creating appropriate and 
selective interactions with the analyte [16, 17]. Obviously, a 
selective interaction of sorbent with a particular metal spe-
cies can lead to extract a metal species from a real sample 
[18, 19]. Therefore, the crucial parameter in the DμSPE pro-
cedure is the preparation of sorbent or its functionalization 
with proper functional groups. Usage of a magnetic core 
coated with a green sorbent leads to preparing a green and 
magnetic sorbent to simply separate sorbent under a mag-
netic field. Another critical parameter in the procedure is the 
sorbent dispersion in real samples. Vortex mixer and ultra-
sonic bath have been applied for the sorbent dispersion with 
high efficiency [20, 21]. However, the ultrasonic bath ability 
is greater than the vortex mixer to disperse the sorbent due 
to the high energy released in the sample solution using the 
ultrasonic bath [22]. An essential problem with the ultra-
sonic bath is the degradation of the sorbent or analyte in the 
sample solution due to the high energy released due to the 
formation of micro-reactors with a high temperature in the 
sample solution [23–25]. A suitable development to reduce 
the ultrasonic time of the sample solution involves the use of 
a suitable solvent, ionic liquid, or surfactant as a dispersion 
agent to assist the sorbent dispersion in the sample solution. 
Also, the sorbent dispersion into a suitable solvent before 
injecting into the sample solution is another procedure that 
reduces both sorbent dispersion time and sorbent contact 
time (extraction time) with the analyte [16, 26]. This method 
reduces the matrix effects of the real sample by reducing 
the extraction time. In other words, interfering species with 
a slower mass transfer than analyte will not have enough 
time to extract to the sorbent surface as the extraction time 
decreases.

Hydride generation (HG) is one of the common methods 
for measuring arsenic, especially for the determination of 
its species at low concentrations. Providing a hydride-based 
sample to the device improves the sensitivity and detection 
limit compared to the direct presentation of the sample, 
significantly [27]. The HG method is coupled with many 
methods to improve sensitivity and detection limit of As 
determination. The combination of HG-AAS and HG-AFS 
methods with different sample preparation methods such as 

liquid–liquid extraction [28], ionic exchange chromatogra-
phy s[29, 30], and high-performance liquid chromatography 
[31, 32] allows the measurement of the As species with high 
sensitivity.

The experimental design as a suitable procedure has been 
widely utilized to optimize effective factors on the micro-
extraction method due to reducing the number of experi-
ments, material consumption, saving time, and money. 
Also, the procedure can be used to evaluate the interaction 
between factors. This method is beneficial for optimizing 
factors when the number of these factors is large [33]. In this 
case, this method is performed in two steps. At the screen-
ing stage, factors with a significant effect on the extraction 
process are determined. In the optimization stage, the sig-
nificant factors are optimized, and the effects of these fac-
tors and their interactions on the analyte measurement are 
evaluated [34, 35].

In the present study, surfactant-assisted dispersive micro-
solid-phase extraction as a simple and efficient sample 
preparation procedure was developed to extract As(III) ions 
from water, biological, and fruit juice samples. A green and 
suitable sorbent based on coating magnetic  Fe3O4 nanopar-
ticle as a magnetic sorbent core with chitosan prepared using 
a simple chemical procedure. After the As(III) extraction, 
a hydride generation strategy combined with the electro-
thermal atomic absorption spectrometric method was uti-
lized as a sensitive detection system for the As(III) deter-
mination. The use of the microextraction method using a 
green adsorbent is under the principles of green chemistry. 
Besides, a surfactant was utilized to reduce the ultrasonic 
time and increase the dispersion efficiency of the sorbent 
in the sample solution, leading to an increase in the analyte 
extraction efficiency. The combination of three techniques 
was performed simply and without the need for sophisti-
cated devices. The experimental design was employed to 
optimize ten factors that may affect the As(III) determina-
tion. The method was successfully applied to analyze several 
real samples for the As(III) determination without any initial 
preparation.

Experimental

Instruments

A Hitachi Z-2000 (Hitachi, Japan) flame atomic absorp-
tion spectrometer was equipped with a Zeeman background 
correction and a heated graphite tube atomizer. An arsenic 
hollow cathode lamp (Hitachi, Japan) at a wavelength of 
197.0 nm as a radiation source, operated at 8 mA with a 
monochromator slit width of 1.2 nm, and a pyrolytically 
coated graphite tube were utilized to determine As(III) ion. 
The FTIR spectrophotometer (Bruker tensor model) and the 
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scanning electron microscopy (SEM, VP1450 model, LEO, 
Germany), and the transmission electron microscopy (TEM, 
912 AB model, LEO, Germany) were applied for identify-
ing the structure and morphology of the magnetic  Fe3O4/
Chitosan mesopores. A VASCO NP size analyzer (Cordouan 
technology, France) was utilized to investigate the sorbent 
particle size. A pH meter model 780 of Metrohm (Swiss) 
was used for adjusting the pH of the sample solution.

Materials

Chitosan was obtained from Nano Radan Co. (Gilan, Iran). 
Other material and reagents such as arsenic trioxide, sodium 
borohydride, sodium dodecyl sulfate (SDS), hexadecyltri-
methylammonium bromide (CTAB), triton X100, iron (II) 
sulfate heptahydrate, trisodium citrate, sodium hydroxide, 
nitric acid, sulfuric acid, hydrochloric acid, formic acid, 
acetic acid, sodium acetate, lanthanum nitrate, and iridium 
nitrate were purchased from Merck (Darmstadt, Germany). 
The stock standard solution of As(III) ion (1000 mg  L−1, 
100.0 mL) was prepared by dissolving 0.132 g of arsenic 
trioxide in 25.0 mL of sodium hydroxide solution (20% w/v), 
neutralized with sulfuric acid (20% v/v) in the presence of 
two drops of phenolphthalein, and diluted to 100.0 mL with 
distilled water. The obtained solution was diluted to 1.0 L 
using a sulfuric acid solution (1.0% v/v). The working stand-
ard solutions of As(III) ion were daily prepared by diluting 
the appropriated volume of the stock solution in a suitable 
volumetric balloon with distilled water.

Synthesis of  Fe3O4 nanoparticles

Here, magnetic  Fe3O4 nanoparticles were prepared by 
the co-precipitation method based on the previous lecture 
[36]. For this purpose, 1.47 g of trisodium citrate, 0.80 g of 
sodium hydroxide, and 17.0 g of sodium nitrate were poured 
into 90.0 mL of deionized water and stirred for 2 min, fol-
lowed by heating up to 100 °C to prepare a clear solution. 
Afterward, 10.0 mL of an aqueous solution of  FeSO4.7H2O 
with a concentration of 1.0 mol  L−1 was added to the result-
ing solution. The black precipitate of magnetic  Fe3O4 nano-
particles was formed into the solution. The resulting mixture 
was cooled to room temperature, and the magnetic  Fe3O4 
nanoparticles were separated from the mixture by a magnet. 
The magnetic  Fe3O4 nanoparticles were finally washed three 
times with distilled water and dried at 40 °C for 10 h.

Synthesis of  Fe3O4‑chitosan mesopores

The magnetic  Fe3O4-chitosan mesopores were synthe-
sized using the previous method [37]. Firstly, a solution 
of chitosan (5.0% W/V, 100.0 mL) was prepared from 

dissolving 50 mg of chitosan in acetate buffer (0.05 M, pH 
4.2) using an ultrasonic bath for 30 min at room tempera-
ture. Afterward, 0.1 g of  Fe3O4 nanoparticles were added 
to 10.0 mL of chitosan solution and dispersed by stirring 
at room temperature for 30 min and a homogenous and 
high viscosity mixture of chitosan along with magnetic 
 Fe3O4 nanoparticles was prepared. An aqueous solution 
of sodium hydroxide (1.0 mol  L−1) was added dropwise 
to the mixture while the mixture was stirred at 300 rpm 
for 15 min. The resulting precipitate was disparted from 
the supernatant solution using a magnet and washed three 
times with an acetate buffer (pH 4). Then, 10.0 mL of 
deionized water and 2.0 mL of glutaraldehyde were added 
to the resulting precipitate to establish crosslinks between 
magnetic  Fe3O4 nanoparticles and chitosan. Eventually, 
the mixture was mixed for 12 h by vortex mixer, and the 
magnetic  Fe3O4—chitosan mesopores were gathered using 
a magnet. The resulting product was finally washed several 
times with distilled water and dried in an oven at 45 °C 
for 8 h.

Microextraction process

The sorbent (30 mg) and CTAB (20 mg) were poured into 
1.0 mL of distilled water, followed by sonicating for 3 min 
to form a perfectly uniform suspension. 20.0 mL of sam-
ple solution was transferred to a suitable vial, and its pH 
was adjusted to 8.1 using sodium hydroxide or hydrochlo-
ric acid (0.1 mol  L−1). The prepared sorbent suspension 
was injected into the sample solution with pH 8.1 and 
sonicated for 5 min at room temperature. The sorbent was 
separated from the sample solution under a magnetic field 
in the presence of a neodymium magnet, and the sam-
ple solution was discarded. Then, 148 μL of nitric acid 
(0.5 mol  L−1) as a desorption solution was added to the 
sorbent. The mixture was sonicated for 8 min to desorb the 
As(III) ions from the sorbent surface. The sorbent was sep-
arated from the nitric acid phase using a neodymium mag-
net. The nitric acid phase was transported to three-neck 
flat bottom flask. A  NaBH4 solution (1.0%, 0.5 mL) was 
added to the nitric acid phase while Ar gas was entered 
into the flask with a rate of 1.5 mL  min−1 for 30 s, and the 
produced arsine gas along with the Ar gas was transferred 
into the graphite furnace for analysis. The graphite fur-
nace program for the As(III) determination was performed 
based on a previous lecture with a slight modification and 
presented in Electronic Supplementary Material (ESM 
Table S1)[38]. The graphite furnace surface was modi-
fied by injecting 10 μL of a solution containing lanthanum 
nitrate and iridium nitrate with a concentration of 1000 mg 
 L−1 followed by heating for 30 s to 120 °C with a rate of 
5 °C  s−1 and 30 s to 1100 °C with a rate of 50 °C  s−1.
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Result and discussion

Characterization of synthetic nanocomposite

IR spectrum of synthetic magnetic  Fe3O4-chitosan 
mesopores is shown in Fig. 1. The bond at 3417.51  cm−1 
can be related to the stretching vibrations of OH and the 
 NH2 group, which is board due to the formation of hydrogen 
bonds. The absorption peak at 1601.11  cm−1 corresponds to 
the vibrations of the N–H bond in chitosan. The absorption 
peak at 1423.45 and 1383.57  cm−1 is related to the stretching 
vibrations of the C-N bond and the deformation vibrations 
of N–H in the chitosan structure, respectively. The vibration 
peak at 1086.54  cm−1 refers to the stretching vibration of CO 
in the C–OH functional group. Also, the absorption bond in 
598.18  cm−1 refers to the stretching vibrations of the Fe–O 
bond in the  Fe3O4 nanoparticles, confirming the successful 
synthesis of the magnetic  Fe3O4-chitosan mesopores.

Also, TEM and SEM images of magnetic  Fe3O4/ chitosan 
are shown in Fig. 2. In TEM images (a and b) can be seen 
the spherical particles with a nearly homogeneous and uni-
form structure. Also, an aggregation of nanoparticles was 
displayed due to the magnetic properties of the sorbent that 
can lead to a reduction in the ability of the sorbent to extract 
the analyte. Therefore, the dispersion of the sorbent with 
high efficiency is necessary to obtain the proper extraction 
efficiency of As(III). The average size of sorbent particles 
was estimated at about 20 nm by TEM. In the SEM images 
(c and d), the formation of the chitosan layer around the 
magnetic  Fe3O4 core is viewed, indicating that the sorbent 
includes double layers with a magnetic  Fe3O4 core and an 
outer layer of chitosan.

The DLS analysis of magnetic  Fe3O4/ chitosan with-
out CTAB or in the presence of CTAB was investigated. 
The mean sizes of the magnetic particles were 14.569 and 
13.598 nm without and with CTAB, respectively. The BET 
surface areas of the magnetic  Fe3O4/ chitosan particles were 
135.28 and 152.73  m2g−1 without and with CTAB, respec-
tively. The mean pore diameters of 21.734 and 22.409 nm 
were obtained for the magnetic Fe3O4/ chitosan particles 
without and with CTAB.

Optimization strategy of microextraction procedure

Various factors can be effective in the extraction efficiency 
of As (III) by the proposed method, such as pH, sample 
solution volume, type of acid as desorption solvent, vol-
ume and concentration of nitric acid, sorbent amount, type 
and volume of dispersion solvent, extraction time, disper-
sion time, desorption time, and salt amount. Therefore, it is 
necessary to consider and optimize these indented variables 
to obtain the highest As (III) extraction efficiency. Two fac-
tors, including the type of desorption solution and surfactant, 
were optimized with one factor at a time procedure (OFAT). 
Due to the large number of factors evaluated in the As(III) 
ion measurement, the optimization strategy consisted of two 
steps. In the first step, a Plackett–Burman design (PBD) was 
used to screen and determine the significant factors influenc-
ing the As(III) ion extraction process. In the second step, a 
central composite design (CCD) was created to optimize 
the effective factors of the screening step. To optimize each 
factor, the experiment was performed three times under the 
same conditions.

Fig. 1  FTIR spectrum of 
the magnetic  Fe3O4/chitosan 
mesopores
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Type of acid solution

In the DμSPE procedure, the analyte adsorbed on the sorbent 
must be desorbed into a desorption solvent from the sorb-
ent surface to determine the analyte by a detection system. 
In the study, several organic and inorganic acid solutions 
were selected as the desorption solution and their effects 
on the analyte desorption were evaluated (ESM Fig. S1). 
The results indicated that nitric acid solution has the highest 
extraction efficiency toward As(III) ion and was selected as 
a desorption solution for further study. Also, aqueous solu-
tions of inorganic acids have higher extraction efficiencies 
for the As(III) ion desorption than organic solvents and 
organic acid solutions.

Type of surfactant

Surfactant was applied as a dispersion solvent to reduce the 
ultrasonication time and increase the sorbent dispersion effi-
ciency into the sample solution. A decrease in the ultrasonic 
time of the sample solution leads to a reduction in the possi-
bility of sorbent degradation in the sample solution. Also, the 
extraction efficiency of the analyte was increased by reduc-
ing the sorbent size into the sample solution and increasing 
the sorbent surface area relative to its volume. Therefore, 
three surfactants, such as sodium dodecyl sulfate (SDS), 
hexadecyltrimethylammonium bromide (CTAB), and triton 
X100, were selected as representative of anionic, cationic, 
and neutral surfactants, respectively, and their effects were 

investigated in the As(III) extraction (Fig. 3). The volume of 
SDS and triton X100 was 20 μL, and the CTAB amount was 
20 mg in the study. The results showed that CTAB has the 
highest extraction efficiency for the As(III) determination, 
and SDS has the lowest extraction efficiency. At pH 4.0, this 
may be because SDS has a negative charge on the surface 
that can interact with As(III) through an electrostatic attrac-
tion. The interaction between As(III) and SDS prevents the 
extraction of the species formed on the sorbent surface. In 
contrast, the CTAB has a positive charge and does not inter-
act with the analyte due to electrostatic repulsion between 
the positive charge of As (III) ion and the positive charge 
of CTAB. In other words, CTAB does not directly affect the 
analyte interaction with the sorbent surface through form-
ing hemimicelles on the sorbent surface and only increases 
the analyte extraction efficiency by increasing the sorbent 
dispersion in the sample solution. Therefore, CTAB acts as 
a dispersion agent for the sorbent dispersion in the sample 
solution. Also, the analyte extraction efficiency without sur-
factant showed that using a suitable surfactant can lead to 
an increase in the analyte extraction efficiency by increasing 
the sorbent dispersion efficiency. DLS analysis indicated that 
the particle size of the sorbent was reduced in the presence 
of CTAB due to better dispersion of the sorbent in the sam-
ple solution (“Characterization of synthetic nanocomposite” 
Section). Also, an increase in the surface area of the sorbent 
with CTAB leads to an increase in the analyte extraction 
efficiency (“Characterization of synthetic nanocomposite” 
section). However, CTAB can reduce the surface tension of 

Fig. 2  TEM images (a and b) 
and SEM images (c and d) of 
the magnetic  Fe3O4/chitosan 
mesopores
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the sample solution to increase the sorbent dispersion effi-
ciency. Therefore, CTAB was chosen as a suitable surfactant 
for further investigation.

Plackett–Burman design

In this work, ten factors were selected for the screening 
step. These factors and their selected level are presented in 
ESM Table S2. To evaluate these factors, a Plackett–Bur-
man design (PBD) was generated with a random order 
of twelve experimental runs. The experimental runs of 
PBD and their obtained responses are shown in Table 1. 
Analysis of variance (ANOVA) was utilized at a 95% of 
confidence limit for the evaluation of factors and the deter-
mination of their significant effect on the As(III) determi-
nation[39]. The obtained results are indicated in a Pareto 
chart (Fig. 4). According to Fig. 4, three factors, includ-
ing the pH of the sample solution (A), sorbent amount 
(B), and desorption solvent volume (J), have a significant 

effect on the As(III) determination because the bar length 
of these factors on the Pareto chart is passed from the 
reference line (vertical and dotted line) at a 95% of con-
fidence limit (α = 0.05). Also, the sorbent amount has the 
highest effect on the As(III) determination because of the 
largest bar length on the Pareto chart. The next important 
factor is the pH of the sample solution, indicating that 
the interaction of the sorbent with the analyte is affected 
by the pH of the sample solution. The desorption solvent 
volume is another factor with a significant effect on the As 
(III) measurement, which shows that the extraction effi-
ciency of the As (III) ions increases with decreasing the 
desorption solvent volume. Other factors such as sample 
solution volume, concentration of nitric acid, amount of 
dispersion agent (surfactant), extraction time, dispersion 
time, desorption time, and salt amount have a significant 
effect on the As(III) determination and constant at 20 mL, 
0.5 mol  L−1, 20 mg, 5 min, 3 min, 8 min, and 0.0% for the 
optimization step, respectively.

Fig. 3  The effects of surfactant 
type on the As (III) extraction. 
Condition: As(III) concentra-
tion; 30.0 ng  L−1, sample vol-
ume; 30 mL,, dispersion time; 
5 min, extraction time; 5 min, 
dispersion time; 10 min, pH 4.0, 
desorption solution; nitric acid ( 
0.5 Mol  L−1, 0.3 mL)

Table 1  The Plackett–Burman 
design matrix, along with the 
obtained responses for the As 
(III) determination

Standard order Run order A B C D E F G H J K Response%

1 1 1 − 1 1 − 1 − 1 − 1 1 1 1 − 1 40.93
9 2 − 1 − 1 − 1 1 1 1 − 1 1 1 − 1 48.99
3 3 − 1 1 1 − 1 1 − 1 − 1 − 1 1 1 46.88
4 4 1 − 1 1 1 − 1 1 − 1 − 1 − 1 1 67.23
12 5 − 1 − 1 − 1 − 1 − 1 − 1 − 1 − 1 − 1 − 1 38.37
5 6 1 1 − 1 1 1 − 1 1 − 1 − 1 − 1 89.38
2 7 1 1 − 1 1 − 1 − 1 − 1 1 1 1 80.61
8 8 − 1 − 1 1 1 1 − 1 1 1 − 1 1 47.34
11 9 − 1 1 − 1 − 1 − 1 1 1 1 − 1 1 69.15
10 10 1 − 1 − 1 − 1 1 1 1 − 1 1 1 57.91
7 11 − 1 1 1 1 − 1 1 1 − 1 1 − 1 54.43
6 12 1 1 1 − 1 1 1 − 1 1 − 1 − 1 87.91
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Central composite design

To optimize three factors, including pH, sorbent amount, 
and  HNO3 volume, selected as significant factors in the 
screening step, a central composite design (CCD) consist-
ing of twenty experiments was created. The experimen-
tal runs were performed in random order to eliminate the 
effects of the uncontrolled variable. The selected factors and 
their levels are presented in ESM Table S3. Also, the CCD 
design and obtained responses are shown in Table 2. One-
way analysis of variance (one-way ANOVA) was applied 

to investigate the factors and their interactions at 95% of 
the confidence limit (ESM Table S4). The p-value of the 
ANOVA table is a suitable parameter to determine the sig-
nificant factors and interactions. A factor or interaction was 
known as a significant variable when its p-value is lesser 
than 0.05 at 95% of the confidence limit. According to ESM 
Table S4, all factors have a significant effect on the As(III) 
determination because their p-value is lower than 0.05, while 
all interactions between factors are not a significant variable 
for the As(III) determination. Also, the provided model by 
design is a significant variable, indicating the model was 

Fig. 4  Pareto chart obtained 
from analyzing the Plackett–
Burman design

Table 2  The central composite 
design matrix along with the 
obtained responses for the As 
(III) determination

Standard order Run order PtType A B H Response%

7 1 1 − 1.00000 1.00000 1.00000 31.82
20 2 0 0.00000 0.00000 0.00000 66.52
1 3 1 − 1.00000 − 1.00000 − 1.00000 37.32
10 4 − 1 1.68179 0.00000 0.00000 76.86
6 5 1 1.00000 − 1.00000 1.00000 39.40
8 6 1 1.00000 1.00000 1.00000 66.02
16 7 0 0.00000 0.00000 0.00000 82.52
14 8 − 1 0.00000 0.00000 1.68179 24.92
4 9 1 1.00000 1.00000 − 1.00000 96.54
11 10 − 1 0.00000 − 1.68179 0.00000 31.38
19 11 0 0.00000 0.00000 0.00000 83.76
9 12 −1 − 1.68179 0.00000 0.00000 23.17
12 13 − 1 0.00000 1.68179 0.00000 74.65
3 14 1 − 1.00000 1.00000 − 1.00000 64.64
15 15 0 0.00000 0.00000 0.00000 62.52
17 16 0 0.00000 0.00000 0.00000 81.13
18 17 0 0.00000 0.00000 0.00000 80.89
13 18 − 1 0.00000 0.00000 − 1.68179 72.12
2 19 1 1.00000 − 1.00000 − 1.00000 73.22
5 20 1 − 1.00000 − 1.00000 1.00000 5.50
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fitted well with responses. The p-value of lack of fit (0.985) 
is also higher than 0.05 and showed that this parameter is a 
nonsignificant variable that confirmed the suggested model 
was fitted well with responses. Central composite design 
can provide a quadratic equation to describe the relationship 
between factors and interactions with the As (III) extraction 
efficiency as follows:

The obtained equation was fitted well with the responses 
because of the high R-squared (96.17%) and adjusted 
R-squared (92.73%). Besides, the equation can reasonably 
predict the response because the predicted R-squared of the 
equation is equal to 92.16% and more than 85. According to 
Eq. 1, the pH of the sample solution (A) is a critical factor 
with a positive effect on the As(III) determination due to its 
regression coefficient (16.56) in Eq. 1 is the highest, indi-
cating that the As(III) extraction efficiency was increased 
with increasing the pH value. In other words, the appropriate 
electrostatic interactions between the sorbent surface and the 
As(III) ion were increased by increasing pH value, which 
leads to an increase in the As(III) extraction efficiency. 
The next factor with a negative effect on the As(III) extrac-
tion efficiency is the nitric acid volume (J) as a desorption 
solution. Obviously, the As(III) extraction efficiency was 
decreased with increasing the nitric acid volume due to dilu-
tion of As(III) ion concentration in the desorption solution. 
The sorbent amount (B) is the next significant factor with 
a positive effect on the As(III) extraction efficiency. It is 
because of the increase in the number of sites and functional 
groups on the sorbent surface with increasing the sorbent 
amount for interaction with the As(III) ions. All interactions 
between factors have no significant effects on the As(III) 
extraction efficiency based on their p-value, and so their 
regression coefficient is low in the obtained equation.

The optimization plot of the design for the As(III) deter-
mination is presented in Fig. 5. Based on this plot, the 
optimal values of significant factors, including pH, sorb-
ent amount, and nitric acid volume, were determined to be 

(1)

Response = 76.13 + 16.56A + 12.91B − 8.66A ∗ A − 7.60B ∗ B

−9.19J ∗ J − 0.46A ∗ B + 0.04A ∗ J + 0.29B ∗ J

8.1, 30 mg, and 148 μL with the desirability of 0.986 and 
predicted extraction recovery of 95.3, respectively. The opti-
mum values of all factors are summarized in ESM Table S5. 
The pH effect in the presence of CTAB in the extraction 
efficiency of As (III) species can be explained by the adsorp-
tion of CTAB on the sorbent surface. The  pHzpc of magnetic 
 Fe3O4/chitosan is about 5.2, and so, the surface charge of the 
sorbent at the optimum pH (8.1) is negative [40]. CTAB was 
adsorbed on the sorbent through an electrostatic attraction 
to create a neutral surface on the sorbent to interact with 
 H3AsO3 (pKa 9.2) as the dominant As (III) species in pH 
8.1[41].

Investigating the effect of interference ions

Different species may be effective in measuring As(III) ions 
by the proposed method. Therefore, the effects of various 
species such as various cations and anions on the measure-
ment of As(III) ions were evaluated. An ion interfered in the 
analyte determination when that ion causes a variation in the 
analyte absorbance of more than ± 5%[17]. For this purpose, 
a standard solution of As(III) ion (20.0 mL, 1.0 μg  L−1) was 
subjected to a 100-fold excess of a cation or anion as an 
interfering ion. The As(III) ion in the obtained solution was 
determined based on the proposed method under the opti-
mum condition. The results are listed in Table 3, indicating 
that none of the studied ions had a significant effect on the 
measurement of As(III) ions. The variation in the absorb-
ance of the As (III) solution created by most of the studied 
ions was less than ± 5%. Only two anions containing phos-
phate and silicate showed a significant interference in the 
As (III) measurement by the proposed method. Therefore, 
this method can be used to measure As(III) ions in different 
sample solutions without significant matrix effects for most 
ions in the solution.

Validation of the method and figures of merit

For the assessment of the proposed method, the analytical 
figures of merit were evaluated and determined. Under the 
optimized conditions, the calibration curve of the As(III) 

Fig. 5  Optimization plot of the 
central composite design for the 
As(III) determination
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determination was plotted using the standard solution of 
As(III) ion. The calibration curve for the As(III) determi-
nation was linear in the range of 0.009–10.0 µg  L−1 with a 
determination coefficient of 0.9903. LOD and LOQ for tar-
get analytes were calculated using  3Sb/m and  10Sb/m, where 
 Sb and m were the standard deviation of the blank sample 
and calibration carve slope, respectively. LOD and LOQ for 
the As(III) ion determination were 0.003 and 0.009 µg  L−1, 
respectively. RSD for five times of the As(III) determina-
tion (0.1 µg  L−1) under the optimum conditions was 3.27%. 
Enrichment factor (EF) was obtained based on the ratio of 
the calibration curve slope of the sample after the microex-
traction of the sample to the slope of the calibration curve 
before the microextraction of the sample solution and was 
equal to 21.84. The method accuracy was investigated using 
a certified reference material (TraceCERT®, 75,016) with 
diluting in distilled water to a concentration of 0.5 μg  L−1. 
The experiments were repeated three times under the same 
conditions. The As(III) concentration in CRM was founded 
to be 0.97 ± 0.03 μg  L−1 that showed a good agreement with 
the certified amount of 1 μg  L−1.

Real sample analysis

To evaluate the applicability of the proposed method for the 
As(III) ion determination in real samples, several real sam-
ples, including water, urine, and fruit juice samples, were 
investigated using the proposed method. Water samples were 
obtained from the outskirts of Mashhad (Iran). Urine sam-
ples were obtained from a 35 year-old man. Before sampling, 
the reason for sampling was explained to the volunteer, and 
the sampling was done with his consent. Fruit juice samples 
(grapes and apples) prepared by Alifard company (Saveh, 
Iran) were purchased from a local supermarket in Mashhad 
(Iran). All urine, fruit juice, and water samples were filtered 
for separating impurities and spiked with the As (III) stand-
ard solution at two concentrations of 0.05 and 0.5 μg  L−1. 
The proposed procedure was applied successfully for study-
ing the method's accuracy and evaluating the matrix effects 
of the real samples. The results are presented in Table 4, 
indicating that the relative recovery of the As(III) ions is in 
the range of 94.0–97.4% with a relative standard deviation 
of 3.17–4.54% (Table 4). The obtained results showed the 
method is suitable for the As(III) determination with non-
significant matrix effects under the studied concentration of 
interfering ions.

The sorbent reusability

Sorbent reuse for As(III) ion extraction was studied as an 
essential parameter. For this purpose, the sorbent after the 
As(III) ion desorption with nitric acid was washed with 
distilled water and then used to re-extract the As(III) ion 
in the sample solution under the optimum conditions. The 

Table 3  Interference study for the determination of 1.0 μg  L−1 of As 
(III) under the optimum conditions

Interfering ion Concentration (μg 
 L−1)

Variations of 
absorbance 
(%)

Co(II) 100  + 4.26
Fe(II) 100  + 1.85
As (V) 100  + 4.79
Methyl arsenate 100  + 4.13
Dimethyl arsenate 100  + 3.89
Cu(II) 100  + 2.05
Zn(II) 100  + 2.05
Cr(III) 100  + 3.71
Pt(II) 100  + 3.04
Ag(I) 100 − 1.92
Au(III) 100  + 2.01
Mn(II) 100  + 1.06
Hg(II) 100  + 2.46
Ni(II) 100 − 3.03
Pb(II) 100  + 1.10
Ca(II) 200  + 1.05
Mg(II) 200  + 0.72
Na(I) 200  + 1.04
K(I) 200  + 0.94
I− 100  + 1.09
Cl− 100  + 1.21
SO4

−2 100  + 1.89
CH3COO− 100  + 1.11
PO4

3− 100 − 7.64
SiO3

2− 100 − 8.23

Table 4  The results of method accuracy in the real samples (n = 3)

1 Not detect; LOD = 0.003 μg  L−1

Sample Added (µg  L−1) Founded (µg  L−1) %RR %RSD

Tap water 0.00 0.017 – 3.41
0.05 0.065 96.0 3.29
0.50 0.503 97.2 3.17

River water 0.00 0.028 – 3.64
0.05 0.076 96.0 3.50
0.50 0.515 97.4 3.31

Urine 0.00 ND1 –
0.05 0.048 96.0 3.79
0.50 0.487 97.4 3.61

Apple juice 0.00 0.023 – 4.12
0.05 0.070 94.0 3.94
0.5 0.507 96.8 3.95

Grape juice 0.00 0.014 – 4.54
0.05 0.061 94.0 4.27
0.5 0.496 96.4 3.98
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extraction efficiencies of As(III) ions were 97.2, 94.4, 
89.6, and 76.3 for the four extraction–desorption cycles, 
respectively. These results indicate that the sorbent can 
be used for up to three extraction–desorption cycles of 
As(III) ions.

Comparison with other methods

Several methods were selected and compared with the 
proposed method for As(III) ion determination (Table 5). 
The magnetic  Fe3O4@chitosan mesopores as a DμSPE 
sorbent was displayed a good capability to pre-concen-
trate and extract the As (III) ion. Also, a combination of 
the DμSPE procedure with the hydride generation method 
shows a low detection limit in comparison with other 
methods. Besides, the proposed method was reported a 
lower LOD and wider linearity from the previous pro-
cedure. Another advantage of the technique is a simple 
combination of the microextraction method with the 
ETAAS technique. The commercial availability of mag-
netic  Fe3O4 and the simple chemical preparation method 
for the sorbent preparation through the modification of 
magnetic  Fe3O4 with chitosan as a green and efficient 
sorbent encourages the excellent application of the pro-
cedure for the As(III) ion determination.

Conclusion

In this research, a combination of surfactant-assisted mag-
netic dispersive micro-solid-phase extraction as a sample 
preparation method with hydride generation procedure was 
developed to measure As(III) species in various real sam-
ples. In the sample preparation procedure, a surfactant as a 
dispersion agent was employed to decrease the ultrasonic 
time and the possibility of sorbent degradation. Besides, 
the surfactant can increase the sorbent dispersion efficiency 
and lead to an increase in the analyte extraction efficiency 
through a reduction in the sorbent size and an increase in the 
sorbent surface area. For this purpose, the effects of three 
surfactants including sodium dodecyl sulfate, hexadecyltri-
methylammonium bromide, and triton X100 were evaluated 
as a dispersion agent on the As(III) extraction, indicating 
that hexadecyltrimethylammonium has the highest signifi-
cant effect on the As(III) determination due to increase in the 
sorbent dispersion efficiency. Magnetic  Fe3O4/chitosan was 
synthesized as a magnetic and green sorbent with a simple 
chemical method and characterized using FTIR spectrum, 
SEM, and TEM images. The proposed microextraction pro-
cedure for the As(III) determination with a low sorbent and 
sample solution consumption, suitable extraction time, and 
use of green sorbent follows the principles of green chemis-
try. The study of the effects of interfering ions showed that 
the cations and anions under investigation do not interfere 

Table 5  Comparison of different methods for the As(III) determination

Matrix Technique/sorbent Instrument LDR LOD Reference

- SPME/functionalized 
nanoparticles of  Al2O3

Graphite furnace AAS As(III): 
5.0 ×  103–2.8 ×  105 µg/L

As (total): 
8.0 ×  103–2.6 ×  105 µg/L

As(III): 1.81 ×  103 µg/L
As(total): 

1.97 ×  103 µg/L

[42]

Water samples HF-SPME/  TiO2 nano-
particle and composite

Atomic florescence 
spectroscopy

As(III): 0.01–3.00 µg/L 0.003 µg/L [43]

Rice SPME HG-AAS 0.03–0.6 mg/Kg 0.02 mg/Kg [44]
Water samples SPE/AlOH gel HG-AFS 0.05–10 µg/L 0.003 µg/L [45]
Garlic D-µ-SPE/MWCNT ET-AAS 0.007 µg/L [46]
Water and urine samples USA-DSL-MPME/NH2-

UVM,nano-SiO2

ET-AAS Natural water:0.02–
1.65 µg/L

Urine samples: 0.02–
1.69 µg/L

Natural water: 
0.0033 µg/L

Urine: 0.0027 µg/L

[47]

Natural water USAE-SFODME ET-AAS 0.05–2.0 µg/L [48]
Water samples Amberlit SPE ET-AAS 0.42–40

µg/L
0.126 µg/L [49]

Natural water SPME/AAPTS-
MWCNT

ICP-MS 0.05–1.00 µg/L 0.015 µg/L [50]

environmental water SPME/Fe3O4-SiO2-NH2 ICP-MS – 2.1 ×  10−4 µg/L [51]
Water samples SPE/Fe3O4-Mg–Al Chemiluminescence 5.0 ×  103–5.0 ×  106 µg/L 2.0 ×  103 µg/L [52]
Water samples DμSPE/magnetic  Fe3O4/

chitosan
HG-ET-AAS 0.009–10.0

µg/L
0.002 µg/L This work
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significantly with the As(III) measurement. Comparison of 
the proposed method with other methods indicated that the 
method has outstanding sensitivity with a wider linear range 
and lower detection limit than most of the previous meth-
ods. The most important advantages of the method include 
simplicity, low consumption of organic solvents and sample 
solution, good enrichment factor, use of green sorbent, and 
high sensitivity without the need for sophisticated devices 
for determining As(III) species. Besides, the method was 
successfully utilized to analyze river water, tap water, urine, 
apple juice, and grape juice samples with proper relative 
recovery in 94.0–97.4% and relative standard deviation in 
the range of 3.17–4.54%.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13738- 021- 02457-9.
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