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Abstract
A solid-phase microextraction was performed using Fe3O4 nanoparticle coated with the chitosan, as a green and biodegrad-
able polymer, for the pre-concentration of La (III) in aqueous solutions. The Fe3O4 magnetic nanoparticles were initially 
synthesized and properly coated with chitosan as adsorbent, and desorption step was successfully conducted using nitric 
acid. After desorption, analyte was determined with ICP-OES. The effects of different parameters, including pH, nanoparticle 
amount, concentration and volume of desorption acid, adsorption and desorption time, stirring rate, temperature and salt 
effect on the microextraction process, were investigated. The calibration curve was plotted, and a linear response range of 
0.008–0.1 ng L−1 with a detection limit of 0.008 ng L−1 was obtained. This method was successfully implemented on two 
samples of river water, and favorable results were observed.
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1  Introduction

Lanthanum is one of the most abundant elements on the 
earth’s crust and soils. Lanthanum is amount of 18.3 g/
metric ton in the Earth’s crust [1]. The element is usually 
extracted from some sources, such as Monaxit, Bastna-
site, Allanit and Cerite [2, 3]. Lanthanides have a valuable 
potential for use as an alloy due to their proprietary proper-
ties. The elements of lanthanides and their compounds are 
highly paramagnetic. This has important results because the 
measurement of the magnetic sensitivity of lanthanide com-
pounds can give a precise estimate of the electrical charge of 
these compounds [4]. Lanthanides have many uses, includ-
ing their applications in catalysts, fuel cells and wireless 

technologies, as well as in nuclear, construction and spatial 
industries, medical and dental areas and lasers, fertilizers, 
superconductors and optical fibers [5].

Lanthanides are generally non-toxic because they can-
not pass through cell membranes. Therefore, they are not 
absorbed through the mouth. However, if they are injected 
intravenously, they can be poisonous because they can pass 
through cells through calcium channels.

Lanthanide complexes play an essential role in treating 
cancer, which is commonly used in MRI imaging of tumors 
[6]. Lanthanide radioisotopes have also been studied for 
both photography and treatment. This unique feature allows 
the creation of probes based on lanthanides for biological 
studies, such as investigating the interactions of metals with 
proteins or the detection of calcium in biological environ-
ments [7].

Chitosan is a natural polysaccharide with many useful 
features such as hydrophilicity, biocompatibility, biodeg-
radability, antibacterial properties and remarkable affinity 
for many bio-macromolecules. Chitosan and its derivatives 
have great potential applications in the areas of biotechnol-
ogy, bio-medicine, food ingredients and cosmetics [8–10]. 
Noteworthily, chitosan is also capable of adsorbing a number 
of metal ions because its amino groups can serve as chela-
tion sites [11–13]. Chitosan is a suitable biopolymer, holds 
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rich amino and hydroxyl groups and is regarded as a useful 
starting support for adsorption purposes [14, 15]. Thus, the 
binding of chitosan onto Fe3O4 nanoparticles will probably 
yield another novel magnetic nanoadsorbent for the efficient 
removal of heavy metal ions. The preparations of chitosan-
conjugated Fe3O4 particles by a co-precipitation method, 
cross-linking method and covalent binding method using 
coupling agents have been reported [16–18].

So far, both instrumental and electrochemical methods 
have been used to measure lanthanum and its compounds. 
Instrumental methods such as inductively coupled plasma 
with emission spectrometer (ICP-AES) [19, 20], ICP-MS 
[21], gravimetry [22], luminescence spectrometry [23] and 
X-ray florescence spectrometry [24] have been used for the 
analysis of the elements. One of the electrochemical methods 
used for this purpose so far is adsorptive stripping voltam-
metry (AdSV) [25]. Several techniques have been applied 
for the uptake of lanthanides from aqueous medium, such as 
solid-phase extraction [26] and adsorption process [27, 28].

The goal of this research is to measure lanthanum in envi-
ronmental and industrial samples.

Due to low concentrations of rare elements in natural 
waters, rapid, simple, low-cost and green sample preparation 
methods have been used to pre-concentration, refining and 
increase in the selectivity and sensitivity target analyte from 
the sample [29]. Solid-phase microextraction (SPME) and 
liquid-phase microextraction (LPME) are new miniaturized 
and inexpensive sample preparation among the preparation 
methods. SPME is especially favorable since it is solvent 
free and environment friendly and has hence found a lot of 
uses.

The development of nanomaterials for pre-concentration 
and determination of cations because of their remarkable 
properties are of interest to scientists [30]. Recently, the 
nanocomposites such as nano-Fe3O4 coated with various 
materials have been applied in many researches [31–33].

The magnetic sorbents effortlessly easily absorbed by an 
external magnet and removed from the solution [34]. In this 
paper, SPME procedure based on application of Fe3O4@
chitisan has been evaluated for pre-concentration through 
the determination of La (III) by ICP-OES.

2 � Experimental

2.1 � Materials

La (NO3)3.6H2O salts of other cations were obtained from 
Sigma-Aldrich. Medium molecular weight chitosan and 
high-purity glutaraldehyde and other solvents were pur-
chased from Sigma-Aldrich. All solutions were prepared 
using distilled or deionized water. Stock solutions of cations 
were prepared by solving 0.01 g of their salts in 100 mL of 

distilled water. All working solutions were daily prepared 
from stock solution.

2.2 � Instruments

The following instruments were applied:
A Varian/Bruker tensor FT-IR spectroscope and a Gen-

esis 76004555 SPECTRO ARCOS System ICP-OES instru-
ment (RF power supply: 1400 W; Ar carrier gas flow rate: 
0.6 L min−1; Ar auxiliary gas flow: 1.0 L min−1; Ar cool-
ant gas flow rate: 14.0 L min−1; viewing height: 15 mm; 
wavelength of element: La: 408.672 nm) was used for the 
determination of metal ions.

A 780 Metrohm pH meter and a Telo magnetic stirrer, a 
Sartorius GC 7603 P Digital balance with an precision of 
0.0001 g were used FESEM HITACHI S4160 (Japan) scan-
ning electron microscopy (SEM) was applied for morphologic 
investigation and transmission electron microscopy (TEM) 
images were taken by TEM PHILIPS CM30 (Netherland).

2.3 � Synthesis of Nanomaterials

2.3.1 � Synthesis of Magnetic Fe3O4 Nanoparticles

The Fe3O4 nanoparticles were synthesis as expressed by 
Liu [32]: Briefly, 0.8 g of sodium hydroxide, 1.4 g of triso-
dium citrate and 17.04 g of sodium nitrate were dissolved in 
90 mL of H2O and heated to 100 °C until a clear solution was 
obtained. Next, 20 mL of a 1.0 M solution of FeSO4∙7H2O 
was added to the reaction solution and the resulting solution 
was stored at 100 °C. After 1 h, the solution was cooled to 
room temperature, and the resulting black was isolated using 
a magnet, repeatedly washed with deionized water and dried 
in an oven at 60 °C for 6 h.

2.3.2 � Synthesis of the Fe3O4@Chitosan Nanocomposite

At this stage, 0.5 g of chitosan and 50 mL of acetic acid 
2% were added to the beaker and vigorously stirred using a 
magnet stirrer, until a clear jell polymer was obtained. 0.1 g 
of Fe3O4 nanoparticles was then dispersed in 10 ml of the 
chitosan solution for 4 h using a vortex apparatus to obtain 
a viscose chitosan solution containing uniformly dispersed 
nanoparticles.

Next, NaOH solution 0.1 M was drop-wise added to the 
stirring solution, over a period of 15 min. Then, using a 
magnet, the nanoparticles were collected and the supernatant 
was disposed. The collected nanoparticles were repeatedly 
washed with acetate buffer solution (pH 4).

The nanoparticles were next dispersed in 10 ml of deion-
ized water and mixed with 2 ml of glutaraldehyde (25% 
C5H8O2), as a reagent that establishes transverse bonds in 
the nanocomposite structure.
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The solution was stirred by vortex for 12 h, before the 
nanoparticles were collected by placing a magnet under the 
reaction vessel and discarding the supernatant. The nanopar-
ticles were washed with distilled water 3–4 times and then 
transferred into a desiccator [31].

2.4 � Analytical Procedure

A 2000 µg/mL solution of La (III) nitrate hexahydrate was 
prepared as the stock solution, and the standard solutions 
were freshly prepared by diluting appropriate amounts of 
this stock solution with distilled water. After preparing dilute 
solutions from the stock solution, 10 ml was transferred a 
10-ml vial. Then, 0.1 g of magnetic nanocomposites was 
added to the vial, and after adjusting the pH, the contents of 
the vial were subjected to ultrasonic waves. After a suitable 
time, the supernatant was removed from the magnetic parti-
cles using a magnet. Next, 0.1 ml of the desorption solvent 
was added to the Fe3O4 nanoparticles and was subjected to 
ultrasonic waves. The magnetic nanoparticles were collected 
using a magnet again, and the supernatant was analyzed 
using the ICP-OES instrument. Figure 1 shows a typical 
procedure used in this study.

3 � Results and Discussion

3.1 � Identification of Synthetic Fe3O4@Chitosan 
Nanocomposite

Figure 2 illustrates the IR spectra of nano-Fe3O4 (a) and 
Fe3O4@Chitosan nanocomposites (b). As shown in Fig. 2a, 
the absorption peak at 582.33 cm−1 was attributed to the 

bending vibrations of the Fe–O bond. The absorption peak 
at 1066 cm−1 can reflect the stretching vibrations of the O–H 
bond. The bands at 3409 and 1637 cm−1 are attributed to the 
vibrational, stretching and bending modes of H–O–H of the 
water molecules which have been adsorbed onto the sample.

Fig. 1   Steps for solid-phase microextraction of La (III)

Fig. 2   IR spectra of a Fe3O4 nanoparticle, b Fe3O4@chitosan nano-
composite
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The FT-IR spectrum of synthesized nanocomposite is 
shown in Fig. 2 b. IR bonds related to functional groups 
chitosan are also illustrated, and the absorption peak at 
3417.5 cm−1 can be attributed to the stretching vibrations of 
the –OH bond and the –NH2 group. The absorption peak in 
the region of 1601.11 cm−1 is related to the vibrations of the 
N–H bond in –NH2. The absorption peak in the 1424 cm−1 
region is related to the stretching vibrations of the C–N 
bond. In addition, 1383.57 cm−1 is related to the deforma-
tion vibrations of N–H in –NH2 group. The 1086.54 cm−1 
peak corresponds to the stretching vibration of CO in C–OH 
[35]. As it can be seen, all of the main functional groups 
are found in chitosan confirmed the electrostatic reaction 
between Fe3O4 nanoparticles and chitosan; also the absorp-
tion bond in 598.18 cm−1 refers to the stretching vibrations 
of the Fe–O bond in the Fe3O4 nanoparticles and nanocom-
posite. Figure  3 (SEM and TEM) indicates that the Fe3O4@
chitosan nanoparticles are approximately uniform and small. 
The layered structure and spherical numerous Fe3O4@chi-
tosan nanocomposites could be clearly detected in Fig. 3a, 
b. These nanoparticles were formed with porous surface 
which constitute for adsorption and desorption processes. 
The average size was estimated about 20 nm by TEM. The 

formation of chitosan layer around the magnetic core is 
viewed in Fig. 3c, d.

3.2 � The optimization Process

Various parameters can affect the extraction efficiency, and 
that of La (III) through the SPME method is no exception. 
These factors include pH, stirring rate at the extraction 
phase, temperature of the aqueous phase, concentration of 
desorption solvent, amount of the nanocomposite, extraction 
time, volume of the analyte solution, absorption and des-
orption times and salt effect. To obtain the highest La (III) 
extraction efficiency, it would be necessary to consider and 
optimize these, and hence after ensuring from the success 
of the method, optimization experiments were performed 
through the one variable at a time (OVAT) method. The 
results are shown in Table 1.

3.3 � Effect of pH

Optimal pH values not only improve the emission effi-
ciency, in the solid-phase microextraction process, but it 

Fig. 3   a, b TEM and c, d SEM 
images from Fe3O4@chitosan 
with two magnifications

Table 1   The optimum condition for SPME of La(III)

pH Stirring rate (rpm) Temperature (°C) Solvent concentration 
(M)

Nanoparticle amount (g) Extraction time (min) Desorption time (min)

3 500 25 0.001 0.1 30 15
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also reduces the interference of the sample matrix. In addi-
tion, the pH of the sample plays a key role in determining 
the mechanical stability of adsorbents with little resistance 
against acids and strong bases [36].

In this study, the effect of pH on lanthanum extraction 
efficiency was investigated within the range of 1.0–11.0. The 
pH was adjusted using 0.1 mol/L HCl or NaOH. As shown 
in Fig. S1 (Supplementary information data), the extrac-
tion efficiency of La (III) cation is better at acidic pH and 
the maximum emission intensity was observed at pH 3.0. 
From pH 1.0–3.0, the emission intensity increased and then 
decreased.

Extraction efficiency enhancement can be due to the 
adsorbent structure and the presence of amino groups in 
chitosan. Given that the adsorbent is protonated in acidic 
solutions, more suitable cationic cites are formed for the 
adsorption of the analyte.

3.4 � Effect of the Stirring Rate

Stirring of the solution increases the analyte transfer rate 
and also the loading of the analyte on the nanoparticle and 
further improves the repeatability of the results. Moreover, 
the time required for reaching thermodynamic equilibrium 
reduces. Hence, it seems that vigorous stirring should 
increase the extraction efficiency and facilitate mass trans-
fer. The optimum stirring rate, which led to the maximum 
intensity, was 500 rpm (Figure S2). Below this rate, transfer-
ring of the analyte in the aqueous phase to the surface of the 
nanoparticles does not reach its highest level, reducing the 
adsorption efficiency.

3.5 � Temperature of the Aqueous Phase

Clearly, choice of the temperature is important in the pro-
gress of reactions and interactions and the appropriate tem-
perature should hence be determined for various processes. 
To optimize the temperature of the aqueous phase at the 
extraction stage, the extraction process was carried out at 
several temperatures (Figure S3). At 35 °C, the extraction 
efficiency decreased, but over this temperature, the transfer 
rate of the analyte molecules to the nanoparticles increased 
with increasing temperature, leading to an increase in the 
extraction efficiency. It was concluded that the optimum 
response could be observed at about 25 °C.

3.6 � The effect of Concentration of Desorption 
Solvent

The choice of the organic solvent is one of the most impor-
tant factors in the extraction process, and accurate selection 
of the solvent leads to good selectivity of the sample. The 
extraction capacity for a sample depends on its chemical 

structure, and as a result, the choice of solvents is also made 
based on its chemical structure.

Optimization of desorption solvent was performed using 
0.1 ml of different concentrations of nitric acid (0.1, 0.01, 
0.001, 0.0001 mol L−1). The results (Figure S4) show that 
the most suitable solvent was the 0.001 mol L−1 solution of 
nitric acid.

3.7 � Amount of the Fe3O4@Chitosan Nanocomposite

The extraction efficiency often depends on the absorbent 
volume, which in the case of SPME is equivalent to the 
amount of the adsorbent or the thickness of the absorbent 
coating layer. The amount of the analyte absorbed on the 
absorbent coating depends on the amount of absorbent [37]. 
It should also be noted that increasing the amount of the 
nanoparticles may cause particles to stick together and pre-
vent analyte adsorption on the surface of the nanoparticle.

To study the effect of the amount of the nanoparticle, 
various amounts in the range of 0.01–0.3 g were tested and 
0.1 g of the nanoparticle was chosen as the optimal amount, 
as shown in Figure S5. Below 0.1 g, the extraction efficiency 
was low. The results indicated that the absorption increases 
by increasing the amount of the nanoparticles. The reason 
for this is the increase in the available sites for the adsorption 
of the adsorption. The amounts of more than 0.1 g do not 
have an effect on increasing the extraction efficiency.

3.8 � Extraction Time

Optimization of the time is required to complete the reaction 
and pre-concentration of the sample. For a complete extrac-
tion, enough time is a naturally necessary. On the other hand, 
SPME process is relative to equilibrium activity. The time is 
very important for percentage recovery of La(III) between 
two phases.

Long-term equilibrium times are not effective on the 
extraction parameters. In quantitative measurements, reach-
ing equilibrium is not a necessary condition, but it is suffi-
cient to give perfectly identical and repetitive times for the 
transmission of a specific mass, because computations are 
performed relative in comparison with standard solutions. In 
this stage, different times (i.e., 10, 20, 30, 40, 50 and 60 min) 
were investigated and, as shown in Figure S6, it was con-
cluded that the highest intensity was achieved after 30 min.

3.9 � Desorption Time

One of the parameters that influences on the equilibrium 
of analyte distribution between magnetic nanoparticles and 
solution is the stirring rate of the solution during extraction. 
Here, the most efficient method of analyte extraction, i.e., the 
use of ultrasonic waves, which results in a very short time 
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equilibrium, was used. In this technique, it is often possible 
to determine the theoretical limit for stirring. Accordingly, 
in this research, ultrasonic waves were used to desorb the 
analyte using changing in time 5, 10, 15 and 20 min were 
applied, and it was found that the enrichment factor gradu-
ally increased up to 15 min (Figure S7). After 15 min, the 
changes were negligible and constant, and the balance was 
established so 15 min was chosen as the optimal value. The 
optimum condition for procedure is shown in Table 1.

3.10 � Figures of Merit

To plot the calibration curve, the optimal extraction process 
was performed on standard aqueous solutions of lanthanum 
with different concentrations. The calibration graph was 
plotted for the emission signal intensity of standard solutions 
after extraction versus concentration, and the linear calibra-
tion range for the analyte was determined. Under optimal 
conditions, according to Fig. 4, the calibration curve was 
plotted in the concentration range of 0.0001–0.14 µg/ml.

The analytical figures of merit were evaluated, the values 
for linear range (LR), detection limit (DL), limit of quanti-
fication (LOQ), pre-concentration factor (PF) and relative 
standard deviation (RSD) were calculated, and the results 
are shown in Table 2. Theoretically, the enrichment factor 
is the ratio of the final concentration of the desired spe-
cies in the receptor phase to its initial concentration in the 
donor solution, which indicates the amount of enrichment 
of the target species during the pre-concentration process. 
The pre-concentration factor is obtained from the analyte 

concentration ratio after extraction to analyte concentration 
before extraction multiplied by dilution factor (see Table 2).

3.11 � Study of Interferences Effect

This step was performed in order to consider the interference 
of some cations that are commonly present in water samples. 
The disturbance can be due to the competition of other metal 
cations with La (III) to form complexes and hence being 
extracted.

Different amounts of interfering ions, such as alkali met-
als, alkaline earth metals and intermediates, with equal con-
centrations of 10 and 100 times that of the analyte (0.01 and 
0.1 μg/mL), were added in optimal conditions.

The results of emission samples are presented in Table 3. 
As can be seen, acceptable recovery percentages were 
obtained in all samples. The interference of the desired ions 
did not have an effect on the recovery of the analyte, which 
indicates the good performance of the method for quantita-
tive measurement of La(III) in sample solution.

3.12 � Validation of the Methods

Table 4 compares the proposed method and methods which 
used pre-concentration for La (III) determination. The good 

Fig. 4   Calibration curve for La (NO3)3 solutions on optimum con-
dition of SPME. Nanocomposite = 0.1  g, stirring rate = 500  rpm, 
t = 25 °C, pH 3, extraction time = 30 min, desorption time = 15 min, 
[HNO3] = 0.001 M

Table 2   Figures of merit for the determination of La (III) by proposed method

Equation LR (ng L−1) LOD (n = 5) (ng L−1) LOQ (n = 5) (ng L−1) R2 PF RSD (%)

y = 375782x + 609.33 0.008–0.1 0.0008 0.0028 0.9922 210.0 2.5

Table 3   Effect of interfering ions at concentration of 0.01 
(ng L−1(La(III) by ICP-OES

Interfering ion Concentration (ng L−1) Recovery (%)

Ag(I) 100 102
Au(III) 10 105
Ca(II) 100 98
Co(II) 100 103
Cr(III) 100 103
Cu(II) 100 101
Fe(III) 100 104
Hg(II) 10 105
K(I) 100 99
Mg(II) 100 102
Mn(II) 100 99
Na(I) 100 101
Ni(II) 100 104
Pb(II) 100 102
Pt(II) 100 103
Zn(II) 100 102
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capabilities of the Fe3O4@chitosan in the pre-concentration 
SPME of La(III) and combination with ICP-OES method 
showed a low detection limit. The reported LOD in the pro-
posed method is 0.008 ng L−1. This might be due to high 
microextraction and leads to higher extraction efficiency.

To evaluate applicability of the proposed method in real 
samples, different water samples were extracted using Fe3O4@
chitosan in SPME with ICP-OES determination.

The microextraction method using nano-magnetite was 
applied successfully for studying the technique accuracy and 
evaluating the matrix effect in water samples of Zoshk and the 
Karun River. Extraction operations under optimal conditions 
were performed on a real sample without spiking and with 
spiking a solution containing lanthanum, and relative recovery 
(RR) was obtained for desired samples. RRs% were obtained 
97.6–104.8 (see Table 5).

4 � Conclusion

SPME was used for the pre-concentration and determina-
tion of La (III). The method has advantages such as sim-
plicity, low cost, low solvent consumption and the ability 
to achieve a favorable enrichment factor. The use of Fe3O4 
nanoparticles with chitosan coating, as an adsorbent, 
increased the sensitivity and efficiency of the method.

Inductively coupled plasma spectrometry (ICP-OES), 
as one of the best methods for determining the nature and 
concentration of various elements, with low detection lim-
its and less spectral and chemical interference than other 
methods of emission, was used for the analysis of the 
samples. Combining SPME and ICP-OES led to enhanced 
sensitivity and very low detection limit, high precision, 

Table 4   Comparison of different methods for the determination of La(III)

Solid support Modifier Method Analyte LOD (ng L−1) PF Samples RSD (%) Recovery (%) References

PTFE microcol-
umn

Multiwalled 
carbon nano-
tubes

ICP-OES La, Sm, Eu, Gd, 
Tb, Yb, Ho

3–57 50 Lake water 
and synthetic 
seawater

< 6 94.4–101.6 [38]

1,2-Methanof-
ullerene-C60

Poly(b-styryl)-
hydroxamic 
acid

ICP-MS La, Ce, Pr, Nd, 
Sm, Gd

0.9–3.5 67 Seawater < 5 95.0–101.3 [39]

Fe3O4@SiO2 Cinchonidine ICP-OES Eu 40 267 Tap, mineral 
and spring 
water

< 3.2 95.0–106.5 [40]

Fe3O4@SiO2 Polyaniline–
graphene 
oxide

ICP-MS La, Ce, Pr, Nd, 
Sm, Eu, Gd, 
Tb, Dy, Ho, 
Er, Tm, Yb 
and Lu

0.04–1.49 50 Lake water, 
river water

< 6.5 85.0–115.0 [41]

Graphene oxide TiO2 ICP-OES La, Ce, Eu, Dy 
and Yb

130–410 10 Lake water
River water
Seawater

< 9.8 82.4–115.5 [42]

Bentonite N-(2-hydroxye-
thyl) ethylen-
ediamine

ICP-OES Sm 600 75 Wastewater < 3 90.02–98.97 [43]

Cation-
exchange 
column

Activated 
carbon

ICP-MS La, Ce, Pr, Nd, 
Sm, Eu, Gd, 
Tb, Dy, Ho, 
Er, Tm, Yb 
and Lu

0.3 400 Groundwater
Seawater

< 10.65 > 95 [44]

Polytetrafluoro-
ethylene fibers

Grafted maleic 
acid

ICP-MS La, Ce, Pr, Nd, 
Sm, Eu, Gd, 
Tb, Dy, Ho, 
Er, Tm, Yb, 
Lu

0.001–0.02 69–97 Seawater
River water

< 4.8 90.0–106.0 [45]

Fe3O4 Chitosan ICP-OES La 0.008 210 River water < 5.1 97.5–105 This study
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efficient sample preparation, simultaneous determination 
of La (III) without interferences ions. The method was 
used for the determination of La (III) in river water as 
real samples, and the obtained recoveries were acceptable.
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