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Abstract
The authors show that the fungus Boletus edulis loaded with γ-Fe2O3 nanoparticles is a viable sorbent for magnetic solid phase
extraction of trace levels of Co(II) and Sn(II). The surface structure of immobilized magnetized B. edulis was characterized by
FT-IR, SEM and EDX. Experimental parameters were optimized. Following elution with 1 M HCl, the ions were quantified by
ICP-OES. The limits of detection are 21 pg·mL−1 for Co(II), and 19 pg·mL−1 for Sn(II). The preconcentration factors are 100 for
both ions. The sorption capacities of the sorbent are 35.8mg·g−1 for Co(II) and 29.6mg·g−1 for Sn(II). The methodwas applied to
the analysis of certificated reference materials and gave ≥95% recoveries with low RSDs. It was also successfully applied to the
quantification of Co(II) and Sn(II) in spiked environmental and food samples.
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Introduction

The back demand toxicity of metal ions to animals and
humans is the subject of many researchers demonstrating
the significance of the determination of these metals in

food products [1, 2]. Heavy ions enter the human system
by ingestion and inhalation, and entering via ingestion de-
pends on nutrition habits. There is now expanding argu-
ments of the significance of trace elements in human food.
Many metal ions (such as Fe and Cu) are essential to pro-
tect metabolic activities in living systems; others (as Cd
and Pb) are not essential and have no biological activities.
It is well known that at high levels of the essential metals,
they can be hazardous to living systems [3]. Hence, the
detection of very low level of hazardous metal ions acts a
progressively significant role in agriculture, food, industry,
environment, etc. [4].

The determination of heavy metals at trace level usu-
ally requires prior preconcentration and/or separation
stages in order to develop sensitivity [5]. Several
preconcentration processes such as coprecipitation, flota-
tion, liquid-liquid extraction, electrochemical deposition,
cloud point extraction and ion-exchange, etc. [6, 7] have
been utilized for the separation and preconcentration of
trace metal ions.

Solid phase extraction (SPE) is an effective pre-
concentration and separation processes for metal ions because
it has several significant superiorities such as economic, sim-
plicity, rapid, flexibility, higher pre-concentration factors, low
cost due to lower payment of reagents, lack of emulsion and
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more environment-friendly. Many SPE substances have been
successfully applied for separation and preconcentration of
metal ions at very low levels [8].

γ-Fe2O3 is a sample of the widely utilized metal ox-
ides as a nano-magnetic iron oxide. Nowadays, the ap-
plication of magnetic nanoparticles, as a sorbent, for
metal ions has received great attention in chemical and
environmental engineering areas in order to figure out
the consolidated problems with the separation operation
from polluted fields. The great attention in magnetic
nanomaterials is primarily because of their separation
from the environment by utilization an outer magnetic
field [9].

In this study, a novel magnetic solid phase bio-extractor
based on the use of Boletus edulis loaded with γ-Fe2O3

nanoparticles was used for the preconcentration of Co(II)
and Sn(II) from natural samples. Effects of important ex-
perimental parameters were investigated and the recom-
mended method was validated and also applied for natural
reel samples.

Materials and methods

Biological materials

In this study, B. edulis collected in Sülün, Afyonkarahisar,
Turkey were used as the biological material.

Preparation of B. edulis for preconcentration
and separation

Once the fungal samples have been collected, they were
cleaned twice with distilled water to remove contami-
nants. After cleaning, it was dried at 25 °C for one week.
Dried B. edulis were ground in a porcelain bowl to ob-
tain a fine powder. It was then allowed to stand in the
oven at 80 °C for 24 h to kill all of the fungal cells.
Finally, B. edulis were inoculated with malt agar at
25 °C for 24 h. The absence of micelles of B. edulis
gave a positive result, meaning that the fungus cells
had completely died.

Synthesis of γ-Fe2O3 magnetic nanoparticles

γ-Fe2O3 magnetic nanoparticles was synthesized by method
described in literature [10, 11] and detailed in S1.

Immobilization of B. edulis to γ-Fe2O3 magnetic
nanoparticles

Approximately 0.1 g of the dried fungus were separately
added to the aqueous suspension containing γ-Fe2O3

magnetic nanoparticles and refluxed at 65 °C for one hour.
After filtration, the black precipitate was washed with pure
water to neutrality and then dried at 90 °C for 24 h [10].

Preparation of column for magnetic solid phase
extraction

Preparation of magnetic solid phase extraction column was
described by method given in literature [12] and detailed in
S2.

Sample preparation

The recommended method was validated by applying to cer-
tified reference samples: NWTM23.4 and NWTM-25.4
(water) which were available from laboratory. Tap water was
sampled in Diyarbakır, Turkey. Mineral water, ice tea, orange
juice and energy drink samples were bought from local mar-
kets. Procedures for sample preparation were detailed in our
recent study [13].

Results and discussion

Surface studies

Surface macrostructures of B. edulis immobilized on γ-Fe2O3

nanoparticles, Co(II) on B. edulis immobilized on γ-Fe2O3

nanoparticles, Sn(II) on B. edulis immobilized on γ-Fe2O3

nanoparticles were investigated by SEM-EDX. By considering
Supplemental Fig. S1, it can be concluded that a homogenous
surface was obtained. Additionally, after immobilization of
Co(II) and Sn(II), they were detected on B. edulis immobilized
on γ-Fe2O3 nanoparticles by EDX. FT-IR was employed for
investigation of surface functionalities. Results were compara-
tively presented in Supplemental Fig. S8. Fe–Ovibrations ofγ-
Fe2O3 were observed on 697 and 592 cm

−1 (Supplemental Fig.
S2a). The peaks at 1021 and 1379 cm−1 may be arise from C-N
stretching of amine and S = 0 stretching of sulfo functionalities
of fungal surface, respectively. C=C stretching was recorded as
peak at 1635 cm−1. C-H stretching of alkane and alkenes were
recorded at approximately 3000 cm−1. From Supplemental Fig.
S2b there was no significant difference after loading of Co(II).
Major changes were observed after loading of Sn(II)
(Supplemental Fig. S2c). Shifting on peaks were evaluated as
complexation of metal ions with B. edulis immobilized on γ-
Fe2O3 nanoparticles.

Effect of initial pH

The pH value of the reaction mixture has a very crucial effect
on the biosorption of metal ions and solid phase extraction
processes. The pH value affects the number of metal binding
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sites on the biosorbent surface [13]. Every microorganism
denotes varied biosorption properties at a given pH due to
differences in the cell wall structure [14]. The effect of pH
value of the contact solution on biosorption capacity values
of metal ions was studied in the pH range of 2.0–9.0. The
results of this study are presented in Supplemental Fig. S3.
The maximum biosorption capacity values for both Co(II) and
Sn(II) were observed at pH: 6.0. At low pH < 5.0, the
biosorbent surface should be positive charge so that active
binding sites lead to the inhibition of metal biosorption pro-
cess [15, 16]. At high pH > 6.0, the biosorption efficiency for
studied metal ions decreases due to the interaction of OH−

with the ions [17]. Our results are compatible with that of
Kilinc et al. [18]. Thus, all further studies were conducted at
pH: 6.0.

Effect of sample flow rate

The interaction of metal ions in solution with the biosorbent is
influenced by the sample flow rate that is one of the factor
affecting the length of time required for the determination of
Co(II) and Sn(II) ions [19]. In this study, 50 mL of sample
solution passing through B. edulis loaded iron nanoparticles
with the different flow rate varying from 1.0 to 6.0 mL min−1

were investigated and quantitative recoveries of studied metal
ions were obtained at sample flow rate of 3.0 mL min−1.
Supplemental Fig. S4 shows these results. At higher flow rates
the efficiency of the biosorption was decreased, which sug-
gests a less effective metal ions reagent interaction. Our find-
ings in this study are supported by Karatepe and Soylak [20] .
Therefore, all further studies were performed at 3 mL min−1

flow rates for sample solutions.

Effect of amount of B. edulis

The biosorbent amount is one of the most important parame-
ters in the biosorption studies because it determines the capac-
ity of the biosorbent for obtaining quantitative uptake of the
analyte metal. It is obvious that with an increase in the amount
of biomass, more surface area and greater number of binding
sites are existing and thus the uptake of the analyte metal ions
increases [13]. Under the selected optimum conditions, differ-
ent amount of biomass ranging from 50 to 250 mg were
experimented. It can be seen from Supplemental Fig. S5 that
the biosorption ratio increased from 72.4% to 99.3% and
68.9% to 98.6% for Co(II) and Sn(II) respectively, with an
increase in the amount of B. edulis from 50 to 100 mg.
Co(II) and Sn(II) recovery reached at the point of plateau over
the 150 mg amount of B. edulis. It was suggested that an
increase in the amount of biomass may cause an increase in
the electrostatic interactions between the cells to agglomerate,
which contributes to a decrease in the number of binding sites

available [21]. Therefore, 150 mg amount of B. edulis was
used in all subsequent studies.

Effect of amount of γ-Fe2O3 magnetic nanoparticles

The amount of the support materials is very substantial param-
eter for the quantitative recoveries of the metal ions in solid
phase extraction studies [13]. The quantitative retention of the
Co(II) and Sn(II) ions were examined in relation to the amount
of iron nanoparticles, which was varied from 50 to 300 mg.
Supplemental Fig. S6 shows that the quantitative recoveries of
Co(II) and Sn(II) ions were observed in the range of 100 mg.
All further studies were applied at 100 mg amount of iron
nanoparticles.

Effect of type, concentration and volume
of the eluent

The selection of eluent is important in view of reusing the
column without damage on the surface of solid phase extrac-
tion biomaterials [5]. For this purpose, different eluent solu-
tions at various concentrations were evaluated for desorption
of biosorbed Co(II) and Sn(II) ions from the B. edulis loaded
iron nanoparticles column. The results are given in Table 1. It
was determined that when the concentration of hydrochloric
and nitric acid increased, the elution degrees also increased.
According to the results, it is clearly indicated that quantitative
elution was achieved when 5 mL of 1 mol L−1 HCl was used.
The recovery value of Co(II) and Sn(II) ions in this condition
was 100 ± 1.3 and 99.8 ± 0.7, respectively. These results
agreed with that of Kilinc et al. [22]. A 5 mL amount of
1 mol L−1 HCl was used as the eluent for further experiments.

Effect of the sample volume

The solid phase extraction technique is applied to obtain high
preconcentration factor and it is a common procedure for

Table 1 Effect of eluent type, volume and concentration on recoveries
of Co(II) and Sn(II) by using immobilized B. edulis

Type of elution
solution

Volume (mL) Concentration
(mol L−1)

% Recovery

Co(II) Sn(II)

HCl 3 0.5 85.9 ± 0.8 83.1 ± 0.6

5 0.5 92.7 ± 1.6 91.4 ± 0.9

3 1 93.5 ± 1.4 92.9 ± 1.5

5 1 100 ± 1.3 99.8 ± 0.7

HNO3 3 0.5 81.9 ± 1.4 80.8 ± 1.2

5 0.5 88.5 ± 0.8 87.9 ± 1.3

3 1 89.7 ± 0.9 89.5 ± 1.1

5 1 96.3 ± 0.7 95.7 ± 1.4

Microchim Acta (2018) 185: 73 Page 3 of 6 73



extraction and separation of metal ions from large sample vol-
umes [23]. The effect of the sample volume of aqueous phase on
the retention of Co(II) and Sn(II) ions on B. edulis loaded iron
nanoparticle was investigated between 50 and 500 mL volume
values. The results are shown in Supplemental Fig. S7. Both the
Co(II) and Sn(II) ions are quantitatively recoveredwhen using up
to 500 mL of the sample solution. Therefore; a preconcentration
factor of 100 can be achieved when 500 mL of the sample was
used and the column with 5 mL of 1 mol L−1 HCl was eluated.
Preconcentration factor was found as 100 by Oral et al. [24]
when various immobilized biosorbents were used.

Effect of interference studies on the recoveries
of co(II) and Sn(II)

During the determination of the metal ion concentration by
analytical applications, some potentially interfering ions in
analyzed samples are important problem [25]. To determine
the possible effects of them on the biosorbent capacity it was
studied and evaluated under the optimum conditions in pres-
ence of some potentially interfering ions such as Na(I), K(I),
Ca(II), Mg(II), Fe(II), Al(III), Cd(II), Cu(II), Ni(II) and Zn(II).
Table 2 demonstrates that a large number of ions tested have
no substantial effect on the determination of analyte ions.
Bakircioglu et al. [26] and Shegefti et al. [27] did not find
any interference when different analyte ions and immobilized
biosorbent were used.

Effect of column reuse

The reusability of the columns is like a key parameter in the
view of the analytical and economical point [28]. The stability
and potential recyclability of the column containing
immobilized microbial biomass were evaluated bymonitoring

the change in the recoveries of the analyte ions. Supplemental
Fig. S8 shows that a column loaded with magnetized B. edulis
can be reused 30 cycles of sorption and desorption, with a
recovery of >95%.

Biosorption capacity

To examine the biosorption capacity of magnetically charged
of B. edulis, 100 mL of 1 mg L−1 Co(II) and Sn(II) solutions at
the best pH values were mixed with 50 mg B. edulis loaded
with magnetic iron oxide nanoparticles at 120 rpm for 2 h at
room temperature using a shaker. Before the determination of
residual amounts of Co(II) and Sn(II) by ICP-OES, B. edulis
loaded with magnetic iron oxide nanoparticles was separated
from the solution using a magnet. The biosorption capacity of
B. edulis loaded iron nanoparticles for Co(II) and Sn(II) was
found as 35.8 mg g−1 and 29.6 mg g−1, respectively. In addi-
tion, γ-Fe2O3 nanoparticles, without B. edulis immobilized,
was also used at the best experimental conditions. The
biosorption capacities for Co(II) and Sn(II) were found as
4.2 mg g−1 and 6.0 mg g−1, respectively. The biosorption
capacity for Co(II) ion was found as 4.3 mg g−1 by Tuzen et al.
[29], for Sn(II) ion was found as 10.4 mg g−1 by Kilinc et al.
[18], when different immobilized biosorbent were used. Our
results show good performance than their results.

Analytical performance and application

Analytical features of the method were evaluated in view of
LOD, LOQ, linear range, RSD, correlation coefficient and
preconcentration factor. LOD was calculated according to
the regulation by of IUPAC (3Sb/b where Sb is the standard
deviation of blank and b is the slope of calibration graph) and
LOQ was calculated from 10Sb/b. Analytical features of
MSPE method based on B. edulis, immobilized γ-Fe2O3

nanoparticles for the preconcentration of Co(II) and Sn(II)
are summarized in Table 3. Some analytical features of
methods from the literature are summarized in Table 4 for
preconcentration of Co(II) and Sn(II). It is clear to conclude

Table 2 Interference studies on recoveries of Co(II) and Sn(II) by using
immobilized B. edulis

Ion Interference to metal ion ratio % Recoverya

Co(II) Sn(II)

Na(I) 2000 98.5 ± 0.8 97.6 ± 0.9

K(I) 2000 97.7 ± 0.6 97.1 ± 0.5

Ca(II) 100 99.5 ± 0.5 98.8 ± 0.7

Mg(II) 50 98.7 ± 1.5 98.1 ± 0.9

Fe(II) 50 97.2 ± 1.3 96.5 ± 0.8

Al(III) 10 96.1 ± 1.1 95.6 ± 1.1

Cd(II) 5 97.3 ± 0.7 96.8 ± 1.2

Cu(II) 5 97.9 ± 1.4 96.4 ± 0.9

Ni(II) 5 98.1 ± 1.2 97.6 ± 0.8

Zn(II) 5 98.4 ± 0.6 97.8 ± 1.4

a Concentrations of the ions are 100 μg L−1

Table 3 Analytical performance of method

Parameter Co(II) Sn(II)

Linear range, ng mL−1 0.2–10 0.2–20

Calibration equation
(conc .as ng mL−1)

y = 13,363×-1373.2 y = 431.93× + 6.5791

r2 0.9982 0.9987

LOD, ng mL−1 0.021 0.019

LOQ, ng mL−1 0.071 0.066

RSD, % 4.9 1.3

Loading capacity (mg g−1) 35.8 29.6

Preconcentration factor 100 100
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that the recommended method has over advantages such as
simplicity, eco-friendly procedures, re-usability application in
addition to low LOQ and wide linear range.

The recommended method was validated by applying to
certified water samples. Results were in good agreement.
Concentrations of Co(II) and Sn(II) in environmental and food
samples were measured after MSPE procedure was applied.
Results are presented in Table 5.

Conclusion

A new magnetic-bio solid phase extractor was prepared by
using B. edulis and γ-Fe2O3 nanoparticles, which demon-
strated excellent efficiency for preconcentrations of Co(II)
and Sn(II) from environmental and food samples before
their determinations. The detection limits of Co(II) and
Sn(II) were 0.021 and 0.019 ng mL−1, respectively under
optimum conditions. Thus, sensitivity of ICP-OES was

improved for Co(II) and Sn(II). The optimum MSPE con-
ditions were found as being a pH 6.0; a sample flow rate
of 3.0 mL min−1; 150.0 mg of B. edulis; 100 mg of γ-
Fe2O3 magnetic nanoparticles and 5.0 mL of 1 mol L−1

HCl as desorption solution for immobilized fungi. By con-
sidering the results it can be concluded that there was no
major interferic ion that limits the method. The MSPE pro-
cess was validated with two certificated reference materials
and applied some real food and water samples. In addition
to MSPE, B. edulis and γ-Fe2O3 nanoparticles can be used
in batch method for routine purpose. Results indicated that
this novel process demonstrates significant possible usage
in real sample analysis in the hereafter.

Compliance with ethical standards The authors declare that
they have no competing interests.
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