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A B S T R A C T   

The present study explores the biosorption potential of Pleurotus ostreatus immobilized magnetic iron oxide 
nanoparticles for solid-phase extractions of Ni(II) and Pb(II) ions from the water and food samples. It was 
characterized using FTIR, FE-SEM/EDX before and after analyte ions biosorption. Important operational para-
meters including the effect of initial pH, the flow rate of the sample solution and volume, amount of biomass and 
support material, interfering ions, best eluent, column reusability were studied. The biosorption capacities of 
fungus immobilized iron oxide nanoparticles were found as 28.6 and 32.1 mg g−1 for Ni(II) and Pb(II), re-
spectively. The limit of detection (LOD) and limit of quantitation (LOQ) were achieved as 0.019 and 
0.062 ng mL−1 for Ni(II), 0.041 and 0.14 ng mL−1 for Pb(II), respectively. The proposed method was validated 
by applying to certified reference materials and successfully applied for the preconcentrations of Ni(II) and Pb(II) 
ions from water and food samples by ICP-OES.   

1. Introduction 

Heavy metals are broadly used in industries such as tannery, pet-
rochemicals, electroplating, metallurgy, chemical, and paper manu-
facturing, etc. High concentrations of heavy metals cause great concern 
because of toxic effects on the environment and human health 
(Taseidifar et al., 2017; Fu & Wang, 2011). Although trace amounts of 
some metals can be useful for the normal performance of metabolic 
cycles, high concentrations become toxic (Dudu et al., 2015). 

Nickel (Ni) and lead (Pb) are among the most commonly found 
metals in wastewater (Lambert, Leven, & Green, 2000). Ni is a hard, 
white color metal and potentially carcinogenic to the human being 
(Demey, Vincent, & Guibal, 2018). Pb is an extremely toxic metal 
whose extensive use has caused common ecological contamination and 
health problems in many places. Pb is a metal that looks slightly bluish 
and bright silvery in a dry environment. Pollution with these metals 
could cause important diseases such as central nerve functions, mental 
and damage to organs. (e.g., exposure to lead is associated with im-
paired renal function and hypertension) (Afridi et al., 2006; Jaishankar 
et al., 2014). 

Traditional physiochemical processes for toxic metal remediation 

include coagulation, adsorption, ionic exchange, precipitation, and in-
verse osmosis. Even though these are powerful methods, they have 
several disadvantages when applied in industrial waste water con-
formed by diluted toxic metal solution (Velásquez & Dussan 2009). 
Besides, these methods are expensive in terms of chemical product 
consumptions and energy (Vijayaraghavan & Yun 2008). Bioremedia-
tion could be applied to remove toxic metal in waste or contaminated 
water and to recovery metal ions from sediments and soil. Micro-
organisms are a potential key because they can realize various trans-
formation and immobilization methods. (Velásquez & Dussan 2009). 
There are several specific criteria which may be followed for selection 
of biosorbents: (a) cheap and reusable biosorbent should be applied, (b) 
provide efficient and quite separation from the wastewater. For bio-
sorption of toxic metal ions from solution, there are mainly three broad 
categories of biosorbent that are used: (1) living cultures, (2) exo- 
polysaccharides (3) dead biosorbent. On comparison, dead cell absorb 
metal ions more than the living cell. Filamentous fungi have high metal 
recovery capacity like Rhizopus, Aspergillus, Penicillium, Mucor, Strepto-
mycetes, Actinomycetes, and Pleurotus (Verma & Kuila 2019). 

Currently, several useful detection techniques including electro-
chemical methods (Deshmukh et al.,2017), fluorescence spectrometry 
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(Liu et al., 2012), atomic absorption spectrometry (Liu et al., 2005) and 
inductively coupled plasma-optical emission spectrometry (Sereshti 
et al., 2012) could be used to measure the trace level of toxic metals 
ions in different matrices but preconcentration is required many times 
due to insufficient sensitivities of them. For this purpose, some methods 
such as ion exchange, electrochemical deposition, co-precipitation, 
flotation, liquid–liquid extraction (LLE), solid-phase extraction (SPE) 
and chelating matrices have been used for preconcentration (Mousavi, 
Aibaghi-Esfahani, & Arjmandi, 2009). Among these, SPE is an ideal, 
powerful and widely applied technique. Its advantages could be sum-
marized as the simplicity, flexible selection of sorbents, higher pre- 
concentration factors, low-cost, removal of potentially interfering ma-
trices, less or no consumption of organic solvents and capability to be 
coupled with various modern techniques for detection (Soylak, 2003; 
Poole, Gunatilleka, & Sethuraman, 2000; Khoobi et al., 2019). 

Magnetic nanomaterials have been used extensively as efficient 
adsorbents due to their high surface area, enough pore size, excellent 
chemical selectivity and colloidal stabilization. The magnetic nano-
particles' applicability, as a new useful adsorbent, for extraction of 
different metal ions has gained considerable attention for the solution 
of separation problems from polluted areas. These great interest to 
magnetic nanoparticles is mainly related to their direct and simple se-
paration from their reaction medium by utilization of an external 
magnetic field (Mahmoud et al., 2017; Yalçın et al., 2020). 

Biological materials such as plants, bacteria, yeast, and fungi are 
used as biosorbent for the SPE process. It is preferred as an alternative 
because it provides low cost, non-toxic, environmentally friendly, effi-
cient, and fast process for removing various pollutants. P. ostreatus is a 
common edible oyster mushroom in nature all over the world and it can 
be also easily cultivated. In addition, rapid fruiting form production and 
high biomass efficiency are significant traits making tolerant oyster 
mushroom ideal metal biosorbents. Thus, it is also a cheap biosorbent 
for the removal of metal ions from environmental samples. 
Additionally, knowledge of the biosorption features of toxic metals, by 
fungal biomass is still limited. So, this paper concerns the investigation 
of the ability and applicability of a fungal biomass, P. ostreatus loaded 
iron oxide nanoparticles for the SPE process of Ni(II) and Pb(II) from 
water and food samples. 

2. Materials and methods 

2.1. Chemicals 

All chemicals were in analytical grade and supplied from Merck 
(Darmstadt-Germany). 1.0 mg mL−1 stock metal solutions were pro-
vided High-Purity Standards (Charleston, SC, USA). Certified reference 
samples NCSZC 73014, NWTM-15, NIST 1643e were supplied from 
National Analysis Center for Iron & Steel (NACIS), High Purity 
Standard, and the National Institute of Standards and Technology 
(NIST), respectively. 

2.2. Instrumentation 

P. ostreatus immobilized iron oxide nanoparticles were character-
ized by Fourier transform infrared (FTIR) spectrometer (Perkin-Elmer 
Spectrum 400, Waltham, MA, USA) and field emission scanning elec-
tron microscopy/energy dispersive X-ray (FE-SEM/EDX) (Zeiss Supra® 
55, Oberkochen, Germany). The concentrations of Ni(II) and Pb(II) ions 
were measured by inductively coupled plasma optical emission spec-
trometry (ICP-OES) on 231.604 nm and 220.353 nm (Perkin Elmer, 
Optima™ 2100 DV, Shelton, CT, USA) under the recommended oper-
ating conditions summarized on our previous study (Özdemir et al., 
2012). To regulate the flow rate of solutions, the peristaltic pump 
(Watson-Marlow 323, Falmouth, Cornwall, UK) was utilized. A pH 
meter (Mettler-Toledo MPC 227, Columbus, OH, USA) was used to 
measure the pHs. 

2.3. SPE procedure 

2.3.1. Preparation of the P. ostreatus as a biosorbent material 
The fungal biomass P. ostreatus was collected in Mardin, Nusaybin, 

Turkey. It was brought to the laboratory and washed to remove con-
taminants and dried at room temperature for one week. After that, ıt 
was powdered using a porcelain bowl and by then kept to stand in an 
oven at 80 °C for a day to kill the P. ostreatus cells. 

2.3.2. Synthesis of iron oxide nanoparticles 
1.99 g of FeCl2·4H2O and 3.24 g of FeCl3·6H2O (mole ratio 1:2) were 

weighted and dissolved in 30 mL of distilled water. It was ultra-
sonicated for 5 min (15 W) and then refluxed for 10 min at 65 °C. 20 mL 
of NH3 (10%, v/v) was added dropwise to this vigorously stirred so-
lution. The black precipitate was observed with the addition of NH3. 
Precipitation of iron oxide nanoparticles was completed in 1.5 h (Kilinc, 
2016). Then, it was washed with pure water until completely neutral. 

2.3.3. Immobilization of biosorbent onto iron oxide nanoparticles 
Dried P. ostreatus (0.1 g) was added to iron oxide nanoparticles 

suspension and then refluxed for 1 h at 65 °C. The black precipitate was 
separated by filter paper then washed with pure water to neutrality and 
dried at 90 °C for one day. 

2.3.4. Preparation of magnetic SPE column 
A 1.0 × 10.0 cm sized polyethylene column was used for SPE 

process. Firstly, this column was washed with 1.0 mol L−1 HCl and 
distilled water. Then, 0.1 g P. ostreatus immobilized iron oxide nano-
particles were weighted and added to 5 mL of distilled water and mixed 
for 2 h. This mixture was loaded onto this column. 50 mL of 20 ng mL−1 

of Ni(II) and Pb(II) solution was prepared and the pH was adjusted 
according to the ideal value. This solution was poured into the SPE 
column. To regulate the flow rate of the solution, a peristaltic pump was 
used. After elution with diluted HCl, Ni(II) and Pb(II) concentrations 
were measured by ICP-OES. 

In order to determine the biosorption capacities, Ni(II) and Pb(II) 
solution was mixed P. ostreatus immobilized iron oxide nanoparticles, at 
150 rpm for 1.5 h at 25 °C using a shaker. At the end of this period, the 
magnetized fungal cells were separated from the solution using a 
magnet. The remaining amount of Ni(II) and Pb(II) in the supernatant 
liquid was measured using ICP-OES to determine the biosorption ca-
pacities of the biosorbent (Sahin & Ozturk, 2005). 

2.4. Sampling 

NCSZC 73014, NWTM-15 and NIST 1643e were used as certified 
reference samples for validation of the proposed method. The Tigris 
River water and tap water were sampled in Diyarbakır, Turkey. Cow 
milk, dry baby milk, Tuna fish, shrimp, white and brown sugar, salt, 
black and green tea samples were bought from local markets. 5.0 mL of 
concentrated HCl:HNO3 (1:1) was added to each sample for pre-diges-
tion. They were heated until dryness. To complete the digestion, the 
samples were added to a 5.0 mL mixture of HCl:HNO3:H2O2 (1:1:0.2) 
and then transferred to a microwave oven at 170 °C and waited for 
5.0 min. Then the temperature was reached to 200 °C in 15 min and 
waited for 1.0 min. The temperature was decreased to100 °C and 
waited 20 min. Samples were diluted to the desired volume before the 
SPE procedure. 

3. Results and discussion 

3.1. Characterization of the biosorbent surface 

The biosorption capability of the microorganisms depends on the 
functional group (e.g. carboxylate, amine, amide, imidazole, phos-
phate, thioether, hydroxyl) present on the active sites of the cells 
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(Özdemir et al., 2013). Fig. 1 comparatively displays the FTIR spectra of 
metal unloaded biosorbent (Fig. 1a) and Ni(II)-loaded biosorbent 
(Fig. 1b), Pb(II)-loaded biosorbent (Fig. 1c). The FTIR spectrum of P. 
ostreatus immobilized iron oxide nanoparticles (Fig. 1a) shows these 
functional groups represented bands that might be involved in bio-
sorption. A broad band from 3000 to 3500 cm−1 was indicative of the 
stretching of the −OH group. The peak at 2924 cm −1 was attributable 
to the stretching vibration of the −CH group. The bands located at 
1633 cm −1 indicate C]O group. The peak at 1019 cm−1 could arise 
from the CeN stretching of amine and the other peak 1350 cm−1 and 
S]O stretching of sulfo functionalities of the P. ostreatus surface. Major 
changes were observed between 2360 and 1633 cm−1 after loading of 
Ni(II) and Pb(II) (Fig. 1b and 1c). These changes on peaks were assessed 
as complexation of Ni(II) and Pb(II) with the P. ostreatus biomass. 

The morphological properties of the P. ostreatus immobilized iron 
oxide nanoparticles were analyzed using FE-SEM. The FE-SEM images 
of the unloaded immobilize biosorbent (Fig. 2a), Ni(II) and Pb(II)- 
loaded immobilize biosorbent (Fig. 2b, c) were taken under the con-
venient magnification and voltage. The FE-SEM images show that 
fungal biosorbent was immobilized on the iron oxide nanoparticles 
successfully. Besides, EDX analysis was done for the confirmation of the 
uptake of Ni(II) and Pb(II) ions. The EDX pattern of Ni(II) and Pb(II)- 
loaded immobilize biosorbent (Fig. 2b, c) indicated that a clear signal of 
the presence of analytes. According to results, we could say that the 
proposed biosorbent shows selectivity to Ni(II) and Pb(II) ions. 

3.2. Effect of initial pH 

A considerable factor controlling the adsorption process is the pH of 
the media, as it influences the surface charge of the adsorbents and the 
degree of ionization (Javaid et al., 2011). So, the influence of pH on the 
recoveries of Ni(II) and Pb(II) was tested in the pH range of 2.0–9.0 
while the other experimental factors were kept constant. As shown in  
Fig. S1, the recoveries of the target ions were improved along with 
increasing pH from 2.0 to 6.0 and maximum recoveries were reached in 
the pH ranges of 5.0–6.0. At pH  <  5.0, recoveries of the metal ions 
were noticed to decline owing to the competition with hydronium ions 
(Zhou, 1999; Mousavi, Aibaghi-Esfahani, & Arjmandi, 2009). At higher 
pH  >  6.0, metal ions accumulate inside the cells due to the interaction 
of hydroxide ions, so recoveries decrease (Mousavi, Aibaghi-Esfahani, & 
Arjmandi, 2009; Javaid et al., 2011). Similar results were previously 
reported (Baytak & Turker, 2006). Therefore, all subsequent works 
were conducted at pH: 5.0. 

3.3. Effect of the flow rate of the sample solution 

The sample solution flow rate through the SPE column is one of the 
important factors affecting the duration of the analysis for the de-
termination of metal ions and directly related to the contact of them 

with the adsorbent (Yalçın, 2019). The flow rate of the solutions was 
studied at 1.0–6.0 mLmin−1 (Fig. S2). The quantitative recoveries 
(≥95%) of the Ni(II) and Pb(II) ions were attained at a sample flow rate 
of 2.0 mLmin−1. It was desired to elute these ions from the column in a 
short time. But, higher flow rates of the solution reduced the efficacy of 
the biosorption, suggesting a less effective Ni(II) and Pb(II) ions reagent 
interaction. The result of this study is consistent with the literature 
(Oliveira et al., 2017). Thus, flow rates of the solution in all following 
studies were maintained at 2 mLmin−1. 

3.4. Effect of amount of biomass 

The amount of biosorbent is a significant factor that determines the 
extent of analyte biosorption from the solution. This is closely related to 
the increase of binding sites of the biosorbent. Different amount of the 
P. ostreatus ranged from 50 to 300 mg was tested to determine the effect 
of biomass quantification on the biosorption of analytes. Fig. S3 shows 
that the biosorption of Ni(II) and Pb(II) ions increased with a sub-
sequent increase in the amount of P. ostreatus and almost became 
constant at 200 mg. These conducts could be elucidated by the for-
mation of aggregates because of the electrostatic interactions between 
the biosorbent cells at higher of 200 mg, which decreases the efficient 
surface area for biosorption (Sarı & Tuzen, 2008; Ahmad, Bhat, & 
Buang, 2018). So, 200 mg P. ostreatus was selected for biosorption of Ni 
(II) and Pb(II) ions as the best amount of biosorbent for the rest of the 
study. A similar result was reported in the literature (Baytak et al., 
2008). 

3.5. Effect of amount iron oxide nanoparticles 

The support materials have certain physical properties such as suf-
ficient pore size, low particle size, and high surface area. So, choosing 
the right amount of support material is very important. The optimum 
amount of iron oxide nanoparticles on the recovery of Ni(II) and Pb(II) 
ions was tested by different quantities between 50.0 and 200.0 mg. The 
results are given in Fig. S4. According to results, the quantitative re-
coveries of Ni(II) and Pb(II) reached at 150 mg iron oxide nano-
particles. This value was applied for further studies. 

3.6. Biosorption capacity 

Three sorts of influential factors: the nature of the biosorbents (e.g., 
age of the cell), biosorption conditions (e.g., pH, contact time, tem-
perature etc.) and metal ionic characteristics (e.g., atomic weight, va-
lence, ion radius, etc.) affect the biosorption capacity (Chen & Wang, 
2007). Evidently, metal ionic characteristics in a solution are an im-
portant natural factor to effect ion uptake (Tsezos, Remoudaki, & 
Angelatou, 1996). The biosorption capacities of P. ostreatus loaded iron 
oxide nanoparticles for Ni(II) and Pb(II) ions were studied under the 
optimum conditions and the results were found as 28,6 and 32,1 mg 
g−1, respectively. 

3.7. Effect of the sample volume 

Concerning to obtain a high preconcentration factor in the SPE 
studies, the effect of sample volume is an important parameter (Soylak 
& Ercan, 2009). To determine the best sample volume on the uptakes of 
Ni(II) and Pb(II) ions on P. ostreatus loaded iron oxide nanoparticles, 
investigated in the range of 25–500 mL. The results are shown in Fig. 
S5. The uptakes of Ni(II) and Pb(II) ions were almost stable up to 
400 mL and they found as 95,0% and 98,4%, respectively, when 
400 mL volume of the sample solution was used. So, it was selected as 
the highest volume to work and eluted with 5 mL of 1.0 mol L−1 HCl, 
the preconcentration factor was calculated as 80. Similar findings were 
reported from our previous study (Özdemir, Yalçın, Kılınç, & Soylak, 
2019; Yalçın, Özdemir, & Kılınç, 2018). 

Fig. 1. FTIR comparisons of a) P. ostreatus immobilized iron pxide nano-
particles, b) Ni(II) on P. ostreatus immobilized iron oxide nanoparticles c) Pb(II) 
on P. ostreatus immobilized iron oxide nanoparticles. 
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Fig. 2. FE-SEM images and EDX spectra comparisons of a) P. ostreatus immobilized iron oxide nanoparticles, b) Ni(II) on P. ostreatus immobilized iron oxide 
nanoparticles c) Pb(II) on P. ostreatus immobilized iron oxide nanoparticles. 
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3.8. Effect of concomitant ions 

One of the important problems during the measurement of metal 
ions by spectrometric applications is interference from the matrix. To 
evaluate the selective potentials of the studied biosorbent for removal 
of Ni(II) and Pb(II) ions, their competitive extraction in the presence of 
K(I), Na(I), Mg(II), Fe(II), Ca(II), Cd(II), Zn(II), Co(II) and Al(III) ions 
was investigated. The results are presented in Table S1. It seems that 
concomitant ions do not influence significantly the uptake of Ni(II) and 
Pb(II) ions when using this magnetized biosorbent. These results in-
dicate that the proposed method shows a good tolerance to the matrix 
effects. 

3.9. Effect of eluent and column regeneration 

Desorption and reusing ability are economically important factors 
for effective biosorbent. In order to reach the successful desorption 
process, the most suitable eluent must be selected. A suitable eluent has 
some properties like none-destructive to the biosorbent, eco-friendly, 
low cost and effectiveness (Won et al., 2014; Syed, 2012). Recovery 
studies of Ni(II) and Pb(II) ions from the P. ostreatus loaded iron oxide 
nanoparticles column were carried out using the solution of HCl and 
HNO3. As can be seen in Table S2, when the concentration and volume 
of eluent increased, the desorption efficiency for Ni(II) and Pb(II) ions 
increased. When 5 mL of 1.0 mol L−1 HCl was used as the eluent, re-
coveries of Ni(II) and Pb(II) ions were obtained as 99.9  ±  0.8% and 
100  ±  1.6%, respectively. So, for further studies, 5 mL of 1.0 mol L−1 

HCl was chosen as the best eluent. 
The stability and potential repeatability of the SPE column loaded 

with P. ostreatus immobilized on iron oxide nanoparticles were assessed 
by monitoring the change in the recoveries of the Ni(II) and Pb(II) ions 
and they were higher than 95%. The column was successfully reused up 
to 35 biosorption/desorption cycles (Data not shown). 

3.10. Analytical performance 

The analytical features of the developed method were determined 
under the best experimental conditions. The recommended procedure 
provided linear analytical curves for Ni(II) and Pb(II). The correlation 
coefficients of them (r2) were achieved better than 0.99. The LOD is 
defined as 3sd/m, where sd is the standard deviation of the lowest 
concentration point in the linear calibration curve, m is slope of the 
linear calibration curve. LODs were calculated as 0.019 and 
0.041 ng mL−1 for Ni(II) and Pb(II),respectively. In addition, relative 
standard deviation (RSD) of Ni(II) and Pb(II) for three replicate mea-
surements of solutions containing the lowest concentration point in the 
linear calibration curves was found lower than 3%. The enrichment 
factors were obtained as 80 by considering 400 mL of initial and 5.0 mL 
of final volume (Table 1). Such detection limits are similar or even 
better to those obtained by ICP-OES. The comparisons of analytical 
characteristics of the developed method with literature are given in  
Table 2. 

Table 1 
Analytical features of the method.     

Parameter Ni(II) Pb(II)  

Linear range, ng mL−1 0.2–10 0.5–20 
r2 0.9998 0.9997 
LOD, ng mL−1 0.019 0.041 
LOQ, ng mL−1 0.062 0.14 
RSD, % 2.3 2.3 
Loading capacity (mg g−1) 28.6 32.1 
Preconcentration factor 80 80 
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3.11. The method validation and applicability to real samples 

The proposed extraction method applied to certified reference ma-
terials (CRM) (NWTM-15, NIST 1643e, NCSZC 73014) for validation of 
the method. The obtained results are presented in Table 3. By con-
sidering satisfactory results, it could be possible to say that the accuracy 
of the proposed method was confirmed. Also, the method applied suc-
cessfully to Tigris River water, cow milk, dry baby milk, Tuna fish, 
shrimp, white and brown sugar, salt, black and green tea. Also, some 
samples were spiked with 10 ng mL−1 (for solid samples ng g−1) of Ni 
(II) and Pb(II) ions. The results presented in Table 4. 

4. Conclusions 

In the present study, the fungus P. ostreatus was immobilized onto 
support nanomaterials and used as an efficient biosorbent with SPE 
procedure. The proposed method has some advantages such as notable 
biosorption capacity, simplicity, low cost, low detection limits, and 
high regeneration capacity. As a conclusion, our method was success-
fully applied to determine Ni(II) and Pb(II) ions from water and food 
samples using ICP-OES. 
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