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Microbial synthesis of magnetite nanoparticles for arsenic removal
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ABSTRACT 

Apart from their vast applications, the magnetic property of magnetite nanoparticles make it as opt candidate 
for the removal of arsenic from drinking water and other polluted water streams. Magnetite nanoparticles 
were produced by microbial synthesis from Fusarium oxysporum with Ferric Chloride and magnetite ore as 
substrates. The structure and morphology of magnetite nanoparticles were characterized by Fourier Transform 
Infrared (FTIR) Spectroscopy, UV-Vis spectroscopy, X-ray Diffraction (XRD), Scanning Electron Microscope 
(SEM), and their magnetic properties were characterized Vibrating Sample Magnetometer. The presence of 
magnetite nanoparticles was indicated by the XRD spectral pattern and their SEM micrograph showed in the 
nano ranged particles with an average diameter of 26.78 nm. Magnetic characteristic of magnetite nanoparticles 
was indicated super paramagnetic properties with a saturation magnetic value of 90.01 emug−1. These magnetite 
nanoparticles were used to remove the arsenic in the water by simple magnetic adsorption process and the 
removal efficiency was found to be 96%.

1. INTRODUCTION
Naturally occurring iron oxide (Fe3O4) nanoparticle called as 
Magnetite was a contrary spinel having inimitable magnetic and 
electronic properties that were unswervingly related with the 
exceedingly fast electron exchange between the iron ions [1]. 
These iron atoms could be easily replaced by other divalent and 
trivalent metal ions. Aluminium, Magnesium, Manganese, and 
Titanium were the frequently occurring cations as impurities in 
naturally formed magnetite. This metal substitution in magnetite 
results in organized discrepancy in cell parameter, coercivity, 
Curie temperature, electrical resistivity, magneto crystalline 
anisotrophy, and saturation magnetization.

Magnetite has a wide range of applications in cancer treatment, 
magnetic resonance imaging, magnetic probes, pathogen detection, 
and as recording material [2]. Magnetite at nanosize has showed 
potential applications in medicine as diagnostic tools. Nano-
magnetite were employed in either in vitro or in vivo applications, 
such as biomolecule immobilization and detection [3], contrast 

agents in magnetic resonance imagining [4], gene transfer [5], cell 
separation [6], and purification [7]. They were also useful in target 
therapy as drug delivery system [3], and the heat generated in an 
alternating magnetic field was used for hyperthermia treatment 
[5].

The magnetite nanoparticle synthesis was of great importance 
owing to its technological applications. Magnetic nanoparticles 
were produced by many approaches, such as chemical precipitation 
[8], microbial synthesis [9], and size reduction through ball 
milling [10]. Consistent, recyclable, and harmless nanoparticles 
production was essentially important and microbial nanoparticle 
synthesis was one among them [11] and has interweaved microbial 
biotechnology and nanotechnology [12].

Inorganic materials in nano-scale dimensions were often produced 
by microorganisms. The microbial metal ion detoxification 
was done either by reduction or precipitation of soluble toxic 
inorganic ions to insoluble non-toxic metal nanoclusters. Mostly, 
extracellular metal nanoparticles production was used than 
Intracellular bioaccumulation as the former have more commercial 
applications in various fields.

Arsenite (AsO3
3-) and arsenate (AsO4

3-) were the natural forms 
of arsenic present in the groundwater. Arsenite and arsenate 
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block ATP to ADP conversions by replacing phosphate groups 
permanently as these anions were similar to phosphite (HPO3

2-) 
and phosphate (PO4

3-) ions [13]. Deep wells, ponds, rain water, 
and shallow wells are the sources of potable water for villages 
in underdeveloped countries. Health risks starting from microbial 
infections to diseases like arsenicosis caused by the high arsenic 
levels are associated with these sources. Switching to safer and 
deeper wells from many of these sources containing high arsenic 
levels has reduced the affected population [14].

Several treatment methods, such as adsorption, electrochemical 
reduction, ion exchange, nano filtration, precipitation, reverse 
osmosis, and solvent extraction are used to alleviate arsenic 
contamination [15]. But improved systems are needed as these 
technologies do not perform well in actual field trials [16]. Different 
sorbents, such as carbon from fly ash, coconut husk carbon, hybrid 
polymeric sorbent and iron-oxide-coated polymeric material [17], 
iron-coated activated carbon, Iron and iron-coated sand [18], 
and granular ferric hydroxides [19] have also been employed as 
adsorbents for As (III) adsorption. But, their application was 
limited owing to its high operation cost, sludge creation, and 
technical difficulties in their preparation. Naturally occurring ores 
and minerals, such as hematite and feldspar, kaolinite, magnetite, 
and maghemite were also employed for the arsenic adsorption 
[20,21].

The present study was aimed in microbial synthesis of magnetite 
nanoparticles using the fungal culture Fusarium oxysporum and 
employing these magnetite nanoparticles in arsenic removal.

2. MATERIALS AND METHODS

2.1. Chemicals and Instruments Used
The fungal culture F. oxysporum was procured from National 
Collection of Industrial Microorganisms (NCIM), CSIR-National 
Chemical Laboratory, Pune. All general reagents like distilled 
water and chemicals for media preparation in the present study 
were purchased from SD-Fine chemicals. 

The FTIR Spectrophotometer analysis was done on RPilot 
IRTracer-100 Fourier Transform Infrared Spectrophotometer 
(Shimadzu, Japan). UV-Vis spectroscopy measurements were 
carried out using UV-1800 UV-VIS spectrophotometer (Shimadzu, 
Japan). X-ray diffraction (XRD) studies were performed on 
PANalytical’s X’Pert PRO MRD. Scanning Electron Microscope 
(SEM) analysis was carried out on JSM-7610F Schottky Field 
Emission SEM (JEOL, Japan). The magnetic measurements were 
carried out by using 8600 Series Vibrating Sample Magnetometer 
(Lake Shore Cryotronics, USA). 

2.2. Sub Culture of F. oxysporum 
The slant test tube of F. oxysporum procured from NCIM-NCL, 
Pune was sub-cultured in potato-dextrose-agar medium containing 
200 g minced potato along with 20 g dextrose and 15 g agar in 
1,000 ml distilled water. The slant test tube was broken under 
sterile environment and the mycelia and spores of F. oxysporum 
were inoculated into plates by streak plate method. The inoculated 
Plates were incubated at 27ºC at incubator for 7 days.

2.3. Collection of Fungal Mat of F. oxysporum
After 7 days of incubation, the fungal mat was collected from the 
culture broth by centrifuging at 3,500 rpm for 20 minutes at 10oC. 
Then, the mycelia were washed three times with sterile distilled 
water under sterile conditions.

2.4. Synthesis of Magnetite Nanoparticles from F. oxysporum
Fungal mat of F. oxysporum obtained from the potato dextrose 
broth was used for the synthesis of magnetite nanoparticles. 20 g 
wet weight of the fungal biomass of F. oxysporum was suspended 
in 100 ml of a 0.001 M aqueous solution of ferric chloride and 
magnetite natural ore on another 500 ml Erlenmeyer flask. The 
flasks are kept on a shaker with 150 rpm at 27oC for 3 days.

2.5. Isolation of Magnetite Nanoparticles from Microbes
After 3 days of incubation, the F. oxysporum fungal biomass was 
removed by centrifugation at 3,500 rpm. The culture supernatant 
containing nanoparticles was collected and centrifuged at 
15,000 rpm for 30 minutes to get the black pellets of magnetite 
nanoparticles. These magnetite nanoparticles were collected and 
washed thrice with 50 mM sodium phosphate buffer (pH 7.4). 
The washed magnetite nanoparticles were allowed to air dry and 
the magnetite nanoparticles in the form of powder were collected.

2.6. Characterization of Magnetite Nanoparticles
The dried nanoparticles are characterized using the techniques 
described below.

2.6.1. FTIR Spectrophotometer analysis
The synthesized Magnetite nanoparticle powder was washed 
three times with 20 ml of deionized water to get rid of the free 
proteins and enzymes that are not capping the nanoparticles. The 
nanoparticles were analyzed at a resolution of 1 cm−1 in the diffuse 
reflectance mode after drying it in room temperature and grinding 
with KBr pellets.

2.6.2. UV-Vis spectroscopic analysis
The formation of magnetite nanoparticles was confirmed by the 
determination of plasmon peak using UV-Vis spectroscopy. The 
reaction mixture absorbance indicating the reduction of nickel 
ions from ferric chloride was examined in the range of 360 to 800 
nm and their maximum absorbance peak was calculated.

2.6.3. XRD analysis
XRD studies were performed on PANalytical’s X’Pert PRO 
MRD having a copper X-ray source, a scintillation detector and 
in sample holders specifically made of a customized polymer to 
guard them from the ambient moisture. The XRD studies were 
performed without any treatment of samples.

2.6.4. SEM analysis
The nanoparticle suspension was dried into powder by critical 
point drier. About 1 mg fine magnetite nanoparticle powder was 
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used for the morphological analysis and the nanoparticle size was 
measured by SEM analysis.

2.6.5. Ferromagnetism measurement
Magnetometer was used to determine the magnetic properties of 
the synthesized nanoparticles. The applied magnetic field for the 
sample in the holder was slowly varied using magnetic field slider. 
Whenever the slider is stopped, M-H graph corresponding to the 
field was plotted.

2.7. Removal of Arsenic by Magnetite Nanoparticles

2.7.1. Preparation of adsorbent
The magnetite nanoparticles synthesized from fungal method 
using F. oxysporum was used for arsenic removal from drinking 
water. In a sonication bath, 4 gl−1 magnetite nanoparticles were 
dispersed in deionized water for 20 minutes.

2.7.2. Water sample collection
Arsenic rich groundwater was collected from shallow pond in 
Perampur, Tamil Nadu and used in the study. All water samples 
were immediately acidified after collection with 2% HNO3 to 
avoid the precipitation of Fe-As compound and were kept in dark 
brown plastic bottles.

2.7.3. Treatment with magnetite nanoparticles
The Arsenic contaminated drinking water and nanoparticle mixture 
solution were held in a slowly rotating shaker at 40 rpm speed 
for 6 hours. The mixtures following shaking were centrifuged 
for 30 minutes at 5,000 rpm. The precipitated solid samples were 
separated from supernatant and dried in vacuum desiccators. The 
dried arsenic adsorbed magnetite nanoparticles were kept in an 
airtight glass container to prevent any reaction with environment. 
The supernatant collected was filtered through 0.2 µm Cellulose 
Acetate membrane filters and the fiat 5,000 rpm. The precipitated 
solid samples were separated from supernatant and dried in 
vacuum desiccators. The dried arsenic adsorbed magnetite na 

3. RESULTS AND DISCUSSION
The iron oxide solution color was reliant on nanoparticle size and 
also specifies the chemical nature of the compound. This distinctive 
aspect is a prime quality in their chemical identification, and was 
employed in checking the compound purity [22]. The magnetite 
nanoparticles synthesized by F. oxysporum fungal biomass from 
ferric chloride and natural magnetite ore was jet black in color 
signifying it as a pure magnetite (Fig. 1). The formation of 
brownish-red products representing a mixture of iron oxides was 
the reaction end.

3.1. FTIR Spectrophotometer Analysis
The surface functional groups were characterised by Fourier 
Transform Infrared (FTIR) Spectroscopy method. The FTIR 
spectra of magnetite nanoparticles synthesized by F. oxysporum 
from FeCl2 and natural magnetite ore were shown in Figure 2. The 
presence of hydroxyl (-OH) groups in the surfaces of magnetite 

nanoparticles were identified by the absorption band at a high 
wave number region of 3,414 cm−1. The tetrahedral and octahedral 
lattice site Fe-O stretching vibration was obtained at 577 cm−1 

[23]. The presence of broad absorption bands at 1,065 and 1,007 
cm−1 indicated, respectively, the C-O and C-OH vibrations. 
A strong absorption area related to stretching and torsional 

Figure 1: Colour changes of Magnetite nanoparticles synthesized.

Figure 2: FTIR spectra of synthesized Magnetite nanoparticles.
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vibration modes of magnetite were also observed further than 
580 cm–1 and the band at 1,269 cm–1 represented the ferrophase 
complex vibrations. The deformation vibration of water molecule 
that was trapped onto the magnetite colloidal particles was seen 
at 1,633 cm–1. These values were similar to the FTIR analysis of 
chemically-produced magnetite nanoparticles [24].

3.2. UV-Vis Spectrometry
Figure 3 represents the UV-visible absorption spectra for magnetite 
nanoparticles produced by the fungal biomass of F. oxysporum. A 
surface plasmon resonance band of the magnetite nanoparticles 
around 415 nm showed a red-shift and peak broadening in the 
spectrum [25]. The reduction in intensity after the peak was caused 
by the oxidation of zero valent iron to iron oxide nanoparticles 
analogous to previous observations [26]. The reduction of FeCl3 
into Fe3O4 was denoted by the maximum SPR band located around 
420 nm.

3.3. XRD Analysis
The XRD spectral patterns of the magnetite nanoparticles were 
shown in Figure 4. The XRD spectral peaks indicated that magnetite 
nanoparticles have a spherical structure and the XRD spectrum 
has no distinctive peak for impurities [27]. The average crystals 

size of the magnetite nanoparticle synthesized by F. oxysporum 
from FeCl2 and natural magnetite ore were, respectively, 31.29 nm 
and 39.52 nm. The inverse spinel structure with a face-centered 
cubic phase of the produced magnetite nanoparticles were found 
from the relative intensity and position of the peaks in the XRD 
patterns that are analogous to the standard magnetite samples [28].

3.4. SEM Analysis
The direct observation of synthesized magnetite nanoparticles 
through high-resolution SEM revealed their size and morphology. 
The magnetite nanoparticle micrograph shown in Figure 5 clearly 
indicated that they were spherical, globular, and sometimes 
irregular in shape with a narrow size distribution in the range 
27.54 to 81.22 nm. The average particles size of the synthesized 
magnetite nanoparticles were, respectively, 46.98 and 52.49 nm 
for ferric chloride and natural magnetite ore. The sizes were 
similar to that of the Debye–Scherrer formula estimated size value 
and were also closer to those obtained chemically earlier [24].

3.5. Vibrating Sample Magnetometer (VSM) Analysis
The magnetization curve obtained by magnetometer for the 
synthesized magnetite nanoparticles were given in Figure 6. The 
saturation magnetization value of 45 emug−1 for the synthesized 

Figure 4: XRD spectra of synthesized Magnetite nanoparticles.Figure 3: UV spectra of synthesized Magnetite nanoparticles.
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magnetite nanoparticle confirmed its super paramagnetic properties 
at room temperature. This exceptional magnetic property achieved 
was almost same to that of the magnetite nanoparticles produced 

by chemical methods [24] and was vital for magnetic adsorption 
of arsenic from water.

3.6. Arsenic Removal
Based on the low average crystal size, magnetite nanoparticle 
synthesized by F. oxysporum from FeCl2 was used for the 
adsorption experiment. After adsorption experiments, the magnetite 
nanoparticles were collected and analyzed with SEM, and the 
supernatant was analyzed by Atomic Absorption Spectroscopy. 
The AAS analysis of the supernatant revealed that 91% of As (III) 
and 95.12 % As (V) were removed by the magnetite nanoparticles 
synthesized by F. oxysporum which was almost similar to the 95% 
removal by chemically synthesized magnetite nanoparticles [24]. 
The pore blockage in the SEM analysis confirmed that the space 
was filled with arsenic owing to the process of sorption (Fig. 7). 
The adsorption of arsenic by magnetite nanoparticles was clearly 
indicated in the SEM micrographs by the irregular shape and 
increased size of the magnetite nanoparticles.

4. CONCLUSION
The magnetite nanoparticles synthesized by the fungal culture of 
F. oxysporum was characterized for its physical appearance and 
magnetic properties. It was effective in removing arsenic from 
ground water as almost 95% of arsenic was adsorbed using an 
adsorbent dose of 4 gl−1 at the optimum pH of 5.5. The results 
achieved so far was worthy as it contribute much to the future 
studies in implementing these nanoparticles for the arsenic 
removal from water making it safe for drinking purpose.
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