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Adsorption of cadmium from aqueous solutions by novel Fe3O4- newly isolated
Actinomucor sp. bio-nanoadsorbent: functional group study

Ramin Masoudia, Hamid Moghimia , Ehsan Azina and Ramezan Ali Taherib

aDepartment of Microbial Biotechnology, School of Biology, College of Science, University of Tehran, Tehran, Iran; bNanobiotechnology
Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran

ABSTRACT
A novel bio-nanocomposite was prepared by the combination of fungal biomass and Fe3O4

magnetic nanoparticles. The result of XRD and EDAX analysis indicated that Fe3O4 Actinomucor sp. bio-
nanoadsorbent was prepared. Our experiments showed that the adsorption kinetics and isotherm of
this material comply with the pseudo-second-order and the Langmuir models, respectively. The max-
imum adsorption capacity (qmax) of this novel bio-nanoadsorbent was obtained as 29.49mg/g. The
thermodynamic analysis revealed that the adsorption of Cd2þ is spontaneous and exothermic. The opti-
mum temperature, initial concentration, contact time and pH for adsorption system of cadmium were
about 45 �C, 400mg/L, 120min and 7, respectively. Pretreatment of adsorbent by NaOH and SDS sig-
nificantly increased cadmium adsorption capacity. SEM images showed that Fe3O4 nanoparticles were
immobilized successfully on the fungus cell surface. Contribution of the carboxyl, hydroxyl, amine and
Fe–O functional groups of the bio-nanoadsorbent in the binding to cadmium ions was revealed by
FTIR analysis. Results from regeneration studies indicated reusability of the adsorbent up to 91%.
According to experimental results, it could be claimed that bio-nanocomposite of Fe3O4�Actinomucor
sp. is a novel efficient adsorbent for removal of metal ions from aqueous solutions, and hence it has
potential to be used in the environmental pollution cleanup programs.
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Introduction

Discharge of heavy metals into the surface and groundwaters
are increasing continuously mainly as a result of industrial
activities and technological development [1]. Heavy metals,
because of their non-degradable, persistent and accumulative
nature are toxic, exist even in trace amounts, and so when
present in natural environments, can create many environ-
mental concerns [2]. Cadmium is a metal widely used in
many industries such as cadmium plating, alkaline batteries,
copper alloys, paints and plastics [3]. Adverse health effects
of Cd2þ are well documented and it has been reported that
it can related to renal disturbances, lung insufficiency, bone
lesions, cancer and hypertension in humans. Therefore,
remediation of cadmium-contaminated wastewaters prior to
discharge, is of great importance [4]. Several methods have
been employed for Cd2þ removal from wastewater such as
chemical precipitation, adsorption, membrane filtration and
electrochemical treatment [5]. Biosorption has been found to
be superior compared to the other techniques in terms of
cost, flexibility and simplicity [6]. The potential of fungal bio-
mass as adsorbents for the removal of heavy metals and
radionuclides from polluted waters has been widely recog-
nized [7]. Recently, nanomaterials receive great attention in
removing pollutants due to their high surface to volume ratio
and the fast reaction kinetics [8,9]. Iron is one of the most

widespread and accessible elements in the earth. Synthesis
of the Fe3O4 magnetic nanoparticles is relatively inexpensive
and they can simply applied for toxic metal treatments.
Secondary contamination with these nanoparticles is negli-
gible because elemental iron is environmentally friendly and
can be used directly to contaminated sites [10]. The Fe3O4

magnetic nanoparticles are preferable to other types of nano-
particles because the magnetic behavior makes them easily
separate from wastewater [11]. In several study, Fe3O4 nano-
particles were used as the magnetic core for fabrication of
high capacity heavy metal sorbents [12,13]. However, Van der
Waals and magnetic dipole-dipole interactions force Fe3O4

nanoparticles to aggregate and cause reduction of sorption
capacity. During the last few decades, biosorption process
combined with magnetic separation and has been employed
extensively in the removal of heavy metals. Combination of
Fe3O4 nanoparticles with another sorbent such as biological
mass enhances dispersibility by modifying various functional
groups. Many functional groups on the fungal cell surface
provide the suitable environment for the assemblage and
fabrication of combinatorial bio-nanocomposite sorbent that
enhance the dispersibility of Fe3O4 nanoparticles [14].

In this study, a novel magnetic bio-nanoadsorbent (Fe3O4-
Actinomucor sp.) was synthesized to assess its potential in
removing of cadmium from contaminated aqueous solutions.
The batch sorption experiments of bio-nanocomposite and
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different pretreatments of adsorbent were investigated.
Physical characteristics and functional groups involved in
adsorption process were analyzed by SEM and FTIR, respect-
ively. The regeneration and reusability of adsorbent were also
studied. Our work introduces a novel fungal bio-nanocompo-
site with high Cd2þ adsorption capacity and potential appli-
cation in contaminated aqueous environments.

Materials and methods

Materials

The fungal strain Actinomucor sp. was provided from
Environmental Biotechnology Lab (EBL), University of Tehran.
All materials used in this study were purchased from Merck
Co. (Germany). Deionized water and Cd(NO3)2.4H2O were
used for the preparation of metal solutions. All the tests were
performed in concentration of 200mg/L Cd2þ and pH 7.
Actinomucor sp. biomass was prepared in potato dextrose
broth (PDB) culture medium containing potato infusion
(4 g/L) and dextrose (20 g/L), where initial pH was adjusted to
5.5. Iron oxide magnetic nanoparticles (Fe3O4) with purity of
98% and 20–30 nm particle size was purchased from US
NANO company (US Research Nanomaterials, Inc. USA).

Preparation of bio-nanocomposite

The growth of fungal isolate was performed in PDB flasks. A
volume of 100ml of the culture media was put in 1000ml
Erlenmeyer flask and then its pH was adjusted to 5.5. Each
flask was inoculated by 5� 106 Actinomucor sp. spores. The
inoculated flasks were incubated in shaker incubator (28 �C
and 170 rpm) over 5 days. Produced biomass was harvested
by centrifuging at 4000 rpm, then fungal biomass washed
twice by deionized water. Fe3O4 nanoparticles, before the
stabilization phase, dissolved in deionized water, and then
were treated by a Sonicator (Elma, Germany). Subsequently,
the Fe3O4 nanoparticles solutions were added to wet biomass
suspension with 1:10 ratio (dry weight), respectively.
The mixed suspensions were shaken at 170 rpm on a
rotary shaker for 2 h at 25 �C. Finally, the produced bio-
nanocomposite was dried at 60 �C for 72 h and stored for fur-
ther use.

Batch adsorption studies

The cadmium uptake kinetics, isotherm, thermodynamics and
the effect of environmental parameters including pH, metal
concentration, contact time, temperature, and different pre-
treatments of adsorbent were investigated. The Cd2þ stock
solutions with concentration of 2000mg/L were prepared by
dissolving of Cd(NO3)2.4H2O in a deionized water. The
adsorption experiments were performed in constant of the
initial concentration of 200mg/L and shaken at a constant
speed of 170 rpm. In all of the tests, a controlled experiment
without adsorbents was performed under the same experi-
mental conditions in order to omitting the effect of Erlen
walls adsorption. After adsorption, the adsorbent was

separated from aqueous solution by using a magnet and
then the equilibrium concentration of each solution was
measured by an atomic absorption spectrometer (Shimadzu
ICP-7500, Japan). In the process of all experiments, we
observed three replicates and the presented values are the
mean values from these independent replicates. The pH of all
adsorption system was adjusted by the dilute HCl or NaOH
aqueous solution (0.5M).

Adsorption capacity equation

The adsorption capacity of Cd2þ, qe (mg/g), was determined
by using the following Equation 1:

qe ¼ C0 � Ceð Þ V
W

(1)

Where C0 and Ce are the initial and equilibrium cadmium
concentration in liquid phase, (mg/L), respectively, V is the
suspension volume (L) and W is the adsorbent weight
(g) [15].

Kinetic equations

The linear expression of pseudo-first-order (Equation 2) and
pseudo-second-order (Equation 3) rate based on uptake cap-
acity is generally described in the following equations:

ln qe – qtð Þ ¼ lnqe – K1t (2)

Where qe and qt are the adsorbed amount of metal per
unit weight (mgg�1dry weight) of adsorbent at equilibrium
and at any time t (min) respectively, and k1 is the constant
rate of pseudo first-order adsorption (min) [15].

t
q
¼ 1

K2q2eq
þ 1
qeq

t (3)

Where qt is the sorbate amount on sorbent at time t
(mgg�1), k2 is the equilibrium constant rate of pseudo-
second order sorption kinetics (gmg�1min�1) and qe is the
equilibrium adsorption (mgg�1). The constants were both
determined by plotting log (qe-qt) against t and t/qt against t,
respectively [16].

Isotherm equations

Adsorption isotherms were investigated by using Langmuir
and Freundlich models. The Langmuir model is represented
by the following Equations 4 and 5:

Ce
qe

¼ 1
qmaxb

þ Ce
qmax

(4)

RL ¼ 1
1þ bC0

(5)

Where qe (mgg�1) is the amount of metal ions adsorbed
per unit mass of adsorbent, Ce is the equilibrium concentra-
tion in the solution (mg L�1), qmax is the maximum adsorp-
tion capacity (mgg�1), b denotes the Langmuir constant
(Lmg�1), C0 (mg L�1) is the initial concentration of Cd2þ, RL
is the constant separation factor [15].
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The Freundlich model is given by the following
Equation 6:

logqe ¼ logKf þ 1
n

� �
logCe (6)

Where Kf and n are the Freundlich constants and are indi-
cators of adsorption capacity and adsorption intensity,
respectively. qe is the metal adsorbed amount per unit
weight of biosorbent (mgg�1), Ce is the equilibrium metal
concentration (mg L�1) [16].

Thermodynamic equations

The change in free energy (DG), enthalpy (DH) and entropy
(DS) associated with the adsorption process were calculated
by the following Equations 7 and 8:

DG ¼ �RTLnKL (7)

ln KL ¼ �DG
RT

¼ �DH
RT

þ DS
R

(8)

Where R is the gas constant (8.314 J (mol K)�1), T is the
absolute temperature (K), KL is the Langmuir constant
(L mol�1), DH and DS could be obtained from the slope and
intercept of lnKL versus 1/T.

Characterization of the adsorbent

The physical characteristics and the functional groups
involved in cadmium adsorption were analyzed. The mor-
phologies of Actinomucor sp. and bio-nanocomposite were
characterized via scanning electron microscopy (SEM) (Zeiss,
Germany). The samples were fixed on a glass slide by 2% glu-
taraldehyde, and then it was dehydrated in ethanol solutions
(25, 50, 75, 90, 95 and 100%, once for concentrations �95%
and twice for 100% concentration). Finally, the samples were
coated with gold in a sputter and observed in SEM. To deter-
mine the main functional groups of adsorbent that contrib-
uted in the binding to cadmium, the Fourier-transform
infrared spectroscopy (Bruker, Germany) spectra from a bio-
nanocomposite-KBr pellet was recorded in the range of
400–4000 cm�1, after and before uptake of cadmium. X-ray
diffraction (XRD) was measured by X-ray diffractometer
(Philips PW1730, Netherlands) with 2h value in the range of
5–80�, at the step of size 0.05�, at 30 kV and 20mA. In add-
ition, bio-nanocomposite was characterized energy dispersive
X-ray spectroscopy (EDAX, Tescan MIRA III, Czech Republic).

Pretreatment of adsorbent

The chemical pretreatment of bio-nanoadsorbent with using
acid, base, detergent material and its physical pretreatment
by autoclave were performed in order to improve the cad-
mium adsorption capacities. The details of these pretreat-
ments were summarized in Table 1.

Regeneration studies

The regeneration study of the adsorbent was carried out in
10ml of 0.1M HNO3 with a constant temperature, while was
under shaking for 30min. At the end, the supernatants were
collected to determine the cadmium concentration by AAS-
ICP. After desorption, the bio-nanocomposite was washed
twice with deionized water and then the adsorption process
was conducted at concentration of 200mg L�1 Cd2þ.

Statistical analysis

The value in each case is the mean values from three repli-
cates, and the results presented here were analyzed by using
SPSS software version 22.

Results and discussions

Adsorption kinetics

Adsorption capacity was measured at different times. Based
on experimental data, pseudo-first-order and pseudo-second-
order kinetics plot were drawn. The kinetic data and the rate
constants describe such adsorption process, pseudo-first
model applicable only over the initial period of the sorption
process, while pseudo-second order model is generally more
appropriate to investigate the adsorption kinetic of heavy
metals. Amount of correlation coefficient (R2) and calculated
equilibrium capacities (qe,cal) demonstrated that the Cd2þ

adsorption kinetics by Fe3O4–Actinomucor sp. follow the
pseudo-second order equation. This result indicates implicitly
that both factors of the initial concentration and adsorption
sites affect on the uptake rate. However, the rate-limiting
step may be a chemical adsorption involving valence forces
through sharing or exchanging of electrons. On the other
hand, the low value of k2 (k2¼ 0.01 g mg�1min�1) suggests
that the adsorption system associated with the number of
unoccupied sites. This means that the uptake rate was
decreased with the increase in contact time. As shown in
Figure 4(b), the major adsorption occurred with 80% of max-
imum removal of cadmium during the initial 60min. The
adsorption equilibrium times was determined approximately
120min. Supposedly, the adsorption of Cd2þ by bio-nano-
composite was a two-step process: a fast interaction between
cadmium ions with surface of bio-nanoadsorbent that fol-
lowed by a slow intracellular diffusion. Xu et al (2012)
reported that Pb(II) adsorption by Fe3O4–Phanerochaete
chrysosporium bio-nanocomposite follows the pseudo-
second-order kinetic model [15]. The parameters for the
pseudo-first-order and pseudo-second-order models for the
bio-nanocomposite are presented in Table 2. Pseudo-first and

Table 1. Different physicochemical pretreatment of bio-nanocomposite.

Pretreatment type Pretreatment method Time References

Autoclave 121 �C 15min [17]
0.5N NaOH Incubation in shaker (170 rpm/25 �C) 24 h [18]
65% HNO3 Incubation in shaker (170 rpm/25 �C) 2 h [17]
10% SDS Incubation in shaker (170 rpm/25 �C) 20min [19]
50% DMSO Boiling 15min [17]
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second-order models diagram for this adsorbent is presented
in Figure 1.

Adsorption isotherms

Adsorption isotherms depict the interaction pathway of
adsorbates with adsorbents. Langmuir and Freundlich iso-
therm models were used to fit the cadmium uptake on
Fe3O4–Actinomucor sp. bio-nanoadsorbent. Freundlich iso-
therm is an empirical equation based on an exponential dis-
tribution of sorption sites and energies, while the Langmuir
model assuming that adsorption takes place at specific
homogeneous sites. Our results from isotherms studies were
performed with a range of different cadmium concentrations
from 50 to 800mg L�1, and showed that Cd2þ adsorption
comply with the Langmuir model. Langmuir isotherm usually
provides a good description of adsorption behaviour and
applied to quantify the performance of various adsorbents
[20]. The amount of RL can be as a reference to the type of
Langmuir isotherm as following: irreversible (RL¼ 0), favour-
able (0< RL< 1), linear (RL¼ 1) or unfavourable (RL> 1) [21].
Calculation of dissociation constant, RL (RL¼ 0.66–0.11) in
Langmuir equation indicated that Cd2þ uptake by adsorbent
is desirable. The Langmuir isotherm equation assuming that
adsorption takes place as monolayers, which surface hetero-
geneity of the adsorbent equally accessible. The Freundlich
constant (n) implicates that the adsorption system is favour-
able at what range of metal ions concentrations, high con-
centrations (n< 1), low concentrations (n> 1). In this study,
amount (n) of constant was lower than 1, which showed that
increase the capacity of adsorption occurred in high concen-
trations. The maximum adsorption capacity (qmax) of
bio-nanocomposite from Langmuir isotherm model was
determined as 29.49mgg�1. Moreover, the maximum Cd2þ

uptake by dried fungal biomass was 24.09mg/g. The results
demonstrated that the immobilization of iron oxide

nanoparticles on Actinomucor sp. biomass increased the Cd2þ

adsorption capacity up to 22.4%. It is worth noting that
attachment of Fe3O4 nanoparticles on Actinomucor sp. surface
increased adsorbent potential surface for binding to metal
ions. In addition, this immobilization process increased signifi-
cantly affinity of functional groups to the cadmium. Thus,
this bio-nanoadsorbent can be used as an effective adsorbent
for removal of metal ions from contaminated wastewater.
Ding et al. (2015) reported that the Fe3O4 immobilization on
the surface of Penicillium sp. increased the uptake capacity of
radioactive ions approximately 10%. Moreover, Fe3O4 immo-
bilization led to easy separation of bio-nanocomposite from
contaminated wastewater [22]. Comparison between the
maximum cadmium adsorption capacities (qmax) of
Fe3O4–Actinomucor sp. bio-nanoadsorbent with other various
adsorbents revealed that this bio-nanocomposite is an
adsorbent with high performance in the removal of Cd2þ

(Table 3). Langmuir and Freundlich models’ parameters for
the adsorbent are presented in Table 4. Langmuir and
Freundlich plots for this adsorbent are presented in Figure 2.

Thermodynamic analysis

The temperature is one of the main factors in adsorption pro-
cess. Adsorption capacity was assessed at different tempera-
tures. DH and DS were calculated based on experimental
data. The sorption capacity of Fe3O4–Actinomucor sp. was
promoted with increasing temperature from 298 K to 328 K. A
possible explanation for this observation is that increasing of
temperature favours the dehydration of Cd2þ ions and ultim-
ately the adsorption process too. The results suggest that the
Cd2þ adsorption is an exothermic process, so by this way
reduce entropy. Moreover, the decrease of DG with increas-
ing temperature demonstrated that the adsorption of Cd2þ

ions is more favourable at higher temperature [35].
Theoretically, the reaction can be spontaneous in a range of

Table 2. Kinetics constants for the adsorption of Cd2þ by bio-nanoadsorbent.

Kinetic models Pseudo-first-order Pseudo-second-order

Cons. K1(min�1) qe(cal)
(mg/g)

R2 K2(g/mg.min) qe(cal)
(mg/g)

R2 qe (exp)
(mg/g)

Amounts 0.011 5.18 0.9429 0.01 16.8 0.9988 16.4

Figure 1. Pseudo-first-order (a) and pseudo-second order (b) kinetic plots (Cd2þ concentration 200mg/L; temperature 298 K; times 2, 5, 15, 30, 60, 120, 240min;
adsorbent dose 5 g/L and pH 7).
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temperature while non-spontaneous in another range of tem-
perature. In our study, based on the changes of free energy
(DG) versus temperature (T), the cadmium uptake reaction in
the range of 298–328 (K) was spontaneous [36]. The positive
DS value and the negative DH value confirmed the presence
of interactions between the bio-nanocomposite and cad-
mium ions [37]. In explanation of the observed trend, it could
be said that the binding of cadmium ions to the functional
groups led to the release of heat (�DH) and a decrease in
the irregularities of adsorption system (þDS). Various
amounts of thermodynamic parameters are presented in
Table 5, and Plot of equilibrium constant (lnKL) versus (1/T)
and free energy DG is presented in Figure 3.

Effect of environmental parameters

The surface characteristics of the adsorbent and the adsorp-
tion rate are mainly controlled by the pH of medium, metal
concentration, contact time and temperature. Therefore, here
we studied the effect of environmental factors on the adsorp-
tion capacity of the bio-nanocomposite.

Effect of initial concentration and contact time

Increasing the initial concentration of cadmium ion enhance
collision rate in uptake sites. In addition, it may also occur
due to the cadmiums success in the competition with the
proton ions in binding to adsorption sites [27]. Our results
showed that increasing the initial cadmium concentration
from 50mg L�1 to 800mg L�1 enhanced uptake capacity
from 8.6mgg�1 to 27.3mgg�1. Also, saturation range of
adsorbent was determined about 400mg L�1 (Figure 4(a)).
This increase could be due to an increase in initial concentra-
tions of Cd2þ that led to the higher driving force for the ions
from the solution to the adsorbents. In addition, the electro-
static interactions and affinity of sorption sites for cadmium
enhanced in high concentration states [38].

Adsorption efficiency raised with increasing of contact
time and whatever the arrival time to the point of equilib-
rium in the adsorption process is less adsorbent will be
applied in practical [39]. Plot of adsorption capacity indicated
that 80% of the maximum adsorption capacity (qmax) takes
place in the initial 30min and also the Cd2þ uptake

Table 3. Adsorption capacities of Cd2þ by different adsorbents.

Adsorbents
Absorption capacity
of Cd2þ qmax (mg/g) Reference

Peat 22.5 [23]
Hazelnut- shells 5.42 [24]
Bamboo- charcoal 12.08 [25]
Sugarcane- bagasse 2 [26]
Orange peel 35.71 [27]
Bacillus circulans 26.5 [28]
Spirogyra insignis 22.9 [29]
Aspergillus niger 1.31 [30]
Mucor rouxii 20.31 [17]
Penicillium simplicissium 52.5 [31]
Penicillium chrysogenum 21.5 [32]
Saccharomyces cerevisiae 35.5 [33]
Fe3O4-Orange peel 71.43 [27]
Fe3O4-bacterial cellulose 27.97 [34]
Fe3O4 nanoparticle 18.76 This study
Actinomucor sp. 24.09 This study
Fe3O4-Actinomucor sp. 29.49 This study

Table 4. Isotherm parameter for the bio-nanoadsorbents.

Isotherm
models

Langmuir Freundlich

Cons. R2 b (L/mg) qmax(mg/g) RL R2 KF(L/g) n

Amounts 0.9853 0.01 29.49 0.66–0.11 0.9436 4.64 0.4

Figure 2. Langmuir (a) and Freundlich (b) plots for the adsorption of Cd2þ onto bio-nanoadsorbents (Cd2þ concentrations 50, 100, 200, 400, 800mg/L; temperature
298 K; time 120min; adsorbent dose 5 g/L and pH 7).

Table 5. Thermodynamic parameters for Cd2þ adsorption on bio-
nanocomposite.

Temperature (K) DG (kJ mol�1) DH (kJ mol�1) DS (kJ mol�1k�1) R2

298 5.450 �6.9 4.78 0.98
308 5.428
318 5.314
328 5.344

S1096 R. MASOUDI ET AL.



equilibrium time by bio-nanosorbent was measured to be
120min (Figure 4(b)).

Effect of pH and temperature

The pH is an important factor that effects on the adsorbent
surface charge. In the present study, uptake capacity of the
bio-nanocomposite enhanced from 6.76mgg�1 to 18.3mgg�1

with increasing of pH from 2 to 8 (Figure 4(c)). The maximum
adsorption of cadmium on the bio-nanocomposite observed

at around pH 8. An explanation for the increase in adsorption
capacity is that adsorbents are positively charged at acidic pH
due to hydrogen ions and also Hþ ions in acidic pH compete
with cadmium ions in connection to adsorption sites [40].
Moreover, pH zero point charges (pHzpc) is an important factor
associated with adsorbent chemical structure [41]. Increase of
pH higher than 8 led to precipitate of cadmium ion because
of formation the high concentrations of hydroxide OH� ions in
the aqueous solution.

Increase in temperature enhance the adsorption coeffi-
cient of ions adsorbed to adsorption sites and enhance the

Figure 3. Plots of ln KL versus 1/T (a) and free energy DG (b) (Cd2þ concentration 200mg/L; temperatures 298 308 318,328 K; time 120min; adsorbent dose 5 g/L
and pH 7).

Figure 4. Effect of environmental parameters: (a): initial Cd2þ concentration (Cd2þ concentrations 50, 100, 200, 400, 800mg/L; temperature 298 K; time 120min;
adsorbent dose 5 g/L and pH 7). (b): contact time (Cd2þ concentration 200mg/L; temperature 298 K; times 2, 5, 15, 30, 60, 120, 240min; adsorbent dose 5 g/L and
pH 7). (c): temperature (Cd2þ concentration 200mg/L; temperatures 298 308 318,328 K; time 120min; adsorbent dose 5 g/L and pH 7). (d): pH (Cd2þ concentration
200mg/L; temperature 298 K; time 120min; adsorbent dose 5 g/L and pH range 2 to 8).
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mass transfer process. In this study, rising temperatures from
298 K to 328 K enhance the adsorption capacity to amount of
2.28mg/g (Figure 4(d)). The increase in the uptake capacity
could be due to enhancement of ion exchange and a change
of diffusion mechanism in adsorbent structure. Therefore, it
can be supposed that rise in the temperature of the aqueous
solution led to structural changes of bio-nanoadsorbent.

Pretreatment of bio-nanocomposite

Pretreatment of adsorbent is also commonly used in releas-
ing of the attachment sites to increase the uptake capacity of

metal ions. Pretreatment of adsorbent by NaOH and SDS
increased Cd2þ adsorption capacity up to 100% and 27%,
respectively. The observations of the present study support
the idea that the NaOH pretreatment could rupture the cell
wall and releasing of polymers such as polysaccharides is
associated with enhancement of adsorption sites. In addition,
SDS pre-treatment can lead to an increment in reactive sites
and alkali-based agents can increase the negative charge of
adsorbent surface [19,42]. However, using of DMSO and
HNO3 reduced the uptake capacity to amount of 36% and
60%, respectively. It may also occur due to the binding of Hþ

ions on the active sites present on cell wall leading to reduc-
tion levels of cadmium adsorption at low pH [43]. In other
hands, DMSO could also occupy functional groups [44].
Adsorbent pretreatment by autoclaving decreased uptake
capacity slightly. The pretreatment data showed that NaOH is
the best agent for pretreatment of bio-nanoadsorbent.
Diagram of pretreatment effect on the adsorption capacity is
presented in Figure 5.

SEM analysis

The morphologies of Actinomucor sp. and bio-nanocomposite
were characterized by Scanning Electron Microscopy (SEM).
SEM images indicated that Fe3O4 nanoparticles stabilized on
the surface of Actinomucor sp. biomass (Figure 6). Moreover,
as shown in Figure 6(c), Fe3O4 nanoparticles with a uniform
distribution adhered on the fungal cell wall. This uniform dis-
tribution confirmed the used immobilization method. As
shown in Figure 6(c and d), the successful binding of Fe3O4

Figure 5. Plot of pretreatment effect on the absorption capacity of Cd2þ (Cd2þ

concentration 200mg/L; temperature 298 K; time 120min; adsorbent dose 5 g/L
and pH 7).

Figure 6. SEM images of pure Fe3O4 (a), fungus of Actinomucor sp. (b), Actinomucor sp. combined with Fe3O4 (bio-nanocomposite) (c) and (d).
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to the fungal cell wall prevented self-assemble process of
Fe3O4 nanoparticles [23].

FTIR analysis

Analyzing of the spectra vibration and spectra of the adsorb-
ent in the range of 4000–400 cm�1 were employed for identi-
fication of the main functional groups of adsorbents
involving in Cd2þ uptake. The FTIR spectrum of bio-nanoad-
sorbent showed bands shift at 3434.24 cm�1 (O–H and N–H
stretching), at 1385.15 cm�1 (C–O stretching) and at
580.65 cm�1 (Fe–O stretching) (Figure 7). These results indi-
cated that carboxyl, hydroxyl, amine and Fe–O functional
groups are involved in cadmium ions chelation. The most
remarkable bands shift was at 1385.15 cm�1 representing
C–O groups, this observation suggest that the fundamental
role of carboxyl active groups in interaction with cadmium
ions. Moreover, the cell walls biopolymers such as chitin
involved in covalent and electrostatic interaction with Cd2þ

ions. The amine and hydroxyl groups on the chitin and chito-
san structures act as active site for cadmium ions. On the
other hand, carboxyl and hydroxyl groups of the chitin create
a negative charge in the fungal cell wall. Based on this data
it can be claimed that Cd2þ was not only attached on the
functional groups of Actinomucor sp., but also bonded
with Fe–O groups of bio-nanocomposite. The evidences from
FTIR spectrum and isotherm data supported this fact that the
dispersion of Fe3O4 nanoparticles were efficient in the
reforming of Actinomucor sp. structure. As a result, the immo-
bilization of Fe–O groups on the binding sites of Actinomucor
sp. led to increase negative charge of cadmium ion on the
surface of the bio-nanocomposite. Thus, participation of Fe–O

groups in adsorption process enhanced intracellular accumu-
lation [45].

XRD and EDAX analysis

The result of XRD analysis indicated that Fe3O4 Actinomucor
sp. bio-nanoadsorbent was prepared properly. As previously
reported the broad peak around 2h¼ 20 may be related to
the amorphous nature of the fungi [22]. Adsorption of nano-
particles on fungal biomass was confirmed by Sharp peaks
on nanobioadsorbent (Figure 8(a)). To confirm XRD analysis
results and study atomic distribution of the nanobioadsorb-
ent, EDAX mapping was performed. EDAX elemental map-
ping images (Figure 8(c–h)) shows the peaks corresponding
to C, N, P, S and Fe, indicating the adsorption of Fe3O4 nano-
particles in fungal biomass.

Regeneration studies

Regeneration of adsorbent is an important characteristic in
industrial processes. Hþ would compete with Cd2þ for bind-
ing to the adsorption sites of the bio-nanoadsorbent that
result in release of adsorption sites [46]. Adsorption-desorp-
tion cycles of the bio-nanocomposite were repeated three
times, in order to desorption of cadmium we used 0.1M
HNO3. The experimental results showed that the adsorbent
was regenerated up to 91%. Therefore, this trend suggests
that the bio-nanosorbent could be effectively stable and
reusable, such a feature was appropriate for economic appli-
cation of this adsorbent in metal-contaminated
water treatment.

Figure 7. FT-IR spectra of bio-nanocomposite before and after adsorption of Cd2þ.
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Conclusions

In this study, Fe3O4 was immobilized on Actinomucor sp. to pre-
pare a fungus-Fe3O4 bio-nanocomposite. The maximum adsorp-
tion (qmax) was determined to amount of 29.49mg/g. Kinetic
studies indicated that Cd2þ uptake by bio-nanosorbent fits
pseudo-second-order model. Based on experimental data, the
optimum temperature 45 �C, initial concentration 400mg/L,
contact time 120min and pH 8 were determined. The pretreat-
ment results showed that adsorption capacity increased to
approximately 100%. SEM images demonstrated that iron oxide
nanoparticles bind to different spots on the fungal cell wall.
The FTIR analysis indicated that bio-nanocomposite functional
groups such as carboxyl, hydroxyl, amine and Fe–O are involved
in cadmium ions chelation. The regeneration studies showed
that bio-nanosorbent is reusable to 91%. Based on the
results, it can be concluded that the Fe3O4–Actinomucor sp. bio-
nanocomposite is an efficient adsorbent for Cd2þ removal from
contaminated aqueous solutions.
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