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ABSTRACT

The development of nuclear science and technology, especially the wide applications of
nuclear power, poses a major environmental threat that needs to be remediated. The present
study reports the ability of live and dead mycelia of Ganoderma lucidum to remove Zr(IV)
ions from aqueous solutions in batch system. The biosorption characteristics of G. lucidum for
Zr(IV) ions were evaluated as a function of medium pH, biomass dosage, contact time, initial
zirconium concentration and temperature. Maximum zirconium uptake (142.5mg/g) was
observed at pH 3.5. Increase in biomass dosage did not increase the biosorption capacity.
The zirconium biosorption was rapid, with more than 74% of the total biosorption taking
place within 15min and equilibrium was attained after 240min. The Zr(IV) biosorption pro-
cess could be well defined by the Langmuir isotherm. The kinetic data fitted the pseudo-sec-
ond-order kinetic model. A dilute solution of sulphuric acid (0.1N) was found to be the
most effective desorbing agent with a metal recovery up to 91.82%. Bioremediation of zirco-
nium with live mycelia of G. lucidum was also investigated as a function of biomass dosage,
initial zirconium concentration, contact time and temperature. The results revealed that all
the studied parameters affected the bioremediation process. Fourier-Transform Infra-red
Spectroscopy analysis of biomass showed the involvement of –OH, –NH2 and –COOH as
major functional groups involved in the sequestering of zirconium ions from aqueous
solution. The study suggests that G. lucidum biomass could be used for treating water
containing zirconium ions.
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1. Introduction

Industrial and mining activities are important for
economic development, especially in developing
countries. The presence of heavy metals in the envi-
ronment has been a matter of major concern because
of their toxicity to human and aquatic life. Toxic

heavy metal ions get introduced to the aquatic
environment and soils by means of various industrial
activities viz. mining, alloy making, electroplating,
tanneries, batteries, fertilizers industries, paper indus-
tries, pesticides, etc. and pose a serious threat to aqua-
tic environment as well as human beings. Heavy
metal remediation of aqueous systems is of special
concern due to recalcitrance and persistency of heavy
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metal ions in environment [1,2]. Such industries due
to low returns constraint themselves from investing in
the area of effluent treatments.

Zirconium (Zr) is one the abundant elements
which is widely distributed in the earth’s crust.
Mostly, zirconium is used in the form of different
compounds for the ceramic industry, refractories,
glazes, enamels and foundry mold. Moreover, it is
also used for shielding uranium fuel elements for
nuclear energy applications [3]. Naturally occurring
isotopes of Zr are not radioactive and some isotopes
produced during uranium fission (e.g. Zr93 and Zr95)
are radioactive and pose threat to environment.
Superior mechanical, chemical, electrical, thermal and
optical properties are reasons behind recent increase
in a wide use of zirconium chemicals in high-technol-
ogy materials for scientific and multi-industrial
applications.

Development of suitable methods for cleaning up
contaminated environments continues to be an impor-
tant topic for environmental restoration and protec-
tion. In many developing countries, the removal of
heavy metal ions is performed mainly through the use
of physicochemical processes, which are very expen-
sive and require large amounts of energy and special-
ized equipment [4–6]. The overall situation has
become even more critical in developing countries,
where legislation tends to be weak and water treat-
ment facilities are poor. As a result, it has become crit-
ical to search for new techniques to reduce heavy
metal concentrations to acceptable environmental lev-
els at manageable costs, in order to protect human
health [7,8]. Some micro-organism-based bioremedia-
tion techniques have been developed to exploit the
potential of certain micro-organisms to degrade and
detoxify particular contaminants [9–12]. Various types
of biological processes particularly biosorption, biore-
mediation and bioaccumulation using natural and
environmentally safe/compatible materials are gaining
importance for the removal of heavy metals from haz-
ardous wastewater streams [13,14]. These biological
systems are less affected by environmental extremes
than physicochemical methods, and they also have the
perceived advantage of being more cost-effective.

Plants and micro-organisms have special focus due
to their ability to resist, detoxify and adsorb metals
from environments [15–19]. Micro-organisms are pre-
ferred sometime over plant biomass as laboratory cul-
ture techniques can provide their sufficient quantities
all around the year. To decontaminate the natural
environments from heavy metals and to stop the fur-
ther entry of these toxic metals into food chain, the
need of the day is the development of efficient biosor-
bents and effective biosorption/bioremediation

systems in an economically feasible way [20]. Systems
making use of both dead and living cells are in use.

The objective of the present work is to investigate
the bioremediation potential of live and dead mycelia
of Ganoderma lucidum (white-rot-fungus) in the
removal of zirconium from aqueous solution under
various conditions of pH, biosorbent dose, initial
metal ion concentration, contact time, temperature
and co-metal ions.

2. Materials and methods

2.1. Reagents

All the chemicals used in the present study were
of analytical grade and mainly purchased from
Sigma–Aldrich Chemical Co., USA.

2.2. Micro-organism used and biomass preparation

G. lucidum biomass used this work was collected
from Changa Manga Forest-Punjab, Pakistan. Fungal
mycelia were collected in test tubes and were care-
fully transported to the laboratory. Identification of
mycelia was carried out in the Mushroom Laboratory,
Institute of Horticultural Sciences, University of
Agriculture, Faisalabad, Pakistan. This fungus was
maintained for further part of study by subculturing
on potato dextrose agar slants. Fungus slants were
incubated at 28 ± 1�C for a period of 3 days. The inoc-
ulum development was carried out by transferring
spores of G. Lucidum in 500ml Erlenmeyer flasks
containing 150ml of the Vogel’s medium. The
medium was autoclaved for 15min (15 lbs, 121�C) and
cooled before transferring spores. The composition of
the inoculum medium is given in Table 1. The pH of
the medium was adjusted to 4.5 using 1M HCl/1M

Table 1
Composition of inoculum media for G. lucidum growth

Ingredients Quantity/L

Glucose 20 g

Thiamine 0.001 g

10% Tween-80 10ml

Trace element solution 10ml

100mM veratryl alcohol 10ml

Ammonium tartarate 0.22 g

KH2PO4 0.21 g

Chloramphenicol 1ml

MgSO4·7H2O 0.05 g

CaCl2·2H2O 0.01 g

196 A. Hanif et al. / Desalination and Water Treatment 53 (2015) 195–205



NaOH. Afterwards, these flasks were placed on a
shaking incubator at 120 rpm at 30�C for 3–4 days.
Homogenous spore suspensions were obtained after
incubation period. Biomass spores were separated
from liquid phase using Whatman filter paper No. 42.
Harvested biomass was extensively washed using
double distilled water (DDW) to remove medium
remnants [11]. Live mycelia were used for bioremedia-
tion study. For biosorption study, the spores were
heat-killed at 60�C for 72 h. The biomass was dried in
an oven at 70�C for overnight to a constant weight.
This dried biomass was used in the biosorption
experiments.

2.3. Immobilization of fungal biomass

The immobilization of G. lucidum basidiospores via
encapsulation was carried out as follows: 2 g of Na-
alginate was dissolved per 100ml of warm DDW. The
solution was heated on an electric plate (if needed) to
dissolve remaining Na-alginate. Afterwards, a homo-
geneous solution was obtained. This solution was then
mixed with 10ml of the fungal spore suspension
(�1� 109 basidiosporeml�1). The mixture was taken in
a burette with a stopper. The mixture was introduced
into a solution containing 0.10M CaCl2·2H2O and the
solution was stirred to prevent aggregation of the fun-
gal spores-entrapped Ca-alginate beads. The fungal
spore-entrapped beads (4mm) were washed twice
with 200ml sterile distilled water. The obtained beads
were washed extensively using sterilized distilled
water. For bioremediation studies, the beads (10 g)
containing immobilized spores were transferred to the
100ml of growth medium taken in a 250ml conical
flask. The incubation temperature, shaking speed and
incubation periods were 30�C, 150 rpm and 3days,
respectively. The mycelia growth in/on the beads was
followed using a microscope during the incubation
period. After completion of incubation period, the
beads were separated from liquid medium by filtra-
tion and washed thrice using DDW. To determine dry
weights of the microbial growth after immobilization,
beads were dried overnight at 80�C in an electric
oven [11].

2.4. Zirconium solutions

The stock zirconium solution (1,000mg/l) was pre-
pared by dissolving 3.53 g of zirconyl oxychloride
(ZrOCl2·8H2O) in 100ml of deionized distilled water
and diluting quantitatively to 1,000ml using DDW.
Zirconium solutions of different concentrations were
prepared by sufficient dilution of the stock solution
with DDW.

2.5. Analytical measurements

The concentration of zirconium in the solution was
determined by colorimetric method based on the
reaction of zirconium with xylenol orange. A solution
of xylenol orange (0.05%) was prepared by dissolving
the dry powder in 0.6N HCl. This reagent was added
in the ratio of 2:23 (v/v) to sample solution containing
up to 50 lg of zirconium/25ml of final volume. The
solutions were mixed and allowed to stand for
approximately 10–15min. Then, optical density of the
solution was measured at 535 nm using 1 cm cell
against the reagent blank. Concentration of zirconium
present in unknown sample was calculated from this
standard curve [10].

2.6. Batch biosorption studies

For biosorption studies, G. lucidum was heat-killed
at 70˚C for 72 h before its immobilization. Dried
biomass was ground into powder form and sieved to
obtain a uniform particle size of <0.255mm. The immo-
bilization of dead biomass was carried out as described
in the above section. In all sets of experiments, fixed
volume of zirconium solution (100ml) was thoroughly
mixed with known amount of immobilized biosorbent
at 30�C with shaking speed of 100 rpm for a definite
period. The experiments were conducted with control
samples (containing metal ion solution in the absence
of biomass) to evaluate the influence of pH (1–4),
biosorbent dose (0.05–0.3 g/100ml), initial metal ion
concentration (25–400mg/l), contact time (0–240min)
and temperature (30–70�C). The flasks were kept on a
rotating shaker with constant shaking. At the end of
the experiment, the flasks were removed from the
shaker and the solutions were separated from the
biomass by filtration through filter paper (Whatman
No. 40, ashless). The concentration of zirconium in the
solutions before and after the equilibrium was
determined by colorimetric method as described
earlier.

The amount of metal ions adsorbed per unit mass
of fungus-immobilized alginate preparations (mg
metal ions/g dry beads) was calculated by the simple
concentration difference method [21] using the follow-
ing expression:

q ¼ ðCi � CeÞV=W ð1Þ

where q is the amount of metal ions adsorbed onto
the unit mass of the adsorbent (mg/g); Ci and Ce are
the concentrations of the metal ions before and after
biosorption (mg/l), respectively; V is the volume of
the aqueous phase (L); and W is the amount of the
adsorbent (g).
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2.7. Bioremediation studies

In case of bioremediation studies, live immobilized
mycelia of G. lucidum were used. The operational
parameters under study were biosorbent dose
(0.05–0.3 g/100ml), initial metal ion concentration
(25–400mg/l), time (0–240min) and temperature
(30–45�C). The pH of the medium was fixed at 4.5 using
HCl or NaOH.

2.8. Desorption study

In order to determine the reusability of the algi-
nate beads and immobilized fungal preparations, con-
secutive adsorption–desorption cycle was conducted
by using the same biosorbent. Desorption of metal
ions was performed by 0.1M hydrochloric acid, sul-
phuric acid, nitric acid, acetic acid and EDTA solu-
tions. The immobilized fungal biomass preparations
loaded with metal ions were placed in the desorption
medium and stirred at 100 rpm for 24 h at 30�C. The
final metal ion concentrations in the aqueous phase
were determined by the colorimetric method as
described above. Desorption ratio was calculated from
the amount of metal ions adsorbed on the immobi-
lized biomass and the final metal ion concentration in
the desorption medium. Percent desorption was
calculated from the following equation:

% Desorption ¼ ðAmount of metal ions desorbed=

Amount of metal ions adsorbedÞ � 100

2.9. FT-IR analysis

Fourier-transform infra-red spectroscopy (FT-IR)
(IR Perkin–Elmer 1600 spectrometer) analysis of
selected fungal biomass was carried out to determine
chemical functional groups, responsible for the sorp-
tion of zirconium ions. IR data were observed over
400–4,000 cm�1 by preparing KBr disks of sorbent
material and spectrum was recorded.

2.10. Statistical analysis

All data represent the mean of three independent
experiments. The results are presented as mean± SD
values. The statistical analysis was done using the
Microsoft Excel 2004, Version Office XP.

3. Results and discussion

3.1. Batch biosorption studies

Batch biosorption study for the removal of
zirconium from a simulated solution was carried out

using immobilized dead mycelia of G. lucidum. The
effect of medium pH, biosorbent concentration, zirco-
nium concentration and contact time was investigated.
The results are discussed as follows:

3.2. Effect of solution pH on zirconium biosorption

The effect of solution pH on the biosorption of
Zr(IV) using dead mycelia of G. lucidum was investi-
gated by varying the pH of the solution and the results
are shown in Fig. 1. The biosorption capacity of fungal
biomass was strongly affected by the initial pH of the
aqueous metal solution. It was found to increase with
pH, exhibiting maxima of 142.5mg/g at pH 3.5. The
higher pH values were not examined because of the
precipitation of zirconium at pH>3.5 [22]. At lower
pH, protonation of functional groups takes place
resulting in net positive charge on the surface of
biosorbent. With the increase in solution pH,
de-protonation of functional groups takes place result-
ing in net negative charge on the surface of biosorbent.
The decrease in biosorption capacity at low pH could
be due to increase in H+ and H3O

+ ions which com-
petes with Zr (IV) ions for binding sites on the surface
of fungal biomass. Therefore, further experiments were
carried out with an initial pH value of 3.5 since insolu-
ble zirconium hydroxide starts precipitating from solu-
tions at higher pH values, making true sorption
studies impossible. The dependency of metal uptake
by biosorbent is correlated well in past with solution
pH, as the ionization and protonation of functional
groups present on or inside cell surface depend upon
pH. Secondly, metal solubility is also pH-dependent
phenomenon. Akhtar et al. [10] studied the biosorption
of zirconium by Candida tropicalis and observed maxi-
mum biosorption at pH 3.5. Similarly, maximum

Fig. 1. Effect of pH on the uptake of Zr using G. lucidum
dead cells.
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adsorption of Zr(IV) by Platanus orientalis tree leaves
was also recorded at pH 3.0 [23].

3.3. Effect of biosorbent dose on zirconium biosorption

Biosorbent dose has a predominant effect on metal
uptake capacity of biosorbent. It determines the
sorbate–sorbent equilibrium of the system. Moreover,
it determines the number of binding sites available for
adsorption [2]. Effect of biosorbent dose on zirconium
uptake capacity of biomass was checked by increasing
biomass dose from 0.025 to 0.3 g/100ml (Fig. 2). The
results reveal that biosorption capacity of fungal
biomass first increased and then decreased with an
increase in biomass dose. Maximum biosorption
capacity (143mg/g) was observed at biomass
concentration of 0.05 g/100ml. The q for the biomass
concentration of 0.1 g/100ml was 102.3mg/g. On fur-
ther increasing the biomass concentration, the
decrease in q did not steep. An increase in the bio-
mass concentration generally increases the amount of
solute biosorbed due to increased surface area of the
biosorbent which in turn increases the number of
binding sites [24]. On the other hand, the quantity of
biosorbed solute per unit weight of biosorbent
decreases with increasing biosorbent concentration
which might be due to the interference between bind-
ing sites/aggregation of particles of biomass that
would result in a low metal ions uptake [25]. Similar
trend for q value has been reported during the
biosorption of zirconium by C. tropicalis biomass [10].

3.4. Effect of contact time and kinetic modelling

The proper selection of equilibrium time for
adsorption process is a crucial parameter for practical
applications of biosorption studies. The effect of
contact time on the uptake of zirconium by
immobilized dead biomass of G. lucidum was studied

from 0 to 300min at various time intervals. The results
show that zirconium biosorption by immobilized dead
biomass of G. lucidum can be easily divided into two
steps: first rapid step up to 15min followed by a slow
adsorption phase until equilibrium point was
achieved after 240min (4 h). Almost 74% adsorption
sites of biomass were occupied in the first 15min.
Maximum biosorption capacity (143.9mg/g) was
observed after 240min. This is due to the fact that in
the initial stages of adsorption process, large number
of binding sites is available on the surface of biosor-
bent, which leads to rapid attachment of adsorbate on
the adsorbent. With the progress of biosorption pro-
cess, the binding sites become occupied and lesser
sites are available for the adsorption of adsorbate,
which results in slow rate of biosorption process at
later stages. There are several parameters that deter-
mine the adsorption rate such as the agitation speed
of the medium, structural properties of the biosorbent,
amount of biosorbent, properties of the ion under
study, initial concentration of metal ions and, of
course, existence of other metal ions, which may com-
pete with the ionic species of interest for the active
biosorption sites [26]. The optimum contact time
selected was 240min for subsequent studies. An equi-
librium time of 24 and 48 h has been reported during
the removal of zirconium by C. tropicalis for 1.0 and
1.5 g/l of biomass concentration [10].

Kinetic modelling of the experimental data was
done using Lagergren pseudo-first-order (Lagergren,
1898) and pseudo-second-order model [27] kinetic
models to interpret the experimental data, assuming
that measured concentrations are equal to cell surface
concentrations. The pseudo-first-order Lagergren
model is generally expressed as:

log ðqe � qtÞ ¼ log qe � K1:t=2:303 ð3Þ

where qe (mg/g) and q are the amounts of adsorbed
metal ions on the biosorbent at the equilibrium and at
any time t, respectively; and k1,ads is the Lagergren
rate constant of the first-order biosorption. Plot of log
(qe�q) vs. t gave a straight line.

The pseudo-second-order model is based on the
assumption that biosorption follows a second-order
mechanism. So, the rate of occupation of adsorption
sites is proportional to the square of the number of
unoccupied sites:

t=q ¼ 1=K2;ads q
2
e þ t=qe ð4Þ

where k2,ads is the rate constant of second-order
biosorption (g/mgmin). Plot of t/q vs. t gave a linearFig. 2. Effect of biomass concentration on the uptake of Zr

using G. lucidum dead cells.
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relationship. The values of k2 and qe were obtained
from the intercept and slope, respectively. Table 2
compares the values of qe obtained from pseudo-first-
order and pseudo-second-order plots with the experi-
mental values for zirconium biosorption. The value of
qe obtained from pseudo-second-order model
(135.13mg/g) was close to the experimental value
(143.9mg/g) whereas the value calculated from
pseudo-first-order kinetic was low as compared to the
experimental value. Thus, zirconium biosorption by
immobilized G. lucidum dead biomass followed the
pseudo-second-order kinetics. Akhtar et al. [10]
reported that zirconium biosorption by C. tropicalis
followed the pseudo-first-order kinetics at low
biomass concentration that changes to second-order
kinetics at higher concentration of biomass.

3.5. Effect of initial metal ion concentration and
equilibrium modelling

The effect of initial concentration of zirconium
on its biosorption by immobilized dead biomass of
G. lucidum was studied by shaking 0.05 g of biomass
with 100ml of zirconium solution having concentration
from 25 to 400mg/l. The results reveal that the metal
uptake capacity of biomass increased with an increase
in metal ion concentration from 25 to 200mg/l. The
maximum uptake capacity (186.5mg/g) was observed
when the initial zirconium concentration was 200mg/l
(Fig. 3). This might be due to the saturation of adsorp-
tion sites and increase in the number of ions competing
for the available vacant sites on the biomass for com-
plexation of zirconium at higher concentration [28].
Once the binding sites present on the biomass got satu-
rated with the zirconium, the availability of binding
sites for zirconium decreased. This could explain why
the initial phase was fast and then slowed down as the
saturation was achieved. The amount of zirconium
taken up by C. tropicalis biomass also increased with an
increase in zirconium concentration from 50 to 200mg/
l [10].

The equilibrium modelling of the data was done
using commonly applied Langmuir and Freundlich
adsorption isotherms. When an isotherm is plotted
using the data at equilibrium of the experimental

system, it gives valuable information that is useful for
the selection of the biosorbent. Modelling also facili-
tates the evaluation of feasibility of the adsorption
process for a given application. Langmuir parameters
were determined for zirconium biosorption from a
linearized form of Eq. (4), represented by

Ce=qe ¼ 1=qmaxKL þ Ce=qmax ð5Þ

where qmax is the maximum amount of metal ions per
unit mass of biosorbent to form a complete monolayer
on the surface. The qe represents the practical limiting
biosorption capacity when the surface is fully covered
with metal ions and allows the comparison of
adsorption performance, particularly in the cases
where the adsorbent did not reach its full saturation
in experiments [29] and KL the ratio of adsorption/
desorption rates related to energy of adsorption. The
plot of Ce/qe vs. Ce was employed to generate the
intercept of 1/(qmaxKL) and the slope of 1/qmax.

The linear form of the Freundlich isotherm is as
follows:

log qe ¼ 1=n log Ce þ log K ð6Þ

where qe is the equilibrium metal biosorption capacity
(mg/g), Ce is the equilibrium concentration of metal

Table 2
A comparison between pseudo-first-order and pseudo-second-order kinetic models for the removal of zirconium by
immobilized dead mycelia of G. lucidum

Experimental, qe (mg/g) Pseudo-first-order Pseudo-second-order

qe (mg/g) k1,ads (min�1) R2 qe (mg/g) k2,ads (g/mgmin) R2

143.9 40.55 6.90� 10�3 0.969 135.1 1.11� 10�3 0.998

Fig. 3. Effect of initial metal concentration on the uptake of
Zr using G. lucidum dead cells.
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ion solution (mg/l), K and 1/n are constants. Freund-
lich constant K is a measure of adsorption capacity
and 1/n the adsorption intensity. These were calcu-
lated from intercept and slope of the straight line
(obtained by plotting log qe vs. log Ce), respectively.

The Langmuir and Freundlich biosorption
parameters for zirconium biosorption by immobilized
G. lucidum dead biomass are given in Table 3. The
metal loading capacity (qmax) was calculated from the
slope of the plot Ce/qe vs. Ce and was found to be
212.76mg/g. The data fitted the Langmuir isotherm
(R2 = 0.951). The value of qmax obtained from Lang-
muir adsorption isotherm was close the experimental
value whereas the values of K obtained from Freund-
lich adsorption isotherms was very high as compared
to experimental value. Therefore, it is indicated that
zirconium biosorption followed the Langmuir
adsorption isotherms rather than Freundlich isotherm.
Metal binding according to the Langmuir adsorption
isotherm suggests a simple non-interactive monolayer
binding to the cell surface. And, the values of inten-
sity of adsorption (1/n) are <1 suggesting that biosor-
bents possess heterogeneous surface with identical
adsorption energy in all sites and the biosorption of
zirconium was limited to monolayer and the adsorbed
metal ion interacts only with the active site but not
with other. Monji et al. [23] studied the selective
biosorption of zirconium by rice bran, wheat bran and
P. orientalis tree leaves, and reported that biosorption
of zirconium by rice bran leaf followed the Langmuir
adsorption isotherm.

3.6. Effect of temperature

The effect of temperature on the removal of zirco-
nium by immobilized dead biomass of G. lucidum was
investigated at five different temperatures (30–70�C),
and the results are shown in Fig. 4. It is obvious from
the figure that the biosorption capacity of G. lucidum
biomass increased with an increase in temperature
from 30 to 40�C. A further increase in temperature
from 40 to 70�C exhibited a slight decrease in the
uptake of zirconium by the biomass. The results
obtained clearly demonstrated that adsorption process
was endothermic below 40�C and exothermic above
this temperature. The increase in biosorption of

zirconium with temperature up to 40˚C could be due
to two factors. Firstly due to an increase in the num-
ber of active surface sites available and secondly due
to a decrease in the thickness of the boundary layer
surrounding the biosorbent. The decrease in the bio-
sorption of zirconium ions with the rise in tempera-
ture may be due to distortion of some sites of the cell
surface available for metal biosorption or decreased
mobility of binding groups on the biomass surface
[30]. The optimum solution temperature was selected
as 40�C for further biosorption experiments. The tem-
perature of the biosorption medium could be impor-
tant for energy-dependent mechanisms in metal ions
biosorption by different biosorbents. Generally,
adsorption is an exothermic process although some
examples of endothermic adsorption have also been
reported [2].

3.7. Effect of co-metal ions

Industrial wastewater always contaminated with
many co-metal ions. In this regard, the experiments
were conducted to evaluate the effect of some metal
ions like as K+, Mg2+ and Al3+ on the uptake of
zirconium by immobilized dead biomass G. lucidum.
In order to study the effect of metal ions, the
concentration of K+, Mg2+ and Al3+ ions was varied
from 25 to 400mg/l using a fixed concentration of

Table 3
A comparison between Langmuir and Freundlich adsorption isotherm parameters for the removal of zirconium by
immobilized dead mycelia of G. lucidum

Experimental, qmax (mg/g) Langmuir model Freundlich model

qmax (mg/g) KL R2 K n R2

186.59 212.76 3� 10�2 0.951 280.50 1.97 0.655

Fig. 4. Effect of temperature on the uptake of Zr using
G. lucidum dead cells.
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zirconium (100mg/l). The results reveal that all the
metal ions decreased the biosorption capacity of fun-
gal biomass. Moreover, this inhibitory effect increased
with increasing concentration of these ions. It is a well
known fact that a fixed quantity of biosorbent could
only offer a finite number of surface-binding sites
which would be expected to be saturated by the com-
peting metal ions, especially at relatively high concen-
tration of ions. The presence of more than one metal
ion in a single system was found to show a competi-
tive adsorption process. Factors like hydrolysis, hydra-
tion and covalent binding of the metallic ions play
vital role in competitive processes [31,32]. The extent
of inhibition in the zirconium ions uptake in the
presence of co-metal ions is in following order
Al3+ >Mg2+ >K+. Co-metal ions with higher valence
have greater charge in comparison to metal ion with
lower valence and, hence, compete more effectively
for occupying adsorption sites.

3.8. Desorption studies

Multiple batch use of biosorbent is always desired
to reduce process costs [33]. For the recovery zirco-
nium from immobilized dead biomass of G. lucidum,
five commonly used desorbing agents such as acetic
acid, hydrochloric acid, nitric acid, sulphuric acid and
EDTA were used in dilute form (0.1N). The dilute
forms of the desorbing agents are recommended to
save biosorbents from physical or chemical damage.
The results show that all the desorbing agents eluted
more than 80% zirconium from the loaded biomass.
Maximum recovery of zirconium (91.82%) was
observed with sulphuric acid while nitric acid yielded
low recovery (88.8%) of zirconium. This might be due
to the protonation of biomass under acidic conditions
that makes possible desorption of positively charged
zirconium ions from the adsorbent surface. The
biomass regeneration efficiency was found in the fol-
lowing order: sulphuric acid >EDTA>hydrocholoric
acid > acetic acid >nitric acid.

3.9. Bioremediation studies

In bioremediation study, live mycelia of G. lucidum
were entrapped in calcium alginate beads and grown
in nutrient medium for different experiments. The
effect of different parameters affecting bioremediation
is discussed in the following sections.

3.9.1. Effect of biosorbent dose

Biosorbent dose has a significant effect on the
metal uptake process as it affects the sorbent and

sorbate equilibrium of the system. Effect of biosorbent
dose on zirconium uptake capacity of live immobi-
lized biomass of G. lucidum was evaluated by varying
dose from 0.025 to 0.3 g/100ml. The results reveal that
biosorption capacity of live mycelia first increased
with an increase in mycelia dose and then showed a
decreasing trend. Maximum metal uptake capacity
(168mg/g) was recorded with 0.05 g. A decrease in
zirconium uptake capacity of fungal biomass was
observed with an increase in biomass dose (Fig. 5).
This could be the result of poorer biomass utilization
at higher biomass concentration. High biomass doses
cause the agglomeration of cells as well as reduce the
inter-cellular distance. As a result, ‘screening effect’ is
produced among cells due to denser layers which lead
to protection of the sites available for binding metal
ions. Under such conditions, cells have optimal
electrostatic interaction which is a significant factor
for metal ions uptake [33,34].

Fig. 5. Effect of biomass dose on the removal of Zr(IV) by
live mycelia of G. lucidum.

Fig. 6. Effect of contact time on the uptake of Zr using
G. lucidum living cells.
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3.9.2. Effect of initial metal concentration

The initial concentration of a particular metal ion
provides an important driving force to overcome all
mass transfer resistance of zirconium between the
aqueous and solid phases. The bioremediation of
zirconium was carried out at different initial concen-
trations ranging from 25 to 400mg/l (pH 3.5) to deter-
mine the change in metal uptake capacity of
immobilized live G. lucidum biomass. The results show
that bioremediation capacity of the fungus increases
with an increase in initial zirconium concentration.

3.9.3. Effect of contact time

The selection of proper contact time is of utmost
importance for practical application of a full-scale
batch metal removal process using live microbial
biomass. The effect of contact time on the uptake of
zirconium by immobilized live G. lucidum biomass
was studied from 0 to 240min at various intervals
and the results are shown in (Fig. 6). As in case of
dead biomass, zirconium removal by immobilized live
G. lucidum biomass can be also be divided into two
steps: first rapid step up to 30min followed by a slow
adsorption phase until equilibrium point at 240min.
Almost 84.14% of total metal was accumulated in first
15min. This value increased to 97.62% after 30min fal-
lowed by a very slow uptake process until equilib-
rium. As the most of adsorption occurs in first 15min,
this contact time can be used for removal of Zr(IV)
but r maximum possible removal of Zr(VI) ions by
G. lucidum needs 240min.

3.9.4. Effect of temperature

Metal–sorbent complex stability is usually influ-
enced by the solution temperature. Living micro-
organisms are more vulnerable to temperature changes
as metabolic and growth temperature exhibit tempera-
ture dependency. The temperature of the aqueous

Fig. 7. Effect of temperature on the uptake of Zr using
G. lucidum living cells.

Fig. 8. FT-IR analysis of G. lucidum biomass.
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solution containing both immobilized microbial cells
and zirconium ions was varied from 30 to 45�C and
the results are shown in Fig. 7. The figure depicts that
the bioremediation capacity of live G. lucidum
decreases with an increase in the temperature. Maxi-
mum uptake of zirconium by immobilized live G. luci-
dum was recorded at 30�C and minimum somewhere
between 35 and 40�C.

3.10. FT-IR analysis

The FT-IR is an important spectroscopic technique
that identifies some characteristic functional groups
responsible for metal ions sequestering from the aque-
ous solution. The spectrum of G. lucidum biomass was
studied in the range of 400–4,000 cm�1. The strong
asymmetrical stretching band near 3,400 cm�1 indi-
cated the presence of –NH functional group, which is
further confirmed by the presence of absorptions
bands in the range of 1,700–1,500 cm�1. The broad,
intense –OH stretching absorption near 3,000 cm�1

suggested the presence of –COOH group on cell
surface of biomass. Thus, the FT-IR results revealed
the presence of –OH, –NH2 and –COOH major
functional groups involved in the sequestering of
zirconium ions from aqueous solution (Fig. 8).

4. Conclusions

This study indicated that the white rot fungus,
G. lucidum which is widely available, can be used as
an efficient biosorbent material for the removal of
Zr(IV) from wastewater. The biosorption process was
fast enough, as maximum removal took place with
15min contact time. This fungus is very effective in
view of its adsorption capacity. The value of Zr(IV)
uptake found in this work was higher than that
reported for other biomaterials. Maximum adsorption
capacity of 186.5mg/g was recorded with an initial
Zr(IV) concentration of 200mg/l. The present investi-
gation of the biosorption and bioremediation using
microbial biomass would be an addition to the list of
high metal uptake capacity biomaterials. Thus,
G.lucidum can be used as a potential source for metal
remediation.
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