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ABSTRACT

Wastewater pollution has always been a major problem throughout the world. The lack of
suitable water used for drinking and other activities has declined through the years. A
white rot fungus named as Pleurotus sajor-caju was isolated from soil of a heavy metal-
contaminated site and was used for the remediation of Pb(II) ions contamination from
aqueous solution as well as wastewater streams. Pleurotus sajor-caju was immobilized into
Ca–alginate granules to enhance its Pb(II) uptake capacity and to increase its ease of sepa-
ration from contaminated samples. The experimental variables investigated during the
present study were pH, dose, initial metal concentration, time, temperature, and co-metal
ions. The maximum Pb(II) uptake potential of immobilized Pleurotus sajor-caju was
227.08 mg/g. Sulfuric acid and ethylenediaminetetraacetic acid (EDTA) (0.1 M) were found
to be the better desorbing agents in comparison to acetic acid, hydrochloric acid, and
sodium hydroxide. Change in solution temperature did not affect Pb(II) uptake capacity
from 30 to 60˚C. A complete thermodynamic approach to Pb(II) uptake by immobilized
Pleurotus sajor-caju biomass is provided in this study. The separation factor (RL), surface
coverage (θ), free energy of adsorption (ΔG˚ads), enthalpy (ΔH˚), and entropy (ΔS˚) pre-
sented in current manuscript for adsorption of Pb(II) ions by fungal biomass provides an
accurate basis for predicting the thermodynamic properties and phase equilibria for
adsorption from wastewaters.

Keywords: Pleurotus sajor-caju; Pb(II); White rot fungus; Biosorption; Wastewater; Desorption

1. Introduction

Pollution of many lakes and rivers is being
caused by wastewater produced from domes-
tic households, industrial, and agricultural practices.

As urbanization expands and cities grow, the need to
deal with the environmental impact becomes even
more important to ensure sustainable development
[1]. This also entails handling increasing volumes of
wastewater. Efficient wastewater management is
needed for handling always increasing volumes of
wastewater [2]. Heavy metals from contaminated
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waste water may cause a serious threat to human
health. Heavy metals are non-biodegradable unlike
organic pollutants. These metals have been exten-
sively studied and their effects on human health
were regularly reviewed by international bodies such
as the World Health Organization. Humans are using
heavy metals for thousands of years. Although, since
long time, several adverse health effects of heavy
metals have been known, exposure to heavy metals
continues. In some parts of world, exposure to heavy
metals is even increasing particularly in less-devel-
oped countries. Heavy metal emissions have declined
in most developed countries over the last 100 years
[3,4]. Heavy metals have the ability to concentrate
and accumulate in living organisms through food
chain [5–12]. The general human population is
exposed to Pb(II) from water, air, and food in
roughly equal proportions [13–19]. Children are par-
ticularly susceptible to Pb(II) exposure due to the
permeable blood–brain barrier and high gastrointesti-
nal uptake because their growing bodies absorb more
Pb(II) than adults do and their brains and nervous
systems are more sensitive to the damaging effects of
Pb(II) [15]. Pb(II) levels in blood in children should
be reduced below the levels so far considered
acceptable as recent data indicating that there may
be neurotoxic effects of Pb(II) at lower levels of expo-
sure than previously anticipated [20–27].

Traditionally, heavy metal removal is being car-
ried out using complexation, ion exchange, mem-
brane processes, electrolysis, electrochemical
processes, reverse osmosis, oxidation–reduction, and
precipitation. Often, traditionally used methods for
heavy metals removal involve high operational cost
and capital investment and usually become ineffec-
tive in many cases when heavy metal concentrations
needed to reduce less than 50 ppm [28–30]. Biosorp-
tion is a term which involves the use of biological
materials to control and detoxify environmental con-
taminants. White rot fungi are a versatile biosorption
group as they can grow under extreme conditions of
nutrient availability, pH, and temperature as well as
high metal concentration. A large percentage of fugal
cell wall material also shows excellent metal binding
properties, playing a key role in heavy metal
sorption [31].

The present research study was undertaken to
investigate the Pb(II) uptake potential of Pleurotus
sajor-caju collected from metal-contaminated site.
Effect of various adsorption process variables includ-
ing pH, dose, initial metal concentration, time, temper-
ature, shaking speed, co-metal ions, and desorption
was optimized.

2. Materials and methods

2.1. Reagents

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

2.2. Micro-organism, media, and immobilization

Pleurotus sajor-caju cells were collected from soil
obtained from metal-contaminated site (Changa
Manga Forest, Kasur District, Pakistan). The cultures
of Pleurotus sajor-caju were identified and multiplied
in Mushroom Laboratory, Institute of Horticultural
Sciences, University of Agriculture, Faisalabad,
Pakistan. Pleurotus sajor-caju cells cultures were main-
tained on potato dextrose agar (PDA) slants. Seven-
days old Pleurotus sajor-caju cultures grown on PDA
slants were used to produce biomass using Vogel
media. The composition of growth medium (g/L) was
as follows: MgSO4 7H2O (0.2), NH4NO3 (2.0), KH2PO4

(5.0), peptone (2.0), D-glucose (5.0), trisodium citrate
(2.5), yeast extract (1.0), and (NH4)2SO4 (4.0) [31]. After
72 h of growth at 30˚C, Pleurotus sajor-caju biomass
was separated from Vogel media using vacuum filtra-
tion and fungal mycelia were killed by autoclaving at
121˚C for 30 min. The collected biomass was dried at
70˚C for 3 d and then ground into powdered form.
Immobilization of Pleurotus sajor-caju biomass was
carried out by following procedure: 1 g of ground
Pleurotus sajor-caju biomass was mixed in a high-speed
blender (Panasonic model MJ-W176P) with 2 g of
Na–alginate dissolved in 100 mL of deionized distilled
water (DDW). The solution containing Pleurotus
sajor-caju biomass suspension was introduced in the
form of drops into 0.1 M CaCl2 solution using a nar-
row-sized burette. The average size of bead was found
to be 3.55 mm.

2.3. Biosorption studies

During biosorption studies of white rot fungi, fixed
volume of metal solution (100 mL) was used to evalu-
ate the effect of various experimental parameters. The
effect of pH (1–4.5), dose (0.5–3 g/L), initial Pb(II) con-
centration (25–1,000 mg/L), contact time (15–240 min),
temperature (30–60˚C), shaking speed (0–200 rpm),
and co-metal ions (0–400 mg/L) were optimized dur-
ing the present study. The flasks were agitated on an
orbital rotating shaker (PA 250/25. H) at single con-
stant shaking speed in each batch experiment. The
sample flasks were removed from the orbital shaker
on completion of each experiment, and the aqueous
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solutions were filtered using Whatman filter paper
(#40) to remove Pleurotus sajor-caju beads. Appropriate
blanks were run during optimization of experimental
variables.

2.4. Column study

A Pyrex glass column having 75 cm height and
1.8 cm internal diameter was packed with 10 g of
immobilized Pleurotus sajor-caju biomass; to assure
even circulation of Pb(II) solution and to prevent the
flotation of immobilized Pleurotus sajor-caju biomass
beads, the glass column was filled on both sides with
glass beads. Glass wool was placed between the bio-
mass beads and the glass beads at the bottom end of
the column. The bottom of the column was sealed
using a rubber stopper with a single bore. The connec-
tion in the column setup was made using Tygon tub-
ing. The down flow mode was selected to operate the
column. The continuous flow rate of aqueous phase
maintained using a peristaltic pump was 2.5 mL/min.
The bed depth and bed volume were approximately
53 cm and 120 mL, respectively. After predetermined
time intervals, the concentration of Pb(II) ions in the
eluent phase was measured.

2.5. Desorption

EDTA, CH3COOH, H2SO4, HCl, and NaOH were
used as desorbing agent at a concentration of 0.1 N
solution.

2.6. Metal ions solution

Stock Pb(II) solution (1,000 mg/L) was prepared
by dissolving 1.5980 g of analytical grade PbN2O6 in
one liter of de-ionized distilled water (DDW). Metal
ions solutions of required concentrations were pre-
pared by appropriate dilution of the stock solution
(1,000 mg/L) with DDW.

2.7. Determination of Pb(II) contents in the metal-
contaminated solutions

The samples of wastewater were analyzed for
determination of Pb(II) contents using a Perkin Elmer
AAnalyst 300 atomic absorption spectrophotometer
equipped with an air-acetylene burner, deuterium arc
background corrector. Polypropylene flasks and glass-
ware were kept immersed in chromic acid overnight
before the analysis procedure. Before use, polypropyl-
ene flasks and glassware were rinsed several times
with DDW.

2.8. Metal ion uptake capacity

Pb(II) ion uptake by Pleurotus sajor-caju was calcu-
lated by the concentration difference method. The ini-
tial metal concentration, C0 (mg/L) and metal
concentrations at equilibrium time, Ce (mg/L) were
determined using AAS analysis. The metal uptake of
Pleurotus sajor-caju q (mg/g) was calculated from the
mass balance as follows:

q ¼ C0 � Ceð ÞV=1; 000�W

Where V = volume of the solution in mL, W = mass of
the sorbent in g.

2.9. Statistical analysis

Three independent determinations were made for
each variable to calculate standard deviation.

3. Results and discussion

3.1. Influence of initial pH

Solution pH controls not only the ionization of
functional groups present on cell surface of biomass
but also precipitation of metal ions in a pH-dependent
phenomenon. Hence, optimization of pH is usually
the first step in metal uptake studies. In three ways,
solution pH can influence metal uptake using bioma-
terials process: first, by affecting the configuration of
the active ion-exchange sites; second, by controlling
the ionic state of the sorbate in the solution; and third,
extreme pH values could damage biomaterials cell
structure. Effect of solution pH on uptake of Pb(II) is
presented in Fig. 1(a) and (b). There was a prominent
effect of pH on uptake of Pb(II) by Pleurotus sajor-caju.
The maximum Pb(II) removal by immobilized Pleuro-
tus sajor-caju was 192 ± 0.14 mg/g noted at pH 4.5.
Thereafter, the adsorption percentage decreased in
medium, perhaps, due to the formation of Pb(OH)2
and soluble hydroxyl complexes such as PbOH+,
aqueous Pb(OH)2, and Pb(OH)3−. Formation of metal
hydroxides made true sorption studies impossible
beyond 4.5 pH.

3.2. Effect of biosorbent dose

Biosorbent dose is a crucial factor in metal sorp-
tion studies as it determines the sorbent and sorbate
equilibrium of the aqueous system. To determine the
influence of biosorbent dose on Pb(II) uptake by
immobilized Pleurotus sajor-caju, biomass weight was
varied from 0.05 to 0.3 g/100 mL at pH 4.5, 120 rpm
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shaking speed and 30˚C (Fig. 2(a)). Uptake of Pb(II)
using immobilized Pleurotus sajor-caju biomass
decreased as biomass concentration was increased.
Agglomeration of biomass cells and reduction in the
inter-cellular distance result in decrease in biomass
capacity. It means that more Pb(II) ions were
adsorbed by biomass at low biomass concentrations
when the inter-cellular distance was more. Under
such conditions, cells have optimal electrostatic inter-
action which is a significant factor for metal ions
uptake [32].

3.3. Effect of initial metal concentration

It is necessary to study the effect of metal ion con-
centration to evaluate the industrial applicability of
biosorption process. Initial concentration of Pb(II) was
varied from 25 to 1,000 mg/L and the results are shown
in Fig. 2(b). It is clear from the results that Pb(II) uptake
capacity of immobilized Pleurotus sajor-caju increased
with increase in initial metal ion concentration until the
saturation point was reached at 200 mg/L. The maxi-
mum Pb(II) uptake capacity (mg/g) by immobilized
Pleurotus sajor-caju biomass was 222.9. The initial Pb(II)
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Fig. 1. Effect of solution pH on uptake of Pb(II) by Pleurotus
sajor-caju dead cells. (a) native biomass and (b) immobilized
biomass.
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Fig. 2. Effect of various experiment variables on uptake of
Pb(II) by immobilized Pleurotus sajor-caju dead cells (a) bio-
mass dose; (b) initial metal concentration; (c) shaking
speed; and (d) temperature.
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concentration data was fitted to Langmuir and
Freundlich sorption isotherm models (Table 1) to
evaluate the nature of Pb(II) uptake by immobilized
Pleurotus sajor-caju biomass. A comparison between
Langmuir and Freundlich adsorption isotherm parame-
ters for Pb(II) ions uptake by immobilized Pleurotus sa-
jor-caju biomass showed that estimated qmax of
Langmuir adsorption isotherm correlated well to the
experimental qmax values. The value of correlation coef-
ficient (R2) for Langmuir adsorption isotherm model
(0.9997) was also higher than Freundlich adsorption
isotherm model (0.6266). The parameters of linear
regression suggested that the Pb(II) adsorption by
immobilized Pleurotus sajor-caju biomass was mono-
layer adsorption as described by Langmuir adsorption
isotherm [32].

3.4. Effect of shaking speed

The metal ions uptake by biomass was evaluated
varying the agitation rate from 0 rpm (without agita-
tion) to 200 rpm, aiming at determining the optimal
shaking rate (Fig. 2(c)). It is evident from Fig. 2(c) that
the removal efficiency of Pb(II) ions by immobilized
Pleurotus sajor-caju biomass was independent of agita-
tion speed. It might be due to the immobilization of
fungal biomass into beads which reduced the effect of
agitation on metal adsorption.

3.5. Effect of temperature

The purpose of this experiment was to ascertain
the effect of temperature on the sorption of Pb(II)
by immobilized Pleurotus sajor-caju biomass. The
effect of temperature on the Pb(II) uptake by immo-
bilized Pleurotus sajor-caju biomass was investigated
at five different temperatures (20–60˚C) and the
results are depicted in Fig. 2(d). The result revealed
that there was no significant effect of temperature
on Pb(II) biosorption by immobilized Pleurotus
sajor-caju biomass from 20 to 60˚C. This temperature
independency for the Pb(II) adsorption process could
be very useful for utilizing immobilized Pleurotus
sajor-caju biomass for metal uptake from industrial

effluents as the variable temperature of industrial
effluents has previously been shown to affect the
metal sorption process [22].

3.6. Effect of time

Contact time influences the treatment efficiency
of the biosorption process. It was observed that
equilibrium for Pb(II) uptake by immobilized Pleurotus
sajor-caju biomass was attained after 120 min after this
time the removal efficiency of Pb(II) was not changed
significantly (Fig. 3).

Pb(II) ions rapid uptake occurred in first 15 min of
contact. After equilibrium, the removal efficiency did
not significantly change due to complete coverage of
active sites [33]. Tables 2 and 3 represent the kinetic
data of studies carried out on aqueous solutions in
batch and continuous modes, respectively. As the vol-
ume of industrial effluents is usually large, it is good
to carry out laboratory studies in continuous mode to
get an idea regarding real-time adsorption. The results
obtained for contact time experiments for aqueous
solutions in batch mode were fitted to pseudo-first-
order and pseudo-second-order kinetic models. A high
value of correlation coefficient (R2) and a close agree-
ment between estimated and experimental q values

Table 1
A comparison between Langmuir and Freundlich adsorption isotherm parameters for Pb(II) uptake by immobilized dead
Pleurotus sajor-caju biomass

Langmuir isotherm parameters
Experimental value

Freundlich isotherm parameters

qmax (mg/g) KL (L/mg) R2 qmax (mg/g) qmax (mg/g) K (mg/g) 1/n R2

181.81 1.13 × 10−1 0.9997 178.36 223.68 48.85 0.2233 0.6266
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Fig. 3. Effect of time on uptake of Pb(II) by immobilized
Pleurotus sajor-caju dead cells.
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suggested the fitting of pseudo-second-order kinetic
model (Tables 2 and 3) to remediation data of Pb(II).

3.7. Thermodynamics of biosorption process

Metal uptake process by biomass requires a ther-
modynamic approach to have complete understand-
ing of the process. Thermodynamics applies only to
equilibrium adsorption isotherms which was also a
case in the present study. The separation factor (RL),
surface coverage (θ), free energy of adsorption
(ΔG˚ads), enthalpy (ΔH˚), and entropy (ΔS˚) for
adsorption of metal ions by biomass provide an
accurate basis for predicting the thermodynamic

properties and phase equilibria for adsorption from
wastewaters. The details and equation for calculation
of RL, θ, ΔG˚ads, ΔH˚, and ΔS˚ can be found in one
of our previous works [32]. The values of RL and
ΔG˚ads clearly show that Pb(II) adsorption uptake by
immobilized Pleurotus sajor-caju biomass at lower
concentrations (below 100 mg/L) was highly favor-
able at which even many modern methods (ion
exchange, ultrafiltration, etc.) do not remain viable
(Table 4). Metal uptake process by immobilized Pleu-
rotus sajor-caju biomass was more spontaneous at
lower concentrations. Surface coverage (θ) values
give an idea about the biomass surface covered by
metal ions. Surface coverage values increased from

Table 2
A comparison between pseudo-first-order and pseudo-second-order kinetic models for Pb(II) uptake by immobilized
dead Pleurotus sajor-caju biomass at various temperatures

Temp (ºC)

Pseudo-first-order kinetic model
Experimental value

Pseudo-second-order kinetic model

qe (mg/g) K1,ads (min−1) R2 qe (mg/g) qe (mg/g) K2,ads (g/mg min) R2

30 204.92 3.50 × 10−2 0.9701 192.0 212.76 2.31 × 10−4 0.9959
40 217.97 3.80 × 10−2 0.9794 189.86 208.33 2.41 × 10−4 0.9953
50 217.87 3.90 × 10−2 0.9787 190.32 208.33 2.58 × 10−4 0.9958
55 211.83 4.0 × 10−2 0.9838 191.40 208.33 2.81 × 10−4 0.9964
60 212.37 4.20 × 10−2 0.9862 192.24 208.33 3.14 × 10−4 0.9970

Table 3
A comparison between pseudo-first-order and pseudo-second-order kinetic models for Pb(II) uptake in continuous setup
by immobilized dead Pleurotus sajor-caju biomass.

Metal

Pseudo-first-order kinetic model
Experimental value

Pseudo-second-order kinetic model

(mg/g) qe K1,ads (min−1) R2 qe (mg/g) qe (mg/g) K2,ads (g/mg min) R2

Pb(II) 205.39 3.70 × 10−2 0.970 178.9 200 2.41 × 10−4 0.9951

Table 4
Calculated separation factor (Ep), surface coverage value (θ), and free energy (ΔG˚ads) profile for Pb(II) by immobilized
dead Pleurotus sajor-caju biomass

Pb(II) Concentration (mg/L) RL θ ΔG˚ads

25 0.149872 0.850128 −1.51467
50 0.080489 0.919511 −0.45325
100 0.041513 0.958487 −0.12302
150 0.028948 0.971052 −0.06020
200 0.021665 0.978335 −0.03385
400 0.010999 0.989199 −0.00861
800 0.005476 0.994524 −0.00218
1,000 0.004393 0.995607 −0.00140
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0.850128 to 0.995607 on increasing concentration
from 25 to 1,000 mg/L. This suggests the saturation
of available binding sites on biomass surface at
higher metal ion concentrations. Pb(II) uptake by
immobilized Pleurotus sajor-caju biomass was highly
spontaneous and exothermic in nature as presented
by entropy and enthalpy values (Table 5).

3.8. Effect of co-metal ions

The competitive adsorption of various metals in
wastewater affects the biosorption behavior of metal
of interest. The effect of various co-metal ions includ-
ing Na(I), Ca(II), Cu(II), Al(III), Cr(III), and Cr(IV) on
uptake of Pb(II) by immobilized Pleurotus sajor-caju
biomass is presented in Fig. 4(a)–(f). The competitive
biosorption of Pb(II) immobilized Pleurotus sajor-caju
biomass was studied by fixing Pb(II) concentration at
100 mg/L while varying the concentration of Na(I), Ca
(II), Cu(II), Al(III), Cr(III), and Cr(IV) from 0 to
400 mg/L. There was a reduction in Pb(II) uptake by
immobilized Pleurotus sajor-caju biomass on increasing
the concentration of competitive metal ion in aqueous
solution. This may be due to a competition between
the metal of interest and competitive metal ion/s for
occupying fixed number of binding site present on
biomass surface [34].

3.9. Column study

It was inferred from the obtained results of column
study that Pb(II) uptake was higher in batch setup
than continuous setup (Fig. 5(a)). Mungasavalli et al.
[35] studied removal of chromium from aqueous solu-
tion using Aspergillus niger in batch and continuous
mode. They have found that the removal of chromium
was more in batch mode. A comparison between
pseudo-first-order and pseudo-second-order kinetic
models is tabulated in Table 3. A careful examination
of the obtained parameters such as high value of cor-
relation coefficient (R2) and a close agreement between
estimated and experimental q values suggested the fit-
ting of pseudo-second-order kinetic model to Pb(II)
uptake by immobilized Pleurotus sajor-caju biomass in
continuous setup [8–38].

3.10. Desorption

To effectively conclude metal biosorption studies, it
is necessary to carry out effective regeneration or
desorption studies of biomass under investigation [39].
Desorbing agents used in the present study were EDTA,
hydrochloric acid, sulfuric acid, nitric acid, and
sodium hydroxide (Fig. 5(b)). The effectiveness of
various desorbing agents was in following order:

Table 5
Pb(II) calculated enthalpy (ΔH˚) and entropy (ΔS˚) values for metal adsorption by white rot fungi

Immobilized
Fungus Metal

ΔH˚
(kJmol1)

ΔS˚
(Jmol−1 K−1)

Pleurotus sajor-caju Pb(II) 9.61 74.01

Table 6
A comparison between immobilized Pleurotus sajor-caju and previously used biosorbent for the uptake of Pb(II)

Biosorbent Uptake capacity (mg/g) Reference

Immobilized Pleurotus sajor-caju 227.08 The Present study
Immobilized Rosa gruss an teplitz 98.67 [27]
Immobilized Rosa centifolia 97.39
Ceratophyllum demersum 44.80 [41]
Myriophyllum spicatum 46.49 [42]
Aspergillus flavus 10.82 [43]
Waste Chinese herb Pang Da Hai 27.10 [44]
Bacillus sp. 92.27 [45]
Chlamydomonas reinhardtii 96.30 [46]
Brown seaweed Cystoseira baccata 186.0 [47]
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Sulfuric acid > EDTA > Hydrochloric acid > Acetic
acid > Sodium hydroxide.

3.11. Industrial effluent

Real hazardous streams collected from the textile
industry were subjected to biosorption studies in con-
tinuous setup for the removal of Pb(II) using immobi-
lized Pleurotus sajor-caju biomass (Fig. 5(c)).
Wastewater from industrial processes is generated in
large volumes and it is preferable to treat them in con-
tinuous setup. The metal uptake was very rapid up to
first 60 min followed by a slow increase up to 120 min
of contact. The sorption equilibrium for Pb(II) uptake

by immobilized Pleurotus sajor-caju biomass was
reached after 120 min. The Pb(II) removal by immobi-
lized Pleurotus sajor-caju biomass from industrial
wastewater was comparatively lower in comparison to
aqueous solutions. This may be due to large number
of competing ions present in case of real hazardous
aqueous streams [40].

3.12. Pb(II) uptake capacity comparison

A comparison between Pb(II) uptake capacity of
immobilized Pleurotus sajor-caju biomass with some
previously used biosorbents is tabulated in Table 6
[41–47]. From Table 6, it can be concluded that immo-
bilized Pleurotus sajor-caju biomass has more sorption
capacity in comparison to earlier reported biosorbents.
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Fig. 4. Effect of various competing metal ions on uptake of
Pb(II) by immobilized Pleurotus sajor-caju dead cells.
(a) Na (I); (b) Ca (II); (c) Cu (II); (d) Al (III); (e) Cr (III);
and (f) Cr (VI).
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Fig. 4. (Continued).
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4. Conclusions

The search for ideal biomaterials for Pb(II) has
been an active field of research in area of biosorp-
tion, biofiltration, bioremediation, bioaccumulation,
phytoremediation, phytostabilization, etc. The present
study reports the uptake of Pb(II) using immobilized
Pleurotus sajor-caju biomass which proved to be an
efficient biosorbent even at concentrations lower than
100 mg/L. The optimized pH, biomass dose, and
contact time for Pb(II) uptake by immobilized Pleuro-
tus sajor-caju biomass were 4.5, 0.50 g/L, and
120 min, respectively. The Pb(II) adsorption by
immobilized Pleurotus sajor-caju biomass followed
Langmuir adsorption isotherm and pseudo-second-
order kinetic model. The calculated thermodynamic

parameters suggest the suitability of immobilized
Pleurotus sajor-caju biomass to adsorb Pb(II) even at
concentrations lower than 100 mg/L.
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