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ABSTRACT

In this study, the sorption behavior of Pleurotus ostreatus toward Ni(II) is examined with
respect to pH, temperature, contact time, and concentration. The good correlation coefficient
and close agreement between experimental and theoretical values of biosorption capacity
confirm that the pseudo-second-order kinetic model is best applicable to the kinetics data.
The sorption of Ni(II) is found to be dependent upon the pH and temperature of the solu-
tion. The adsorption of Ni(II) onto P. ostreatus is maximum at higher pH values and
decreases with an increase in temperature in the range of 298–318 K. Both Xm and Kb values
decrease with increase in temperature, indicating the exothermic nature of the process. Dif-
ferent thermodynamic parameters were calculated for adsorption of Ni(II) onto P. ostreatus.
The negative value of ΔS indicates a decrease in randomness at the solid/liquid interface.
The values of isosteric heat of adsorption are decreasing with increases in surface coverage,
which reveal the heterogeneous nature of the solid surface. The FTIR spectra show that the
carbonyl groups of P. ostreatus are responsible for adsorption of Ni(II) onto P. ostreatus.
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1. Introduction

Environmental pollution has become a serious
threat to public health [1,2]. Nickel is a toxic heavy
metal mostly present in water as Ni(II) ions. Nickel is
used in a large number of metabolic processes such as
hydrogen metabolism, methane biogenesis, and
acetogenesis. It is also used in the hydrogenation of
oils. Several industries like electroplating, mining,
nickel alloys, steel manufacturing, and batteries are

responsible for the release of pollutants into the water
[3]. The recommended permissible limit of nickel in
drinking water is 0.02 mg L−1 [4]. Toxicity of Ni(II) is
concerned with enzyme inhibition, chest pain, vomit-
ing, diarrhea, and dizziness [5]. It also causes skin,
lung, and kidney diseases, and severe weakness in the
body. Nickel is carcinogenic in nature as it affects the
deoxyribonucleic acid linkages [6].

The concentration of nickel in groundwater in
many areas of Pakistan varies from 0 to 3.66 mg L−1
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which exceeds the recommended permissible limit in
groundwater [7]. Moreover, nickel is found to exceed
its permissible limit in drinking water of Hayat Abad,
Akbarpura, Palosi Drain of Peshawar, Gadoon, and
Hasan Abdal in Khyber Pakhtunkhwa province of
Pakistan, Kalalanwala, Kalar Kahar, Kasur, and Sialkot
city of Punjab, Karachi, Sehwan, Machar Lake
Jamshoro of Sindh in Pakistan [8].

Several methods including reverse osmosis, electro-
dialysis, ultrafiltration, ion exchange, precipitation,
phytoremediation, and solvent extraction are used for
the removal of metal ions from water. Some of the
disadvantages of these traditional methods are sludge
formation, use of large amounts of chemicals, incom-
plete recovery of metals, addition of anti-precipitants,
replacement of membranes, and energy consuming
[8]. Ion-exchange adsorption is a versatile technique
which is conventionally tested for the removal of
toxins from water.

Biosorption is an economical process which has
been used for the removal of many toxic pollutants
from drinking water because of its low cost, high effi-
ciency, easy regeneration, and minimization of chemi-
cal and biological sludge. Various biosorbents such as
aliginate gel beads, chitosan, kaolinite, Boletus edulis,
and Russula delica have been used for the recovery of
heavy metal ions from water [9].

Mushroom family is found to be the best biosor-
bents for decontamination of water. Macro fungus can
be grown in natural habitat and is easily available in
many places of the world [10]. It is highly stable in
both the acidic and basic medium. Pleurotus ostreatus
is an edible mushroom grown on trees and woods in
nature. The inedible part of P. ostreatus has been
chosen for the metal adsorption because of its easy
availability, fast kinetics, and high adsorption capacity
[11,12].

2. Materials and methods

2.1. Reagents

All chemicals used in the current experiments were
of analytical grade. Initially, 1,000 mg L−1 stock solution
was prepared from NiCl2 (Scharlau) in a volumetric
flask. All glasswares were washed with distilled water
and 10% HNO3, respectively, and at the end were
rinsed with deionized water. The working solutions of
desired concentrations ranging from 5 to 250 mg L−1

were prepared from 1,000 mg L−1 stock solution of
nickel. The initial pH of the solution was adjusted using
0.1 M HCl/NaOH solutions.

2.2. Preparation of biosorbent

The fungus P. ostreatus, also called mushroom, was
purchased from local markets in Peshawar city,
Pakistan. It was initially washed with water and then
with deionized water to remove the dust particles and
water-soluble impurities. The materials were placed in
open sunlight for two days and then dried in oven at
80˚C. The dried materials were powdered and passed
through 200 mm mesh. The powdered sample was
characterized and was then effectively used for the
Ni(II) adsorption from aqueous solution.

2.3. Characterization

P. ostreatus was characterized by scanning electron
microscopy (SEM) model JSM 5910 JEOL. The elemen-
tal analysis of the sample was carried out by energy
dispersive X-ray (EDX) model INCA 200. The surface
area was determined using the surface area analyzer
model Quanta Chrome Nova 2200e. Before analysis,
the sample was degassed at 100˚C for 1 h. The
Brunauer–Emmett–Teller model was tested to assess
the surface area of P. ostreatus. The powder sample of
P. ostreatus was subjected to X-ray diffrectometry
(XRD) analysis using the XRD model JDX-3532. Ther-
mal analyses of the P. ostreatus were performed in
thermogravimetric analyzer model Perkin-Elmer 6300.
Weighted sample was subjected under controlled heat-
ing and the heating rate was 10˚C min−1. The sample
was heated in the temperature range of 30–1,000˚C.
The change in weight was calculated from the differ-
ence in weight of the P. ostreatus before and after
heating. Fourier transform infrared spectroscopy
(FTIR) model Shimadzu 8201 PC was used for IR anal-
ysis of P. ostreatus. The point of zero charge (PZC) of
P. ostreatus was determined by salt addition method.

2.4. Sorption studies

Batch adsorption experiments were conducted in
100 mL conical flask with 0.1 g biosorbent and 40 mL
of Ni(II) solutions. The pH of the system was adjusted
in the range of 2–8. The reaction flasks were equili-
brated in a Wise Bath shaker at 120 rpm for 24 h at
298 K. Suspensions were then filtered and the filtrates
were analyzed by Perkin-Elmer Analyst 800 atomic
absorption spectrometer. The amount of Ni(II)
adsorbed was determined from the difference between
initial and final concentration. The temperature studies
were conducted at pH 6 and at 308, 318, and 328 K.
The solid residue before and after Ni(II) adsorption
was characterized by FTIR spectroscopy.
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3. Results and discussion

3.1. Characterization

3.1.1. Scanning electron microscopy/energy dispersive
X-ray

The scanning electron micrographs recorded for
P. ostreatus at magnifications of 3,000× and 2,000×
are given in Fig. 1. The SEM images indicate that
the P. ostreatus is irregular in shape while its EDX
spectrum (Fig. 2) shows that carbon and oxygen are
the major elements in addition to K. The weight per-
cent of C, O, and K are recorded to be 51.7, 46.3,
and 2.26%, respectively, which are almost compara-
ble with findings reported by Tay et al. [13].

3.1.2. Surface area

The surface area of P. ostreatus is found to be
81 m2 g−1, which is greater than the surface area
(3.7 m2 g−1) reported by Islek et al. [14] for the same
species and is comparable to the one reported by
Swayampakula et al. [15] for chitosan-coated perlite
beads.

3.1.3. X-ray diffrectometry

The XRD spectrum of P. ostreatus indicated the
P. ostreatus to be amorphous in nature which is in
agreement with the spectra of Moringa oleifera bark
[16].

3.1.4. Thermogravemetric analysis and derivative
thermogravimetry

The Thermogravemetric analysis (TGA)/derivative
thermogravimetry (DTG) analyses of biomass were
carried out in the temperature range of 30–1,000˚C.
The total weight loss was recorded to be 93%, which
was observed in three stages (Fig. 3). The first
weight loss (18%) occurred in the temperature range
of 50–250˚C, which is assigned to the dehydration of
the biomass. The second weight loss (43%) up to
390˚C is due to the conversion of organic matter to
atmospheric gases i.e. CO2 and CO [17]. The third
weight loss (31%) up to 900˚C may be due to the
passive pyrolysis. The TGA results were strongly
supported by the DTG curve. Similar TGA/DTG
results were reported by Yang et al. [18] while
studying the thermal behavior of different fungi.

Fig. 1. SEM images of P. ostreatus at (A) 2,000× (B) at
3,000×.

Fig. 2. EDX spectrum of P. ostreatus.
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3.1.5. Fourier transform infrared spectroscopy

FTIR spectrum of P. ostreatus has been shown in
Fig. 4(A). The broad absorption band in the range of
3,500–3,000 cm−1 generally indicates the OH group of
carbohydrate (glucose) and NH2 group of proteins
[12]. The absorption band at 2,900 cm−1 shows the –CH
stretching vibration. The weak absorption band at
1,600 cm−1 indicates the C=O group of proteins.
Another band at 1,050 cm−1 is assignable to C–O–C
stretching vibration.

3.1.6. Point of zero charge

A well-known method [19] was used to determine
the PZC. The data shown in Fig. 5 exhibits the PZC at
pH 6.5 which is close to the value (6.1) reported by
Fernandez et al. [20].

3.2. Adsorption kinetics studies

3.2.1. Effect of contact time

Kinetic study of Ni(II) adsorption onto P. ostreatus
is carried out at different time intervals at 298 K. The

Fig. 3. TGA and DTG of P. ostreatus.
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Fig. 4. FTIR spectra of P. ostreatus (A) before (B) after
sorption of Ni(II).
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amount of Ni(II) ions adsorbed (mol g−1) is plotted vs.
time (Fig. 6). It is obvious from Fig. 6 that more than
90% adsorption occurs in the first 5 min. The adsorp-
tion of Ni(II) ions increases with time and equilibrium
is established in 60 min. The maximum adsorption
takes place initially on the bare surface and then
decreases with an increase in time as most of the
available active sites are occupied by the metal ions
with lapse of time. Wierzba and Latala [21] observed
similar results while studying the biosorption of Ni(II)
ions by Pseudomonas fluorescens and Bacillus pumilus.

3.3. Kinetic modeling

Kinetic data of Ni(II) sorption onto P. ostreatus was
subjected to pseudo-second-order kinetic model to
probe into the adsorption kinetics mechanism.

3.3.1. Pseudo-second-order kinetic model

The pseudo-second-order kinetic model may be
written in the form

t

qt
¼ 1

k2q2e
þ t

qe
(1)

where qe and qt (mol L−1) is the amount adsorbed at
equilibrium and time ðtÞ, respectively, k2 (g min−1 mol−1)
is the second-order rate constant. Plot of t

qt
vs. t (Fig. 7)

gives straight line with R2 value >0.999. The value of qe
obtained from slope of the plot is in a close agreement
with experimental value which also confirms that
pseudo-second-order kinetic model is best applicable to
the present kinetic data. The applicability of pseudo-
second-order kinetic model is also an evidence of the
chemisorption process. Reddy et al. [16] have reported
almost similar results for the sorption of Ni(II) by
M. oleifera.

3.4. Adsorption studies of Ni(II) by P. ostreatus

3.4.1. Effect of pH

In the present work, the biosorption of Ni(II) is
studied in the pH range from 3 to 8 at 298 K. The
adsorption of Ni(II) ions by P. ostreatus is minimum in
the acidic pH range and increases with the increase in
the pH of the medium (Fig. 8). Below PZC (6.5), the
surface is positively charged due to protonation of
various surface groups (i.e. carboxylic, amine, and
alcoholic) whereas the surface is negatively charged
above its PZC value. Above PZC, the columbic force
of attraction between metal cations and the negative
surface increases the adsorption of Ni(II) ions onto
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Fig. 7. Pseudo-second-order plot for Ni(II) sorption by P.
ostreatus at pH 7 and at 298 K.

T. Mahmood et al. / Desalination and Water Treatment 57 (2016) 7209–7218 7213



P. ostreatus whereas below its PZC value, the repulsive
forces between positive surface and metal cations
prevent adsorption of Ni(II) ions onto the surface of P.
ostreatus. Moreover, the minimum adsorption at low
pH value may also be due to the competition of pro-
tons with Ni(II) ions for the same surface sites. Zhao
et al. [22] reported almost similar results for sorption
of Ni(II) ions from aqueous solution by dialdehyde
o-phenylenediamine starch.

Moreover, the final pH of the system was noted to
decrease after adsorption of Ni(II) ions by the surface
of P. ostreatus. This decrease in equilibrium pH is
pointing toward the replacement of protons from the
solid surface. As such, the surface of the P. ostreatus
becomes negatively charged, which is then neutralized
by the Ni(II) ions present in the aqueous phase. It is
therefore suggested that the Ni(II) adsorption takes
place through a cation exchange process.

3.4.2. Effect of temperature

The effect of temperature on adsorption of Ni(II)
onto P. ostreatus is investigated in the temperature
range of 308, 318, and 328 K. Fig. 9 shows a significant
effect of temperature on the adsorption of Ni(II) ions
onto P. ostreatus. The adsorption of Ni(II) onto P.
ostreatus decreases with the increase in temperature,
which confirms an exothermic nature of the process
(Fig. 9). This decrease in adsorption of Ni(II) ions onto
P. ostreatus may be attributed to changes in the cell
wall configuration of the P. ostreatus at high tempera-
ture. Moreover, an increase in temperature may also

result in the weakening of binding forces between
surface of P. ostreatus and metal ions and the tendency
of metal ions to escape from the surface into the bulk
of the solution increases. Similar results were reported
for the adsorption of Ni(II) by immobilized cells of
bacillus species [23].

3.5. Adsorption isotherm

3.5.1. Langmuir model

A well known Langmuir model is applied to the
experimental data which describes that all the sites
are energetically equivalent and rules out the interac-
tion among the adsorbed Ni(II) ions. The linear form
of this model may be written as:

Ce

X
¼ 1

KXm
þ Ce

Xm
(2)

where Ce (mol L−1) is the equilibrium concentration
of Ni(II) ions, X (mol g−1) is the adsorbed amount of
Ni(II), and Xm (mol g−1) stands for monolayer
adsorption capacity, Kb (L g−1) is the binding energy
constant. The values of Xm and Kb were calculated
from the slopes and intercepts of the plots between
Ce/X vs. Ce (Fig. 10). Both the Xm and Kb values
(Table 1) decrease with increase in temperature,
which indicate an exothermic nature of the process
[24]. The present values of the adsorption maxima
are several times greater than many of the adsorbent
reported previously [25–28], which further confirm
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that P. ostreatus is an efficient biosorbent for the
removal of Ni(II) from aqueous solution (Table 2).

3.6. Thermodynamic parameters

The changes in enthalpy ðDHÞ, entropy ðDSÞ and
Gibbs free energy ðDGÞ for Ni(II) adsorption onto P.
ostreatus were calculated according to the following
equations:

ln Kb ¼ DS
R

� DH
RT

(3)

DG ¼ DH � TDS (4)

where Kb is the Langmuir parameter. The enthalpy
and entropy changes were calculated from the slope
and intercept by plotting of ln Kb vs: 1=T (Fig. 11),
respectively.

The values of thermodynamic parameters for the
adsorption of Ni(II) ions onto P. ostreatus are given in
Table 3. The negative values of DG show the spontane-
ous nature of the process and further suggest that the
sorption forces are strong enough to break the barrier
for Ni(II) adsorption onto P. ostreatus. Moreover, the
decrease in negative DG values with increase in tem-
perature shows that the uptake of Ni(II) by P. ostreatus
is favored at lower temperature which is strongly sup-
ported by the negative DH value. Basha et al. [29]
reported similar results for Ni(II) adsorption by Var-
iegata. Moreover, Ho and Ofomaja [24] also reported
negative DH value while studying the biosorption of
cadmium by coconut copra. The negative value of DS
in this study indicates a decrease in the randomness at
solid–liquid interface after adsorption of Ni(II) onto P.
ostreatus. The present value is closer to the DS value
(−13 J K−1 mol−1) reported by Adeogun et al. [30] for
Mn (II) adsorption by corncob biomass.

3.7. Isosteric heat of adsorption

Adsorption experiments were conducted at differ-
ent temperatures to assess the isosteric heat of adsorp-
tion (DH) using the following Clausius–Clapeyron
equation.

ln Ce½ �h¼
DH
RT

þ K (5)
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Fig. 10. Langmuir plots for Ni(II) sorption by P. ostreatus at
different temperatures and at pH 6.

Table 1
Langmuir parameters (Xm and Kb) for Ni(II) biosorption by P. ostreatus at different temperatures and at pH 6

Temp (K) Slope Intercept Kb (L g−1) Xm × 104 (mol g−1)

308 2,932.9 1.65 1,774 3.4
318 2,971.7 2.56 1,158 3.3
328 2,841 3.04 932 3.5

Table 2
Comparative adsorption capacity of different biosorbents for the uptake of Ni(II) ions

Biosorbent Xm (mg g−1) References

Irish peat moss 14.5 [25]
Lignin 5.98 [26]
Chitosan immobilized with reactive blue 2 dye 8.5 [27]
Mucor rouxii 6.34 [28]
P. ostreatus 20.71 Present work
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where Ce (mol L−1) represents the equilibrium concen-
tration of Ni(II) ions in the solution, h represents the
surface coverage, and R is the gas constant
(8.314 J mol−1 K−1). The values of isosteric heat of
adsorption (DH) were measured from the slopes of the
plots of ln Ce½ �h vs: 1=T (Fig. 12). The negative values
of DH (Table 4) show that the uptake of Ni(II) by P.
ostreatus decreases with the increase in temperature,
which is similar to the conclusions drawn from the
enthalpy (DH) and Gibbs free energy (DG) of adsorp-
tion. Fig. 13 shows that the magnitude of DH
decreases with increasing the surface loading [h]. The
variation in the values of DH with surface coverage
(Fig. 13) indicates that the P. ostreatus is energetically
heterogeneous. Similar results were also reported by
Mustafa et al. [31] while studying temperature effect
on phosphate sorption by MnO2.

3.8. FTIR studies

The solid residue of P. ostreatus before and after
adsorption was characterized by FTIR (Fig. 4). A new
absorption band at around 1,600–1,650 cm−1 appears
after adsorption, which is assigned to the binding of
Ni(II) ions onto carbonyl (C=O) groups available on
the surface. Similar vibration bands were reported by
Xiangliang et al. [12] for Pb (II) adsorption by P.

ostreatus. Moreover, similar changes in the IR spectra
were also observed for Ni(II) adsorption by thermally
decomposed leaf [32].

5

6.5

8

30 30.5 31 31.5 32 32.5 33

ln
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Fig. 11. Plot of ln Kb vs. T�1 for sorption of Ni(II) by P.
ostreatus at pH 6.

Table 3
Thermodynamic parameters for the sorption of Ni(II) by P.
ostreatus at different temperatures and at pH 6

Temp (K) ΔH (kJ mol−1) ΔS (J K−1 mol−1) ΔG (kJ mol−1)

308 −19.08
318 −30.47 −36.96 −18.71
328 −18.34
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Fig. 12. Plot of ln Ce½ �h vs. T�1 for Ni(II) sorption by P.
Osreatus at pH 6.

Table 4
Isosteric heat of Ni(II) sorption on P. ostreatus at pH 6

X × 104 (mol g−1) DH (kJ mol−1) R2

2.3 −6.17 0.96
2 −6.49 0.96
1.8 −6.84 0.96
1.3 −19.82 0.94
1 −20.44 0.97
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Fig. 13. Isosteric heat (DH) of Ni(II) sorption by P. ostreatus
as a function of surface coverage h½ �.
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4. Conclusion

Biosorption of Ni(II) by P. ostreatus was observed to
increase with the increase in pH, while a decrease in
Ni(II) uptake was observed with increase in tempera-
ture. The values of Xm and Kb were found to decrease
with the rise in temperature, which confirmed the exo-
thermic nature of the process. The values of all the
thermodynamic parameters (DG, DH, and DS) were
found to be negative, which points toward spontane-
ous, exothermic, and a decrease randomness at the
solid–liquid interface. The dependency of isosteric heat
(DH) of adsorption on the surface coverage (h) also
indicates the heterogeneous nature of the P. ostreatus
surface.
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