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Abstract

In this study, biosorption of Cr (VI) ion was investigated by using biomass of Agaricus bisporus (a species of mushroom) in a temperature and
shaking speed controlled shaker. The effect of shaking speed, biomass concentration, initial metal ion concentration and initial pH on biosorption
yield was determined and the fitness of biosorption data for Freundlich and Langmuir adsorption models was investigated. Optimum biosorption
conditions were found to be pH 1, Cy =50 mg/l, m =10 g/1, shaking speed = 150 rpm, 7=20 °C Cr (VI), respectively. It was found that biosorption
of Cr (VI) ions onto biomass of A. bisporus was better suitable to Freundlich adsorption model than Langmuir adsorption model. The correlation
coefficients for the second-order kinetic model obtained were found to be 0.999 for all concentrations. These indicate that the biosorption system

studied belongs to the second-order kinetic model.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Biosorption; Agaricus bisporus; Chromium; Kinetic modeling; Biosorption isotherms

1. Introduction

The toxic heavy metals contaminants in wastewater due to
discharge of metal containing effluents into water bodies is one
of the most environmental issues of this century. Heavy met-
als are discharged in small quantities into environment through
numerous industrial activities. The heavy metal pollution repre-
sents a significant environmental problem arising from its toxic
effects and accumulation throughout the food chain. Heavy met-
als such as chromium, nickel, lead, copper, etc., in wastewater
are hazardous to environment and health [1]. The removal and
recovery of heavy metals from wastewater is significant in the
protection of the environment and human health [2].

The maximum levels permitted in wastewater are 5 mg/1 for
trivalent and 0.05mg/l for hexavalent chromium. When low
levels are present in the environment, trivalent chromium appar-
ently plays an essential role in plant and animal metabolism,
while hexavalent chromium directly toxic to bacteria, plants
and animals [3]. The main sources of chromium pollution are
mining, leather tanning and cement industries, use in dyes,
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electroplating, production of steel and other metal alloys, pho-
tographic material and corrosive paints [4].

The removal of heavy metal contaminated wastewater is
generally accomplished by conventional methods such as chem-
ical precipitation, membrane separations, evaporation, resin ion
exchange, electrowinning and reverse osmosis have major dis-
advantages such as high energy requirements, incomplete metal
removal and large quantity of toxic waste sludge. However, these
technologies are most suitable in situations where the concen-
trations of heavy metal ions are relatively high [2]. To compare
with conventional processes, new methods must be economi-
cally viable as well as successful in contaminant removal [5].
Biosorption or biosorption to materials of biological origin has
been proposed as an alternative to conventional methods for
the economic removal of suspended solids, dissolved nutrients,
pathogens and metals from wastewaters [6].

Biosorption has gained important credibility during recent
years because of its ecofriendly nature, excellent performance,
and low cost domestic technique for remediating even heavily
metal loaded waste water [7]. Cr (VI) compounds are being
used in a wide variety of commercial processes and unregulated
disposal of the chromium containing effluent in both developing
and developed countries has led to the contamination of soil,
sediment, surface and ground waters [8]. Cr (VI) was selected
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for biosorption studies by many researchers employing Mucor
hiemalis [9], Bacillus thuringiensis [10], Pinus sylvestris [11],
Rhizopus [12], peat moss [13] and modified saw dust [14], lignin
[15], algae [16]. But, no study was carried out about Agaricus
bisporus which is a member of that group of organisms known
as fungi.

The objective of this study was to investigate the possible use
A. bisporus as an alternative biosorbent material for removal of
Cr (VI) ions from aqueous solutions. The dynamic behavior of
the adsorption was investigated on the effect of initial metal ion
concentration, temperature, biosorbent mass, agitating speed,
Fourier transform infrared spectroscopy (FTIR) analysis and pH
of solution. The thermodynamic parameters were also evaluated
from the biosorption measurements.

2. Materials and methods
2.1. Preparation of biomass

Fresh fungal biomass of A. bisporus which was purchased
from a commercial company was used in this investigation as
an adsorbent. The chemical characteristic of A. bisporus was
shown in Table 1. Before use, it was washed with distilled water
to remove dirt. After this, the biomass was dried at 80 °C for
24 h, and ground in a mortar to a very fine powder. Then, it was
sieved through a 140-mesh copper sieve.

2.2. Preparation of Cr (VI) solutions

Cr (VD) solutions were prepared by using K>Cr,O7. Stock
solution (500mg/l) of Cr (VI) was prepared by dissolving
required quantity of KoCrO7 in deionized distilled water. For
biosorption experiments, Cr (VI) solution having 25-125 mg/1
was prepared and used. The pH of the solution was adjusted with
H>SO4 and NaOH solutions after addition of the biosorbent.

2.3. Batch biosorption experiments

The batch biosorption experiments were carried out in 250 ml
erlenmeyer flasks containing 100 ml Cr (VI), on a rotary shaker
at 150 rpm and 20 °C. The samples were taken at definite time
intervals (3, 5, 10, 20, 30, 45, 60 min) and were filtered imme-
diately to remove biomass by filter paper (Whatman 42) and the
Cr (V]) in the remaining solution was analyzed. The residual of
Cr (V] ions in the biosorption was determined spectrophoto-
metrically at 540 nm using diphenyl carbazide reagent in acid
solution as the complexing agent for Cr (VI) [18], zeta potentials
were measured with a zeta meter (Zeta-meter 3.0+ 542, USA).
All the experiments were carried out at least twice. The values

Table 1
The chemical characteristics® of Agaricus bisporus [17]

Water Protein Carbohydrate Oil Cellulose Ash

90.8 2.76 2.85 0.24 0.90 1.00

# The values were expressed as %.

used in calculations were mostly the arithmetic average of the
experimental data.

3. Results and discussion
3.1. Effect of pH on Cr (VI) uptake

Earlier studies have indicated that solution pH is an important
parameter affecting biosorption of heavy metal ions [19]. In
order to establish the effect of pH on the biosorption of Cr (VI)
ions onto A. bisporus, the batch adsorption studies at different
pH values were carried out in the range of 1.0, 2.0, 3.0, 5.0 and
7.0. As seen in Fig. 1, the maximum adsorption of Cr (VI) ions
were observed at pH 1.0 and significantly decreased by reducing
the pH values to 7.0. pH of solution affects both metal chemistry
in water and zones which have bound metal in cell surface. In a
study, the predominant Cr (VI) species are HCrO4~ and CrO42~.
Below pH 4.0, the HCrO4~ complex is the major form, while at
pH above 9.0, the most abundant species is CrO42~ [4]. Another
in a study, at still lower pH values Cr3010%2~ and Crs03%~
species are formed. In summary, decreasing of the pH results
in the formation of more polymerized chromium oxide species
[14].

Uptake of Cr (VI) increased markedly with decreasing solu-
tion pH. At pH 1 and 7 corresponding uptake yield values was
found to be 92.4 and 28.8%, respectively. The highest uptake
yield of Cr (VI) at pH 1.0 was found to be 92.4% and thereafter
decreased with further increased in pH (Fig. 1). It is well-known
that the dominant form of Cr (VI) at this pH value is the acid chro-
mate ion species (HCrO4 ™) and increasing the pH will shift the
concentration of HCrO4 ™~ to other forms, CrO42~ and Cr,O7%~.
As the pH is lowered, however, the overall surface charge on the
cells will become positive, which will inhibit the approach of
positively charged metal cations. The Cr (VI) ions being in the
anionic form of HCrO4 ™ in the aqua solution will interact with
the cell surface in this case [20]. This can be explained related
to the nature of the biosorbent at different pH in metal biosorp-
tion. Similar results were also obtained in the other studies
[11,20,21].

Zeta potential states the electrical potential on the surface of
a particle and it can also be stated as a measurement of charge
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Fig. 1. Effect of initial pH on sorption of Cr (VI) by A. bisporus (initial
Cr (VI) conc. =50 mg/l, biosorbent conc. = 10 g/l, temperature=20 °C, agitating
rate = 150 rpm, contact time = 60 min).
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Fig. 2. The effect of pH on the zeta potential (initial Cr (VI) conc.=50 mg/l,
biosorbent conc. =0.5 g/1, temperature = 20 °C, agitating rate = 150 rpm, contact
time = 60 min).

of particles in the electrical field [22]. The surface charges and
efficiency of biosorbents used for removal of metal ions can be
determined by using zeta potential. Zeta potential values were
measured by adding of A. bisporus to solution of Cr (VI) which
was prepared by deionized water, and the zeta potential value
was found to be negative.

As shown in Fig. 2, the zeta potential of A. bisporus
approaches to zero as the pH decreases. At pH<3.0, the zeta
potential values was not able to measure due to ionic strength
of medium. Since Cr (VI) has a negative charge at pH 1.0, more
metal ions have been hold around particle due to positive charge
of zeta potential of particle measured in this range. Therefore,
the highest uptake yield was obtained at pH 1.0.

3.2. Effect of impeller speed on Cr (VI) biosorption

Biosorption studies of Cr (VI) with A. bisporus biomass was
carried out in a shaker working at pH 1.0 using a Cr (VI) solution
of 50 mg/1. The four different impeller speeds as 60, 100, 150 and
200 rpm were selected for biosorption of Cr (VI) on A. bisporus
biomass.

The alteration in speed affected biosorption of Cr (VI). The
uptake yield increased in the range from 60 to 150 rpm, but, it
decreased after 150 rpm. The maximum uptake yield of Cr (VI)
was obtained at 150 rpm; indicating impeller speed of 150 rpm
was suitable for chromium ion removal by A. bisporus biomass
under these experimental conditions (Fig. 3). The uptake yield
decreases due to higher liquid film thickness around particle at
lower impeller speeds while the film diffusion rate increases
throughout pore diffusion point which is a factor for limiting
the rate at higher impeller speeds. Besides, decreasing uptake
yield at further speeds indicates more mechanisms than one in
removal of Cr (VI). These results are similar to data obtained
with other biomass, where more than one mechanism is involved
in biosorption of metal ions [23].

3.3. Effect of biosorbent concentration on biosorption of Cr
(V)

The biosorbent concentrations ranging from 3 to 15 g/l were
used for determining the effect of biosorbent concentrations on
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Fig. 3. Effect of impeller speeds on biosorption of Cr (VI) (initial Cr (VI)
conc. =50 mg/l, biosorbent conc.=10g/l, pH 1, temperature =20 °C, contact
time = 60 min).

the biosorption by A. bisporus biomass. The adsorbed metal
ion amount per unit weight of biosorbent (g.) decreased as the
biosorbent concentration increased (Fig. 4). The decrease in g,
with increase in biosorbent concentration may be due to com-
plex interactions of various factors. However, the biomass can
undergo different modifications depending on the experimental
conditions such as pH, ionic strength, temperature, metal ion in
solution and its same biomass concentration level: for example,
the aggregates formed during biosorption may reduce the effec-
tive biosorption area [24]. More quantity of biosorbent results in
increasing of surface area and biosorption regions which causes
removal of more chromium. The removal of metal increased
until biosorbent concentration Cr (VI) of 10g/l, and then, it
decreased at further biosorbent concentrations due to occurring
aggregation. The highest uptake yield was obtained at biosorbent
concentration of 10 g/l.

3.4. Effect of initial Cr (VI) concentration dependent
temperature

The initial concentration provides a significant driving force
to overcome all mass transfer resistance of metal ion between the
aqueous and solid phases. Hence, a higher initial concentration
of Cr (VI) increases the biosorption rate [25]. Cr (VI) biosorption
capacities of A. bisporus were presented as a contact time in
Fig. 5.
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Fig. 4. The effect of A. bisporus conc. on biosorption of Cr (VI) ions (initial Cr
(VI)conc. =50 mg/l, pH 1, temperature = 20 °C, agitating rate = 150 rpm, contact
time = 60 min).
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Fig.5. Effectof contact time on the removal of Cr (VI) (biosorbent conc. = 10 g/1,
temperature =20 °C, agitating rate = 150 rpm, pH 1.0).

As shown in Fig. 5, the uptake of 80% was obtained at first
10 min in which Cr (VI) ions contacted with cell surface and
then, the equilibrium was established relatively. A second equi-
librium was established at 45 min following the first equilibrium
step while the biomass has adsorbed Cr (VI) ions, and then
adsorption ended. The results indicate that the metal sorption
was very efficient in the first few minutes of the process. This is
probably due to the availability of active sites around or inside
the cells. In the second stage, with the gradual occupancy of
active sites [26].

As shown in Fig. 5 the uptake yield decreases with increas-
ing initial Cr (VI) concentration at different temperatures while
the equilibrium sorption capacity of A. bisporus increases with
increasing initial metal concentration due to driving force until
onset of saturation at concentrations. The increases of loading
capacity of A. bisporus with increasing initial Cr (VI) concen-
tration may also be due to higher interaction between metal ion
and biosorbent. As A. bisporus offered a finite number of sur-
face binding sites, Cr (VI) biosorption showed a saturation trend
at higher initial Cr (VI) concentration. Also, the rise in sorption
capacity with temperature is because of rise in the kinetic energy
of sorbent particles. Secondly, at high temperature due to bond
rupture of functional groups on adsorbent surface there may be
an increase in number of active sorption sites, which may also
lead to enhanced sorption with the rise in temperature [27].

As seen in Fig. 6, at 20 °C, when the initial Cr (VI) ion con-
centration increased from 50 to 125 mg/1, the uptake capacity of
A. bisporus increased from 4.62 to 6.75 mg/g. With the change in
temperature from 20 to 40 °C, the uptake capacity and adsorp-
tion yield increased from 6.13 to 8.64 mg/g and from 61.3 to
86.4% at 100 mg/] initial Cr (VI) concentration, respectively.
The increase of the biosorption yield and adsorption capacity at
increased temperature indicated that the adsorption of Cr (VI)
ions by A. bisporus may involve not only physical but also chem-
ical sorption. This effect may be due to the fact that at higher
temperature an increase in active sites occurs due to bond rupture
[28].

3.5. Adsorption isotherms

One of the important aspects for the evaluation of sorption
process as a unit operation is the equilibria of sorption [29].
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Fig. 6. Effect of initial Cr (VI) concentration on uptake capacity and removal for
A. bisporus at different temperature (pH 1.0, biosorbent concentration =10 g/1,
agitating rate = 150 rpm, contact time = 60 min).

The equilibrium of biosorption of heavy metals is modeled
using adsorption-type isotherms. The Langmuir and Freundlich
isotherm models were used to describe the biosorption equilib-
rium of biomass. The Freundlich isotherm is a nonlinear sorption
model. This model proposes a monolayer sorption with a het-
erogeneous energetic distribution of active sites, accompanied
by interactions between adsorbed molecules. The general form
of this model is

ge = KpCl/" (1)

where Kr (mg/g) stands for adsorption capacity and » for adsorp-
tion intensity.
The logarithmic form of Eq. (1) is:

logge =log Kg + 1/n log C. 2)

The Langmuir model represents one of the first theoreti-
cal treatments of nonlinear sorption and suggests that uptake
occurs on a homogeneous surface by monolayer sorption with-
out interaction between adsorbed molecules. In addition, the
model assumes uniform energies of adsorption onto the surface
and no transmigration of the adsorbate. The Langmuir isotherm
is represented in the following equation:

_ QLbCe

1+ bCe
where Q1 (mg/g) and b are Langmuir constants related to adsorp-
tion capacity and the energy of biosorption, respectively. Eq. (3)
is usually linearized to obtain the following form:
Ce  Ce 1
ge QL bOL

The linearized plot of Ce/ge versus Ce for Cr (VI), respec-
tively was analyzed, and the results obtained at the experimental
temperatures are shown in Table 2.

In the Langmuir model the adsorption intensity (Rp) is
expressed by the following equation:

. 1
S Yo

3

e

“

&)



436 N. Ertugay, Y.K. Bayhan / Journal of Hazardous Materials 154 (2008) 432—439

Table 2
Model parameters for the biosorption of Cr (VI) on A. bisporus at different
temperatures

Freundlich model Langmuir model

T(°C) Kg(mglg) 1n R? O (mg/lg) b (/mg) R? RL
20 1.79 032 097  8.00 0.07 099 0.12
30 2.18 033 098 11.28 0.05 0.99 0.16
40 437 028 073 13.79 0.09 0.75  0.10
Table 3

Comparison between the Cr (VI) removal by Agaricus bisporus and other found
in the literature

Adsorbent Q1. (mg/g) References
PAC 0.03 [32]
Lyngbya putealis 7.72 [33]
Lentinus sajor- caju (untreated) 22.10 [34]
Olive oil factory wastes 12.15 [27]
Aspergillus niger 20.9 [35]
Rhizopus arrhizus 23.92 [36]
Aspergillus sydoni 9.07 [37]
Neurospora crassa (AcOH pretreated) 15.85 [38]
Agaricus bisporus 8.00 This study

where Cy (mg/l) is the initial concentration of the metal. If the
average of the Ry values from the different initial concentrations
used is between 0 and 1, it indicates favourable adsorption [30].
The average values of Ry, for the different initial Cr (VI) concen-
trations at the respective temperature are shown in Table 2. Values
of adsorption capacity of the other biosorbents are given in
Table 3 for comparison.

As illustrated, the adsorption data obtained for biomass was
found to be fitting more to the Langmuir isotherm than Fre-
undlich isotherm. The magnitude of Kr and n constants indicated
that A. bisporus had a high adsorption capacity for Cr (VI) ions.
Besides, that 1/n values are of between 0.1 and 1.0 range indi-
cates suitable Cr (VI) adsorption on anion exchange [31]. From
Langmuir isotherm constants, the monolayer saturation capaci-
ties, Qr, increased from 8.0 to 13.79 mg/g as the temperature of
solution increased ranging from 20 to 40 °C.

3.6. Thermodynamic parameters

Thermodynamic parameters such as change in free energy
(AG®°), enthalpy (AH®) and entropy (AS°) were determined
using the following equations.

The apparent equilibrium constant (K¢) of the biosorption is
defined as:

_ Cad,eq

Kc
Ceq

(6)

where Cageq and Ceq is the concentration of Cr (VI) on the
adsorbent and residual Cr (VI) concentration at equilibrium,
respectively. In this case the activity should be used instead of
concentration in order to obtain the standard thermodynamic

Table 4
Thermodynamic parameters for the adsorption of Cr (VI) on A. bisporus

Temperature (°C) AG® (kJ/mol) AH° (J/mol) TAS® (kJ/mol)
20 —0.39 36.48
30 —1.36 36.18 37.72
40 —2.88 38.97

equilibrium constant (K¢) of the adsorption system.
AG° = —RT InKc @)

where AG° is standard free energy change, J; R the universal
gas constant, 8.314J/(mol K) and the absolute temperature, K
[27].

The Gibbs free energy change, AG®, can be represented as
follows [39]:

AG® = AH® — AS° ®)

As seen in Table 4, the negative value of AG® is due to
the fact that the biosorption process is spontaneous with high
affinity of Cr (VI) to A. bisporus. The standart enthalpy and
entropy changes of biosorption determined from the AG® versus
T (Fig. 7) were 36.18 and 0.124 J/mol, respectively. The posi-
tive value of AH® suggests the endothermic nature of Cr (VI)
biosorption. The positive value of AS°® confirms the increased
randomness at the biosorbent—Cr (VI) solution interface during
biosorption.

3.7. Kinetic studies

The several kinetic models are needed to determine the data
to examine the mechanism of adsorption process such as mass
transfer and chemical reaction [40]. One of them is the pseudo-
first-order Lagergren model which considers that the rate of
occupation of biosorption sites is proportional to the number
of unoccupied sites [41]:

dg
d—f = ki(qe — q1) )
t
0
-1
* 2
. R*=0,984
O 24
<]
-3
-4 . .
290 300 310 320
T(°C)

Fig. 7. Plot of AG® against T for Cr (VI) on A. bisporus.
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Table 5

Comparison of the first and second-order biosorption, and calculated and experimental g, values for different initial chromium concentrations (biosorbent conc. = 10 g/1,

pH 1, temperature = 20 °C, agitating rate = 150 rpm, contact time = 60 min)

Co (mg/l) Geexp (ME/Q) First-order kinetic model Second-order kinetic model
k1 (1/min) Gecal (Mg/g) R? k> (g/mg min) qe,cal (MG/g) R? h (mg/g min)
50 4.620 0.052 0.942 0.981 0.160 4.679 0.999 3.502
75 5.100 0.095 1.061 0.865 0.220 5.175 0.999 5.891
100 6.130 0.028 0.731 0.608 0.191 6.218 0.999 7.384
125 6.760 0.253 2.196 0.923 0.340 6.825 0.999 15.837
Integrating Eq. (2) between limits, g, =0 at =0 and ¢, = g; at 14
t=t, Eq. (9) is obtained: 12
k1 10 -
log [ e ] - ¢ (10)
ge — qt 2.303 _ 8
g
Eq. (10) can be rearranged to obtain a linear form: 6 —e— 50mg/L
4 —&— 75mg/L
1
log(ge — q1) = logge — 5——1 (11) A A00mgL
2.303 2 1 —0— 125mgiL
where ¢. and g; are the amounts of adsorbed Cr (VI) ions on 0 T T T
the biosorbent at equilibrium and at time ¢ (mg/g), respectively, g 20 t(40' ) o0 20
min

and kj is the equilibrium rate constant of pseudo-first-order
adsorption (1/min).

The slopes and intercepts of plot of log(ge — g;) versus f were
used to obtain the first-order rate constant k; and equilibrium
adsorption density g.. The comparison of the results with the
correlation coefficients was presented in Table 5. The correlation
coefficients for the first-order kinetic model at all concentrations
were low. Therefore, it can be concluded that this adsorption
system was not a first-order reaction.

The adsorption kinetics may also be described by pseudo-
second-order model [42]:

dg
d7t = ka(qe — %)2 (12)
t
Integrating between boundary conditions, Eq. (12) is
obtained:

1 1
B (13)
de — 41 ge

Eq. (13) can be rearranged to obtain a linear form:

r_ ! + ! t (14)
g kg qe
where k is the equilibrium rate constant of pseudo-second-order
adsorption (g/mg min).
The initial sorption rate is [43]:

h = kq; (15)

The slopes and intercepts of plots #/g; versus were used to
calculate the second-order rate constants k> and g.. The straight
lines obtained from plot of #/g; versus ¢ showed good fitness
of experimental data with the second-order kinetic model for
different initial chromium concentrations (Fig. 8).

Fig. 8. The plot of the pseudo-order biosorption kinetics of chromium on A.
bisporus biomass at different initial concentration (biosorbent conc. = 10 g/l, pH
1, temperature = 20 °C, agitating rate = 150 rpm, contact time = 60 min).

The correlation coefficients for the second-order kinetic
model obtained were found to be 0.999 for all concentrations
(Table 5). The calculated g, values also agree very well with
the experimental data. Therefore, it can be concluded that the
adsorption system studied belongs to the second-order kinetic
model.

3.8. Fourier transform infrared spectroscopy analysis

In order to determine the main functional groups of A. bis-
porus participate in Cr (VI) biosorption, it has recorded the
natural and Cr (VI) binding FTIR spectrum of the A. bisporus.
The FTIR spectra before and after adsorption of the A. bisporus
are shown in Fig. 9.

Compared with the FTIR spectra before and after adsorption,
there were clear band shifts and intensity decrease at four bands.
These bands are the functional groups of A. bisporus participate
in Cr (VI) biosorption [44,45] which are shown in Table 6.

Table 6
The FTIR spectral characteristics of A. bisporus before and after biosorption
IR peak  Absorption bands (cm™!) Assignment
Before ads. After ads. Differences
1 2936 2925 —11 Aliphatic C-H group
2 1252 1243 -9 —SO3 stretching
3 928 927 —1 —C—C- group
4 717 609 —108 —CN stretching
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Fig. 9. (a) The FTIR spectra of A. bisporus before adsorption. (b) The FTIR
spectra of A. bisporus after adsorption.

Among these functional groups especially aliphatic C-H
group, —SO3 stretching and —CN stretching participate in Cr
(VI) biosorption [27,46].

4. Conclusion

The aim of this work was to find the biosorption char-
acteristics of A. bisporus for the removal of Cr (VI) ions.
The maximum biosorption capacity was obtained pH 1.0. In
this study, the results showed that high temperatures increased
the biosorption capacity of Cr (VI) by A. bisporus. The
biosorption capacity decreased as the biosorbent concentration
increased.

The Freundlich and Langmuir biosorption models were used
for the mathematical description of the biosorption equilibrium
of Cr (VI) ions to A. bisporus. It was seen that the biosorption
equilibrium data fitted well to the Langmuir.

The suitability of the first- and second-order equations,
kinetic model for the biosorption of Cr (VI) onto A. bisporus is
also discussed. The pseudo-second-order kinetic model agrees
very well with the dynamical behavior for the biosorption of Cr
(VD) onto A. bisporus.

Thermodynamic constants were also evaluated using equilib-
rium constants changing with temperature. The negative value
of AG® indicated the spontancity and the positive values of AH®
and AS° showed the endothermic nature and irreversibility of
Cr (VI) biosorption, respectively.

Results obtained from this study showed that A. bisporus in
a batch experiments were effective at removing Cr (VI) to very
high concentrations from the aqueous solution.
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