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Biosorption of As(lll) and As(V) from Aqueous Solution
by Lichen (Xanthoria parietina) Biomass

Ahmet Sar1 and Mustafa Tuzen

Department of Chemistry, Gaziosmanpasa University, Tokat, Turkey

The biosorption of As(III) and As(V) from aqueous solution
on lichen (Xanthoria parietina) biomass were investigated using
different experimental parameters such as solution pH, biomass
concentration, contact time, and temperature. The equilibrium
data were evaluated by Langmuir, Freundlich, and Dubinin—
Radushkevich (D-R) isotherm models. The biosorption capacity
of X. parietina for As(IIl) and As(V) was found to be 63.8 mg/g
and 60.3mg/g. The mean sorption energy values calculated from
D-R model indicated that the biosorption of As(IIT) and As(V) onto
X. parietina biomass took place by chemical ion-exchange. The
thermodynamic parameters showed that the biosorption of As(III)
and As(V) ions onto X. parietina biomass was feasible, spontaneous,
and exothermic in nature. Kinetic examination of the sorption data
revealed that the biosorption processes of both As(III) and As(V)
followed well the pseudo-second-order Kkinetics. The arsenic ions
were desorbed from X. parietina using both 1M HCIl and 1M
HNO3;. The recovery yield of arsenic ions was found to be
80-90% and the biosorbent had good reusability after consecutive
seven sorption-desorption cycles.

Keywords arsenic ions; biosorption; equilibrium; kinetics;
thermodynamics; Xanthoria parietina

INTRODUCTION

Arsenic is one of the contaminants found in the environ-
ment which is notoriously toxic to man and other living
organisms (1). Arsenic commonly present in water are
pH dependant species of the arsenic (H;AsO4) and
arsenous (H3AsOs3) acid systems respectively. These anions
have acidic characteristics, and the stability and dominance
of a specific species depend on the pH of the solution.

The presence of arsenic in natural water is related to the
process of leaching from the anthropogenic activities such
as gold mining, non-ferrous smelting, petroleum-refining,
combustion of fossil fuel in power plants, and the use of
arsenical pesticides and herbicides (2-4). The presence of
elevated concentrations of arsenic and other heavy metals
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in groundwater and surface waters is creating serious
problems for humans as well as other living organisms
(7). Usually arsenic is built up in the body through drinking
water and food contaminated with arsenic and causes
increased risks of cancer in the skin, lungs, liver, kidney,
and bladder. Consumption of arsenic also leads to disturb-
ance of the cardiovascular and nervous system functions
and eventually leads to death (8).

The arsenic contamination has been acknowledged as a
major public health issue (5). The WHO provisional guideline
of 0.0l mg/L has been adopted as the drinking water stan-
dard. US EPA published a new 0.01 mg/L standard for
arsenic in drinking water, requiring public water supplies to
reduce arsenic from 0.05mg/L (6). Effectively removing
arsenic from waters is costly and requires expensive sorbents.
Therefore, low-cost materials and methods are needed to
remove arsenic from drinking water. Several studies have
demonstrated that arsenic removal can be achieved by various
techniques and sorbents, namely oxidation/precipitation (9),
alum coagulation/precipitation (10), granular ferric hydrox-
ide (11), reverse osmosis and nano filtration (12), ion-exchange
resin (13), coagulation-microfiltration (14), etc. Most of these
methods suffer from some drawbacks, such as high capital and
operational cost or the disposal of the residual metal sludge,
and are not suitable for small-scale industries.

The main advantages of the biosorption technique are
the reusability of biomaterial, low operating cost, improved
selectivity for specific metals of interest, short operation
time, and no production of secondary compounds which
might be toxic (15).

Lichens are composite plants composed of fungi and
algae (16) and they are considered as indicators of environ-
mental quality due to their accumulating and retaining
ability of a variety of contaminants, particularly heavy
metals and radionuclides (17-22). This strong metal binding
ability of lichens makes them potential biosorbents for the
removal of heavy metals from aqueous solutions (23-29).

Xanthoria parietina (X. parietina) is foliose lichen,
forming large, rounded patches up to 10cm across, with
wide, round-lipped marginal lobes. It can be found near
the shore on rocks or walls. As far as the authors are
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aware, there is no study in the literature on the biosorption
of As(IIT) and As(V) using the lichen biomass, X. parietina.
In this regard, the objective of the present work is to inves-
tigate the biosorption potential of X. parietina biomass in
the removal of As(IIT) and As(V) from aqueous solution.
Optimum biosorption conditions were determined as a
function of pH, biomass concentration, contact time, and
temperature. The Langmuir, Freundlich, and Dubinin—
Radushkevich (D-R) models were used to describe equilib-
rium isotherms. The reusability of the biomass was tested
for seven consecutive biosorption-desorption cycles. Some
kinetic models were applied to clarify the biosorption
mechanism of As(I11) and As(V) onto X. parietina biomass.
Thermodynamics parameters were also deduced from the
equilibrium data.

EXPERIMENTAL
Biomass Preparation

The lichen biomass (X. parietina) sample was collected
from the Black Sea coast of Turkey. Samples were washed
with deionized water and inactivated by heating in an oven
at 80°C for 48 h. The inactivated dried lichen biomass was
ground and sieved through different sizes and 180-300 um
fraction was used in all experiments.

Reagents and Equipments

Analytical reagent grade chemicals were used unless
otherwise stated in this study. Double deionized water
(Milli-Q Millipore 18.2MQcm ™! conductivity) was used
for all dilutions. A pH meter (Sartorius pp-15, Germany)
was employed for measuring the pH values. Perkin Elmer
Analyst 700 model AAS equipped with MHS 15 HGAAS
system was used for arsenic determination. A hollow cath-
ode lamp operating at 18 mA was used and a spectral band-
width of 0.7 nm was selected to isolate the 193.7 nm arsenic
line. Arsenic contents of the solutions were determined by
hydride generation atomic absorption spectrometry. For
this, the samples were pre-reduced from As(V) to As(III)
by adding 0.75% KI and 1.25% ascorbic acid (30,31). Then
for arsenic quantification, a 1 mL sample was pipetted into
a 50mL volumetric flask where 10 mL of 1.5% HCI was
added as diluent. NaBH, (0.3%) (w/v) in NaOH (0.1%)
(w/v) was used as reducing agent. The analytical measure-
ment was based on the peak height. The reading time and
the argon flow rate was selected as 20s and 70 mL/min.

Batch Biosorption Procedure

As(IIT) standard solution (1000 mg/L) was prepared
from As,O3; (Merck). As(V) standard solution (1000 mg/L)
was prepared from KH;AsO, (Sigma). Biosorption experi-
ments were conducted using the solutions having 25mg/L
of As(IIT) and 25mg/L of As(V) with a optimum biomass
concentration of 10 g/L.

The solutions (25mL) including the biomass were sha-
ken for the desired contact time in an electrically thermo-
static reciprocating shaker (Selecta multimatic-55, Spain)
at 120 rpm. The batch studies were performed at different
experimental conditions such as initial metal concentration
(25-400 mg/L), contact time (5-90 min), pH 2-10, biomass
concentration (0.4-20g/L), and temperature (20-50°C).
The equilibrium time was estimated by drawing samples
at regular intervals of time till equilibrium was reached.
The contents of the flask were filtered through 0.25pm
filters (Double rings, China). The metal concentration of
filtrate was analyzed using HGAAS. Each determination
was repeated three times and the results are given as aver-
age values. The error bars are indicated wherever neces-
sary. The biosorption percent was calculated as follows:

Biosorption (%) = (Clgicf) x 100 (1)

where C; and Care the initial and final metal ion concen-
trations, respectively.

Desorption Procedure

The desorption studies of As(III) and As(V) from
X. parietina was carried out using 1M HNOj; and 1M
HCI. After determination of metal contents of the final
solutions, the biosorbent was washed with excess of the
acid solution and distilled water in order to reuse for the
next experiment. Consecutive sorption-desorption cycles
were repeated seven times to establish the usability of the
biosorbent.

RESULTS AND DISCUSSION
Effect of pH

The pH parameter has been identified as one of the most
important variable governing metal sorption. The depen-
dence of metal uptake on pH is related to both the surface
functional groups on the biomass cell walls and to the
metal chemistry in solution. The pH value can change the
state of the active-binding sites, which are usually acidic.
Their protonation and consequently their availability can
change dramatically if the pH varied by 1 or 2 units (32).

The effect of pH on the biosorption of As(III) and As(V)
onto X. parietina biomass was studied at pH 2-10
(metal concentration: 25mg/L; volume of solution:
25mL; temperature: 20°C) and the results were presented
in Fig. 1. The biosorption of As(V) reaches a maximum
value (91%) under acidic conditions at pH 2-4. Therefore,
pH 2 was selected for further batch studies in the biosorp-
tion of As(V). As(V) and As(III) can exist as different ionic
species depending on the pH of the solution (33). The
dominant species in the above-mentioned pH range are
H,AsO, and HAsO}™ ions which can be sorbed on the
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FIG. 1. Effect of pH on the biosorption of As(III) and As(V) onto
X. parietina biomass (metal concentration: 25mg/L; volume of solution:
25mL; temperature: 20°C).

sorbent by substituting hydroxyl ions (4) or coordination
of hydroxyl groups with the sorbate (8).

On the other hand, although the maximum biosorption
of As(IIT) occurred at pH 5-6, therefore, pH 6 was selected
for further batch-mode sorption tests for As(III). The pre-
dominant mono anionic (H,AsO5) and neutral (H3;AsOs3)
species are thus considered to be responsible for the
biosorption of As(III), substituting hydroxyl ions or water
molecules (4). The neutral species (H3;AsO;) cannot
undergo electrostatic interaction with the adsorbent.
However, such species can interact with the unprotonated
amino groups (8). The biosorption yield of As(III) decreases
with a further increase in pH. It can be attributed to the
competition between the hydroxyl ions, present at higher
pH, and arsenic species for biosorption sites. In addition,
the carboxyl, hydroxyl, and amide groups of the biomass
will be negatively charged at alkaline conditions. Therefore,
there exists a repulsive force between the negatively charged
sorbent and anionic species of arsenic, resulting in reduced
sorption efficiency (34,35). Moreover, extreme pH values
can damage the structure of the (bio)sorbent and therefore
decrease metal uptake (36).

Effect of Biomass Concentration

The biosorption efficiency for As(IIT) and As(V) ions as
a function of biomass concentration was investigated
at other experimental conditions, metal concentration,
25mg/L, volume of solution, 25mL; biomass concen-
tration, 10g/L; pH 6 for As(IIl); pH 2 for As(V). The
metal biosorption steeply increases with the biomass con-
centration up to 20g/L (Fig. 2). This result can be
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FIG. 2. Effect of biomass dosage on the biosorption of As(III) and
As(V) onto X. parietina biomass (metal concentration: 25mg/L; volume
of solution: 25mL; pH 6 for As(III); pH 2 for As(V); temperature: 20°C).

explained by the fact that the biosorption sites remain
unsaturated during the biosorption reaction whereas the
number of sites available for the biosorption site increases
by increasing the biosorbent concentration (37). The
maximum biosorption was attained as 92% for As(III)
and 90% for As(V) at biomass concentration, 10g/L.
When the biomass concentration was 20 g/L, the biosorp-
tion was found to be 95% and 94% for As(III) and As(V),
respectively. This result means that further increase in bio-
mass concentration over 10 g/L did not lead to a significant
improvement in biosorption yield due to the saturation of
the biosorbent surface with the metal ions. Therefore, the
optimum biomass concentration was taken as 10g/L for
further batch experiments.

Effects of Contact Time and Temperature

The rate of biosorption is important when designing
batch biosorption experiments. The effect of contact time
on the biosorption of As(III) and As(V) was investigated
at other conditions, metal concentration: 25 mg/L; volume
of solution: 25mL; biomass concentration: 10g/L; pH 6
for As(IIT); pH 2 for As(V) and the results were shown in
Fig. 3. The biosorption yield of As(III) and As(V)
increased considerably with increasing contact time up to
60 min and then it continued with a constant rate. There-
fore, the optimum contact time was selected as 60 min for
further experiments.

The temperature of the medium affects on the removal
efficiency of the pollutant from aqueous solution. Figure 3
also shows the biosorption of As(III) and As(V) ions as a
function of the temperature. When the temperature was
increased from 20 to 50°C during the equilibrium time at
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FIG. 3. Effect of contact time and temperature on the biosorption of
As(III) and As(V) onto X. parietina biomass (metal concentration:
25mg/L; volume of solution: 25mL; biomass concentration: lOgL’l;
pH 6 for As(III); pH 2 for As(V)).

60 min, the biosorption decreased from 92% to 83% for
As(IIT) and from 92% to 85% for As(V). These results
indicated the exothermic nature of As(III) and As(V)
biosorption onto X. parietina. The optimum temperature
was selected as 20°C for further biosorption experiments.

Biosorption Isotherm Models

The capacity of a biomass can be described by equilib-
rium sorption isotherm which expresses the surface proper-
ties and affinity of the biomass. The biosorption isotherms
were investigated using three equilibrium models, which
are namely the Langmuir, Freundlich, and Dubinin-
Radushkevich (D-R) isotherm models.

The Langmuir sorption isotherm has been successfully
applied to many pollutant biosorption processes. A basic
assumption of the Langmuir theory is that sorption takes
place at specific homogeneous sites within the sorbent. This
model can be written in a nonlinear form (38).

qgmKi C,
= 2
9 1+ K.C, 2)

where ¢, is the equilibrium metal ion concentration on
the adsorbent (mg/L), C. is the equilibrium metal ion
concentration in the solution (mg/L), ¢, is the monolayer
biosorption capacity of the adsorbent (mg/g), and K; is the
Langmuir biosorption constant (L/mg) related with the free
energy of biosorption.

Figure 4 indicates the nonlinear relationship between the
amount (mg) of As(IIT) and As(V) ions sorbed per unit
mass (g) of X. parietina biomass against the concentration
of As(IIT) and As(V) ions remaining in solution (mg/L).
The coefficients of determination (R?) were found to be
0.9976 for As(III) and 0.9971 for As(V) biosorption. These
results indicate that the biosorption of the metal ions onto
X. parietina biomass fitted well the Langmuir model. In

55
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40 -
35 |
Eg 20 4
& 251
® 20 - A As (0D
Parameter Value Standard Error R2
15 1 a 6.039e1 357502 29976
10 - b 9.401e-3 82,4054 .
5 | m s (V)
a 7.801e-1  5.107e-2
0 f b 12932  1199e3 071
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Ce(mgjL)

FIG. 4. Langmuir isotherm plots for the biosorption of As(III) and
As(V) onto X. parietina biomass (volume of solution: 25 mL; contact time:
60 min; pH 6 for As(Ill); pH 2 for As(V); temperature: 20°C).

other words, the biosorption of arsenic ions onto X. parietina
took place at the functional groups/binding sites on the
surface of the biomass which is regarded as monolayer bio-
sorption. As seen from Table 1, the maximum biosorption
capacity (¢,,) of X. parietina biomass was found to be
63.8mg/L and 60.3mg/L for As(III) and As(V), respect-
ively. The K value was found as 9.4 x 10> L/mg for As(III)
and 1.2 x 1072 L/mg for As(V) biosorption.

On the other hand, when compared with the biosorption
capacity (g,,) of X. parietina biomass for arsenic ions with
that of various biomasses reported in literature, it can be
noted that it has a higher sorption capacity for As(III) than
chitosan-coated biosorbent (8) and a higher sorption
capacity for As(V) than coconut shell carbon (39),
peat-based carbon (39), and chitosan (40). The biosorption
capacity of X. parietina biomass for As(III) and As(V) is
higher than other biosorbents. Therefore, it can be note-
worthy that the X. parietina biomass has an important
potential for the removal of As(IIl) and As(V) ions from
the aqueous solution.

The Freundlich sorption isotherm has been successfully
applied to many pollutant biosorption processes. A basic
assumption of the Freundlich theory is that sorption takes
place at specific heterogeneous sites within the sorbent.
This model can be written in nonlinear form (41)

ge = K ;" (3)

where Kris a constant relating to the biosorption capacity
and 1/n is an empirical parameter relating to the biosorp-
tion intensity, which varies with the heterogeneity of the
material.
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TABLE 1
Kinetic parameters obtained from pseudo-first-order and pseudo-second-order for As(III) and As(V) bisorption onto
X. parietina biomass at different temperatures (biomass concentration: 10gL~'; contact time: 60 min; pH 6 for
As(I1T); pH 2 for As(V))

Pseudo-first-order

Pseudo-second-order

Temperature (°C)  geexp (mgg™')  k; (1/min)  Gejca (mgg™)  R® k> (gmg 'min™')  georca (mgg™) R
As(IIT)

20 1.50 53 % 1072 0.56 0.825 0.31 1.57 0.992
30 1.49 4.6x 1072 0.55 0.901 0.25 1.55 0.995
40 1.40 44%1072 0.49 0.963 0.23 1.37 0.998
50 1.35 43%1072 0.43 0.955 0.19 1.28 0.993
As(V)

20 1.48 5.5% 1072 0.60 0.846 0.35 1.59 0.992
30 1.45 49 %1072 0.58 0.901 0.33 1.54 0.995
40 1.41 47 %1072 0.54 0.922 0.29 1.35 0.996
50 1.38 3.1x 1072 0.53 0.937 0.24 1.28 0.994

Figure 5 indicates the nonlinear Freundlich isotherm
plots. As seen from Table 1, the K, were found to be 2.69
and 3.47 and the 1/n values were found as 0.51 and 0.47
As(IIT) and As(V), respectively. The 1/n values between 0
and 1 indicated that the biosorption of As(III) and As(V)
onto X. parietina biomass was favorable at studied con-
ditions. In addition, the R?> values were found to be
0.9674 and 0.9542 for As(IIl) and As(V), respectively.
These results indicate that the Freundlich model was not
able to adequately describe the relationship between the
amounts of the sorbed metal ions and their equilibrium
concentrations in the solution.

55
50 4 A
45
40
_ 35 A
il
gi 30 A
£
o 25
™ % A As (T
7 Parameter Value Standard Error R
15 A a 2,691e+0 9 834e-1
10 b 5,090e-1  6,80%-2 0.9674
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FIG. 5. Freundlich isotherm plots for the biosorption of As(III) and

As(V) onto X. parietina biomass (volume of solution: 25 mL; contact time:
60 min; pH 6 for As(II); pH 2 for As(V); temperature: 20°C).

The equilibrium data were also subjected to the D-R
isotherm model to determine the nature of the biosorption
processes as physical or chemical. The linear presentation
of the D-R isotherm equation (42) is expressed by

Ing, =Ing,, — pe? (4)

where ¢, is the amount of metal ions adsorbed on per unit
weight of biomass (mol/g), ¢,, is the maximum biosorption
capacity (mol/g), f is the activity coefficient related to the
biosorption mean free energy (mol’/J?), and & is the
Polanyi potential (¢= RTIn(1+1/C.)).

The D-R isotherm model well fitted the equilibrium
data since the R? value was found to be 0.9914 and
0.9932 for As(IIl) and As(V), respectively (Table 1 and
Fig. 6). The ¢,, value was found using the intercept of the
plots to be 4.6 ><0*4rn01/g for As(III) biosorption and
56x1074 mol/g for As(III) biosorption. The biosorption
mean free energy (E; kJ/mol) is as follows:

E=—r (5)

The E (kJ/mol) value gives information about the
sorption mechanism, physical or chemical. If it lies between
8 and 16kJ/mol, the adsorption process takes place
chemically and while E < 8 kJ/mol, the adsorption process
proceeds physically (43). The mean biosorption energy was
calculated as 9.3 and 10.4kJ/mol for the biosorption of
As(IIT) and As(V) ions, respectively. These results suggest
that the biosorption processes of both metal ions onto
X. parietina biomass could be taking place by chemical
ion-exchange mechanism because the sorption energies lie
within 8-16 kJ/mol.



08:50 25 January 2011

Downl oaded At:

468 A. SARI AND M. TUZEN

3,5
8,0 |
8,5 - y=-4.5910"%- 7.48
R =0.992
w90 4
3
E
o 95
A -9
10,0 y=-589 107 - 7.69
R2=0.993
10,5 -
A As(ID
11,0
B A0V
15 . . . .
1 2 3 4 5 6
8
82x10 (szmolz)

FIG. 6. D-R isotherm plots for the biosorption of As(III) and As(V)
onto X. parietina biomass (pH 6 for As(Ill); pH 2 for As(V); volume of
solution: 25mL; biomass concentration: 10g/L; contact time: 60 min;
temperature: 20°C).

Biosorption Kinetics

The prediction of the biosorption rate gives important
information for designing batch biosorption systems. In
order to clarify the biosorption kinetics of As(III) and
As(V) ions onto X. parietina biomass, two kinetic models,
namely Lagergren’s pseudo-first-order and pseudo-second-
order model, were applied to the experimental data. The
linear form of the pseudo-first-order rate equation by
Lagergren (44) is given as

In(ge — q;) =Inge. — kit (6)

where ¢, (mg/g) is the amount of the metal ion biosorbed
at equilibrium and ¢, (mg/g) is the amount of the metal
ion biosorbed at any ¢ time (min). The biosorption rate
constants k; (min~') can be determined experimentally by
plotting of In(g. — ¢,) vs t.

The plots of In(g. —¢,) vs t for the pseudo-first-order
model were not shown as the figure because the coefficients
of determination for this model at studied temperatures
have low values. It can be concluded from the R” values
in Table 2 that the biosorption mechanisms of As(III)
and As(V) ions onto X. parietina biomass does not follow
the pseudo-first-order kinetic model. Moreover, from
Table 2, it can be seen that the experimental values of g exp
are not in good agreement with the theoretical values
calculated (¢ejca) from Eq (6). Therefore, the pseudo-
first-order model is not suitable for modeling the
biosorption of As(IIl) and As(V) onto X. parietina.

Experimental data were also tested by using Ho’s
pseudo-second-order kinetic model which is given in the

TABLE 2
The calculated values of isotherm parameters
As(I1T) As(V)
Langmuir isotherm
¢m (mg/g) 63.8 60.3
K, (L/mg) 9.4 %1073 12x1072
R? 0,9976 0,9971
Freundlich isotherm
Ky 2,69 3,47
l/n 0,51 0,47
R’ 0,9674 0,9542
D-R isotherm
¢m (mol/g) 46x07* 5.6x1074
E (kJ/mol) 9.3 10.4
R’ 0.9914 0.9932
following form (45):
t 1 1
S i 7
@ kg (qe) 7

where k, (g/mg min) is the rate constant of the second-
order equation, ¢, (mg/g) is the amount of biosorption
time ¢ (min), and ¢, is the amount of biosorption
equilibrium (mg/g).

This model is more likely to predict kinetic behavior of
biosorption with chemical sorption being the rate-
controlling step (45). The linear plots of ¢/gt vs ¢ for the
pseudo-second-order model for the biosorption of As(III)
and As(V) ions onto X. parietina at 20-50°C were shown
in Fig. 7a and Fig. 7b, respectively. The rate constants
(k»), the R* and ¢, values are given in Table 2. It is clear
from these results that the R” values are very high (in range
0f 0.992-0.998 for As(III) biosorption and 0.992-0.996 for
As(V) biosorption. In addition, the theoretical ge ¢, values
were closer to the experimental gy, values (Table 2).
Based on these results, it can be said that the pseudo-
second-order kinetic model provided a good correlation
for the biosorption of As(IIT) and As(V) onto X. parietina
in contrast to the pseudo-first-order model.

Biosorption Thermodynamics

The equilibrium constant (Kp) between the metal con-
centration in solution metal concentration sorbed onto
the biosorbent can be written as follow:

Kp = % (8)

This parameter can be used to estimate the thermo-
dynamic parameters due to its dependence on tempera-
ture. The changes in energy (AG°), enthalpy (AH®), and
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FIG. 7. Pseudo-second-order kinetic plots at different temperatures; (a) for As(III) biosorption (b) for As(V) biosorption (metal concentration: 25 mg/L;
volume of solution: 25 mL; biomass concentration: 10 g/L; pH 6 for As(III); pH 2 for As(V)).

entropy (AS°) of the biosorption process were determined
by using the following equations:

AG° = —RTInKp (9)
AS°  AH°
anD = R — RT (10)

A Van’t Hoff plot of In Kp as a function of 1/7 (Fig. 8)
yields a straight line. The AH° and AS° parameters were
calculated from the slope and intercept of the plot,
respectively. The Gibbs free energy change (AG°) was

8,0
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FIG. 8. Plot of In Kp vs 1/T for the estimation of thermodynamic para-
meters for biosorption of As(IIl) and As(V) onto X. parietina biomass
(volume of solution: 25mL; biomass concentration: 10g/L; pH 6 for
As(111); pH 2 for As(V)).

calculated to be —18.9, —18.8, —18.7, and —18.5kJ/mol
for As(III) biosorption and —18.8, —18.3, —18.0, and
—17.8kJ/mol for the biosorption of As(V) at 20, 30,
40, and 50°C, respectively. The negative AG° values
indicated a thermodynamically feasible and spontaneous
nature of the biosorption. The decrease in AG° values
with increase in temperature shows a decrease in feasi-
bility of biosorption at higher temperatures. The AH®°
parameter was found to be —21.1 and —28.8kJ/mol for
As(IIT) and As(V) biosorption, respectively. The negative
AH® indicates the exothermic nature of the biosorption
processes at 20-50°C. The AS® parameter was found to be
—7.6J/mol K for As(IIl) biosorption and —34.3J/mol K
for As(V) biosorption. The negative AS° value suggests
a decrease in the randomness at the solid/solution inter-
face during the biosorption process.

Desorption Efficiency and Reusability

The regeneration of the biosorbent is one of the key fac-
tors in assessing its potential for commercial applications.
Two different desorption agents were used for the recovery
of As(IIT) and As(V) ions from the biosorbent (Table 3).

TABLE 3
Influence of various eluents on the desorption of As(III)
and As(V) ions from X. parietina

Recovery percent Recovery percent

Eluent of As(III) of As(V)
0.5M HCI 60+2 65+2
1M HCI 90+2 92+2
0.5M HNO; 50+2 55+3
1M HNO; 80 +3 85+2
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FIG.9. Desorption efficiency of X. parietina biomass with cycle number.

The best regeneration was achieved with 1 M HCI solution
and thus it was selected as a desorption agent for As(III)
and As(V) ions. The recovery yield was found to be
80-90% for As(III) and 85-92% for As(V). The reusability
of the biosorbent was tested during seven consecutive
biosorption-desorption cycles (Fig. 9). These results revealed
that the natural biosorbent X. parietina offers potential
to be used repeatedly in As(III) and As(V) biosorption
studies without any significant loss in the total biosorp-
tion capacity.

CONCLUSIONS

This study focused on the biosorption of As(III) and
As(V) ions onto X. parietina biomass from aqueous
solution. The operating parameters, the pH of the solution,
biomass concentration, contact time, and temperature,
were effective on the biosorption efficiency of As(IIl) and
As(V). The biosorption capacity of X. parietina biomass
was found to be 63.8 mg/g and 60.3mg/g for As(IIT) and
As(V) respectively, at optimum conditions of pH 6 for
As(IIT) and pH 2 for As(V), a contact time of 60 min,
and temperature of 20°C. The mean free energy values
evaluated from the D-R model indicated that the biosorp-
tion of As(IIT) and As(V) onto X. parietina biomass took
place by chemical ion-exchange. The kinetic data signified
that the biosorption of As(III) and As(V) ions onto
X. parietina followed well the pseudo-second-order kinetic
model. The thermodynamic calculations showed the feasi-
bility, the exothermic and the spontaneous nature of the
biosorption of As(IIl) and As(V) ion onto X. parietina bio-
mass at 20-50°C. The metal ions were desorbed from X.
parietina using both 1 M HCl and 1 M HNO;. The recovery
yield was found to be 80-90% As(IIl) and 85-90% for
As(V). After seven consecutive sorption-desorption cycles

it was observed that the biosorbent had good reusability.
By considering the present findings, it can be concluded
that X. parietina is a good biosorbent for As(II) and
As(V) removal from aqueous solution. Furthermore, X.
parietina biomass can be evaluated as an alternative biosor-
bent to treatment wastewater containing As(III) and As(V)
ions due to the advantages of being low-cost biomass and
having considerable high sorption capacity.

ACKNOWLEDGEMENT

The authors are grateful for the financial support of the
Unit of the Scientific Research Projects of Gaziosmanpasa
University. The authors would like to thank O.D. Uluozlu
for his assistance and Dr. Kadir Kinalioglu for identifi-
cation of the lichen biomass.

REFERENCES

1. Xu, Y.H.; Nakajima, T.; Ohki, A. (2002) Adsorption and removal of
arsenic(V) from drinking water by aluminum-loaded shirasu-zeolite.
J. Hazard. Mater., B 92: 275-287.

2. Haron, M.; Yunus, W.M.Z.W.; Yong, N.L.; Tokunaga, S. (1999)
Sorption of arsenate and arsenite anions by iron(IIl)-poly (hydroxa-
mic acid) complex. Chemosphere, 39: 2459-2466.

3. Huang, C.P.; Fu, P.L.K. (1984) Treatment of arsenic(V)-containing
water by the activated carbon process. J. Water Pollut. Control
Fed., 56: 233-242.

4. Biswas, B.K.; Inoue, J.I.LK.; Ghimire, K.N.; Harada, H.; Ohto, K_;
Kawakita, H. (2008) Adsorptive removal of As(V) and As(III) from
water by a Zr(IV)-loaded orange waste gel. J. Hazard. Mater., 154:
1066-1074.

5. WHO (World Health Organization) (1999) Arsenic in Drinking
Water, Fact Sheet No. 210: Geneva.

6. Pandey, P.K.; Choubey, S.; Verma, Y.; Pandey, M.; Chandrashekhar,
K. (2009) Biosorptive removal of arsenic from drinking water. Bio-
resour. Technol., 100: 634—637.

7. Teclu, D.; Tivchev, G.; Laing, M.; Wallis, M. (2008) Bioremoval
of arsenic species from contaminated waters by sulphate-reducing
bacteria. Water Res., 42: 4885-4893.

8. Boddu, V.M.; Abburib, K.; Talbottc, J.L.; Smitha, E.D.; Haaschd, R.
(2008) Removal of arsenic (III) and arsenic (V) from aqueous medium
using chitosan-coated biosorbent. Water Res., 42: 633-642.

9. Leupin, O.X.; Hug, S.J. (2005) Oxidation and removal of arsenic(III)
from aerated groundwater by filtration through sand and zero-valent
iron. Water Res., 39 (9): 1729-1740.

10. Wickramasinghe, S.R.; Han, B.; Zimbron, J.; Shen, Z.; Karim, M.N.
(2004) Arsenic removal by coagulation and filtration: comparison of
groundwaters from the United States and Bangladesh. Desalination,
169 (3): 231-244.

11. Badruzzamana, M.; Paul, W.; Knappeb, D.R.U. (2004) Intraparticle
diffusion and adsorption of arsenate onto granular ferric hydroxide
(GFH). Water Res., 38 (18): 4002-4012.

12. Kosuti¢, K.; Furac, L.; Sipos, L.; Kunst, B. (2005) Removal of arsenic
and pesticides from drinking water by nanofiltration membranes. Sep.
Purif. Technol., 42 (2): 137-144.

13. Kartinen, E.O.; Martin, J.C. (1995) An overview of arsenic removal
processes. Desalination, 103: 79-88.

14. Han, B.; Runnells, T.; Zimbron, J.; Wickramasinghe, R. (2002)
Arsenic removal from drinking water by flocculation and microfiltra-
tion. Desalination, 145: 293-298.

15. Volesky, B. (1990) Biosorption of Heavy Metals; CRC Press: Boca
Raton.



08:50 25 January 2011

Downl oaded At:

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

BIOSORPTION OF ARSENIC IONS USING XANTHORIA PARIETINA BIOMASS 471

Lin, X.; Cai, Y.J.; Li, ZX.; Chen, Q.; Liu, Z.L.; Wang, R. (2003)
Structure determination, poptosis induction, and telomerase inhi-
bition of CFP-2, a novel lichenin from Cladonia furcata. Biochim.
Biophys. Acta, 1622: 99-108.

. Nash, T.H.; Wirth, V. (1988) Lichens, bryophytes and air quality.

Bibliotheca Lichenol., 30: 1-298.

. Kociova, M.; Pipiska, M.; Hornik, M.; Augustin, J. (2005) Bioaccu-

mulation of radiocesium by lichen Hypogymnia physodes. Biologia,
60: 655-660.

. Pipiska, M.; Hornik, M.; Kociova, M.; Augustin, J.; Lesni, J. (2005).

Radiostrontium uptake by lichen Hypogymnia physodes. Nukleonika,
50: 39-44.

Pipiska, M.; Kociova, M.; Hornik, M.; Augustin, J.; Lesni, J. (2005)
Influence of time, temperature, pH and inhibitors on bioaccumulation
of radiocaesium- *’Cs by lichen Hypogymnia physodes. Nukleonika,
50: 29-37.

Pipiska, M.; Hornik, M.; Vrtoch, L. Augustin, J.; Lesny, J. (2007)
Biosorption of Co®* ions by lichen Hypogymnia physodes from aque-
ous solutions. Biologia, Bratislava, 62: 276-282.

Adamo, P.; Arienzo, M.; Pugliese, M.; Roca, V.; Violante, P. (2004)
Accumulation history of radionuclides in the lichen Stereocaulon
vesuvianum from Mt. Vesuvius (South Italy). Environ Pollut., 127:
455-461.

Reis, M.A.; Alves, L.C.; Wolterbeek, H.T.; Verburg, T.; Freitas,
M.C.; Gouveia, A. (1996) Main atmospheric heavy metal sources in
Portugal by biomonitor analysis. Nucl. Instrum. Methods Phys. Res.
B, 109/110: 493-497.

Al-Shayeb, S.M.; Al-Rajhi, M.A.; Seaward, M.R.D. (1995) The date
palm (Phoenix dactylifera L.) as a biomonitor of lead and other
elements in arid environments. Sci. Total Environ., 168: 1-10.

Beck, J.N.; Ramelow, G.J. (1990) Use of lichen biomass to monitor
dissolved metals in naturalwaters. Bull. Environ. Contamin. Toxicol.,
44: 302-308.

Akcin, G.; Saltabas, O.; Yesilcimen, F.; Aslan, A. (2001) Biosorption
of heavy metal from aqueous solution by dried lichens. Int. J. Chem.,
11: 141-146.

Sari, A.; Tuzen, M.; Uluozlu, O.D.; Soylak, M. (2007) Biosorption of
Pb(11) and Ni(II) from aqueous solution by lichen (Cladonia furcata)
biomass. Biochem. Eng. J., 37: 151-158.

Uluozlu, O.D.; Sari, A.; Tuzen, M.; Soylak, M. (2008) Biosorption of
Pb(II) and Cr(Ill) from aqueous solution by lichen (Parmelina
tiliaceae) biomass. Bioresour. Technol., 99: 2972-2980.

Ekmekyapar, F.; Aslan, A.; Bayhan, Y.K.; Cakici, A. (2006) Biosorp-
tion of copper(Il) by nonliving lichen biomass of Cladonia rangiformis
hoffm. J. Hazard. Mater., 137: 293-298.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

Jitmanee, K.; Oshima, M.; Motomizu, S. (2005) Speciation of
arsenic(III) and arsenic(V) by inductively coupled plasma-atomic
emission spectrometry coupled with preconcentration system.
Talanta, 30: 529-533.

Tuzen, M.; Citak, D.; Mendil, D.; Soylak, M. (2009) Arsenic
speciation in natural water samples by coprecipitation-hydride
generation atomic absorption spectrometry combination. Talanta,
78: 52-56.

Schiewer, S.; Volesky, B. (2000) Biosorption Process for Heavy Metal
Removal. In: Environmental Microbe-Metal Interactions, Lovley,
D.R., ed.; ASM Press: Washington, D.C., 329-362.

Ghimire, K.N.; Inoue, K.; Makino, K.; Miyajima, T. (2002) Adsorp-
tive removal of arsenic using orange juice residue. Sep. Sci. Technol.,
37: 2785-2799.

Rahaman, M.S.; Basu, A.; Islam, M.R. (2008) The removal of As(III)
and As(V) from aqueous solutions by waste materials. Bioresour.
Technol., 99: 2815-2823.

Partey, F.; Norman, D.; Ndur, S.; Nartey, R. (2008) Arsenic sorption
onto laterite iron concretions: Temperature effect. J. Colloid Interface
Sci., 321: 493-500.

Kuyucak, N.; Volesky, B. (1989) Accumulation of cobalt by marine
alga. Biotechnol. Bioeng., 33: 809-814.

Sari, A.; Tuzen, M. (2008) Removal of Cr(VI) From aqueous solution
by Turkish vermiculite: Equilibrium, thermodynamic and kinetic
studies. Sep. Sci. Technol., 43: 3563-3581.

Langmuir, I. (1918) The adsorption of gases on plane surfaces of
glass, mica and platinium. J. Am. Chem. Soc., 40: 1361-1403.
Lorenzen, L.; van Deventer, J.S.J.; Landi, W.M. (1995) Factors affect-
ing the mechanism of the adsorption of arsenic species on activated
carbon. Miner. Eng., 8: 557-569.

Mcafee, B.J.; Gould, W.D.; Nedeau, J.C.; da Costa, A.C.A. (2001)
Biosorption of metal ions using chotosan, chitin, and biomass of
Rhizopus oryzae. Sep. Sci. Technol., 36: 3207-3222.

Freundlich, H.M.F. (1906) Uber die adsorption in I&sungen.
Zeitschrift fiir Physikalische Chemie (Leipzig), 5TA: 385-470.
Dubinin, M.M.; Zaverina, E.D.; Radushkevich, L.V. (1947) Sorption
and structure of active carbons. I. Adsorption of organic vapors.
Zhurnal Fizicheskoi Khimii, 21: 1351-1362.

Helfferich, F. (1962) Ion Exchange; McGraw Hill: New York,
USA, p. 166.

Lagergren, S. (1898) Zur theorie der sogenannten adsorption
geloster stoffe, Kungliga Sevenska Vetenskapsakademiens. Handlingar,
24: 1.

Ho, Y.S.; McKay, G. (1999) Pseudo-second order model for sorption
processes. Process Biochem., 34: 451-465.



