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a b s t r a c t

This study focuses on the possible use of macro-fungus Agaricus bisporus to remove Acid Red 44 dye from
aqueous solutions. Batch equilibrium studies were carried out as a function of pH, biomass amount,
contact time and temperature to determine the decolorization efficiency of biosorbent. The highest
dye removal yield was achieved at pH 2.0. Equilibrium occurred within about 30 min. Biosorption data
were successfully described by Langmuir isotherm model and the pseudo-second-order kinetic model.
eywords:
iosorption
ye

sotherm
inetics

The maximum monolayer biosorption capacity of biosorbent material was found as 1.19 × 10−4 mol g−1.
Thermodynamic parameters indicated that the biosorption of Acid Red 44 onto fungal biomass was
spontaneous and endothermic in nature. Fourier transform infrared spectroscopy and scanning elec-
tron microscopy were used for the characterization of possible dye–biosorbent interaction and surface
structure of biosorbent, respectively. Finally the proposed biosorbent was successfully used for the decol-

n syn
acro-fungi orization of Acid Red 44 i

. Introduction

Contamination of water sources by dye containing wastewaters
s a problem associated with industrial applications. Dye contami-
ated effluents can be released from many types of industries such
s textile, cosmetic, craft mills, tannery, printing, pulp, paper and
ye manufacturing [1]. Disposal of colored wastewaters into receiv-

ng water sources without adequate treatment causes damage to
quatic form of life and or to human beings by mutagenic and even
arcinogenic effects [2].

Due to complex and stable aromatic structure of synthetic dyes,
he employed existing treatment processes are generally insuffi-
ient or costly for the removal of color contaminants. These include
ome physical, chemical, electrochemical and biological processes
1,3]. Research interests have been focused on the development
f effective and economic color removal methods. In this con-
ext biosorption is regarded as one of the popular and attractive
echnologies for the removal of color contaminants from aqueous

edia. The recent extensive studies on the application of differ-

nt types of biosorbents for the decolorization purposes have been
onducted by many researchers [4–10].

The use of macro-fungi type biosorbents in the biosorption pro-
ess offers some technical advantages including chemical stability

∗ Corresponding author. Tel.: +90 222 2393750/2871; fax: +90 222 2393578.
E-mail address: takar@ogu.edu.tr (T. Akar).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.06.085
thetic wastewater conditions.
© 2009 Elsevier B.V. All rights reserved.

and good mechanical properties of biomasses in acidic and alkaline
conditions. Also the fruiting bodies of macro-fungi have a tough
texture structure when dried and have other physical characteris-
tics which are conducive to their development into sorbents [11,12].
Different species of macro-fungi have been successfully used for
the removal of heavy metals or dyes. Some examples are Pyc-
noporus sanguineus [13], Phellinus badius [11], Fomes fomentarius,
Phellinus igniarius [12], Fomitopsis carnea [14] and Amanita rubescens
[15].

Macro-fungus Agaricus bisporus is known as commercially avail-
able basidomycete. In a recent study, Ertugay and Bayhan reported
the Cr(VI) biosorption potential of this macro-fungus [16]. Also
the species A. macrosporus have been successfully used to remove
heavy metals in compost (solid substrate) [17] and in effluents (con-
taminated solutions) [18]. In our previous studies we reported the
combined actions of A. bisporus and Thuja orientalis cones for reac-
tive dye removal from aqueous solutions [19,20].

As far as we are aware, there are to date no studies available in
the literature regarding the biosorption potential of this biomass
in its natural form for acid dye removal. Therefore, this study is
focused on the biosorption characterization of A. bisporus in native
form for the removal of an acid dye Acid Red 44 (AR44) from aque-

ous solutions. Effects of initial pH, biomass amount, contact time
and temperature on the batch biosorption performance of biomass
were tested. Biosorption behavior of biomass was investigated by
means of different kinetic and isotherm models. In addition, mech-
anism of the biosorption was examined. Moreover the possible

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:takar@ogu.edu.tr
dx.doi.org/10.1016/j.jhazmat.2009.06.085
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Fig. 1. Chemical structure of AR44 dye.

se of the biosorbent in synthetic wastewater conditions was also
xplored.

. Materials and methods

.1. Biosorbent material and dye solutions

Fresh fungal biomass of A. bisporus was obtained from a com-
ercial company. Fruiting bodies of fungi was cleaned by washing

epeatedly with deionized water and dried at 80 ◦C for 24 h. Dried
iomass was crushed and sieved through an 150 �m ASTM Standard
ieve to obtain uniform particle size and then stored in glass bot-
les prior to use. The Acid Red 44 (MW 502.43) dye, obtained from
igma–Aldrich Corporation, St. Louis, MO, USA, was used without
urther purification. The chemical structure of dye was included in
ig. 1. A stock solution (1.0 g L−1) of dye was prepared by dissolving
ppropriate amount of dye in deionized water and the other con-
entrations were obtained by diluting this stock dye solution. The
H adjustment of the working solutions was made by adding 0.1 M
Cl and/or 0.1 M NaOH solutions.

.2. Biosorption studies

The batch equilibrium process was used to characterize the
iosorption ability of fungal biomass. 100 mL beakers containing
0 mL of dye solutions were magnetically stirred at 200 rpm using a
igitally controlled magnetic stirrer. In order to determine the opti-
um biosorption conditions, which enhance the AR44 biosorption,

xperiments were performed in the pH range of 1.0–10.0, biosor-
ent concentration, from 0.4 to 4.0 g L−1, contact time from 10 to
20 min and initial dye concentration from 50 to 300 mg L−1. At the
nd of the experiments biosorbent–dye mixtures were centrifuged
t 4500 rpm for 3 min and the supernatants were analyzed to deter-
ine the residual AR44 concentration. The biosorption kinetics of

R44 was examined by analyzing the dye biosorption within the
ime range of 10–120 min and at different temperatures (20, 30 and
0 ◦C).

The dye biosorption capacity was determined by using the fol-
owing general mass-balance equation:

e = V(Ci − Ce)
m

(1)

here Ci and Ce are the initial and equilibrium concentrations of
ye mol L−1, respectively; V is the volume of the dye solution (L)
nd m is the amount of biosorbent used (g).

The influence of the matrix effect on the biosorption perfor-
ance of the biosorbent was also tested at optimum conditions.

xperiments were conducted with synthetic wastewater samples
ontaining AR44 and different constituents.

.3. Analysis
The remaining dye concentration in the supernatant was ana-
yzed using a UV/visible spectrophotometer (Shimadzu UV-2550) at

aximum wavelengths (�max) of 510 nm. FTIR spectra of virgin and
ye-loaded biosorbent were recorded by PerkinElmer spectrum100
pectrophotometer in the region of 400–4000 cm−1. Zeta poten-
Fig. 2. Biosorption pattern of A. bisporus for AR44 and � potentials of the biomass in
deionized water and dye solution as a function of pH (the bars represent the standard
error of the mean).

tial measurements of the biomass were performed on Malvern
Zeta sizer instrument. The surface morphology of the biomass was
examined by scanning electron microscopy (Jeol 560 LV SEM) at
20 kV and 1000× magnification.

3. Results and discussion

3.1. Effect of medium pH

pH is one of the important parameters affecting the biosorp-
tion potential of biosorbent material. The biosorption pattern of
A. bisporus in the pH range of 1.0–10.0 was given in Fig. 2. As
expected, high biosorption yield was observed in acidic pH val-
ues. The biosorption capacity decreased from 44.23 at pH 2.0 to
3.61 mg g−1 at pH 10.0. This observation was in agreement with
the previous findings about biosorption of Acid Blue 161 [21] and
Reactive Brilliant Red K-2BP [22]. The biosorbent surface contains
different functional groups and these binding groups give a net
charge at different pH values. The high biosorption observed at
acidic pH values can be attributed to interaction of negatively
charged dye molecules and positively charged binding sites on
the biosorbent surface. A decrease in the biosorption yield with
increasing pH can be explained by the electrostatic repulsive forces
between the deprotonated binding sites and dye anions. The sur-
face charge of the biomass varied from +4.06 to −12.15 mV when
the pH was changed from 1.0 to 10.0 (Fig. 2). These results agree
with the biosorption trend for AR44 onto A. bisporus as a function
of pH. The isoelectric point of the biomass was around 2.5. On the
other hand AR44 dye molecules in the medium slightly modified
the zeta potential pattern of the biomass. This can be explained by
the biosorption of AR44 onto A. bisporus biomass.

3.2. Effect of biosorbent amount

Fig. 3 illustrates a plot of the biosorption yield versus biosor-
bent amount. As the biosorbent dosage increases, from 0.4 to
3.0 g L−1, the percentage biosorption of AR44 was increased from
13.0% to 95.24% and then remains almost constant. So, the biosor-
bent amount of 3.0 g L−1 was chosen for the further experiments.
The linear increase in the biosorption yield can be explained by the
increased surface area of the biosorbent and availability of more
binding sites for dye molecules [23]. Further constant biosorption

trend may be explained by the saturation of the dye binding sites on
the biosorbent surface and establishment of equilibrium between
the dye molecules to bind the biosorbent surface and those remain-
ing in the biosorption medium. Similar trend of biomass dosage
effect was observed for Basic Blue 9 and Basic Red 5 biosorption on
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Fig. 3. Effect of the biosorbent amount (m) on the biosorption of AR44 onto A.
bisporus (the bars represent the standard error of the mean).
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ig. 4. Effect of the contact time on the biosorption of AR44 onto A. bisporus at
arious temperatures (the bars represent the standard error of the mean).

odified rice straw [24] and basic yellow biosorption on a macroal-
ae Caulerpa scalpelliformis [5].

.3. Effect of temperature and contact time

Fig. 4 shows the effect of the temperature on AR44 biosorption
s a function of contact time. The results indicated that rapid dye
emoval phase within the first 15 min was followed by equilibrium
t all studied temperatures. Also it can be seen that the equilib-
ium biosorption capacity of A. bisporus increased from 31.31 to
3.07 mg g−1 when the temperature was increased from 20 to 40 ◦C.

n increase in dye removal capacity of the biomass with temper-
ture indicates the biosorption of AR44 dye on macro-fungus A.
isporus is kinetically controlled by an endothermic process.

able 1
inetic parameters for the biosorption of AR44 onto A. bisporus at various temperatures.

(◦C) qexp (mg g−1) Pseudo-first-order kinetic model

KL (min−1) qe (mg g−1)

0 31.31 3.41 × 10−2 2.85
0 31.69 4.08 × 10−2 3.16
0 33.07 6.70 × 10−2 5.18
Fig. 5. Pseudo-second-order kinetic plots for the biosorption of AR44 onto A. bis-
porus at various temperatures.

3.4. Biosorption kinetics and isotherm modeling

The equilibrium and the kinetics of a sorption process provide
more important data for the evaluation of sorption process as a unit
operation [25]. The Lagergren pseudo-first-order and the pseudo-
second-order models were chosen to analyze the kinetic behavior
of biosorbent.

The Lagergen pseudo-first-order rate expression [26] is
expressed as

ln(qe − qt) = ln qe − KLt (2)

The pseudo-second-order kinetic equation [27] is expressed as

t

qt
= 1

k2q2
2

+ 1
q2

t (3)

where qe and qt are the biosorption capacities of biosorbent at equi-
librium, and time t (mg g−1), respectively. KL is the rate constant
for pseudo-first-order biosorption (1 min−1). q2 is the maxi-
mum biosorption capacity (mg g−1) for the pseudo-second-order
biosorption, k2 is the equilibrium rate constant of pseudo-second-
order biosorption (g mg−1 min−1).

The rate parameters presented in Table 1 have been obtained
from the straight line plots of ln(qe − qt) versus t for the Lagergren
pseudo-first-order model (figure not shown) and t/qt versus t for
the pseudo-second-order model (Fig. 5). According to r2 values in
Table 1, the pseudo-second-order kinetic model showed satisfac-
tory fits. The q2 values estimated from the pseudo-second-order
kinetic model were also good agreement with the experimental val-
ues at all temperatures studied. These findings indicated that the
pseudo-second-order kinetic model is more suitable to describe the
AR44 biosorption onto A. bisporus.
Freundlich [28], Langmuir [29], and Dubinin–Radushkevich (D–R)
[30] isotherm models (Eqs. (4)–(6)) were employed. According to
Freundlich model, adsorption process occurs on heterogeneous sur-
faces and the adsorption capacity is related to the concentration

Pseudo-second-order kinetic model

r2
1 k2 (g mg−1 min−1) qe,cal (mg g−1) r2

2

0.831 2.36 × 10−2 32.41 0.999
0.783 2.48 × 10−2 33.03 0.999
0.948 2.94 × 10−2 33.99 0.999
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Fig. 6. Freundlich isotherm plots for the biosorption of AR44 onto A. bisporus at
various temperatures.
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ig. 7. Langmuir isotherm plots for the biosorption of AR44 onto A. bisporus at
arious temperatures.

f solute at equilibrium. The Langmuir theory assumes a homo-
eneous type of sorption. It is meaning that once a dye molecule
ccupies a binding site, no further adsorption can take place at that
ite. The D–R isotherm model is more general than the Langmuir
sotherm. It was applied to distinguish the nature of biosorption
s physical or chemical [31]. The linearized forms of the model
quations are given below:

n qe = ln KF + 1
n

ln Ce (4)

1 = 1 +
(

1
)

1
(5)
qe qmax qmaxKL Ce

n qe = ln qm − ˇε2 (6)

In Eq. (4) qe (mol g−1) and Ce (mol L−1) are the dye equilib-
ium concentrations in the solid and liquid phases; KF (L g−1) and n

able 2
iosorption isotherm constants for the biosorption of AR44 onto A. bisporus at various tem

(◦C) qexp (mol g−1) Langmuir constants Freun

qmax (mol g−1) KL (L mol−1) r2
L RL n

0 1.09 × 10−4 1.12 × 10−4 1.25 × 105 0.996 1.32 × 10−2 4.850
0 1.12 × 10−4 1.16 × 10−4 1.39 × 105 0.994 1.19 × 10−2 5.059
0 1.16 × 10−4 1.19 × 10−4 1.63 × 105 0.995 1.02 × 10−2 5.149
Fig. 8. D–R isotherm plots for the biosorption of AR44 onto A. bisporus at various
temperatures.

(dimensionless) are characteristic constants that indicate the extent
of the biosorption, and the degree of nonlinearity between solution
concentration and biosorption, respectively. The values of KF and
1/n are determined from the intercept and slope of the Freundlich
plots (Fig. 6).

In Eq. (5) qmax is the monolayer biosorption capacity of the
biosorbent (mol g−1); and KL is the Langmuir constant (L mol−1),
and is related to the free energy of biosorption. A plot of 1/qe versus
1/Ce for the biosorption of AR44 onto A. bisporus (Fig. 7) shows a
straight line of slope, 1/qmax KL, and intercept, 1/qmax.

In Eq. (6) ε is Polanyi potential, qm is the theoretical satura-
tion capacity of biomass (mol g−1), ˇ is the constant related to the
biosorption energy. By plotting ln qe versus ε2 (Fig. 8), it is possible
to determine the value of qm (mol g−1) from the intercept, and the
value of ˇ from the slope.

The determined parameter values for the isotherm models are
given in Table 2. It can be seen from Table 2 that, the numeri-
cal values of the Freundlich constant n were between 4.850 and
5.149. Values of n greater than unity indicate that dye anions
are favorably biosorbed [32] by A. bisporus at all of the tempera-
tures studied. The Langmuir model has high r2 values indicating
the formation of a monolayer of AR44 covering the A. bisporus
surface. The maximum monolayer biosorption capacities were
found as 1.12 × 10−4 mol g−1 (56.27 mg g−1), 1.16 × 10−4 mol g−1

(58.28 mg g−1) and 1.19 × 10−4 mol g−1 (59.80 mg g−1) at the tem-
peratures of 20, 30 and 40 ◦C, respectively. These values agreed with
the experimental results.

The Langmuir constant, KL, can be used to determine the suit-
ability of the biosorbent for the sorbate using the Hall separation
factor (RL, dimensionless) as follows [33,34]:
RL = 1
1 + KLCo

(7)

where Co is the highest initial dye concentration (mol L−1). RL values
can be used for the interpretation of the sorption type and if RL

peratures.

dlich constants Dubinin–Radushkevich (D–R) constants

KF (L g−1) r2
F qm (mol g−1) ˇ (mol−2 kJ−2) r2

D−R E (kJ mol−1)

6.57 × 10−4 0.826 2.42 × 10−4 1.32 × 10−3 0.867 19.46
6.34 × 10−4 0.786 2.43 × 10−4 1.25 × 10−3 0.830 20.00
6.44 × 10−4 0.778 2.49 × 10−4 1.19 × 10−3 0.824 20.50
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Fig. 9. Van’t Hoff plot for the biosorption of AR44 onto A. bisporus.

alues lie between 0 and 1, the biosorption process is considered to
e favorable [33,35]. In this study, we found the values of RL between
.32 × 10−2 and 1.02 × 10−2, and this indicated that the biosorption
f AR44 onto A. bisporus is favorable.

In the D–R isotherm model, the constant ˇ gives an idea about
he mean free energy E (kJ mol−1) of biosorption can be calculated
sing the relationship [36]:

= 1

(2ˇ)1/2
(8)

The magnitude of E value gives information about the biosorp-
ion mechanism as chemical ion-exchange or physical sorption.
he estimated values of E for AR44 biosorption was found in the
ange between 19.46 and 20.50 kJ mol−1, which indicated one of
he mechanisms for the biosorptive removal of AR44 by A. bisporus

ay be physical sorption.

.5. Thermodynamic parameters

Thermodynamic parameters such as �H◦, �G◦ and �S◦ for the
iosorption of AR44 onto A. bisporus were evaluated using the fol-

owing equations and can be calculated from a plot ln KL against 1/T
Fig. 9):

G◦ = −RT ln KL (9)

n KL = −�G◦

RT
= − �H◦

RT
+ �S◦

R
(10)

here KL is the Langmuir isotherm constant, R is the universal gas
onstant (8.314 J mol−1 K−1) and T is temperature (K).

As can be seen from Table 3, the positive value of �H◦ confirms
he endothermic character of AR44 biosorption whereas the nega-

◦
ive value of �G indicates the spontaneity of biosorption process.
ow value of �S◦ indicates that no remarkable change on entropy
ssociated to the biosorption and the positive �S◦ values show the
ffinity of the biosorbent for an acid dye, AR44.

able 3
hermodynamic parameters calculated from Langmuir constant (KL) for the biosorp-
ion of AR44 onto A. bisporus.

(◦C) �G◦ (kJ mol−1) �H◦ (kJ mol−1) �S◦ (kJ K−1 mol−1)

0 −28.427
0 −29.737 9.976 0.131
0 −31.047
Fig. 10. Effect of the salt concentration on the biosorption of AR44 onto A. bisporus
(the bars represent the standard error of the mean).

3.6. Effect of salt

Fig. 10 presents the effect of salt concentration or ionic strength
on the biosorption of AR44 by A. bisporus. When salt concentra-
tion was increased from 0.01 to 0.3 mol L−1 there was a slight
decrease in the biosorption capacity of biomass from 31.94 to
27.84 mg g−1 at the optimum conditions. But even at 0.3 mol L−1

of salt, the biosorbent still removed AR44 dye by ∼80% yield.
The decrease in the removal efficiency of biosorbent may also
be attributed to the competition between chloride ions and dye
anions for the same binding sites on the biosorbent. It was reported
that generally, the biosorption mechanism of ion-exchange is ionic
strength-dependent [37,38]. The adverse effect of ionic strength on
dye removal may be attributed to the ion-exchange mechanism for
AR44 biosorption.

3.7. Simulated wastewater

A simulated dye wastewater was prepared by including the
known amount of AR44 (100 mg L−1) along with the different
components [39] [glucose: 0.25 g, MgSO4: 0.0269 g, FeSO4·7H2O:
0.125 g, NiSO4·6H2O: 0.0076 g, Na2CO3: 1.25 g, NH4Cl: 0.325 g,
Ca(NO3)2·4H2O: 0.0308 g, MnSO4·H2O: 0.235 g, ZnSO4·7H2O:
0.0021 g, CoCl2·6H2O: 0.0016 g] dissolved in 0.25 L of tap water.
The pH of the simulated water (pH ∼ 7.0) was adjusted to optimum
value of 2.0. The proposed biosorption procedure was applied to this
sample in order to examine the matrix effect on the biosorption
performance of the biosorbent. The aqueous environment deeply
affects the bisorption potential of the biomass particularly in the
presence of metallic species. In this study there is no considerable
matrix effect caused by metal cations due to the acidic pH of the
biosorption medium (pH: 2.0). Because the binding sites on the
biosorbent surface were protonated at this pH value and this pre-
vents the approach of the metal cations as a result of repulsive
forces. On the other hand there is some what less dye biosorp-
tion occurred in the simulated wastewater due to the presence of
other anions like SO4

2−, CO3
2−, Cl− and NO3

− in wastewater which
occupy the dye binding sites and therefore lesser dye anion removal
occurred. The biosorption yield was found as 92.4% in simulated
conditions. Therefore, it may be concluded that A. bisporus could
effectively remove AR44 dye from wastewaters.
3.8. Biosorbent characterization

In order to characterize the surface structure of the biosorbent,
SEM micrograph was taken. The SEM image in Fig. 11 shows the
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Fig. 11. SEM image of A. bisporus biomass.

orphology of biosorbent. The surface structure of the biosor-
ent material is uneven, heterogeneous and porous. This porous
tructure may be a good characteristic for possible dye–biosorbent
nteraction.

The existence of the functional groups on the biosorbent sur-
ace and their responsibility for dye biosorption were supported
y FTIR technique. Therefore, FTIR spectra of the biosorbent before
nd after AR44 biosorption were taken and the band positions of
he main functional groups were included in Table 4. The absorption
ands of –OH and/or –NH groups were observed at 2927 cm−1 for
oth samples. Two weak absorption bands at 2927 and 2855 cm−1

how the characteristic stretching vibrations of alkyl (CHn) groups
n the unloaded and dye-loaded biomass. –C O chelate stretching
ibrations of amid-I band were observed at 1636 and 1640 cm−1

or unloaded and dye-loaded biomass, respectively. An absorp-
ion band at 1560 cm−1 in the FTIR spectrum of unloaded biomass
an be attributed to amid-II band. This band slightly shifted to
548 cm−1 and an intensity increase was observed in the FTIR spec-
rum of dye-loaded biomass. The band at 1260 cm−1 in the FTIR
pectrum of unloaded biomass which is indicative of the existence
f –C–O stretching shifted to a lower frequency (1230 cm−1) after
R44 biosorption. There is no strong shifting in the absorption
and at 1157 cm−1 but the intensity of this peak slightly increased
n the FTIR spectrum of dye-loaded biosorbent. Also an intensity
ecrease and a slight band shifting (to 1078 cm−1) were observed

n the absorption band at 1084 cm−1 relates to –P O stretching
ibrations. Finally, new absorption bands appearing between 770

able 4
and positions before and after AR44 biosorption by FTIR technique.

uggested assignment Band positions (cm−1)

Unloaded biomass Dye-loaded biomass

OH and/or –NH stretching 3427 3427
CH symmetric stretching 2925 2924
CH asymmetric stretching 2855 2854
mid-I band 1636 1640
mid-II band 1560 1548
CH bending vibrations 1456 1454
CH bending vibrations 1378 1378
C–O stretching 1260 1230
S O stretching 1157 1158
P O stretching 1084 1078
C–O stretching 1025 1032
CH bending vibrations (aromatic) – 770–625

[

aterials 171 (2009) 865–871

and 625 cm−1 in the FTIR spectrum of dye-loaded biomass may
be attributed to the aromatic –C–H bending vibrations in dye
structure.

The changes observed in the spectrum of unloaded biomass may
be an evidence for the responsibility of some functional groups on
the biosorbent for AR44 biosorption.

4. Conclusion

Results of this study indicate that the macro-fungus A. bisporus
can be successfully used for the decolorization of AR44 contami-
nated solutions. The biosorption pattern of dye was pH-dependent.
The equilibrium biosorption data were modeled using Freundlich,
Langmuir and D–R isotherm equations. Kinetic studies indicated
that biosorption behavior of the biosorbent was well described by
the pseudo-second-order kinetic model. Thermodynamic parame-
ters confirmed the favorable and endothermic biosorption process.
Likewise, FTIR and SEM analysis were employed for the charac-
terization of the biosorbent before and after AR44 biosorption.
According to simulated wastewater studies, no considerable matrix
effect was observed during the AR44 removal process. Overall, its
easy availability and effectiveness of macro-fungus A. bisporus make
it a strong choice in the investigation of an economical way of acid
dye removal process.
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