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ABSTRACT

In this study, acidic textile dyes, including Reactive Blue 13 and Reactive Blue 72, were
adsorbed by Penicillium ochrochloron AMDB-12 isolated from acidic mine drainage. Optimal
conditions in terms of pH, initial dye concentration, agitation rate, biomass dosage, contact
time, and temperature for this process were determined. Biosorption yields for RB13 and
RB72 were 55 and 61%, respectively, under determined optimum conditions. These condi-
tions were determined to be a contact time of 120 min, pH 2, an agitation speed of 150 rpm,
and an initial dye concentration of 50 ppm for both dyes, while biosorbent dosages were 1
and 2 g L−1 for RB72 and RB13, respectively. The biosorption of all dyes was endothermic
in nature. The biosorbent was characterized using Fourier transform infrared spectroscopy,
scanning electron microscopy, and energy-dispersive X-ray spectroscopy before and after
dye biosorption. The Langmuir model was found most suitable for describing the biosorp-
tion of all dyestuffs. The experimental data fit very well with the pseudo-second-order
kinetic model.
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1. Introduction

The use of synthetic dyes has been rising in many
fields, including textile, pharmaceutical, pulp and
paper, paint, plastics, and cosmetics industries [1]. The
wastewaters of these dyestuffs lead to serious environ-
mental problems, which have produced large concerns
over the effects of synthetic dyes on the environment.
These dyestuffs have been found to inhibit photosyn-
thetic events. Furthermore, the rigid environmental

regulations relating to discharge of these effluents have
increased researchers’ concerns over efficient treatment
methods. Therefore, the decolorization of industrial
textile effluents is a significant environmental problem
[2,3]. Several physicochemical methods, such as
ozonation, oxidation, ion exchange, irradiation, chemi-
cal coagulation/flocculation precipitation, and adsorp-
tion, are used for dye decolorization [4]. Although
these methods are practicable, they are costly, ineffi-
cient, and have operational problems [5]. Biological
methods, including microbial decolorization, have
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been increasingly utilized in dye wastewaters over
recent decades. In general, microbial biomass is a
practical option for the treatment of textile industry
effluents [6–8].

It is known that widely available biosorbents have
been used for dye removal. These microorganisms,
such as bacteria, fungi, algae, and yeasts, efficiently
adsorb a vast range of dyes [7,9]. Among these
microorganisms, fungi have been increasingly utilized
for biosorption in recent years. Fungal biomass
obtained from inexpensive medium and facile
fermentation techniques are easily applicable to
industrial fermentation processes [10,11].

Acid mine drainage (AMD) has a low pH, high
concentration of heavy metals, and high specific
conductivity, and it harbors both prokaryotes and
eukaryotes, including fungi such as Aspergillus sp.,
Talaromyces sp., Penicillium sp., and Bispora sp., which
are known to play an important role in microbial mat
and streamer formation [12,13]. These organisms have
significant potential for use in biotechnological
applications, including decolorization of acidic textile
dye wastewater [14–16].

Penicillium is one of the most extensive fungi in the
terrestrial environment. Penicillium has been utilized
for dye removal via biodegradation/biosorption
[17–19]. Penicillium restrictum had been recently used
for biosorption of Reactive Black 5 [17]. Yang and
coworkers studied Penicillium YW 01 for biosorption
capacities of Acid Black 72 and Congo Red under
different conditions [20]. According to the study of
Shedbalkar et al., when biodegradation of Cotton Blue
by Penicillium ochrochloron MTCC517 was studied, the
bacterial (using A. vinelandii) toxicity test showed a
growth inhibition zone around the well-containing
Cotton Blue [18]. The same researchers found that
Malachite Green was effectively degraded at pH 7 by
P. ochrochloron, although fungi prefer acidic pHs [21].

P. ochrochloron AMDB-12 was isolated from an AMD
(Turkey) in our previous study, rather than terrestrial
source. The isolation of fungi from extreme environ-
ments, such as AMD, is significant for understanding
not only biodiversity but also alternative metabolic path-
ways for biotechnological application. The correlation
between fungus isolation source and biotechnological
application, including acidic textile dye adsorption,
encouraged the utilization of this fungus in the current
study. For this purpose, biosorption of selected acidic
textile dyes was carried out using the obtained fungal
biomass. Relationships between the dye decolorization
process and physicochemical parameters were character-
ized to achieve maximum dye removal. Finally, analyses
of Fourier transform infrared spectroscopy and Scanning
electron microscopy (SEM) before and after the

biosorption process were performed. In addition to
thermodynamic parameters, the data were evaluated
using kinetic and isothermal models.

2. Materials and methods

2.1. Dyestuffs and chemicals

Reactive Blue 13 (RB13) (λmax 568 nm) and Reactive
Blue 72 (RB72) (λmax 627 nm) are commonly used dyes
in the textile industry. They were obtained from a tex-
tile industry in Turkey. In this study, maximum absor-
bance peak wavelengths of RB13 and RB72 were
determined prior to use.

2.2. Microorganism growth conditions

AMD water samples were collected in 2012 from
Balya AMD (Balikesir province, Turkey) for isolation of
the fungus. Metal mining has been continued in this
field since that time. The pH value and amount of
dissolved oxygen for this drainage were 3.05 and
5.15 mg L−1, respectively. Fungal isolation was per-
formed using these water samples. AMD samples
(20 mL) were filtered through a 0.45 μm membrane. Fil-
ters were placed onto media containers with malt
extract agar (pH 2.5) or dichloran 18% glycerol agar.
The plates were incubated for 7 d at 25˚C. The fungal
isolate was further subcultured using malt extract agar.

The fungus was identified as P. ochrochloron AMDB-
12 with GenBank accession number KF588636 in our
previous study. This fungal isolate was grown on malt
broth slants for 7 d at 25˚C to prepare the mycelium
suspension. Then, a mycelium suspension (1 mL) of P.
ochrochloron AMDB-12 was added to malt broth under
aseptic conditions. The flasks were incubated at 30˚C
with shaking at 150 rpm for 7 d. The fungal cells were
then filtered and dried in an oven at 60˚C. The dried
biomass was ground and sieved to select particle sizes
of less than 300 μm and stored for use.

2.3. Optimization studies

Batch biosorption studies were conducted using
dyestuff solutions in 250 mL Erlenmeyer flasks with a
50 mL working volume. Concentrated dye solutions
were prepared as stock solution and then 50 mL of
dye solutions were used for experiments prepared
from dilution of concentrated solutions. Samples were
shaken at given appropriate time and then centrifu-
gated at 10,000 rpm for 5 min. The supernatants were
used for analysis. The flasks were exposed to various
biosorbent dosages, pH values, initial dyestuff concen-
trations, agitation rates, temperatures, and contact
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times to determine the optimum biosorption condi-
tions. All experiments were performed in triplicate.

Batch biosorption parameters were tested for initial
pH (1.0–7.0), biosorbent dosage (0.1–3 g L−1), contact time
(10–360 min), initial dye concentration (10–200 mg L−1),
and agitation rate (50–200 rpm). The pH of the solution
was adjusted with NaOH or HCl.

2.4. Theoretical basis

The amount of dye adsorbed by fungus biomass
was calculated from the differences between the dye
amount added to the biomass and the dye amount
after the biosorption experiment using the following
equation:

qe ¼ ðc0 � ceÞv
m

(1)

To determine the kinetics of the biosorption process,
experimental data were evaluated using two kinetic
models (Eqs. (2) and (3)): Lagergren pseudo-first-order
and pseudo-second-order equations [22]. The pseudo-
first-order equation is given as:

log qe � qt
� �¼ log qe�

k1t

2; 303
(2)

where k1 (min−1) is the pseudo-first-order rate con-
stant, qe and qt are the amount of dye adsorbed
(mg g−1) at time t and at equilibrium, respectively.

The pseudo-second-order equation may be
expressed in the form:

t

qt
¼ 1

k2q2e
þ t

qe
(3)

where k2 (g mg−1 min−1) is the pseudo-second-order
rate constant of pseudo-second-order biosorption [23].

The analysis of equilibrium data is important for
the development of mathematical models that could
be used to investigate the biosorption mechanism.
Langmuir, Freundlich, and Dubinin–Radushkevich
(D–R) isotherm models are used to describe the
biosorption isotherm [24]. Linear forms of these equa-
tions are given using the following formulas (Eqs. (4)
and (5) [25,26]:

Ce

qe
¼ 1

bq0
þ Ce

q0
(4)

log qe¼ log Kf þ
1

n
log Ce (5)

ln qe ¼ ln qm� be2 (6)

where qe is the amount of adsorbed dye per amount
of biosorbent at equilibrium (mg g−1), Ce is the equilib-
rium concentration in the solution (mg L−1), and the
Langmuir constants, q0 (mg g−1) and b (L mg−1), are
the monolayer adsorption capacity and the adsorption
equilibrium constants, respectively. The monolayer
adsorption capacity and equilibrium constant of
biosorption, Kf and n, respectively, are Freundlich
coefficients associated with the adsorption capacity
and intensity, respectively. qm is the D–R adsorption
capacity (mg g−1), β is the constant associated with
adsorption energy (mol2 kJ−2), and ε is the Polanyi
potential.
The Polanyi potential is given as:

e ¼ RT ln 1þ 1=Ceð Þð Þ (7)

where R is the gas constant (kJ mol−1 K−1) and T is the
temperature (K).

The mean energy of adsorption (E) is calculated
using the following equation:

E ¼ 2bð Þ�0:5 (8)

RL ¼ 1

1þ bC0
(9)

where C0 is the initial dye concentration (mg L−1). The
values of RL calculated from the above equation are
incorporated (Eq. (9)).

The thermodynamic parameters, change in free
energy (ΔG˚), enthalpy (ΔH˚), and entropy (ΔS˚), for
the adsorption process were calculated using the
Langmuir equilibrium constants (b). These parameters
are calculated from the following formulas (Eqs. (10)
and (11)):

ln b ¼DS�

R
�DH�

R

1

T

� �
(10)

DG� ¼ DH� � TDS� (11)

where R is the gas constant (8.314 J mol−1) and T is
the solution temperature (K). The values of ΔH˚ and
ΔS˚ are calculated from the slope and intercepts,
respectively, of the equation of the plotted data. Using
these values, ΔG˚ can be calculated.
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2.5. FTIR and SEM analyses

FTIR spectra of unloaded and dye-loaded biosor-
bents were recorded on a Bruker Tensor 27 infrared
spectrometer in the region of 400–4,000 cm−1 for deter-
mining the types of functional groups on the biosor-
bent surface. SEM was carried out to determine
potential changes in the biosorbent particle surfaces
using a JEOL 5600 LV SEM instrument.

3. Results and discussion

3.1. Optimization studies

The effect of pH on the biosorption process was
investigated by varying pH values from 1.0 to 7.0, and
the results are presented in Fig. 1(a). Because of the
fact that degradative effect of lower pH on dye
degradation, we used control experiment at whole
initial pH tests without biomass. The obtained %
biosorption values during the ph optimization in this
experiment were investigated with these control tests.
In this study, the optimum pH was found to be 2.0 for
each dye (28% biosorption for RB13 and 38% for
RB72). This finding is because the biosorption value of
P. ochrochloron AMDB-12 at strong acidic pH values
increases from 1.0 to 2.0. As shown in the literature, a
high biosorption yield was observed under these
acidic conditions [27,28]. The pH of the aqueous
solution can change the biosorbent charge value and
thereby affect the adsorption of the altered groups.
According to the study by Palmieri et al., the adsorp-
tion of acidic dye was optimum at acidic pH due to
an increase in the protonation of weak base groups of
bound biomass [29].

The effects of biosorbent dosage on RB13 and RB72
biosorption were studied at 30˚C with pH 2 and an
agitation rate of 150 rpm. The dosage was varied from
0.1 to 3.0 g L−1, as shown in Fig. 1(b). These results
showed that biosorbent dosages were optimal at 2 and
1 g L−1 for RB13 and RB72, respectively. The biosorp-
tion yield increased with increasing biosorbent dosage,
which provides the dyestuff molecules with more sur-
face area for attachment [30].

Erlenmeyer flasks containing dye solutions at
50 mg L−1 were placed on a shaker at varied revolu-
tions per minute (0, 50, 100, 150, and 200 rpm).
Samples were kept at 30˚C for 60 min. As indicated in
Fig. 1(c), 150 rpm was selected for further experiments
because the decolorization percentage did not signifi-
cantly increase above 150 rpm. The increase of %
biosorption with increasing agitation rates up to
150 rpm was attributed to an increased mass transfer
rate [31].

The impact of contact time on dye biosorption was
investigated by utilizing different contact periods at
three different temperatures (20, 30, and 40˚C). As
indicated in Fig. 2, the adsorption capacity increased
with increasing contact time up to 120 min, at which
point the maximum dye adsorption capacity was
reached. After 120 min, there were no further
increases in the biosorption capacity; therefore,
120 min was determined to be the equilibrium contact
time. This result may be due to all the biosorbent sites
being empty at the initial time, resulting in a higher
dye concentration gradient. After equilibrium, the
biosorption profile over time for both dyes reached a
plateau, suggesting that a monolayer coating of dye
may have been obtained on the P. ochrochloron
AMDB-12 surface at that point. It has been reported
that the majority of biosorption occurs at early contact
times due to abundantly available active sites, and the
process slows with the passage of time due to electro-
static repulsion between adsorbed and unadsorbed
dye molecules [32]. Similar results were found in the
literature [33]. Thus, the dye adsorption rate by the P.
ochrochloron AMDB-12 biomass decreased due to the
decreased number of biosorption sites and the dye
concentration gradient [34]. It can also be observed
from Fig. 2 that the adsorption capacity of the P. ochro-
chloron AMDB-12 biomass was enhanced with an
increase in temperature from 20 to 40˚C. This result
indicated that the adsorption process was endother-
mic, which is further demonstrated by the results in
Section 3.4.

3.2. Kinetic parameters

Kinetic models of dye and metal biosorption are
available in the literature [35,36]. The estimation of the
biosorption rate via modeling provides data to help
design adsorption systems. To determine the kinetics
of dye uptake, optimum operational conditions were
used in this study, as shown in Fig. 3. The biosorption
equilibrium was nearly established in 120 min for both
dyes at 20, 30, and 40˚C, and it was nearly constant
when the biosorption capacities for RB13 were 12.30,
13.13, and 14.17 mg g−1 at 20, 30 and 40˚C, respec-
tively, and when the biosorption capacities for RB72
were 23.40, 27.10, and 31.50 mg g−1 at 20, 30, and
40˚C, respectively (Fig. 2). The pseudo-first-order and
pseudo-second-order models were tested to identify
the adsorption kinetics.

The plots of (qe − qt) vs. t, t/qt vs. t1/2 used for
these models were checked graphically. The parame-
ters of biosorption kinetics were calculated using lin-
ear least-squares fittings as shown in Table 1.
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The pseudo-second-order kinetic model was found
to correlate well with the experimental data. The
kinetic parameters of these models were calculated, as
shown in Table 1. The pseudo-second-order kinetic
model was in better agreement with the experimental
data than the pseudo-first-order kinetic model.
Correlation coefficients of the pseudo-second-order
kinetic model were higher, and the calculated qe

values agreed very well with the experimental data.
The qmax values estimated from the pseudo-second-
order kinetic model were also in good accordance
with the experimental data (qeq,exp values at all dye
concentrations of RB13 and RB72). These results
demonstrate that the boundary layer resistance was
not the rate-limiting step because the dye-biosorption
follows pseudo-second-order kinetics [37].

Fig. 1. Effects of selected parameters on % biosorption. (a) Effect of pH, (b) Effect of biosorbent dosage, and (c) Effect of
agitation rate.
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3.3. Isotherm experiments

The biosorption performance of P. ochrochloron
biomass on RB72 and RB13 was investigated by the
biosorption equilibrium measurements at different ini-
tial concentrations. The relationship between the
amount of adsorbed dyes and equilibrium concentra-
tion in the solution was described by the Langmuir,
Freundlich, and D–R isotherms. The biosorption data
from five variable initial concentrations, 10, 20, 30, 40,
and 50 mg L−1, were analyzed at pH 2.0 for 120 min
and temperatures of 20, 30, and 40˚C. The adsorption
capacity of the biosorbent increased with initial
concentration and temperature. When the initial dye
solution concentration was increased from 10 to
50 mg L−1, the adsorption capacities increased from
4.18 to 12.31 mg g−1 at 20˚C and from 4.28 to
14.16 mg g−1 at 40˚C for RB13, and they increased
from 9.05 to 23.45 mg g−1 at 20˚C and from 10.15 to
31.15 mg g−1 at 40˚C for RB72.

The linear correlation coefficients and isotherm
constants are given in Table 2. The Langmuir isotherm
model was more suitable for both dyes, as demon-
strated by higher R2 values compared with those of

the Freundlich isotherm model. The Langmuir
isotherm is specific for monolayer biosorption. The
values of equilibrium coefficient, b; increased with an
increasing of temperature.

As the RL values lie between 0 and 1, the adsorp-
tion process is favorable [29]. Furthermore, the RL val-
ues for dye biosorption at 40˚C are between 0.014 and
0.079 for RB13 and between 0.020 and 0.090 for RB72.
The maximum adsorption capacities were determined
to be 14.57 and 32.25 mg g−1 at 40˚C for RB13 and
RB72, respectively, as indicated in Table 2.

The D–R isotherm was also used to estimate the
biosorption characteristics of RB13 and RB72 by
P. ochrochloron AMDB-12. The E values were 2.24–
2.67 kJ mol−1 and 1.00–2.89 kJ mol−1 for RB13 and RB72,
respectively (Table 2). These low E values demonstrated
that the biosorption has a physical nature. The linear
regression values (R2) indicate that the experimental
data fit well to the D–R isotherm model.

3.4. Thermodynamic parameters

Thermodynamic parameters were studied to better
understand the effects of temperature and to determine

Fig. 2. Effect of contact on the biosorption of (a) RB13 and
(b) RB72 by P. ochrochloron at different temperatures (pH
2.0; biosorbent dosage: 2 and 1 g L−1, respectively; agita-
tion rate: 150 rpm; initial dye concentration: 50 mg L−1).

Fig. 3. Pseudo-second-order kinetic plots for the biosorp-
tion of (a) RB13 and (b) RB72 onto P. ochrochloron at
different temperatures.
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the feasibility of the adsorption process. The values of
ΔH˚ and ΔS˚ were calculated from the slopes and inter-
cepts of the linear regression of ln b vs. 1/T. The ΔG˚
values were then calculated using Eq. (7). Negative
ΔG˚ values demonstrated that the biosorption of RB13
and RB72 by P. ochrochloron fungus is a feasible and
spontaneous process for the studied temperature range
(Table 3). Furthermore, the degree of spontaneity
increased with increasing temperature. Positive ΔH˚
values demonstrated that the adsorption is an
endothermic process. Positive ΔS˚ values indicated an
increase in the degree of freedom at the solid/solution
interface and reflected the affinity of the biosorbent
toward the dye molecules.

3.5. Biosorption characterization

The selected fungus for these biosorption experi-
ments was identified in our previous study as P. ochro-
chloron AMDB-12 with GenBank accession number
KF588636. Similar to our work, P. ochrochloron has

been isolated from an acidic environment and utilized
for the bioleaching of metals and for investigating
mold resistance by other researchers; therefore, it is
known to exhibit tolerance to harsh conditions [38].
This organism was found to be able to grow in an
electroplating bath with copper levels in excess of
5 g L−1 [39]. Thus, this resistant fungus has been
investigated for a variety of biotechnological applica-
tions. Crusberg proposed the potential ability of this
fungus to precipitate different heavy metals, such as
copper, lead, nickel, and cadmium [40]. Furthermore,
mycelial pellet formation within 48 h by P. ochro-
chloron upon exposure to pyrene was previously
found [41].

To confirm the existence of functional biosorption
groups (i.e. amino, carboxyl, and phosphate) on the
fungal biomass, FTIR spectra of fungal biomass prepa-
rations were obtained. The band positions of the main
functional active groups are presented in Table 4.
Alterations in the peaks of biomolecules associated
with adsorption were considered to reflect biosorption.

Table 1
Kinetic parameters for the biosorption of RB13 and RB72 on P.ochrochloron biosorbent

T (˚C) qexp (mg g−1)

Pseudo-first-order Pseudo-second-order

qe (mg g−1) k1 (min−1) R2 qe (mg g−1) k2 (g mg−1 min−1) R2

RB13
20 14.600 5.802 9.21 × 10−3 0.911 14.663 6.18 × 10−3 0.995
30 15.266 5.434 9.90 × 10−3 0.885 15.314 7.11 × 10−3 0.997
40 16.133 4.560 9.44 × 10−3 0.881 16.155 8.38 × 10−3 0.998

RB72
20 25.800 8.379 8.98 × 10−3 0.939 25.907 4.64 × 10−3 0.999
30 29.491 7.793 9.21 × 10−3 0.974 29.240 6.22 × 10−3 0.999
40 32.825 5.638 11.75 × 10−3 0.913 32.787 10.44 × 10−3 0.999

Table 2
Isotherms used for the description of dyes adsorption on P.ochrochloron cells and calculated adsorption (Kf, qo, qm,b, n, RL,
β, E) and correlation (R2) coefficients

Langmuir Freundlich Dubinin–Radushkevich (D–R)

T
(˚C)

qexp
(mg g−1)

q0
(mg g−1)

b
(L mg−1) R2 RL(10–50)

Kf

(L g−1) n R2
qm
(mg g−1)

β
(mol−2 kJ−2) R2

E
(kJ mol−1)

RB13
20 12.31 12.64 1.06 0.999 0.086–0.019 17.47 2.07 0.699 11.54 0.1 0.977 2.24
30 13.14 13.51 1.11 0.999 0.083–0.018 19.21 2.03 0.631 12.72 0.1 0.998 2.24
40 14.16 14.58 1.32 0.999 0.071–0.015 22.71 1.81 0.691 13.12 0.06 0.969 2.89

RB72
20 23.45 24.94 0.52 0.997 0.162–0.037 32.29 2.18 0.691 22.34 0.5 0.985 1.00
30 27.05 28.17 0.70 0.996 0.126–0.028 41.88 1.87 0.849 23.06 0.09 0.875 2.34
40 31.15 32.26 0.97 0.996 0.094–0.020 57.52 1.62 0.784 26.34 0.06 0.895 1.89
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The broad absorption peaks at approximately 3,433,
3,377, and 3,394 cm−1 indicate the presence of
carboxylic acid or amino groups for unloaded, RB13-
loaded, and RB72-loaded biosorbents. Symmetrical
and asymmetrical absorption bands of –CH stretching
can be seen in the range of 2,977–2,362 cm−1 for both
unloaded and dye-loaded biosorbents. However, an
adsorption band that corresponds to –COOH stretch-
ing at 2,515 cm−1 was observed for unloaded biomass
and was absent in spectra of dyestuff-loaded bio-
masses. The bands observed at 3,433–2,856 cm−1 might
reflect –CH aliphatic and aromatic groups. Amide-I
peaks are visible at 1,647 and 1,651 cm−1 for RB13 and
RB72, respectively, but they were not observed in
unloaded biosorbent spectra. There is –C–C═C asym-
metric stretching in both dye-loaded biomasses, with
none observed in the unloaded biosorbent. The peak
at approximately 1,240 cm−1, not shown in the
unloaded biomass spectra, is attributed to –SO3

stretching for both loaded biomasses. The symmetrical
and asymmetrical bands of –CH shifted from 2,977 to
2,925 cm−1 for unloaded and dye-loaded biomasses,
respectively. Characteristic absorption peaks for
phosphate groups at approximately 1,078 cm−1 for

RB72 and 1,080 cm−1 for RB13 represent P–OH stretch-
ing, but this band was absent in the unloaded biosor-
bent spectra. The spectrum of each dye-loaded
biomass also displayed an intensity increase in the
absorption peaks at 1,380 (RB13) and 1,379 cm−1

(RB72), corresponding to –CH bending vibrations.
–C–O stretching at 1,026 cm−1 for the unloaded biosor-
bent shifted to 1,031 and 1,029 cm−1 for RB13 and
RB72-loaded biosorbents, respectively. Aromatic vibra-
tions were observed at 875–709, 671–528, and 570–
403 cm−1 for unloaded, RB13-loaded, and RB72-loaded
biosorbents, respectively.

FTIR spectra of the unloaded and loaded bio-
masses showed that functional groups, including
amide, –SO3, hydroxyl and carboxyl groups, may be
responsible for the biosorption of RB13 and RB72 onto
the biosorbent. These results indicate possible involve-
ment of the functional groups on the biosorbent sur-
face in the biosorption process. The functional groups
detected in the virgin biosorbent are likely involved in
the biosorption of the evaluated dyestuffs [42,43].

It can be seen in the SEM image in Fig. 4 that the
surface of the fungus biomass was heterogeneous,
smooth, and porous. SEM images of the unloaded,

Table 3
Thermodynamic parameters for the biosorption of RB13 and RB72 on P. ochrochloron biosorbent

T (˚C) ΔG˚ (kJ mol−1) ΔH˚ (J mol−1) ΔS˚ (J mol−1 K−1)

RB13 20 −41.845 8.254 142.843
30 −43.273
40 −44.702

RB72 20 −56.367 23.933 192.460
30 −58.292
40 −60.216

Table 4
Band positions before and after biosorption of reactive dyes by FTIR technique

Suggested assignment Unloaded biomass RB13 loaded biomass RB72 loaded biomass

–OH and/or –NH stretching 3,433 3,375 3,394
–CH symmetric stretching 2,977 2,925 2,925
–C–H stretching 2,817 2,856 2,856
–COOH stretching 2,515 – –
–CH asymmetric stretching 2,362 2,362 2,362
–C=O stretching vibrations 1,797 1,745 1,743
Amid-I band – 1,647 1,651
–C–C=C asymmetric stretching – 1,458 1,458
–OH bending vibrations 1,419 1,413 1,413
–CH bending vibrations – 1,380 1,379
–SO3 stretching – 1,240 1,240
–S=O stretching 1,153 1,153 1,155
–P–OH stretching – 1,080 1,078
–C–O stretching 1,026 1,031 1,029
–C–H bending vibrations (aromatic) 875–709 671–528 570–403
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RB13 dye-loaded, and RB72 dye-loaded biosorbents
are shown in Fig. 4(a), (b), and (c), respectively. The
irregular surface provides a large surface area to the
adsorbent, which in turn influences the adsorbent
capacity. The change in the morphology of the dye-
laden adsorbent observed in Figs. 4(b) and (c) com-
pared with that of P. ochrochloron AMDB-12 in
Fig. 4(a) demonstrates that the dye is adsorbed onto
the adsorbent surface.

To confirm the adsorption of RB13 and RB72 onto
the unloaded biomass, EDX analysis was performed, as
shown in Fig. 4. The changes observed in the EDX anal-
ysis of unloaded and dye-loaded biomasses may be evi-
dence of the responsibility of hydroxyl and carboxyl

groups on the biosorbent for RB13 and RB72 biosorp-
tion [44]. This EDX result is in agreement with the FTIR
data obtained in this study. Because copper is in the
center of the RB72 structure, Cu amounts increased
more for RB72-loaded biosorbents than for RB13-loaded
biosorbents (Fig. 4(c)). According to the EDX analysis,
the chloride content increased to 12.050% for RB72-
loaded biosorbents, while chloride contents were 0.499
and 0.284% for unloaded and RB13-loaded biosorbents,
respectively. This difference may be due to binding
between the chlorides of the dye molecule and func-
tional sites on the biosorbent. Ionic exchange and elec-
trostatic attraction may play important roles in dye
biosorption onto fungal biomass.

Component Mole
Conc.

Conc.

C 53.244 45.407
O 36.313 41.251
Na 0.459 0.749
Mg 0.135 0.233
K 0.952 2.643
S 0.255 0.580
Cl 0.198 0.499
Al 0.029 0.056
Ca 0.024 0.067
N 8.344 8.298
Cu 0.048 0.217

100.000 100.000

(a)

Component Mole
Conc.

Conc.

C 65.273 57.524
O 32.189 37.789
Na 0.233 0.392
Mg 0.061 0.108
K 0.521 1.496
S 0.274 0.646
Cl 0.109 0.284
Al 0.044 0.088
Ca 0.027 0.081
N 1.188 1.221
Cu 0.080 0.372

100.000 100.000

(b)

Component Mole
Conc.

Conc.

C 59.243 43.522
O 22.432 21.953
Na 0.075 0.105
Mg 0.081 0.120
K 5.523 13.209
S 0.425 0.833
Cl 5.928 12.855
Al 0.297 0.490
Ca 0.161 0.394
N 5.334 4.570
Cu 0.502 1.950

100.000 100.000

(c)

Fig. 4. SEM micrographs and EDX analyses of natural (a) RB13-loaded biomass and (b) RB72-loaded biomass.
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4. Conclusions

A fungus isolated from AMD was used in this
study as a biosorbent for acidic dye adsorption. Under
optimal conditions, the % dye biosorption values for
RB13 and RB72 were 55 and 61%, respectively. The
maximum adsorption capacities were determined as
14.57 and 32.25 mg g−1 at 40˚C for RB13 and RB72,
respectively. Kinetic studies of this endothermic and
monolayer process indicated that the pseudo-second-
order kinetic model can be applied to the biosorption
of RB13 and RB72. The dye-biosorbent interactions
were confirmed by FTIR and EDX, and heterogeneous
and porous structures were observed by SEM.
Although there were studies relating to metal–biomass
interaction or dye degradation in the literature, dye
biosorption by a P. ochrochloron, an AMD isolate in
this study was the first report. These results suggested
that the biomass of P. ochrochloron AMDB-12, an iso-
late from Balya AMD, may be a promising low-cost
adsorbent for the removal of reactive textile dyes from
effluent. Further studies are considered for investiga-
tion of the removal of other textile dyes and heavy
metals using P. ochrochloron isolate, thereby raising
adsorption yield.
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