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Abstract The native and physico-chemically treated fungal
biomasses of Neurospora intermedia were used for adsorption
of colored pollutants from distillery spent wash in batch sys-
tems. Experiments were conducted at varying color concentra-
tions of the effluent (1,000–6,500 CU). The kinetics of effect of
initial sorbate concentration, dose of biosorbent, temperature,
and pH on adsorption were studied. Physical and chemical
pretreatments of biomass resulted in an increase or decrease
in color removal capacity. This effect was further studied by
FTIR analysis of the dried fungal mycelium. The maximum
color uptake on all the tested fungal biomass preparations was
observed at pH 3.0 and temperature 30°C, within first 4 h. The
Langmuir and Freundlich adsorption models were used for the
mathematical description of the biosorption equilibrium and the
data showed an optimal fit to these isotherms. Kinetic param-
eters indicated the dominance of Lagergren pseudo first-order
kinetic model for adsorption. On the basis of maximum adsorp-
tion capacity, the color removal capacity by fungal preparations
was in the order of native>heat>acid, base.

Keywords Neurospora intermedia . Adsorption . Effluent .
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Introduction

Distillery effluent, a foul smelling, dark colored by-product of
distillery industry is perceived as one of the serious pollution
sources of the countries producing alcohol from fermentation
and subsequent distillation of sugar cane molasses. It contains
extremely high COD, BOD, soluble solids, inorganic solids,
dark brown color, and low pH (Saha et al. 2005) besides other
caramelized and recalcitrant wastes. The characteristic recalci-
trance to decolorization of distillery effluent is due to the
presence of brown color melanoidin polymers that are formed
in Maillard reactions between amino acids and carbohydrates
(Wedzicha and Kaputo 1992). Various treatment technologies
including physico-chemical and biological methods have been
studied by various researchers for the removal of organic–
inorganic pollutants and metals from wastewaters (Goyal et
al. 1996; Nandy et al. 2002; Gupta et al. 2007c, d, 2012).
Among the physico-chemical treatment methods, adsorption
is most widely used, as the process requires less investment in
terms of initial establishment cost, efficiency and is free from
generation of toxic substances (Mittal et al. 2009b; Saleh and
Gupta 2012).

Activated charcoal has been found to be effective adsorbent
for removal of color and synthetic dyes fromwaste waters. The
discharge of azo dyes and their biotransformation products in
water bodies is a serious concern due to their mutagenic and
carcinogenic effects. Different low cost waste materials, like
maize cobs, wood chips, wheat husk bottom ash, de-oiled
soya, and hen feathers have been employed as potential
adsorbents for the removal of various synthetic azo dyes such
as Vertigo Blue 49, Orange DNA13, Reactofix golden yellow
3 RFN (Gupta et al. 2007b, e), Indigo Carmine, Amido Black
10B, Amaranth, Brilliant Yellow (Mittal et al. 2005; Mittal
2006; Mittal et al. 2007, 2012a, b), Erythrosine, Brilliant Blue
FCF (Gupta et al. 2006b, c),) Congo Red, Chrysoidine Y,
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Triarylmethane Fast Green FCF, Triarylmethane dye, Light
Green SF (Mittal et al. 2009a, b, 2010b, c) Eriochrome Black
T (Mittal and Gupta 2010). The industrial waste materials like
carbon columns, carbon slurry, slag, and bagasse fly ash have
also been reported to be useful for remediation of hexavalent
chromium, Zn, Cd, color, chlorophenols, and fluoride as well
(Bernardo et al. 1997; Gupta et al. 1997, 2000; Gupta and
Sharma 2003; Jain et al. 2004; Gupta et al. 2006a, 2007a, b;
2010). However, its relatively high cost restricts its usage on a
large scale (Mittal et al. 2010b).

Biosorption has gained important credibility during recent
years because of its ecofriendly nature, excellent performance,
and low cost techniques (Gupta and Rastogi 2008a, 2009). The
microbial biomasses have been widely used for removal of
metals like, Pb, and Cr from aqueous solutions (Gupta and
Rastogi 2008b, 2009). Biomass ofOedogonium sp. andNostoc
muscorum have been reported as a suitable biosorbent for Cd
(II) and chromium removal, respectively (Gupta and Rastogi
2008a, c). Ever increasing demand for new sources of low-cost
adsorbent undoubtedly make chitosan-containing biomass as
one of the most attractive material for treatment of color in
wastewater (Babel and Kurniawan 2003). Literature suggests
that research have been carried out on the biosorption of
various organic pollutants and color from wastewaters (Tsezos
and Bell 1989; Fu and Viraraghavan 2001). Partial elimination
of Maillard colored compounds was obtained by using
microbes like Geotrichum candidum and Rhizoctonia sp. D-
90. Electron microscopy revealed the presence of melanoidin-
like pigments in the form of electron dense material in the
cytoplasm, adsorbed by mycelia (Borja et al. 1993; Sirianun-
tapiboon et al. 1995). Color removal frommolasses spent wash
through adsorption was also studied by Miranda et al. (1996)
using Aspergillus niger.

The present study was conducted to determine the ability of
native and physico-chemically treated biomasses of Neurospo-
ra intermedia to adsorb colored components of distillery ef-
fluent in batch cultures. The biosorption equilibrium and
kinetic data were fitted using different models and process
parameters were evaluated.

Materials and methods

Sorbate

For studying the process of adsorption by fungal biomass, the
effluent was collected fromModi distilleries, Modinagar, Uttar
Pradesh, India. The sample was diluted to desired dilution
using minimum salt media (grams per liter) (Na2HPO4.2H2O,
7.8; KH2PO4, 6.8; MgSO4, 0.2; Fe (CH3COO)3 NH4, 0.05; Ca
(NO3)2 4H2O, 0.05 NaNO3, 0.085;) for adsorption studies. The
pH of the sample was adjusted using 0.1 M HCl or 0.1 M
NaOH.

Cultivation of fungus and preparation of biomass

The fungus “N. intermedia (MTCC-9655)” was selected for
adsorption studies. It was observed in our earlier studies that the
strain played significant role in decolorizing the distillery spent
wash through adsorption rather than using its enzymatic system
(Kaushik and Thakur 2009; Kaushik et al. 2010). Thus, it was
decided to study adsorption process performed by N. interme-
dia. The strain was cultivated in liquid medium in PDB using
shake flask method. Once inoculated, flasks were incubated on
an orbital shaker at 125 rpm for 7 days at 30°C. After incuba-
tion, the biomass was harvested frommedium and washed with
distilled water. The washed biomass (live biomass) was used
immediately thereafter. Untreated fungus was called native
fungus. This native fungus was soaked in 0.1 M HCl, at room
temperature, in a ratio of 1:10w/v for 1 h at 125 rpm. The
biomass was then washed with buffer saline. This fungus was
called acid-treated fungus. Similarly, base-treated fungus was
prepared by treating it with 0.1 M NaOH. For preparation of
heat-treated fungus, biomass was heated in water bath at 100°C
in buffer saline for 10 min (Bayramoglu et al. 2003).

Characterization of the fungal biomass

Changes in fungal biomass before and after adsorption were
studied by SEM and FT-IR. The fungal mycelium was ana-
lyzed by scanning electron micrography at 10 kV, magnifica-
tion 10KX using ZEISS Scanning Electron Microscope EVO
50. Samples were prepared as described earlier (Sirivastava and
Thakur 2007). To give a qualitative and preliminary analysis of
the main chemical groups present on the cell wall of biomass
and its different preparations, an IR analysis in solid phase was
carried out by using FT-IR spectrophotometer. For the FTIR
spectra, fungal biomass (0.01 g dry weight) was mixed with
KBr (0.1 g) and pressed into a tablet form by pressing the
groundmixedmaterial with the help of a bench press. Scan was
recorded from 450 to 4,000 nm with Perkin-Elmer 1600 series
FT-IR spectrophotometer (Nujol, KBr disks).

Adsorption studies

Batch adsorption studies were conducted by varying
adsorbent (biomass), adsorbate concentration, pH, and
temperature to obtain rate and equilibrium data. To
determine the effect of initial concentrations of the
effluent on the adsorption rate and capacity on the
fungal preparations, the initial concentration of the ef-
fluent was varied between 1,000 and 6,500 CU in the
biosorption medium. The distillery spent wash having
65,000 CU was served as stock solution. Different con-
centrations were prepared from this stock solution. In
each experiment, accurately weighed 10 % fungal bio-
mass (wet weight) was added to 100 ml of distillery
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spent wash solution (MSM-effluent, 6,500 CU) taken in
a 250-ml conical flask along with necessary carbon
(dextrose, 0.05 % w/v), nitrogen (NaNO3, 0.025 % w/
v) source for the growth of fungus. The mixture was
agitated at 125 rpm in an incubating shaker at constant
temperature (30°C). At the end of the equilibrium peri-
od, the contents of the flasks were analyzed for residual
concentration of adsorbate. The adsorption of the col-
ored contaminants of distillery spent wash on native and
heat-acid- base-treated fungal biomass were also inves-
tigated. The effects of the medium pH on the adsorption
capacities of the fungal biomass preparations were later
investigated with pH range of 2.0–8.0 (which was ad-
justed with HCl or NaOH at the beginning of the
experiment) at 30°C. The effect of temperature was
studied with temperature range of 20–40°C at pH 3.0.

Analysis

Before analysis of the remaining color concentration in the
adsorbate, the sample was centrifuged at 5,000 rpm for
20 min. The supernatant was analyzed for estimation of color
by cobalt-platinate method (APHA 2005). Coloring unit of the
effluent was considered a measure of amount of chemicals
present in the effluent. Such approach has also been followed
in previous studies where COD was used as a measure of
effluent concentration (Srivastava et al. 1995; Devi et al.
2008; Mittal et al. 2010a). The readings were taken in triplicate
for each individual solution to check repeatability and the
average of the values were taken.

The amount of biosorbed coloring material per unit fun-
gal biomass (grams wet biomass) was obtained by using the
following expression:

qe ¼ C0 � Ceð Þ � V=M

qe is the amount adsorbed at equilibrium, C0 the initial
concentration of the sorbate, Ce is the equilibrium solution
concentration, V the volume, and M the mass of adsorbent.

To optimize the design of a sorption system to remove the
sorbates, it is important to establish the most appropriate
correlation for the equilibrium curves. These equilibrium
sorption capacity curves can be obtained by measuring the
sorption isotherm. The experimental data of the amount of
sorbate adsorbed on the sorbent were substituted into an
equilibrium isotherm model to determine the best-fit model
for the sorption system. Using this relationship, any varia-
tion in the concentration of sorbent with the concentration of
sorbate in solution was correlated. The Freundlich and
Langmuir adsorption isotherm models are widely used to
analyze data for water and wastewater treatment applica-
tions. Hence, in this study, the experimental data were fitted
with the Freundlich and Langmuir models.

Freundlich model

The Freundflich equation can be written as:

qe ¼ KFC
1=n
e

Where KF is a constant indicative of the relative adsorp-
tion capacity of the adsorbent (mg1−(1/n)L1/ng−1) and n is the
constant indicative of the intensity of adsorption. The
Freundlich expression is an exponential equation and there-
fore, assumes that as the adsorbate concentration increases,
the concentration of adsorbate on the adsorbent surface also
increases.

Langmuir model

The Langmuir model assumes uniform energies of adsorp-
tion on to the surface and no transmigration of adsorbate in
the plane of the surface. The Langmuir equation may be
written as

qe ¼ qmbCe

1þ bCe

where qe is the amount of solute adsorbed per unit weight of
adsorbent at equilibrium (milligrams per gram), Ce is the equi-
librium concentration of the solute in the solution (milligrams
per liter), qm is the maximum adsorption capacity (milligrams
per gram), and b is the constant related to the free energy of the
adsorption. The linearized form of these models was used for
plotting graphs. Langmuir was converted into five different
linear equations (Hamdaoui and Naffrechoux 2007).

Result and discussion

Characteristics of fungal biomass

Scanning electron microscopy

The surface morphology of the native fungus N. intermedia
mycelia is exemplified in Fig. 1. The scanning electron micro-
graphs clearly reveal the surface texture and porosity of the
sample. As shown in the scanning electron microscopy mi-
crograph, the fungal mycelia have rough and porous surface
(top) and the mycelia loses its basic structure and tear down
due to the particles load after adsorption present in the effluent
(bottom).

Fourier transform infrared spectroscopy

In order to confirm the existence of functional biosorption
groups (i.e., amino, carboxyl and phosphate) on the fungal
biomass, and its different preparations, the FTIR spectra of
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the finely powdered dried fungal biomasses were obtained. The
spectra confirmed the presence of various functional groups in
the structure of N. intermedia such as carboxylic acid, hydrox-
yl, amine and amido groups (Gupta and Rastogi 2008a). The
broad stretching adsorption band at 3,356 cm−1could be
assigned hydroxyl groups stretching vibrations. The –NH
stretching of the protein and the acetamido group of chitin
fraction stretching vibration bands were superimposed on the
side of the hydroxyl group band at 3,500–3,200 cm−1. The
band at 1,659 cm−1 was a consequence of CO stretching
vibration conjugated to NH band. The peaks at around 1,411
and 1,248 cm−1 were caused by the CO stretching band of
carbonyl groups. The moderately strong absorption bands at
1,030 could be assigned to the –CN stretching vibration of the
chitin–chitosan and protein fractions (Gupta and Rastogi
2008b). Strong absorption bands at 2,925 cm–1 could be
assigned to the –CH stretch.

The FTIR spectra bands of biosorption studies by native
fungi showed that the broad overlapping peak shift to
3,391 cm−1 after the adsorption of distillery spent wash, which
might be due to hydroxyl or amine groups present in the
effluent itself. Additionally, the peak at 1,659 cm−1 assigned

to the CO stretching shifted to 1,634 cm−1 suggesting its role in
adsorption. However, the peak stretching at 1,411 and 1,248
shifted to 1,434 and 1,358, respectively, after adsorption could
be attributed to the presence of additional carboxyl groups in
the effluent.

Both native and physico (heat)-chemically (acid, base) trea-
ted fungal biomasses have been used to remove colored pol-
lutant from aqueousmedium (Vandevivere et al. 1998;Mahony
et al. 2002; Ozer et al. 2005). FTIR spectrum of treated fungal
biomasses showed that the treatments have modified surface
chemistry of the fungi by the process of adsorption. As shown
in Table 1, there was loss of some functional groups along with
presence of some additional binding sites for the same groups,
while at the same time, there was a change in the intensity for
others. Thus, the mechanism of adsorption as revealed by
instrumental technique like FTIR was found to be the ionic
interactions and complex formation between colored pollutants
and ligands contained on the surface of biomaterials (Gupta and
Rastogi 2008b).

Batch adsorption studies

Effect of pH and temperature on adsorption

Figure 2 shows the effect of temperature on the equilibrium
sorption capacity in the range of 20–40°C. The adsorption
of distillery spent wash was enhanced with raising the
temperature up to 30°C, and the time taken to reach the
equilibrium decreases with increasing temperature; howev-
er, beyond that, there was a decrease in the further adsorp-
tion potential of the fungi with the increase in temperature.
Adsorption decreases with a further increase in temperature
probably due to the decreased surface activity as noted by
Aksu and Tezer (2000) in the case of biosorption of Rema-
zol Black B reactive dye by Rhizopus arrhizus. Similar
results were also found by Das et al. (2006).

The pH of the aqueous solution is a controlling factor in
the adsorption process. In this study, the role of hydrogen
ion concentration was examined between pH values from 2

Fig. 1 Scanning electron microscopy of a fungal mycelium N. inter-
media (top), b fungal mycelia after bisorption (bottom)

Table 1 Comparative analysis of functional groups present in native,
acid base, and heat-treated mycelium

S.
no.

IR band Native Acid Base Heat

1 3500–3200 [(N–H) and O–H] 3,356 3,319 3,401 3,335

2 2925 (C–H) 2,924.4 2,924.1 2,925.1 2,925

3 1659 [(N–H) amine and CO)] 1,659.2 1,651.8 1,658.5 1,646

4 1,411 (C0O) 1,411.4 – 1,456.7 –

5 1,248 (C0O) 1,248.8 1,250.8 1,253.2 1,253

6 1,029 [(C–OH) and (P0O)] 1,029.2 1,039.5 1,051.9 1,034

7 518 (protein structure) 518 547 545.5 546.7
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to 9. Distillery spent wash contains complex polymeric
organic compounds having different aromatic rings and
functional groups and thus have varying ionization poten-
tials at different pH ultimately showing varying bioadsorp-
tion potential at different pH values. The fungal cell wall is
composed of polysaccharides (i.e., chitin and chitosan),
proteins, lipids, and melanin with several functional groups
(such as amino, carboxyl, thiol, and phosphate groups)
capable of binding various organic molecules (Yesilada et
al. 2003). The ionic forms of these organic compounds in
solution and the surface electrical charge of the biomass
depend on the solution pH. Therefore, the interaction be-
tween a sorbate and sorbent is mainly affected by ionization
states of the functional groups on both the molecule and
sorbent surface (Maurya et al. 2006). The influence of pH
on the bioadsorption potential of the fungi (N. intermedia) is
shown in Fig. 2. The most suitable pH for sorption was 3,
and there was a decrease in the extent of bioadsorption
potential with increase in the pH of the solution. Hence,
further studies were conducted at pH 3. Similar results were
also found earlier (Hu 1992; Mahony et al. 2002) while
carrying out adsorption studies of different reactive dyes.

Effect of contact time

It was found that removal of colored pollutant from
distillery spent wash increases with increase in contact
time to some extent. Further increase in contact time
does not increase the uptake due to deposition of col-
ored pollutants on the available adsorption sites of na-
tive fungal biomass. Preliminary investigations on the
uptake of pollutants on the adsorbent material at their
optimum pH and temperature values indicated that the
process was quite rapid. Typically, 80 % of the total
adsorption occurred within first four hours at effluent
concentration of 10 % (v/v). This initial rapid adsorption
subsequently paved the way to a very slow approach to
equilibrium and saturation was reached in 5–6 h. For
further optimization of other parameters, this contact
time was considered as the equilibrium time.

Biosorption isotherms

Equilibrium data, commonly known as adsorption isotherms,
are the basic requirement for the design of adsorption systems.
The shape of the isotherms is the first experimental tool to
diagnose the nature of a specific adsorption phenomenon. The
amount of biosorbed coloring material onto the fungal biomass
preparations was studied and plotted as a function of the
equilibrium concentration of colored material in the biosorption
medium. Several mathematical models can be used to describe
experimental data of adsorption isotherms. In this study, the
equilibrium data were modeled with Langmuir (five linearized
expressions), Freundlich models.

The experimental values of qe and Ce determined in adsorp-
tion isotherms were initially treated with linearized equations of
Freundlich and Langmuir to find out the model parameters.
After determining the best model, the values of qe were recal-
culated using linear equation of the model. The reconstitute
isotherms were compared with initial isotherms to evaluate the
error in the models. Linear correlation coefficients (r) showed
the fit between experimental data and linearized forms of
isotherm equations while the average percentage errors (APE)
calculated according to given equation indicated the fit between
the experimental and predicted values of isotherm curves
(Hamdaoui and Naffrechoux 2007).

APE %ð Þ ¼
PN

i¼1 qeð Þexp erimental � qeð Þpredicted
n o

= qeð Þexp erimental
�
�
�

�
�
�

N
� 100

Where N is the number of experimental data.

Langmuir isotherm

The adsorption data obtained for colored pollutants in the
distillery spent wash was analyzed by regression analysis to
fit the five linearized expressions of Langmuir isotherm
models. The details of different forms of linearized
Langmuir equations and the method to estimate the
Langmuir constants qm and b from these plots are
shown in Table 2. The favorable nature of adsorption
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Fig. 2 Effect of temperature
and pH on adsorption potential
of N. intermedia
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can be expressed in terms of dimensionless equilibrium
parameter of Hall et al. (1966):

RL ¼ 1

1þ bC0

where b is the Langmuir constant and C0 is the initial
concentration of the adsorbate in the solution. The val-
ues of RL indicate the type of isotherm to be irrevers-
ible (RL00), favorable (0<RL<1), linear (RL01), or
unfavorable (RL>1) (Hamdaoui and Naffrechoux 2007).

The values for RL were 0.54, 0.81, 0.42, and 0.79 for
native, acid, base, and heat, respectively. RL values were less
than 1 and greater than 0 indicated favorable adsorption.

In order to check the validity of the Langmuir models, it is
interesting and essential to recalculate the adsorbed amounts
using the five linearized forms of the equation. Table 2 sum-
marizes the parameters obtained using these models. Figure 3
(a) shows the best fitting model for native, acid, and heat was
Langmuir-1 with r values 0.8819, 0.9988 and 0.9298, respec-
tively, and Langmuir-2 was best fitting model for base-treated

fungi (r00.9777) (Fig. 3b). The calculated average percentage
errors for Langmuir 1, 2, and 3 are shown in Table 2. It is clear
from Table 2 that inspite of the lowest value of average
percentage error in Langmuir-2 for acid-treated fungi, this
model does not describe perfectly the equilibrium data be-
cause of the lower values of coefficients of correlation. Thus,
it is not appropriate to use the coefficient of correlation of the
linear regression method for comparing the best-fitting iso-
therms. The qm values based on Langmuir 1 model show that
maximum adsorption was in the series native>heat>acid,
base (Table 2).

Freundlich isotherm

The equilibrium data was further analyzed using the linearized
form of Freundlich equation using the same set experimental
data, by plotting lnqe versus lnCe. The calculated Freundlich
isotherm constants and the corresponding coefficient of corre-
lation values were shown in Table 2. The fitness of Freundlich
model for all the four types of experimental data was in the

Table 2 Summarized values of
various isotherm parameters for
adsorption of effluent on
Neurospora intermedia

Isotherm Native Acid Base Heat

Freundlich

R 0.8766 0.9898 0.9434 0.8678

APE% 15.17121 4.542265 12.02121 13.57293

KF (CU
1−1/nL1/ng−1) 1.743 1.142 11.279 2.233

N 1.141422 1.214477 1.550628 0.980104

Langmuir 1

r 0.8819 0.9988 0.9636 0.9298

APE% 15.77206 4.723965 7.327218 16.46224

qm (CU g−1) 33300 5000 5000 10000

b (L CU−1) 0.00016 0.000067 0.0002 0.000049

Langmuir 2

r 0.2625 0.9053 0.9777 0.006

APE% 28.33244 3.505215 6.237372 13.40558

qm (CU g−1) 16,700 5,000 5,000 100,000

b (L CU−1) 0.000034 0.000067 0.0002 4.40E-06

Langmuir 3

r 0.0282 0.849 0.8562 0.1438

APE% 42.83899 17.94081 9.241919 41.20044

qm (CU g−1) 4,008.9 5,165.4 5,330 220.78

b (L CU−1) 0.00018 0.000064 0.00018 −0.00052

Langmuir 4

r 0.0282 0.849 0.8562 0.1438

qm (CU g−1) 27,500 4,700 1,594.35 −17,900

b (L CU−1) 0.00002 0.00006 0.0002 −0.00003

Langmuir 5

r 0.8819 0.9988 0.9696 0.9298

qm(CU g−1) 12,000 5,720 1,594.35 7,760

b (L CU−1) 0.00004 0.00005 0.0002 0.00005
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order of acid>base>native>heat (Fig. 4). The magni-
tude of the exponent n gives an indication on the
favorability of adsorption. The n values that were >1
for all the tested fungal biomass preparations indicated

favorable adsorption process. However, heat-treated fun-
gal biomass preparation showed poor adsorption capac-
ity as the n value was less than 1 (0.98) along with
lowest value of coefficient of correlation.

Adsorption kinetics

To investigate the mechanism of adsorption, kinetic models
are used to test experimental data. Pseudo-first-order and
pseudo-second-order equations can be used while as-
suming that the measured concentrations are equal to
surface concentrations. The pseudo-first-order is
expressed as described earlier by Singh et al. (1989):

log qe � qtð Þ ¼ log qe � kad
2:303

t

where qt is the amount of solute adsorbed at time t (milligram
per gram), qe the adsorption capacity in equilibrium (milli-
gram per gram), kad is the pseudo first-order rate constant (per
minute), and t is the contact time (minutes). Linear plot of log
(qe−qt) versus t was obtained and values of adsorption rate
constant (kad) were calculated from the slope of linear plots
that are presented in Table 3 (figure not shown). Kinetic data
were further treated with the pseudo-second order kinetic
model (Ho and Mckay 1999) which is expressed as:

t

qt
¼ 1

k 0q2e
þ 1

qe
t

where k′ is the pseudo-second-order rate constant (grams
per milligram per minute). For second-order kinetic
model, the data was plotted between t/qt against t. The
plot should be a straight line if second-order kinetic
model is applicable. It was found that although the
second-order equation was suitable for some of the data;
it was not applicable to all the results. Therefore, no
further consideration was given to it. The pseudo-first-
order model, however, was applicable to all the data
and the results are shown in Table 3.

Fig. 3 Linear adsorption isotherm for native and treated fungal bio-
mass a Langmuir 1, b Langmuir 2

Fig. 4 Freundlich adsorption isotherm to determine Freundlich iso-
therm constants (KF, n)

Table 3 Adsorption kinetic constants for adsorption of colored pollu-
tants in distillery spent wash by Neuropsora intermedia

Initial concentration
(%)

qe exp
(mg g−1)

Kad

(min−1)
qe, cal
(mg g−1)

R2

5 % 1,164.5544 0.012 1,243.6116 0.992

10 % 2,206.9944 0.006 2,371.128 0.987

15 % 2,862.2424 0.008 3,028.8028 0.989

20 % 3,419.2032 0.008 3,452.7792 0.997
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Conclusions

The results of this study identified native and treated fungal
biomass of N. intermedia as a suitable biosorbent for re-
moval of colored pollutants from distillery spent wash.
Batch experiments showed the strong effect of the operating
variables (pH, temperature, contact time) on biosorption
performance of the fungal biomass. Among the tested iso-
therm models, Langmuir models were more applicable. The
value of constant n was greater than 1; hence, all the ad-
sorption processes were favorable. From the model, we can
say that adsorption has uniform energies on the surface and
there is no transmigration of adsorbate in the plane of the
surface. Overall reaction rate was best described by pseudo
first-order kinetic model. The interactions between the pol-
lutants from effluent and the functional groups on the cell
wall surface of the biomass were confirmed by FTIR anal-
ysis, which indicated the participation of COOH, OH, and
NH2 groups in the adsorption. This study demonstrated that
the raw and treated fungal biomass of N. intermedia could
be used as efficient biomass for treatment of colored
wastewaters.
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