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Abstract: This study reports the capacities and mechanisms of live biomass of an ascomycetes strain,
Aspergillus niger HM11 biomass preparations in removing a textile dye Reactive blue 140 from aqueous
solution was investigated with different parameters, such as adsorbent dosage, pH, initial dye concentrations
and equilibrium time. pH study and desorption profile proved that adsorption process was supported by
chemisorption phenomenon. The Langmuir and Freundlich adsorption models were used for the mathematical
description of the biosorption equilibrium and both fitted well the equilibrium data. The dye biosorption on to
fungal biomass preparations followed second-order kinetic model and equation. The strain provided a constant
decolorization yield about 76.4% during 4  cycle. th
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INTRODUCTION especially, fungal biomass as potential sorbent for

The  presence  of dyes in industrial effluents is a proposed  as  a  promising  alternative  to conventional
major problem due to their adverse effect to many forms dye management strategies in past decades [9- 10].
of  life.  The  reactive  triazine dyes or their metabolites Microbial biomasses such as Trametes versicolor [11],
(e.g. aromatic amines) may be highly toxic and potentially Corynebacterium glutamicum [12], Lentinus sajor-caju
carcinogenic, mutagenic and allergenic on exposed [13], Rhizopus arrhizus [14], Aspergillus niger [15],
organisms [1]. Synthetic dyes are released in to the Funalia trogii have been applied to textile dye removal
environment. Over 100,000 commercially available dyes from aqueous medium using either batch or continuous
exist and more than 7 x 10  metric tons of dyestuffs are modes [16]. This study reports the results on the5

produced world wide annually [2]. adsorptive removal of Reactive blue 140 by Aspergillus
The break down of azo linkage present in the dye niger HM11. Live fungal biomass was used under various

molecule forms carcinogenic products [3]. Therefore there operational variables and kinetic and equilibrium sorption
is a need to remove dyes before the effluent is discharged studies were carried out to determine the sorptive
into receiving water bodies. The usual treatment methods capacity of the live biomass.
for textile wastewaters include combinations of biological
treatment, chemical coagulation and activated carbon MATERIALS AND METHODS
adsorption [4].

The most commonly used techniques for color Isolation and Identification of Dye Decolorizing Fungus:
removal include chemical precipitation, adsorption, The fungal strain was isolated from dye contaminated
reverse osmosis and solvent extractions, etc. Among industrial site located in Coimbatore district, Tamilnadu,
them, the adsorption techniques have been shown to be India. Taxonomic identification of the fungal isolate was
a reasonable way to treat textile dye- ing effluents [1, 5 -7]. carried out at Fungus Identification Service, Mycology

Biosorption is an alternative process which is gaining and Plant Pathology Laboratory, Agharkhar Research
considerable attention [8]. The use of microbial biomass Institute, Pune, India. 

removal of dyes from industrial wastewater has been
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Decolorization Assay: The samples after decolorization Desorption Profile: Dye laden biosorbents were washed
were centrifuged at 10,000 rpm for 15 minutes and the
suspended biomass was separated and the absorption
spectra of the supernatant were recorded at 612 nm using
a UV-Vis 3210 spectrophotometer. Uninoculated medium
containing dyes were kept as control. The percent
decolorization was calculated as follows:

A.niger Biomass Preparation: Aspergillus niger HM11
(0.6 cm spore suspension) was inoculated into 50 ml of
sterile minimal media (pH 6.0) in 100 ml flasks and
incubated at 30°C under 150 rpm. The mycelium
developed as  pellets  was  separated by filtration and
washed with de-ionized water until free from media
components and were squeezed to remove excess water,
dried and used as live biomass. 

pH: Reactive blue 140 dye solutions at various
concentrations  were  prepared at various levels of pH
such as 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0,  10.0  and  11.0.
The biosorbent at 0.3 g dosage were used and
experiments  were  carried  out.  After  decolorization,
percent dye removal was calculated. The data obtained
were used for plotting Langmuir and Freundlich isotherms
and for first and second order rate kinetics. 

Agitation  Time  and  Initial  Dye  Concentrations:
Various concentrations (10, 20, 30, 40, 50 and 60 mg/L) of
Reactive blue 140 was taken and to that one gm of
adsorbent was added and the experiments were carried
out under 150 rpm at 30°C. After 5, 10, 15, 20, 25, 30, 45, 60,
75, 90, 105, 120, 135, 150, 165 and 180 mins, the adsorbent
was separated by centrifugation at 10,000 rpm for 15 mins.
From this, percent decolorization was determined. Control
experiments were carried out without biosorbent to
estimate the adsorbate removal due to adsorption on to
the walls of the flasks. 

Biosorbent  Dose:  The   dye   solutions   were  treated
with  different   dosages   (0.1,   0.2,   0.3,   0.5,  0.75  and
1.0g / 50 ml) of biomass of A.niger HM11 under 150 rpm.
After the equilibrium period, the biosorbent was separated
and dye adsorption was calculated. From this, optimum
biosorbent dose for Reactive blue 140 removal was
determined.

gently with distilled water to remove unadsorbed dyes.
One set of dye adsorbed samples were taken in 50 ml of
distilled water in Erlenmeyer flasks and monitored at 0, 15,
30, 60, 90, 120 and 150 mins using 1.0 N NaOH as a
desorption agent and agitated for the equilibrium time of
Reactive blue 140. 

Isotherms and Kinetics: The Langmuir and Freundlich
plots were obtained using the equilibrium time curves
data. Kinetic studies were also carried out with different
initial concentrations of the dye by maintaining the
biosorbent dosage at a constant level.

Decolorization  under  Repeated  Addition  of  Dyes: Fifty
ml of 50 mg/L of Reactive blue 140 was prepared in
triplicates and the pH was adjusted to 6.0. To that 0.5g of
mycelial pellets were inoculated and incubated at 30°C
under shaking condition at 150 rpm. After complete
decolorization was attained, 50 mg/L of the dyes were
repeatedly added till decolorization of the dyes takes
place. The time required for decolorization of Reactive
blue 140 dye at every cycle was monitored and percentage
decolorization were calculated. 

RESULTS

Identification  of  the Fungal Isolate: The fungal strain
was  identified  as  Aspergillus  niger  based  on  based
on the morphological features and designated as
Aspergillus niger HM11. This strain was used for further
biosorption studies. 

pH and Biosorbent Dose Effect: The effect of initial pH on
removal of Reactive blue 140 by live biomass of A. niger
HM11 is presented in figure 1. The study showed that pH
6.0 was found to be optimum for maximum removal of the
dye which was found to be 88.87% and 70.02 % at 10 mg/L
and 60 mg/L respectively. Biosorption at both the
extremes of pH decreased the decolorization percentage
at all concentrations (10-60 mg/L) of Reactive blue 140.
The effect of dosage of the biomass of A.niger HM11 on
removal of Reactive blue 140 showed that maximum dye
removal of 87.0% was observed at 0.5gm of biomass
(Figure 2). 

Agitation Time and Dye Concentrations on Biosorption:
Figure 3 showed that the increase in dye removal was
observed with increase in agitation time whereas it was
observed to be constant after the equilibrium time and the
percent dye removal decreased with increase in dye
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concentrations. The percent dye removal was found to be A plot of C /q  versus C gave a straight line, the slope and
68.99% at 60 mg/L. The equilibrium time required for the intercept of which correspond to Q and b respectively.
removal of the dye by live biomass of A.niger HM11 was The correlation coefficients and the Langmuir constants
found to be 135 min at all the dye concentrations tested. are presented in Table 1 and the R  values was found to

Desorption Profile of Reactive Blue 140 from Live maximum sorption capacity was 5.2383 mg/g. 
Biomass: The time period required for desorption of Equilibrium parameter (R ) was estimated to predict if
Reactive  blue  140  from  the  biomass  was found to be an adsorption system is ‘‘favorable” or ‘‘unfavorable”
120 min which is presented in figure 4. It was also noted using the following relation, 
that  maximum  dye  desorption  rate  was  found  to  be
76.02-30.91% for 10-60 mg/L concentrations at 120 mins.

Langmuir Isotherm: The Langmuir isotherm is based on
assumption of monolayer adsorption onto a surface Where Is the Langmuir constant and C  is the initial
containing finite number of adsorption sites of uniform dye concentration in the solution (mg/L). Mathematical
energies of adsorption which also illustrates no calculations show that this parameter gives an indication
transmigration of the adsorbate on the surface plane and of type of isotherm [18] based on:
is given by [17],

However, the linear form of Langmuir equation can be
written as 

Where, C  is the equilibrium concentration of a dye ine

solution (mg/L), q  is the amount of dye biosorbed on toe

the biomass (mg/g), Q is the Langmuir constant related to
sorption capacity (mg/g) and b is the Langmuir constant
related to sorption energy (L/mg). Langmuir isotherm
model (Figure 5) fitted well the sorption data for the dye.

e e e

2

be above 0.9987. The experiments showed that the

L

o

Value of R Type of isothermL

R  > 1.0 UnfavourableL

R = 1.0 LinearL

0 < R < 1.0 FavorableL

R  = 0 IrreversibleL

The values of R (Table 2) was found to be betweenL

0 and 1, which indicated the applicability of Langmuir
isotherm.

Freundlich Isotherm: It is a form of adsorption on
amorphous surface which assumes the heterogeneity of
surface and the exponential distribution of active sites
and their energies [19] and is given as 

log q = log K  + 1/n log Ce f e

Table 1: Langmuir and Freundlich isotherm constants for biosorption of Reactive blue 140 using Live biomass
Langmuir constants Freundlich constants
----------------------------------------------------------------------------------------- -------------------------------------------------------------------------------
Q(mg/g) b (L/mg) R K 1/n R2 2

f

5.2383 0.2057 0.9987 1.0909 0.5855 0.9986

Table 2: Comparison of the RL, R2 and rate constants of Lagergrens I order kinetic and Pseudo II order kinetic model for different concentrations of Reactive
blue 140

Pseudo first order kinetic model Pseudo second order kinetic model
Initial --------------------------------------------------- ----------------------------------------------------------------------
conc. (mg/L) qe(exp)(mg/g) RL Kad (1/min) qe (cal)(mg/g) R K (g/mg/min) qe (cal)(mg/g) h R2 2

2

10 0.8993 0.32712 0.031091 1.0604 0.9939 0.0157 1.2068 0.0228 0.9934
20 1.7868 0.19554 0.022569 1.7183 0.9837 0.00870 2.3557 0.0482 0.9906
30 2.4717 0.13945 0.0228 2.5392 0.9913 0.0044 3.5410 0.0551 0.9636
40 3.2088 0.10837 0.025333 3.5383 0.9787 0.00303 4.7214 0.06754 0.9631
50 3.8 0.08861 0.028557 4.3191 0.9737 0.00239 5.8651 0.08221 0.917
60 4.1394 0.07495 0.026254 4.6902 0.9845 0.00050 9.8039 0.04805 0.9781
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Fig. 1: Effect of pH on the removal of Reactive blue 140 using live biomass
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Fig. 2: Effect of adsorbent dosage on the removal of Reactive blue 140 using live biomass (contact time: 120 min; 
pH: 6.0; temperature: 30°C)
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Fig. 3: Effect of agitation time and initial dye concentration on the removal of Reactive blue 140 using live 
biomass (adsorbent dosage: 0.5g/50 mL; pH: 6.0; temperature: 30°C)
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Fig. 4: Desorption profile of Reactive blue 140 from live biomass
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Fig. 5: Langmuir plot for Reactive blue 140 biosorption using live biomass
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Where, C  is the equilibrium concentration of dye in dq /qt = K (q -q )e

solution (mg/L), q  is the amount of dye biosorbed (mg/g),e

K  and 1/n are Freundlich constants. Freundlich plotsf

obtained for Reactive blue 140 is shown in Figure 6 and
the data are given in Table 1. The R  value was found to2

be 0.9986 which were equal to those obtained for
Langmuir equation. Similarly the sorption capacity for this
biomass was calculated to be 1.0909. 

Adsorption Kinetics: The study of adsorption kinetics
describes the uptake rate of the adsorbate and it is clear
that this rate controls the residence time of the adsorbate
at the solid solution interface. It is very important to note
that the sorption rate should be considered when
undertaking a batch sorption system. The rate of sorption
can be computed from the kinetic study. In the present
investigation, the kinetics of Reactive blue 140
biosorption was analysed using pseudo first order [20]
and pseudo second order [21-22]. The confirmation
between experimental and the predicted values were
expressed the correlation coefficients (R ).2

Lagergrens  First  Order  Model:  It is  explained  as rate
of sorption of dyes on to the adsorbent surface is
proportional to the amount of dye sorbed from the
solution phase. This pseudo first order kinetic equation
may be expressed as follows:

dq /qt = K (q -q )t ad e t

Where, q & q  are the amount of dye adsorbed (mg/g)e

at time t & at equilibrium time, respectively and K  is thead

rate constant of adsorption (1/min)
After integration and applying boundary conditions,

viz. that the initial conditions are (q -q ) = 0 at t = 0,e t

equation (1) becomes: K tad

(2)

The Figure 7 depicted the plots of pseudo first order
kinetic model at all tested dye concentrations. The
calculated rate constants, experimental and predicted qe

with corresponding correlation coefficient values are
presented in Table 2. The correlation coefficients for the
pseudo first order kinetics model were found to be high
and the predicted q  values deviated slightly from thee

experimental values.

Ho’s Pseudo Second Order Model: The pseudo second
order kinetic model was expressed by [21-22], as follows,

t 2 e t
2

Where, K  is the pseudo second order rate constant2

(g/mg/min), q  and q  represent the amount of dyese t

adsorbed (mg/g) at equilibrium and at time t.
For the boundary condition t = 0 to t = t and q  = 0 tot

q  = q , the integral form of the equation (3) becomest t

The kinetic data were analysed using the equation.
The values of the K  and q  presented were calculated2 e

from the intercepts and slopes of the plots of t/q  vs tt

(Figure 8) and the corresponding R  values are given in2

Table 2. 

The constant K  was used to calculate the initial sorption2

rate h, at t  0 as follows

h= K q2 e
2

It was noticed that increase in the initial dye
concentrations increased the sorption rate. The slopes
and intercepts of plots of t/qt versus t were used to
determine the values of pseudo second order rate
constant K and equilibrium adsorption capacity q . The2 e

calculated rate constants, experimental and predicted qe

with corresponding correlation coefficient values are
presented in Table 2. The correlation coefficients for the
pseudo second order kinetics model were low. The R2

values for the pseudo first order kinetic plots were higher
than  those  for  pseudo  second  order  kinetic  plots
(Table 2) which confirm that the sorption process
followed pseudo first order kinetics. 

Decolorization under Repeated Addition of Dye:
Decolorization of Reactive blue 140 under repeated
addition of the dyes was studied and the results are
shown  in  Figure  9.  During  repeated  addition,  in  the
first cycle after 135 mins, 98.8% of decolorization was
observed. After repeated addition of 50 mg/L of the dyes
in each cycle, 98.0% of decolorization was noticed in
second, 92.1% in third, 76.4% in fourth, 70.1% in fifth,
64.3% in sixth and 32.1% in seventh cycles. 



Global J. Environ. Res., 3 (3): 264-273, 2009

270

-2

-1.5

-1

-0.5

0

0.5

1

0 20 40 60 80 100 120 140 160

Time (mins)

10mg/L = 0.9939
20mg/L = 0.9837
30mg/L = 0.9913
40mg/L = 0.9787
50mg/L = 0.9737

60mg/L = 0.9845

Fig. 7: Pseudo-first order plot for Reactive blue 140 biosorption using live biomass

0.0000

50.0000

100.0000

150.0000

200.0000

250.0000

0 50 100 150 200

Time (mins)

10mg/L = 0.9934
20mg/L = 0.9906 
30mg/L = 0.9636
40mg/L = 0.9631

50mg/L = 0.917
60mg/L = 0.9781 

Fig. 8: Pseudo-II order plot for Reactive blue 140 biosorption using live biomass

0

20

40

60

80

100

1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycles 7 Cycle

Cycle

Fig. 9: Repeated addition of Reactive blue 140 on biomass and decolorization



Global J. Environ. Res., 3 (3): 264-273, 2009

271

DISCUSSION to the nutrient depletion [36]. Ramsay and Goode [37]

The ability of fungi to transform a broad range of
hazardous chemicals has stimulated interest in using them
for bioremediation processes [23]. The role of some fungal
strains  (Aspergillus  niger and Aspergillus foetidus)
other than white rot has been recognized as efficient
biosorbent for dyes specifically reactive dyes [24-25]. 

The chemistry of dye molecules and fungal biomass
in  an  aqueous  solution  is  influenced  by  initial  pH  of
dye  solution  [10].  The  pH  of  the  solution  influences
the surface charge of the adsorbent which in turn
influences the adsorption of charged dye groups to it.
The biosorption capacity of fungal biomass for acidic
dyes increased with decrease in pH and for basic dyes
increased with increase in pH [26]. The results of the
present study supported that the rate of adsorption
increased with an increase in adsorbent dosage, which
may be due to the availability of more binding sites at
higher adsorbent dosages [27-28].

Our results  coincide  to  the  results  of  Wang  and
Yu [29], Walker and Weatherley [30] and Fu and
Viraraghavan [24] for various synthetic dyes. In this
context, it was stated that equilibrium sorption capacity of
biomass (Rhizopus arrhizus) increased on increasing the
initial Remazol black concentration from 20 to 800 mg/L
[31]. Similar results were observed with the desorption of
Basic blue 9 and reactive dye [24]. It was also reported
that the average desorption efficiency of Rhizopus
arrhizus was above 90% [32]. 

The n values for the adsorption of Rhodamine B onto
banana and orange peel were reported as 0.33 and 0.05,
respectively [33], whereas the calculated ‘n’ value in the
present study has been found to be 0.5855 which
represents the better intensity of adsorption. The qe

values obtained from the first order kinetic equation did
not agree with the experimental q  values, which indicatede

that the adsorption of both the dyes by fungal biomass
did not follow the first order rate kinetics. Such a kinetic
equation was reported when Trichoderma harzianum
mycelial waste was exploited for the removal of
Rhodamine 6G from aqueous solution [34].

Similar second order kinetic equations were reported
by Bayramoglu and Arica [35] while working on
biosorption of Direct Blue 1 and Direct Red 128 using
native and heat-treated biomass of Trametes versicolor.
During repeated addition of dyes, there was slight
decrease in decolorization during subsequent cycles. The
eventual  cessation of the decolorization rate is  likely  due

showed,  after  5 sequential batches, the fungal capacity
in decolorization was maintained in an acceptable level
(decolorization was almost complete). At the end of the
fourth and fifth decolorization cycles, the final absorbance
was higher than it should have been if based on color
alone. They suggested that it might be due to an increase
in turbidity as a result of the formation of micro emulsion.

To sum up, the experimental data were evaluated by
Langmuir and Freundlich isotherms and fitted well to both
the isotherm equations. Biosorption of Reactive blue 140
obeys the pseudo-second-order kinetic model. Hence this
live biomass of this fungus is a potent biosorbent material
for the removal of Reactive blue 140 dye. 
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