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Abstract Treatment of textile dye wastewater was carried
using Pleurotus floridanus in a batch reactor. Response
surface methodology (RSM) was used to optimize the
process parameters like pH, temperature, agitation speed
and dye wastewater concentration for the decolorization of
textile dye wastewater. The optimum conditions for the
maximum decolorization was: pH 6.6, temperature 28.8 °C,
agitation speed 183 rpm and dye wastewater concentration
1:2. From the results it was found that, the linear effect of
agitation speed and initial textile dye wastewater concen-
tration were more significant than other factors for the
textile dye wastewater treatment. At these optimized con-
ditions, the maximum decolorization and COD reduction
was found to be 71.2 and 80.5 %, respectively. Kinetics of
textile dye degradation process was studied by various
models like first order, diffusional and Singh model. From
the results it was found that the degradation follows first
order model with R? value of 0.9550.

Keywords Decolorization - Optimization - RSM -
Pleurotus floridanus - Kinetics

Introduction

Dyes are synthetic, complex, ionizing, aromatic structures

that are responsible for their stability against light, sweat,
heat, chemical oxidant, etc. (Aksu and Tezer 2005). Different
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classes of synthetic dyes are widely used as coloring agent in
textile, paint, ink, plastic industries (Zollinger 1991). It was
estimated that, around 10-15 % of dyes are released out
during dyeing process and mixed with water bodies and
produce serious impact on environment. The colored textile
wastewater is considered to be highly toxic with presence of
organic contaminants and chemicals. They create odor, bad
taste, foaming etc. and are toxic to aquatic life, reduce pho-
tosynthesis, carcinogenic, mutagenic (Malik and Taneja
1994) and some of them make allergy, dermatitis and skin
irritation to human (Wesenberg et al. 2003).

Many physiochemical processes have been developed
for the removal of color and pollutants present in the textile
dye wastewater. Adsorption, chemical oxidation and
reduction, chemical precipitation, flocculation, photolysis
etc. are some of the methods commonly used for the
decolorization of dye wastewater (Ansari and Thakur 2006;
Zhang et al. 2002; Rajeshkannan et al. 2010, 2011). These
methods are mostly ineffective, expensive and produce side
reactions, high sludge and by products formation and not
suited to degrade all dyes, etc. (Krull et al. 1998; Verma and
Madamwar 2003). Hence the researchers focused on bio-
logical treatments as the best alternative due to their low
operational cost (Arutchelvan et al. 2003; Jadhav and
Govindwar 2006). Many microorganisms have been
reported for their ability to decolorize the dyes include
bacteria, fungi, actinomycetes etc. (Chang et al. 2001;
Khehra et al. 2005). Among these microorganisms, white
rot fungi are the most intensive studied dye decolorizing
microbes and it produce large quantity of extra cellular
enzymes that helps to remove dyes from industrial effluent
and also they have ability to resist unfavorable environ-
mental conditions (Bumpus 1998; Pointing 2001).

In this study, a white rot fungal strain, Pleurotus floridanus
was used to treat the textile dye industry wastewater. The
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Table 1 Characteristics of textile dye industry wastewater

Parameters* Values

pH 7.7-7.9
Color Brown
Total Suspended Solids 500-530
Total Dissolved Solids 3,820-3,895
BOD 1,122-1,196
COD 2,401-2,488
Sulphates 222-239
Chlorides 1,425-1,490

* All values except pH and color are in mg/L

effect of process variables on textile dye industry wastewater
degradation was studied and optimized using response sur-
face methodology (RSM).

Materials and methods

The textile dye wastewater was collected from a private
small scale industry located at Erode, Tamil Nadu, India.
The waste water was analyzed for various parameters and it
was given in Table 1. The wastewater was stored at
4 £ 1 °C in air tight plastic containers. Pleurotus florid-
anus (MTCC-6315) is a stock of the microbial type culture
collection centre (MTCC), Chandigarh, India. It was well
preserved in the laboratory. The strain was maintained on
solid medium at 4 °C. The medium composition and con-
ditions were: Malt extract 20 g/L; Agar 20 g/L; pH 6.5;
temperature 25 °C. The subculture was made at regular
intervals of 30 days. The liquid culture used in the experi-
ments was prepared from stock culture using sterilized malt
extract medium. The pH of the medium was adjusted using
0.1 N HCI and 0.1 N NaOH in 250 ml Erlenmeyer flasks
and allowing it to grow for 10 days at 25 °C to become
active mycelia growth.

Response surface methodology (RSM)

In this work, Box—Behnken design was used to study the
effects of the variables towards their responses and for
optimization studies. This method is suitable for fitting a
quadratic surface and it helps to optimize the effective
parameters with a minimum number of experiments, as
well as to analyze the interaction between the parameters.
A regression design is normally employed to model a
response as a mathematical function of a few continuous
factors and good model parameter estimates are desired.

The coded values of the process parameters are deter-
mined by the following equation
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TAX o
where x; coded value of the ith variable, X; uncoded value
of the i™ test variable and X, uncoded value of the i™ test
variable at center point.

The regression analysis was performed to estimate the
response function as a second order polynomial

=1k
Z Zﬁthin

i=li<j j=2

k k
Y = ﬁoJrZ,B;XHr Zﬁnxiz +
i1 i1
(2)

Where Y is the predicted response, f;, f;, f;; are coefficients
estimated from regression. They represent the linear, qua-
dratic and cross products of x;, x,, X3 on response.

The regression and graphical analysis with statistical
significance were carried out using Design-Expert software
(version 7.1.5, Stat-Ease, Inc., Minneapolis, USA). In order
to visualize the relationship between the experimental
variables and responses, the response surface and contour
plots were generated from the models. The adequacy of the
models was further justified through analysis of variance
(ANOVA).

Experimental procedure

The range and levels of process parameters, pH, tempera-
ture, agitation speed and dye wastewater concentration
were given in Table 2. According to Box—Behnken design
(Table 3), experiments were performed in a 500 cc
Erlenmeyer flask. pH was adjusted (5, 6, 7) using 0.1 N
HCl and 0.1 N NaOH. Decolorization was monitored in an
UV spectrophotometer (model: BL-200, ELICO, India) by
changing the absorbance of sample. Samples were with-
drawn and centrifuged at 10,000 rpm for 10 min to remove
fungal mycelia. The pellet was discarded after centrifuga-
tion and clear solution was analyzed in the UV spectro-
photometer at 395 nm. COD of the samples was analyzed
using the procedure given in APHA (1998).

Table 2 Level of different process variables in coded and uncoded
form for the decolorization of textile dye industry wastewater

Variables Code Levels

-1 0 +1
pH A 5 7 9
Temperature (°C) B 23 28 33
Agitation speed (rpm) C 100 150 200
Dye wastewater concentration D Raw 1:1 1:2
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Table 3 Box Behnken design based experimental conditions for the treatment of textile dye wastewater using Pleurotus floridanus
Run no. pH Temperature Agitation speed Dye wastewater % Decolorization % COD reduction
concentration
Experimental Predicted Experimental Predicted
1 -1 0 0 1 61.4 60.65 73.4 71.81
2 1 -1 0 0 48.5 46.27 61.3 58.89
3 -1 0 0 -1 31.8 27.16 40.8 37.01
4 0 1 0 -1 38.8 37.84 48.5 48.75
5 0 0 1 -1 404 42.75 52.1 53.02
6 1 0 -1 0 43.6 44.30 55.4 56.92
7 0 0 —1 1 63.8 63.62 75.2 75.57
8 0 -1 0 1 66.7 67.15 77.4 77.74
9 0 —1 0 —1 37.2 38.62 46.3 48.24
10 0 -1 1 0 54.8 55.99 64.3 65.68
11 1 0 1 0 49.5 47.67 60.3 58.77
12 0 0 0 0 58.7 58.73 67.4 68.43
13 0 0 0 0 58.8 58.73 67.5 68.43
14 0 1 -1 0 50.4 47.55 62.5 59.24
15 1 0 0 1 52.5 55.48 63.6 65.51
16 0 1 0 1 67.5 65.57 76.4 75.06
17 1 1 0 0 452 46.48 55.4 56.20
18 1 0 0 -1 33.6 32.70 44.8 4451
19 0 0 0 0 58.7 58.73 70.4 68.43
20 -1 -1 0 0 46.6 47.48 56.2 56.69
21 0 1 1 0 59.6 59.66 70.4 70.24
22 0 0 1 1 68.9 68.33 71.5 77.82
23 -1 0 1 0 52.6 51.39 62.6 61.67
24 0 -1 -1 0 553 53.58 67.7 65.98
25 0 0 -1 -1 30.2 32.93 43.6 44.57
26 -1 0 -1 0 389 40.22 50.7 52.82
27 -1 1 0 0 40.5 44.90 53.5 57.20
28 0 0 0 0 58.5 58.73 70.7 68.43
29 0 0 0 0 58.3 58.73 70.1 68.43
30 0 0 0 0 58.7 58.73 70.0 68.43

Results and discussion

The effect of process parameters, on the decolorization and
COD reduction of textile dye wastewater were studied. The
second order polynomial coefficients for each term of the
equation (Egs. 3, 4) were determined using the Design-Expert
7.1.5. The experimental and predicted values of percentage
decolorization and degradation were given in Table 3.

% Decolourization = 58.66 4-0.092A4 — 0.59B +3.63C
+14.07D+0.70AB — 1.95AC — 2.67AD
+2.43BC —0.20BD — 1.27CD
—10.34A% —2.04B> —2.43C* — 4.33D?

(3)

%COD redution = 68.06 + 0.304 — 0.54B + 2.67C
+13.95D — 0.80AB — 1.75AC — 3.45AD
+2.83BC — 0.80BD — 1.55CD
—9.284% — 1.54B% — 1.24C* — 4.08D?

(4)

where A, B, C and D were the coded values of the process
variables, pH, temperature (°C), agitation speed (rpm) and
wastewater concentration, respectively.

The results were analyzed by using analysis of variance
(ANOVA) and were given in Table 4. The ANOVA of the
quadratic regression model indicates the model is signifi-
cant. In this work, the model F value 19.79 and 34.04 for
decolorization and COD reduction implies that the models
were significant. The smaller the magnitude of the P, more
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Table 4 ANOVA for the decolorization and degradation of textile dye wastewater

Source % Decolorization % COD reduction

Coefficient factor F P>F Coefficient factor F P>F
Model 58.66 33.99 <0.0001 68.06 38.58 <0.0001
A 0.092 0.014 0.9064 0.30 0.19 0.6727
B —0.59 0.60 0.4524 —0.54 0.61 0.4490
C 3.63 22.54 0.0003 2.67 14.80 0.0018
D 14.07 337.78 <0.0001 13.95 402.48 <0.0001
A xB 0.70 0.28 0.6057 —0.80 0.44 0.5173
A xC —1.95 2.16 0.1634 -1.75 2.11 0.1683
A xD —2.67 4.07 0.0632 —3.45 8.21 0.0125
B xC 243 3.35 0.0887 2.83 5.50 0.0342
B xD -0.20 0.023 0.8822 —0.80 0.44 0.5173
CxD —1.27 0.93 0.3525 —1.55 1.66 0.2190
A x A —10.34 98.62 <0.0001 -9.28 96.19 <0.0001
B x B —2.04 3.83 0.0705 —1.54 2.65 0.1261
CxC —2.43 5.43 0.0353 —1.24 1.71 0.2115
D x D —4.33 17.27 0.0010 —4.08 18.57 0.0007
R 0.9714 0.9747
Pred R? 0.8354 0.9495
Adj R? 0.9428 0.8634
SD 2.65 2.4100
CV (%) 5.22 3.92
Adeq precision 21.591 23.559

significant is the corresponding coefficient. P value less
than 0.05 indicate the model terms are significant. From the
P values it was found that, the variables, C, D, A%, C?, D?
were significant model terms for decolorization and C, D,
AD, BC A2, D? were significant model terms for COD
reduction. From the ANOVA table it was found that the
linear effect of dye wastewater concentration is more sig-
nificant for textile dye wastewater treatment followed by
agitation speed.

The predicted R* of 0.8354 (decolorization), 0.8634
(COD reduction) was in reasonable agreement with the
adjusted R? of 0.9428 (decolorization) and 0.9495 (COD
reduction). The fit of the model is also expressed by the
coefficient of regression R?, which is found to be 0.9714 for
decolorization and 0.9747 for COD reduction, indicating
that more than 97 % of the variability in the response could
be explained by the model. This implies that the prediction
of experimental data is quite satisfactory. The magnitude of
coefficient factors in Table 4 gives the positive contribu-
tion of pH, agitation speed and wastewater concentration
and negative contribution of temperature on dye waste-
water decolorization and COD reduction.

To investigate the interactive effect of two factors on the
decolorization and degradation of textile dye wastewater,
response surface methodology was used and 3D plots were
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drawn. Response surface plots as a function of two factors
at a time, maintaining all other factors at fixed levels are
more helpful in understanding both the main and the
interactive effects of two factors. The response surface
curves for the decolorization and degradation of textile dye
wastewater were shown in Figs. 1, 2, 3,4,5,6,7, 8,9, 10,
11, 12. The nature of the response surface curves shows the
interaction between the variables. The elliptical shape of
the curve indicates good interaction between the two
variables and circular shape indicates no interaction
between the variables. From the figures it is observed that
the elliptical nature of the contour in graphs depicts the
mutual interactions of all the variables. There is a relative
significant interaction between every two variables, and
there is a maximum predicted yield as indicated by the
surface confined in the smallest ellipse in the contour
diagrams.

Figure 1 shows the interactive effect of pH and tem-
perature on textile dye decolorization. pH is one of the
important factor in the treatment of textile dye wastewater
by microorganism. From the figure, it was inferred that
increase in pH (up to 6.6) increases the dye decolorization
efficiency. After that the decolorization efficiency decrea-
ses. Similar trend was observed in Figs. 2 and 3. The pH
has a major effect on the efficiency of dye decolorization,
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Fig. 1 3D plot showing the interactive effect of pH and temperature
on decolorization of textile dye wastewater
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Fig. 2 3D plot showing the interactive effect of pH and agitation
speed on decolorization of textile dye wastewater
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Fig. 3 3D plot showing the interactive effect of pH and wastewater
concentration on decolorization of textile dye wastewater

and the optimal pH for color removal is often between 6.0
and 7 for most of the dyes.

From Fig. 1, it is also observed that the decolorization
increases with temperature up to 28.8 °C and thereafter
decreases. Decolorizing activity was significantly sup-
pressed at higher temperatures. This may be due to the loss
of cell viability or deactivation of the enzymes responsible
for decolorization. From Fig. 2, it was observed that, the
percentage of decolorization increases with increase in
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Fig. 4 3D plot showing the interactive effect of temperature and

agitation speed on decolorization of textile dye wastewater
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Fig. 5 3D plot showing the interactive effect of temperature and
wastewater concentration on decolorization of textile dye wastewater
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Fig. 6 3D plot showing the interactive effect of agitation speed and
wastewater concentration on decolorization of textile dye wastewater

agitation speed up to 183 rpm. After that point, the dye
removal efficiency decreases. This was also observed in
Figs. 4 and 6. The decrease in dye concentration increases
the decolorization. This is clearly depicted in Figs. 3, 5 and
6. From the figures it is inferred that the percentage
removal of dyes increases with decrease in dye concen-
tration. This is because at higher concentrations the
chemicals and other pollutants present in the dye waste-
water inhibit the growth of microorganism. Similar trends

pielaie ¢llod ayao .
;‘ACST&_AE;IJ\Q m:fy.u @ Springer



46

Appl Water Sci (2013) 3:41-48

66.5 =
. e
y s
e e 5550055555555 55525525%
Y 20 e S S e
”””””;,”;,’;z,'l", 20 e e oo ® St

L70558255875585552

55 $OL775502 7550255825825

62 1/1/11,,}{},'5;1,,;;:1,11',, 0555255575558
L0775

% COD reduction
[6;]
N
[6;]

B: Temperature 0 .00 1,00

Fig. 7 3D plot showing the interactive effect of pH and temperature
on COD reduction of textile dye wastewater

% COD reduction

-1.00 -1.00

Fig. 8 3D plot showing the interactive effect of pH and agitation
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Fig. 9 3D plot showing the interactive effect of pH and wastewater
concentration on COD reduction of textile dye wastewater

were observed for the effect of process variables on COD
reduction of textile dye wastewater and they were depicted
in Figs. 7, 8, 9, 10, 11, 12.

The second order polynomial equation obtained from
RSM was used to find the optimum conditions. Equation
was solved in MATLAB 7.0. The optimum condition for
the maximum decolorization was found to be: pH 6.6,
temperature 28.8 °C, agitation speed 183 rpm and dye
wastewater concentration 1:2. The optimal conditions
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predicted using RSM has been validated using experi-
ments. At the optimized condition, the maximum color
removal and COD reduction were found to be 71.2 and
80.5 %, respectively.

At the optimum condition, decolorization of textile
wastewater was studied by analyzing the supernatants at
different time intervals, in a UV spectrophotometer in the
range of 300 to 800 nm. The results obtained were shown
in Fig. 13. A peak is observed at A,,x 395 nm in the UV-
Vis spectra. The peak decreases as the day progresses,
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Fig. 13 UV spectra of textile dye wastewater decolorization by
Pleurotus floridanus at the optimum condition

which showed the decolorization of textile dye using
Pleurotus floridanus at the end of 5th day of operation.

Kinetics

In this study, first order model, diffusional model and
Singh model were tried to fit the experimental data
obtained from the batch degradation of textile dye waste-
water using Pleurotus floridanus.

First order model

The first order model is

dC;
dt

on integration between known limits and rearranging, the
above model becomes

In (CC> —kyt (6)

1.8
1 y=0.013x

1 R*=0.955 b

141 -

1.2 .

= kICS (5)

0.8 1

In(C.,/C,)
»

04 »
0.2 1 *

0 20 40 60 80 100 120 140
Time.h

Fig. 14 First order model for the degradation of textile dye
wastewater

where Ci, initial substrate concentration (mg COD/L), C;
substrate concentration (mg COD/L), ¢ degradation time
(h), k; first order rate constant (h™ ).

Diffusional model

The diffusional model is given by
dC,
dt
when integrated between the known limits, the above
equation becomes

VCERVEELY ®)

Where k, = rate constant for diffusional model.

=k CY? (7)

Singh model

The Singh model is given by
dCs k3G
dt  1+1¢

©)

integrating the above equation between the proper limits, it
becomes

In (CC> — kyIn(1 +1) (10)

N

where k; rate constant for Singh model.

The data obtained from the batch study were fitted to
first order model, diffusional model and Singh model and it
was shown in Figs. 14, 15 and 16, respectively. The rate
constants, ki, k, and k3 were calculated from the slope of
the straight line by the least square (LSQ) fit in the figures.
The detailed results including the determination coefficient
(R?) were presented in Table 5. The high R? value for the
first order indicates the fitness of the model for the deg-
radation of textile dye wastewater. The negative value of
the rate constant for diffusional model and low R* value for
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Q &
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.25 | R2=0.978 .
*
=30 4
-35 I
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Fig. 15 Diffusional model for the degradation of textile dye
wastewater
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Fig. 16 Singh model for the degradation of textile dye wastewater

Table 5 Kinetic analysis of textile dye wastewater degradation by
Pleurotus floridanus

Model Rate constant Values R?

First order ky 0.013 0.9550
Diffusional k> —0.242 0.9780
Singh k3 0.222 0.5090

Singh models shows the inability of these models in
describing this process.

Conclusions

In this work, a white rot fungus, Pleurotus floridanus was
utilized to treat the textile dye wastewater. The process
parameters pH, temperature, agitation speed and dye
wastewater concentration were optimized using RSM. At
the optimized condition, a maximum of 71.2 % color
removal and 80.5 % COD reduction occurs. The UV
spectrum confirms the decolorization of textile dye
wastewater by Pleurotus floridanus. Kinetics of the textile
dye wastewater degradation process was studied by various
models. From the results it was found that the degradation
follows first order. From the results it can be concluded that
Pleurotus floridanus can be effectively utilized for the
treatment of textile dye wastewater.
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