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Abstract: Phenolic compounds are listed under priority
pollutants by US EPA, and their concentration in effluent of
several industries reached to 1000 mg I-1. However, investigation
on biodegradation of phenolics from coke oven wastewater is
found to be scanty. Therefore, an indigenous pseudomonas
species with high toxicity tolerance and phenolic degradation
abilities is isolated from coke oven wastewater. In order to
enhance the rate of cresol biodegradation efficiency various
culture conditions; such as pH, agitation speed (RPM) and
inoculums size (OD600nm) is optimized by using response
surface methodology (RSM) and central composite design (CCD)
. Result revealed that agitation speed and inoculums size
(OD600nm) played considerable influence on phenol degradation
by the indigenous pseudomonas species. Further, among the
three independent variables, interaction effect between pH and
agitation speed (RPM) found to be significant on degradation of
phenol. At the RSM optimized settings of pH 7.5, agitation speed
168 rpm, and inoculums size 1.3 (OD600nm), almost completely
biodegradation of phenol is achieved at 700 mgl-1 of phenol
within a short time period of 12h. Further, at this optimized
culture condition more than 99 % of phenol degradation along
with 95% of toxicity removal was attained at an initial phenol
concentration of 1500 mgl-1 within a shorter time period of 94h.
Thus, indigenous pseudomonas species can be possible used for
the treatment of coke oven wastewater.

Keywords:  Phenol,  Pseudomonas citronellolis N1,
Biodegradation, central composite design, culture condition.

I. INTRODUCTION

Iron and steel plants industry generates huge quantity of
of coke oven wastewater during the conversion process of
coal to coke. The coke oven wastewater comprises complex
organic contaminants predominantly phenolic compounds in
the ranges of 167-485 mgl-1. These phenolics pollutants are
frequently leaches through soil and consequently polluted
the groundwater [1]. The permissible limit of phenolic
compounds is restricted to a concentration of 1 pgl-1 [2].
Further, phenolic compounds are well known carcinogenic
and teratogenic in nature. Therefore, it is highly essential
treat the toxic coke oven wastewater before discharge into
the environment. Several methods for treatment of phenolic
wastewater have been reported in literature such as;
adsorption, advanced oxidation, coagulation, ozonation,
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photocatalysis, electrolysis and membrane-based techniques
are expensive and not sustainable for the treatment of
industrial wastewater [3]. Biological treatment systems are
found to be the most efficient and inexpensive technique and
therefore, commonly employed in treatment of industrial
wastewater. In  the biological approach, various
microorganisms have been screened and isolated for
treatment of phenolic wastewater as their sole carbon and
energy source [4-7]. However, investigation on microbial
treatment of coke oven wastewater is very scanty, except
few studies in china and South Korea. Further, most of these
treatment processes does not meet the discharge limits and
occurrence of process instability and inhibition leading to
inconsistent or poor performance are the major concern of
these techniques [8-9]. Therefore, it is necessary to isolate
microbial system which can tolerate, grow and degrade toxic
phenolic compounds at very high concentration even in
presence of wide different type of pollutants present in real
coke oven wastewater as well as improve the stability of the
treatment process.

In most of the cases, biodegradation of pollutants is
primarily regulated by different culture parameters, like; pH,
inoculums size and agitation speed. The dissolved oxygen
concentration in the culture media is governed by agitation
speed and excess increase in concentration of dissolved
oxygen inhibits the biodegradation of the organic pollutants,
on the other hand, a lower value of it harmful to the growth
of the aerobic microbial system [10]. In the present
investigation the pH of the culture medium decreases
gradually with the course of phenol degradation. Similarly,
inoculums size is found to be another vital parameter which
plays a significant role in the rate of secretion of various
pollutant degrading enzymes [11]. Therefore, investigation
on effect culture parameters pH, agitation speed and
inoculum age, can reasonably increases the efficiency of
phenolic biodegradation by newly the newly isolated
Pseudomonas  citronellolis N1. Response surface
methodology (RSM) is a very efficient technique in
determining the effect of culture parameters on
biodegradation of toxic organic pollutants as well as various
interactions effects exists among the culture parameters
[12]. In the present study, various culture parameters have
been optimized by employing central composite design
(CCD) and response surface methodology (RSM) .
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Il. MATERIALS AND METHODS

A. Chemicals and Reagents

In the present study experimental work were carried out
using laboratory grade and analytical grade chemicals
procured from Hi-Media, Merck India and Sigma Aldrich.

B. Preparation of Inoculums

The biodegradation of phenol was carried out by
employing a minimum salts medium

(MSM) (g I-1: K2HPO4 2.6, NH4ANO3 0.58, KH2PO4
0.4, MgSO4 0.17, FeCI3 0.002 and CaCl2 0.038) and pH
7.4, with 700 mgl-1 of phenol [13]. The seed culture cells
were grown overnight in the above mentioned MSM with
700 mgl-1 of phenol as the only carbon source in an
incubator shaker at 35 °C and 210 rpm. Then the cells
centrifuged (8000 g at 10 °C) and were washed in sterile
phosphate buffer (PBS, pH 7.5) and as the inoculums for the
optimization process. The initial biomass concentration in
the inoculums was 0.1 OD600nm.

C. Optimization of culture conditions using central
composite design (CCD)

In order to enhance the phenol biodegradation efficiency
by the newly isolated Pseudomonas citronellolis N1, the
culture parameters like; pH, agitation speed (rpm) and
inoculum size were optimized using central composite
design and response surface methodology. In the
optimization study, the center point values (0) signify for the
levels of these culture parameters used in the unoptimized
culture parameters and based on it the high (+1) and low (-1)
values of these culture parameters were calculated. The
coded values of these culture conditions were determined as
the following equation:

L U=l

AU

Where, Xi stands for the coded level (-1, 0, +1) of these
parameters. The uncoded level of these factors at centre
point is indicated by U0 and AU stand for the step change.
The uncoded level of these independent parameters is
represented by Ui. As per central composite design, the total
numbers of different combinations of culture parameters for
phenol biodegradation were determined by using the
following formula. : 2k +2k + n0, i.e. 20=23 +2 x 3 + 6,
where k stands for the number of independent parameters
and n0 represents the number of center point. Table 1
represented the levels of the different culture conditions
employed in the present investigation. In the CCD a total 14
different combinations of the culture condition were carried
out. Further, in order to , assess the experimental error, six
number of center points (replicates) was performed
According to the CCD design given in Table 1, in all the
twenty Erlenmeyer flasks containing 100 ml of MSM, 700
mgl-1 of phenol was added. Further, the initial pH, agitation
speed and inoculum dose (mgl-1) were maintained
according to the CCD given in the Table 1. All the twenty
culture flasks were kept in an orbital shaker at room
temperature (Remi India). Collections of samples were
carried out after 12 h. The collcted samples were filtered
using 0.45 pum milipore filter paper and the filtrates were
used for estiamation percentage of toxicity removal and
remaining phenol by resazurin assay. The experimental

)
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data's acquired in the present study were fitted to a second
order polynomial model as given below.

Y= A3 AY YA - Y T AN, 2

Where, y is for the predicted phenol degradation
(response), the number of factors is denoted by k. Xi and Xj
represents independent variables, B0 denotes the offset term,
ith linear coefficient is denoted by Bi , Bii represented the ith
quadratic coefficient, and Bij denotes the ijth interaction
coefficient. The CCD experimental data on percentage of
phenol degradation by Pseudomonas citronellolis N1 were
statistically analyzed in the form of ANOVA and Students‘t’
test applying the MINITAB software (15.1 PA, USA).

Table 1 The range and levels of the culture parameters employed in the study.

Independent variables (gl'l) -0 -1 0 +1 +a
pH 6.4 6.8 72 7.6 8.0
Agitation (rpm) S0 120 150 180 210
Inoculums size 0.05 0075 0.1 0.125  0.15

D. Analytical methods

Estimation of phenol was performed using 4-
aminoantipyrine method [14]. Chemical oxygen demand of
the collected samples was determined by as per [14] using a
COD digester (HACH, USA). Percentage of toxicity
removal by the Pseudomonas citronellolis N1 was calculated
using Resazurin reduction assay method [15].

I1l. RESULTS

A. Optimization of culture conditions using RSM and
CCD

In order to increase the efficiency of phenol
biodegradation of the newly isolated Pseudomonas
citronellolis N1 the levels of the three culture conditions
such as pH, agitation speed (rpm) and inoculums size were
varied as per the CCD. The experimental data on phenol
biodegradation were fitted to the second order polynomial
model as given in equation 4 and analyzed by ANOVA. The
extent of fit was assessed by the value of regression
coefficient (R2). Further, its statistical implication was
authenticated by the F statistics. The ANOVA for
biodegradation of phenol by newly isolated Pseudomonas
species is given in Table 2.

Table 2. ANOVA of phenol biodegradation in the optimization study.

Source DF AdjS5 AdjMS F-Value P-Value R?
Model 9 104041 115602 16.15 0.000 93.56
Linear 3 80544 268479 3750 0.000

Square 315060 63.534 8.38 0.004

2-Way Interaction 3 4438 14.752 2.07 0.168

Error 10 7159 7159

Lack-of-Fit 5 3609 7217 1.02 0.493

Pure Error 5 3550  7.100

Total 15 111200

df, dagress of feadom; M, mam sum of squarss. 58, sumofsquarss; Pp

actually tros; F Fisher's F valus {ratio of MS owing to the modal by that dus to amor).

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

ility of incomectly rzjacting the mull bvpothesishwhan it iz



International Journal of Innovative Technology and Exploring Engineering (IJITEE)

The higher the value of F indicates the experimental data
is very good fitted with the regression model used for
biodegradation of organic pollutants. Generally, when the F
value is larger and P-value is smaller, which indicates a
higher significant of the corresponding coefficient [16].The
linear term of the regression models shown in Table 2 is
proved to be quite significant (P < 0.000). Besides, in the
applied regression model the F-value is estimated to be very
high i.e. 16.15, which clearly indicating regression model
used in the study describing majority of the variation in the
response with more accurately. These finding confirmed that
second-order polynomial model is highly suitable in
estimating the efficiency of phenol biodegradation by the
Pseudomonas species. This second-order polynomial model
| is given as follows.

F(X)=-625+142.0X,+2.097X%,+239 X;-8.95X,2-0.0025 7X,%4554X;52-
0.1563X,X+137.5X,X5-0.50%,%; (3)

Where = % phenol biodegradation, is pH, X2 is agitation
speed (rpm), X3 inoculums size OD (600nm). Further, a
Student’s t-test was carried out to analyze the importance of
the regression coefficients acquired in the polynomial
model. A detail of the Student’s t-test is given in Table 3. It
is found that the regression coefficients of linear terms in the
model for agitation speed (rpm) and inoculums size are
proved to be very high significant (P < 0.000). Further, the
interaction effect between pH and agitation speed (rpm)
estimated to be negative at with 93% confident level (P
<0.076) on biodegradation of phenol by the isolated
Pseudomonas species. On the other hand, interactions
effects between the other culture parameters found to
insignificant (P >0.177).

Table 3 Student’s t-test for % of phenol biodegradation in the optimization study

Term T-Value P-Value
Constant 83.85 0.000
PH (X1} 189 0.088
Agitation(Xs) 620  0.000
Inoculum size (X5) 840  0.000
X;? -2.03 0.070
X2 -3.29 0.008
X3 -4.04 0.002
X2 X -1.98 0.076
Xi*Xs 145 0.177
X *X; -0.40 0.700

Figure 1 presented the normal probability plot on
biodegradation of phenol, from the Figure 1 it is observed
that the experimental data were very good fitted to the
quadratic model equation at high accuracy.
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Figure 1 Normal probability plot in the optimization
study.
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In order to reveal the main and interaction effects between
these culture parameters the experimental data are
represented in the form of response surface contour plots.
Figure 2, 3, 4 represents response surface plot between pH
and agitation speed (rpm), pH and inoculums size, agitation
speed and inoculum size respectively. In general surface
presenting the smallest curve of the contour plots predicts
the maximum response in the process and the shape of
contour diagram represented the type of interaction effects
present between the test parameters. . Therefore, in the
present investigation, optimum values of the corresponding
e culture parameters can be determined from the contour
plot as given in Figure 2, 3, 4. In general, saddle point or
elliptical nature of response surface contour plots reveals
presence of significant interaction effect [12]. The contour
plots between agitation speed (rpm) and pH, as well as
between pH and inoculums size are shown in Figure 3 and
Figure 4 respectively. The Figure 3 and 4 reveals the
interactions between these factors. However, elliptical
nature of the counter plot between pH and agitation speed
(rpm) found to be more prominent compare to pH and
inoculums size, which clearly reveals the strong negative
interaction between pH and agitation speed (rpm). Whereas,
the contour plots between agitation speed (RPM) and
inoculums size is a perfect circular in nature which reveals
the absence of any interaction. The mutual effect of pH and
agitation speed on phenol biodegradation is shown in Figure
5. From the response surface plot it understood that phenol
degradation efficiency increases with increase in agitation
speed (rpm) and pH, however, the phenol degradation
decreases when the pH exceeding 7.5, where the phenol
degradation decreases with increase in agitation speed
revealing the negative interaction effect exist between the
two parameters. For example, keeping the agitation speed
constant at 175 rpm, more than 95% of phenol removal has
been achieved at a pH 7.25, whereas, degradation of phenol
was drop down to 85 % at pH 7.8.
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Figure 2 Two dimensional response surface contour
plot demonstrates the relationship between pH and
agitation speed (rpm) on phenol biodegradation by

Pseudomonas citronellolis N1.
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Figure 3 Two dimensional response surface contour
plot demonstrate the relationship between pH and
inoculums size (OD600NmM) on phenol biodegradation by
Pseudomonas citronellolis N1.
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Figure 4 Two dimensional contour plot demonstrates
the relationship between agitation speed (RPM) and
inoculums size (OD600NmM) on phenol biodegradation by
Pseudomonas citronellolis N1.
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Figure 5 Three dimensional response surface plot
illustrates the relationship between pH and agitation
speed (rpm) on phenol biodegradation by the
Pseudomonas citronellolis N1.

This indicates the effect of pH on biodegradation of
phenol by the microorganism. Thus, using the CCD the
optimized culture parameters is as follows: agitation speed
168 rpm, pH = 7.5 and inoculums size 1.3 (OD600nm) as
shown in the optimization plot Figure 6.
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pH Agitation speed Inoculum size
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D: 10007
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Figure 6. Optimization plot showing the optimum level
of culture parameters.

B.Validation of the model

In a 250 ml of Erlenmeyer flask 100 ml of MSM
containing with 700 mgl-1 of phenol was taken. Under the
model predicted optimized culture condition i.e. pH 7.5,
agitation speed 168rpm, and inoculums size 0.13 (OD
600nm) experiments were carried out for the degradation of
phenol. Results revealed that the corresponding % of phenol
degradation was found to be 99.9% within 12h of its culture,
which is also perfectly matched with that of the model
predicted values (100%).

IV. DISCUSSION

Agitation speed governs homogenous conditions and
equal distribution of dissolved oxygen in the culture media
consequently improves rate of oxygen mass transfer
cefficient. Therefore, these parameters play a vital role in
increasing the efficiency of pollutant biodegradation and
growth of the culture [10]. In the present investigation the
optimum agitation speed is estimated to be 168 rpm, which
is well supported with that of the literature reported values
on growth of microorganism and pollutant degradation [10,
17]. However, when the agitation speed increases to 210
rom the rate of biodegradation of phenol by the
Pseudomonas citronellolis N1 did not improve further. This
might be due the fact that, at higher agitation speed induced
shear stress on the microbial cells, consequently loss of
microbial degradation activity [12]. The pH of the culture
medium is a very vital parameter for growth of the
microorganism as well as degradation of the pollutants by
Pseudomonas species. The optimum pH of the culture
medium is estimated to be 7.5. In general, the unionized and
more toxic form of phenol is prevalent at acidic pH [18].
Therefore, in present study the optimum pH of 7.5, the
phenol was ionized with less toxic form consequently
facilitated the growth of the Pseudomonas citronellolis N1
and degradation of the phenolic compound. . However,
when the pH values increases to above 7.5 the phenol
degradation activity decreases probable due the inhibition
effect of high pH on phenol degrading enzymes such as
phenol oxidase and peroxidase enzymes. [19]. Similar
observation on biodegradation of phenol is also reported in
literature [17]. In the present investigation phenol was used
as the sole source of carbon, therefore, inoculum size plays
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an important role in governing the extent of lag phase and
finally rate of phenol biodegradation by the isolated
Pseudomonas species. The optimum inoculums size is
estimated to be 1.3 at OD 600nm, and similar inoculums
size also reported in literature for bio degradation of phenol.
At the optimum culture conditions, the newly isolated
Pseudomonas species found to be degraded 700 mg I-1 of
phenol completely within a short time span of 12h. Further,
at this optimized culture condition more than 99 % of
phenol degradation along with 95% of toxicity removal has
been attained at 1500 mgl-1 of phenol within a shorter time
period of 94 h.

V. CONCLUSIONS

The culture parameters have been optimized using CCD
and the optimum values of the culture conditions are as
follows: pH = 7.5, agitation speed 168 rpm and inoculums
size 1.3 (OD600nm). At this optimized culture condition
more than 99 % of phenol degradation along with 95% of
toxicity removal has been attained at 1500 mgl-1 of phenol
within a shorter time period of 94 h. The application of
nonconventional, statistically based design techniques
proved valuable for increasing the efficiency of phenol
biodegradation by the newly isolated Pseudomonas
citronellolis N1. Thus, indigenous pseudomonas species can
be possible applied for the treatment of coke oven
wastewater.
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