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Abstract Four different bacterial strains were iso-
lated from pulp and paper mill sludge in which one
alkalotolerant isolate (LP1) having higher capability
to remove color and lignin, was identified as Bacillus
sp. by 16S RNA sequencing. Optimization of process
parameters for decolorization was initially performed
to select growth factors which were further substan-
tiated by Taguchi approach in which seven factors, %
carbon, % black liquor, duration, pH, temperature,
stirring and inoculum size, at two levels, applying
L-8 orthogonal array were taken. Maximum color
was removed at pH 8, temperature 35°C, stirring
200 rpm, sucrose (2.5%), 48 h, 5% (w/v) inoculum
size and 10% black liquor. After optimization 2-fold
increase in color and lignin removal from 25-69%
and 28-53%, respectively, indicated significance of
Taguchi approach in decolorization and delignifica-
tion of lignin in pulp and paper mill effluent.
Enzymes involved in the process of decolorization
of effluent were found to be xylanase (54 U/ml) and
manganese peroxidase (28 U/ml). Treated effluent
was also evaluated for toxicity by Comet assay using
Saccharomyces cerevisiae MTCC 36 as model
organism, which indicated 58% reduction after treat-
ment by bacterium.
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Introduction

The pulp industry is one of the most polluting
industries in the world. One of the reasons for the
pollution is that the industry uses woody and non-
woody lignocellulosic compounds as raw material.
During the preparation of pulp, huge amount of
inorganic compounds are used which react with
lignin like compounds in lignocellulose and forms
toxic organic compounds in pulp and paper mill
effluents. Various chemicals are used during the
cooking process to remove lignin. Delignification of
wood pulp is a necessary step to improve the quality
of paper because lignin causes paper to turn yellow.
Due to this process, effluent emerging from pulp and
paper mill has large amount of lignin and its
derivatives. Pulp and paper mill effluent (black
liquor) is characterized by its dark brown color, high
temperature, strong odor, highly alkaline pH, very
high chemical oxygen demand (COD; 200,000 mg/1)
and biochemical oxygen demand (BOD; 40,000-
50,000 mg/1). It is estimated that one tonne of paper
generates 150 m’ of effluent which is huge in volume
and extremely toxic in nature (Pokhrel and Virar-
aghavan 2004). Disposal of conventionally treated
black liquor is harmful as it contains a large number
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of organic compounds, some of which such as
dioxins, furans, and polycyclic aromatic hydrocar-
bons (PAHSs) etc. may be carcinogenic and mutagenic
to aquatic biota. Color of black liquor is mainly due
to lignin and its derivatives and polymerized tannins,
which are recalcitrant in nature due to the presence of
carbon-to-carbon biphenyl linkages (Ali and Sree-
krishnan 2001; Crooks and Sikes 1990; Pokhrel and
Viraraghavan 2004). Various studies have reported
the detrimental effects of pulp and paper mill effluent
such as respiratory effect, oxidative stress, liver
damage and genotoxicity (Schnell et al. 2000; Vass
et al. 1996). Therefore, a comprehensive treatment
strategy is required for decolorization of effluent to
meet the discharge safety standards.

Various physiochemical methods like application
of acids to precipitate lignin and then burning this
lignin are in use, however, they are inefficient, costly
and produce large amount of sludge which are difficult
to handle. As sludge is huge in amount, landfilling is
generally not feasible. On burning, volatile organic
toxic compounds like dioxins are formed. Some pulp
and paper mill use recovery boilers to recover and burn
much of the black liquor they produce, generating
steam and recovering the cooking chemicals (sodium
hydroxide and sodium sulfide which are used to
separate lignin from the cellulose fibres needed for
papermaking). The dry solids content of separated
black liquor is increased by removing water from the
black liquor in the evaporation process. Sodium and
sulfur are recovered from the black liquor by burning
the black liquor in recovery boiler. This chemical
reaction and burning of organic materials releases a
considerable amount of heat energy. The heat is
recovered by transferring it through water-filled tubes
in walls of the recovery boiler. The water vaporizes
into steam and electricity is produced from steam with
a turbine. Another possible solution for black liquor
treatment is biological methods, i.e., the use of fungi
and bacteria. A variety of white-rot, soft-rot, and
brown-rot fungi have been proved to be lignin
degraders. Moreover, it is now generally agreed that
lignin degradation is not an ability limited to the
“white-rot” fungi. Along with these fungi, numerous
bacteria such as Pseudomonas sp., Flavobacteria,
Xanthomonas sp., Bacillus sp., Aeromonas sp., Cell-
ulomonas sp., etc. have been reported to decompose
lignin and its derivatives (El-Bestawy et al. 2008; Kirk
et al. 1977). The contributions of bacteria have been
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reported for utilization of low-molecular weight lignin
oligomers as the sole source of carbon and energy that
produce enzymes and cleave intermonomeric linkages
of lignin (Vicuna et al. 1993). Bacteria play a pivotal
role in depolymerizing lignin in aquatic ecosystem
because wood degrading bacteria have a wider toler-
ance of temperature, pH and oxygen limitations than
fungi (Vicuna 1988).

For effective decolorization it is essential to
optimize the composition and conditions of culture
media (Prakasham et al. 2005). In conventional
methods numerous experiments have to be carried
out to optimize all the parameters and establish best
possible culture conditions by correlating all the
parameters. In these methods studying one variable at
a time is cumbersome and uneconomical. Another
approach is to use statistical tools and experimental
designs (Stowe and Mayer 1999). Taguchi methods
have been widely used to optimize the culture
conditions by devising minimum number of experi-
ments and to identify the impact of individual factor.
Analysis of the experimental data using the ANOVA
(analysis of variance) gives statistically significant
output (Kackar 1985; Phadke and Dehnad 1988).
Therefore, in this study, bacteria was isolated and
identified from the contaminated sites to optimize
process parameters for effective removal of color and
lignin in the wastewater. It is believed that effluent
and sludge are contaminated by highly toxic and
recalcitrant compounds; therefore methods like comet
assay were developed to test the toxicity of the
treated effluent for safe disposal in the environment.

Materials and methods
Sampling site and isolation of bacteria

In this study, bacterial strains were obtained from pulp
and paper mill effluent and sludge, which were
collected from the Century pulp and paper mill,
Lalkuan, Uttarakhand, India (29° 24'N, 79° 28'E).
Sediments were dissolved in autoclaved water
(1:10 w/v) by mild stirring. The supernatant contain-
ing bacteria was poured in minimal salt medium
(MSM) in a chemostat. Chemostat culture was set with
culture condition as stirring, 150 rpm; temperature,
30°C. The composition of MSM (g/l) was: Na,H-
PO,4-2H,0, 7.8; KH,PO,, 6.8; MgS0O,, 0.2; NaNO;,
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0.085; NH4(CH3;COO);Fe, 0.01; Ca(NOs3),-4H,0,
0.05, trace element solution, 1 ml/l, containing lignin
(1%) as the carbon (C) source (Thakur et al. 2001).
The pH of the chemostat was kept constant at 7 by 1 M
NaOH. Culture medium for inoculation was collected
from chemostat when bacterial growth became stable.
The growth of the bacterial cells was determined by
turbidity after measuring optical density (OD) at
595 nm. Serial dilution of the supernatant of the order
of 1073, 10~ and 10> was done and spread on agar
plate. The bacterial colonies appearing on agar plates
were morphologically characterized and purified by
repeated culturing. They were observed under a
microscope, Olympus and Magnus MLX-TR, at 40x
and 100x attached with a camera. The morphologi-
cally distinct bacterial strains were screened for
decolorization and delignification in MSM with 10%
black liquor, at pH 7 and incubated at 30°C (Thakur
2004). Decolorization and delignification of effluent
was estimated after 48 h.

Decolorization assay and measurement of lignin

The sample was centrifuged at 8,000 rpm for 15 min
to remove all the suspended matter. Color content
was measured as described in the manual of Standard
Methods for Examination of Water and Wastewater
(APHA 2005). Absorbance of supernatant was mea-
sured at 456 nm.

For measuring lignin, the pH of the supernatant
was adjusted to 7.0 with 2 M NaOH. The sample
(50 ml) was mixed with 1 ml CH;COOH (10%) and
1 ml NaNO, (10%). After 15 min, 2 ml of NH,OH
was added. It was then left for 5 min and absorbance
was measured at 430 nm. For Blank, 1 ml
CH3;COOH (10%) was added in 50 ml distilled water
and 2 ml NH,OH. After 15 min, 1 ml of NaNO,
(10%) was added (Pearl and Benson 1940). The
absorbance value was transformed into lignin content
(ppm) using the following formula:

Lignin (ppm) = Absorbance/0.000247

16S rDNA sequence analysis of the most potent
bacterial strain

Genomic DNA of bacteria was isolated using QIAamp
DNA Mini Kit. 16S rRNA gene was amplified using
primers Po 5 (GAGAGTTTGATCCTGGCTCAG) 3

and Pg 5’ (CTACGGCTACCTTGTTACGA) 3’ with a
thermo cycler (Applied Biosystem, USA) (Scortichini
et al. 2002). The amplified DNA was purified using
Qiaquick PCR Purification Kit (Qiagen), adjusted to
200 ng pl~" and sent for sequencing. The amplified
16S rRNA sequences were compared with the nucle-
otide sequences present in the GenBank using the
standard BLASTN site at NCBI server (http://www.
ncbi.nlm.nih.gov/BLAST) (Altschul et al. 1990). The
alignment of the sequences was done using CLUSTAL
W program (version 1.8.3). From the aligned sequen-
ces neighbour-joining dendrogram was constructed
with Mega 3.1 software (Kumar et al. 2004).

Experimental design for optimization of process
parameters

For Taguchi design and analysis of results the Qual-
itek-4 version (7.6.0.3) software was used (Roy 2001;
Roy 2007). In this study, we used Taguchi approach of
orthogonal array and experimental designs that help to
gain more information about the optimum conditions.
Apart from optimized conditions, the contribution of
each individual factor in color and lignin reduction and
the interactions among various factors was also
studied. Both orthogonal arrays and ANOVA were
used for this purpose. Orthogonal arrays are well-
defined tables that are used to reduce the number of
experiments to be conducted. Taguchi’s L-8 orthogo-
nal array table was used to carry out decolorization
experiments by choosing seven parameters at two
levels (Table 2; Roy 2001). In the orthogonal array of
L-8 type, L and subscript 8 means Latin square and the
number of experiments, respectively. Full factorial
approach will require 128 experiments to be conducted
for optimizing a process while in fractional factorial
using L-8 orthogonal array the number of experiments
reduces to eight (Bakhtiari et al. 2006). After design-
ing, experimental data was analyzed using ANOVA.
Taguchi approach used ANOVA to statistically sig-
nificant parameters in finding the optimum levels
(Phadke and Dehnad 1988).

Screening for decolorization and removal
of lignin of pulp and paper mill effluent

Screening experiments were performed to select most

suitable carbon (C) and nitrogen (N) sources. Various
C sources were used at an initial concentration of
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1.5% (w/v). MSM having black liquor (5,000 C.U.)
was taken as control. Batch study was conducted in
Erlenmeyer flasks containing MSM along with 10%
black liquor, 2.5% (w/v) inoculum supplemented
with different C sources (1.5%). After selecting the
most suitable C source, various N sources were
screened at a concentration of 0.05% (w/v). Change
in color and lignin was analyzed for 2 days.

Optimization of growth conditions by Taguchi
approach

Once C and N sources were selected, the growth
media was optimized for the optimum concentration
of selected C and N sources. Other process param-
eters such as pH, inoculum size, temperature, rpm
and duration were also optimized. Table 1 shows the
parameters and levels used in this experiment.

Analysis of the data using overall evaluation
criteria

The data obtained from eight experiments was
processed in the Qualitek-4 software with quality
characteristics for determination of optimal culture
conditions. Along with this, the contribution of each
individual factor in total decolorization and lignin
reduction was studied by estimating performance at
optimum conditions. Since the optimization was
carried out for both reduction in color and lignin a
combined index (overall evaluation criteria—-OEC)
was used. For calculation OEC assume:

X1 = Numeric evaluation under criterion 1
Xlref = Highest numerical value X1 can assume
Wtl = Relative weighting of criterion 1

Table 1 Parameters and levels used for optimization of the
experiment

Parameters Level 1 Level 2
Temperature 30°C 35°C

RPM 200 250

pH 7 8

Duration 24 h 48 h
Inoculum size 4% (w/v) 5% (wlv)
Carbon 1.5% (wlv) 2.5% (wlv)
Black liquor 7.5% (vIv) 10% (v/v)
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Then OEC was calculated as:

OEC = x Wtl + x W2 +---

Xlref X2ref

In this experiment color is criterion 1 and lignin is
criterion 2. The reduction in color and lignin was
measured in percentage thus highest numerical value
for X1ref and X2ref was 100. Both the parameters are
equally important thus relative weight (Wtl and Wt2)
for both the parameters was 50. X1 is the actual
reduction in color at each run and X2 is actual
reduction in lignin at each run. All the values were
feed in the formula and the single combined value
(OEC) was calculated for each run. These values
were used for analysis by Taguchi approach.

Software

Qualitek-4 software (Nutek Inc., USA) for automatic
design of experiments using Taguchi approach was
used in this study (Roy 2007). This software is
equipped to use L-4 to L-64 orthogonal arrays along
with selection of 2—63 factors (parameters) with two,
three or four levels. This is user-friendly window
based software that allows selecting the array used
and assigning factors to the appropriate columns. In
this study L-8 orthogonal array was used with seven
parameters at two levels (Dasu et al. 2003).

Analysis of the data and validation

The data obtained after the 8 experiments were
processed in the Qualitek-4 software with quality
characteristics for deriving the optimum level for each
parameter and ultimately arriving at optimal culture
conditions. The contribution of each individual factor
in total decolorization and delignification was studied.
The analysis was performed with “bigger is better”
quality characteristics. In order to validate the meth-
odology used in optimization, the culture conditions
obtained after optimization were tested and compared
with the values predicted by the model.

Estimation of enzymes for decolorization

To measure the activities of the enzyme the culture
supernatant was obtained by centrifugation at 8000 x g
for 10 min. Four different enzymes, Lignin peroxidase
(LiP), Manganese peroxidase (MnP), Laccase (Lac)
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and Xylanase were estimated. LiP was measured
through the oxidation of veratryl alcohol (VA) to
veratryl aldehyde at 310 nm using Varian Carry 100
Bio Spectrophotometer (Tien and Kirk 1988). The
reaction mixture consisted of 2 mM VA, 35 mM
sodium tartrate buffer (pH-3.0), and enzyme. 1 U/ml of
enzyme activity is defined as amount of enzyme
required to oxidize 1 mol of VA to veratraldehyde per
min. The reaction starts with the addition of 0.36 mM
H,0,. MnP activity was measured through the oxida-
tion of Mn(Il) to Mn(III) at 270 nm (Wariishi et al.
1992). The reaction mixture consists of 0.5 mM
MnSO,4-H,0, 45 mM sodium malonate buffer (pH
4.5) and enzyme. The reaction started with the addition
of 0.1 mM H,0,. 1 U/ml of MnP was defined as
enzyme required to oxidize 1 pmol of Mn(II) to
Mn(IIl) per min. Lac activity was measured by the
oxidation of 2,2’-azinodi-3-ethyl-benzothiazoline-6-
sulfuric acid (ABTS) at 436 nm (Niku-Paavola et al.
1988). The reaction mixture contains 10 mM ABTS,
85 mM sodium tartrate buffer (pH 3.0) and enzyme.
One unit (U/ml) of enzyme activity was defined as the
amount of enzyme required to oxidize 1 pmol sub-
strates per min at 25°C. The xylanase activity was
measured by determining the amount of reducing sugar
released from oat spelt xylan. The reaction mixture
consisted of 1% xylan in 100 mM Tris—HCl buffer (pH
8.0) and enzyme (Ratanakhanokchai et al. 1999). After
incubation for 15 min at 50°C, the increase in the
amount of reducing sugar was determined by the
Somogyi—Nelson method (Nelson 1944). One unit (IU)
of xylanase activity was defined as the enzyme
necessary to catalyze the production of 1 pmol of
xylose equivalent per min.

Analysis of toxicity by comet assay
(Alkaline SCGE)

Alkaline comet assay was performed using Saccha-
romyces cerevisiae MTCC 36 as model organism for
evaluation of toxicity (Miloshev et al. 2002). Yeast
cells were grown in MYPG media (0.3% malt extract,
0.3% yeast extract, 0.5% peptone, 1% glucose, pH
5.0). The cells in log phase of growth were soaked
with the effluent for 6 h. The cells were mixed with
low melting agarose and spread on slides. These
slides were incubated with lyticase 20T (Sigma)
for spheroplast formation at 30°C for 1 h. After

spheroplast formation the slides were incubated in
lysis solution for 12 h at 4°C. They were washed with
electrophoresis buffer and further incubated in the
same buffer for 1 h. Then electrophoresis was
performed for 30 min at 25 V. After electrophoresis
the gels were neutralized in neutralization buffer.
Finally, the slides were stained with 4,6 diamidino-2-
phenylindole (DAPI; 2 pg/ml, 100 pl per slide) just
before analysis. Comets were analyzed using the
fluorescence microscope with an excitation filter of
355 nm and a barrier filter of 450 nm. Fifty comets
were analyzed per sample. The fluorescence micro-
scope was fitted with 100x oil immersion lens. The
percentage of DNA in tail was calculated using
CometScore™ Freeware software (www.tritekcorp.
com). The comets were divided into five classes on
the basis of amount of DNA in tail (Miyamae et al.
1998). Class I less than 1% DNA in tail (intact
nucleus), Class II had 1-20% DNA in tail, Class III
had 20-50% DNA in tail, Class IV it was 50-75%
DNA in tail and Class V having comets with more
than 75% DNA in tail. The incidence of comets in
these classes in each sample was studied.

Results and Discussion

Isolation and screening of bacterial strains
for decolorization

Four different types of bacterial strains appeared on
the plates were isolated based on morphological
differentiation of individual colonies. The decolor-
ization was measured after 6, 12, 24 and 48 h.
Maximum reduction in color and lignin was observed
at 48 h by LP1 (25%, 28%), followed by LP2 (17%,
24%), LP3 (17%, 21%) and minimum by LP4 (17%,
17%), respectively (Fig. 1).

Molecular characterization and identification
of bacteria

On the basis of decolorization potential, one bacterium
was selected among all the four strains for further
studies and analyzed by sequencing the amplified
16S rRNA gene. Pair wise alignments giving a closest
match of 99% with sequences analyzed were chosen.
LP1, showing 99% homology with Bacillus sp.
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Screening of growth factors for decolorization
of pulp and paper mill effluent

Bacillus sp. strain LP1 was applied for the evaluation
of decolorization and delignification in presence of
various parameters. Initially various C sources (1.5%)
were tested in which LP1 removed color and lignin in
presence of sucrose (46.8%, 37.1%) followed by
dextrose (23%, 25.8%), sodium citrate (23.7%,
25.9%) and sodium acetate (21.2%, 18.6%), respec-
tively (Fig. 3a, b). Effluent was further treated in
presence of inorganic and organic N source (0.05%)
like urea, yeast extract, sodium nitrate and ammonium
nitrate, and the results indicated that N has negative
impact on growth and decolorization. Screening
experiments were performed in advance, in presence
of C and N sources to optimize the remaining process
parameters by Taguchi approach. The decolorization
activity depends upon cell metabolism, which is

regulated by media composition such as C and N
sources in addition to other process parameters like
pH, incubation, temperature and aeration. In general,
high C levels favor the process of decolorization
(Jadhav et al. 2008; Nagarathnamma and Bajpai
1999), however, maximum decolorization of effluent
in absence of additional C and N sources using soil as
inoculum are also reported (Adikane et al. 2006;
Sirianuntapiboon et al. 2004). N nutrients are the most
important factors to be considered in the culture
conditions. In Trametes versicolor cultures, decolor-
ization of Kraft bleach effluent has been shown to
occur under N deficient conditions (Bajpai et al.
1993). Addition of high amount of N sources
decreased the decolorization efficiency of the
microbes. On the contrary, decolorization by micro-
bial consortium of Galactomyces geotrichum and
Bacillus sp., has been investigated using N rich media
(Jadhav et al. 2008).

Table 2 Taguchi orthogonal array table of L-8 type and percentage decolorization in each run

SNo  Temperature @RPM pH Duration Inoculum size Carbon  Black liquor  Decolorization  Delignification
1 1 1 1 1 1 1 1 23 +£04 15+03
2 1 1 1 2 2 2 2 50+ 1.5 50 £ 0.6
3 1 2 2 1 1 2 2 31 £0.7 24+ 04
4 1 2 2 2 2 1 1 28 £+ 0.1 35+ 15
5 2 1 2 1 2 1 2 34 £ 0.1 43 £ 0.5
6 2 1 2 2 1 2 1 64 £ 0.6 51+03
7 2 2 1 1 2 2 1 48 £ 0.3 30 £ 0.6
8 2 2 1 2 1 1 2 33 +£0.03 30+1
Total contribution of all factors 33.75 27.87
Expected result at optimum condition 70 55

Table 3 Optimum conditions and performance

S. No Parameter Level description Level Contribution
1 Temperature 35 2 4.728
2 RPM 200 1 4.656
3 PH 8 2 1.666
4 Duration 48 2 4.708
5 Inoculum size 5.0 2 1.093
6 Sucrose (%C) 2.5 2 7.791
7 Black liquor 10 2 1.906
Total contribution from all factors 26.547
Current grand average of performance 36.738
Expected result at optimum condition (OEC value) 63.286
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Determination of optimum conditions using
Taguchi method and validation experiment

Taguchi method was used to identify the optimum
conditions and select the most significant parameter
in decolorization of effluent. After selecting the most
suitable C and N source, temperature, rpm, pH,
inoculum size and duration were further optimized by
using Taguchi approach. Eight experiments were
conducted for optimization of increased decoloriza-
tion and delignification according to the L-8 orthog-
onal array. The results of experiments in this section
showed that maximum decolorization and delignifi-
cation achieved by Bacillus sp. (63 and 51% respec-
tively) when experiments condition were as follows:
temperature 35°C, pH 8, agitation 200 rpm, duration
48 h, inoculum size 4% (w/v), C (sucrose) 2.5% (w/v).
Table 3 is showing optimum conditions to have
maximum decolorization and delignification (70
and 56%, respectively). Table 2 shows the results
obtained after performing the experiments. The
effective influence of a Taguchi L-8 orthogonal array
based experimental conditions on maximum decol-
orization could be viewed and the variation in
percentage decolorization of black liquor is obvious
(Table 2). The observed variation certainly indicated
the crucial role of optimization of all factors in
achieving the best possible results. The results of
decolorization of all eight experiments in both the
cases were fed in Qualitek-4 software for analysis.
The optimization software provided an opportunity to

| B Duration(hr) ®RPM M Inoculum Size ]

B Temperature(C)

W %c

B % Black Liquer

pH

Fig. 4 Percent contribution of individual factor and interac-
tion influences for Bacillus sp. % carbon was the most
important factor among all factors
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study the multi interaction effect of the factors.
Figure 4 represents contribution of each individual
factor on effective decolorization. Among all selected
factors C had the highest positive impact on decol-
orization potency (Fig. 4). The contribution of indi-
vidual factor is the key to control the biological
processes. For each factor there is an optimum level.
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Fig. 5 Individual factor performance at different levels in
decolorization and delignification of pulp and paper mill
effluent by Bacillus sp. (filled circle: before optimization; solid
line: after optimization)
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Table 4 Analysis of variance of main effect of factors by Bacillus sp. for efficient decolorization

Factor Degree of Sum of Variance (V) F-Ratio (F) Pure Percent of
freedom (f) squares (S) Sum (S’) contribution (P)

Temperature 1 178.888 178.888 - 178.888 16.622

RPM 1 173.445 173.445 - 173.445 16.116

pH 1 22.211 22211 - 22.211 2.063

Duration 1 177.378 177.378 - 177.378 16.482
Inoculum size 1 9.57 9.57 - 9.57 0.889

Carbon 1 485.627 485.627 - 485.627 45.124

Black liquor 1 29.07 29.07 - 29.07 2.071

Total 7 1076.192 0.125 - 100%

Figure 5 shows the increase or decrease in decolor-
ization for each factor at different levels. C and N
sources have extremely variable response in reference
to decolorization. The optimum level of sucrose,
most suitable C source, was 2.5% w/v, i.e., level 2. N
has negative impact on decolorization. Bourbonnais
and Paice (1987) tested Bacillus cereus and two
strains of Pseudomonas aeruginosa for the decolor-
ization of bleach Kraft effluent. In previous studies
also decolorization (92%) of effluent in presence of
glucose in 24 h. is reported (Nagarathnamma and
Bajpai 1999). Most significant interaction is in
between pH and % effluent (S.I. = 80%). This shows
that most significant interaction took place in
between two least significant factors (Table 5). In
order to conduct the analysis of relative importance
of each factor, an ANOVA was conducted. From the

Table 5 Interactions in between different factors along with
significance index (SI) for Bacillus sp

S.No Interacting factor pairs Columns SI (%) Col. Opt.

pH x % Black liquor 3 x 6 80.34 5 (1,2)
2 pH x Inoculum size 3 x4 73.86 7 2,1)
3 Inoculum size x 4 x6 7095 2 2,2)

% Black liquor

4 Rpm x Duration (h) 2 x 7 6233 5 (1,2)
5 Rpm x pH 2x3 5038 1 (1,2)
6 Temperature x pH 1 x3 49.61 2 (2,2)
7 Inoculum size x % C 4 x 5 3776 1 (1,2)
8 Rpm X inoculum size 2 x 4 29.04 6 (1,2)
9 pH x % C 3x5 19.65 6 (1,2)
10 pH x Duration 3 x7 17.15 4 2,2)
11 Temperature x % C 1 x5 873 4 2,2)

results of ANOVA (Table 4), it was concluded that %
C had the largest variance; the duration, temperature
and rpm indicated almost same variance. Bacteria
showed more decolorization at alkaline pH, i.e., pH 8
which is adequate for treatment of pulp and paper
mill effluent because lignin molecules have a ten-
dency to undergo self-condensation, particularly in
acid media, explaining its resistance to degradation to
simple molecular species (Ali and Sreekrishnan
2001).

Before optimization the average decolorization and
delignification was 25 and 28%, respectively, by
bacteria and after optimization the expected decolor-
ization and delignification was 70 and 55%, respec-
tively, with optimal conditions. A validation
experiment was performed using software derived
optimum conditions. Actual decolorization and delig-
nification was 69 and 53%, respectively, which vali-
dates the software results.

Enzymes involved in decolorization
and delignification process

The mechanism of decolorization and delignification
of black liquor was determined by LiP, MnP, Lac and
xylanase enzyme analysis. The result of the study
indicated no significant increase in LiP and Lac
enzyme but a marked increase in xylanase and MnP
activity was detected in the treated effluent after
1 day which reached to maxima after 48 h (54 and
28 U/ml, respectively) in optimum culture conditions
in presence of black liquor (10%). The data of the
study indicated that after third day the activity of
enzymes was decreased (Fig. 6).

@ Springer



976

Biodegradation (2010) 21:967-978

60

Il Xylanase
S MnP
50 1

40

30 1

20 A

Enzyme activity (U/ml)

10 1

1 Day 2 Day 3 Day

Days

0 Day

Fig. 6 Estimation of enzyme activity of Xylanase and
Manganese Peroxidase (MnP) in Bacillus sp. in presence of
10% black liquor

The pulp and paper mill effluent has phenolics,
lignin, hetero-polysaccharides (xylan) as its constit-
uents which can induce production of xylanase and
lignolytic enzymes. In our experiment, culture media
has black liquor (10%) which acted as inducer for
xylanase and MnP production. Decolorization of pulp
and paper mill effluent due to Xylanase in B. pumilus
CBMALI 0008 and MnP in Paenibacillus sp. CBMAI
868 is reported in previous studies (Moriya et al.
2005; Oliveira et al. 2009).

Toxicity analysis of effluent after treatment

Pulp and paper mill effluent is extremely toxic in
nature due to the various chemicals present in it. An
important objective of effluent treatment is reduction
in toxicity (Pokhrel and Viraraghavan 2004). Thus,
comet assay was performed to check the toxicity of

E

T

the effluent after treatment with Bacillus sp. Untreated
effluent (E) and distilled water (W), both were taken
as positive and negative control. The formation of
comets shows that the effluent is genotoxic by nature
(Fig. 7). From the graph it is clear that treatments are
efficient in reducing toxicity as there is a clear shift of
comets to lower classes. In untreated effluent (E) class
IV is dominant. The bulk of the comets have shifted to
class IT and class III after treatment (T; Fig. 9). The
average DNA in tail was 58% in untreated effluent (E)
which reduced to 24% in treated effluent (T) and the
treatment was significant at P < 0.05 (Fig. 8). There
was 58% reduction in percentage tail DNA in treated
effluent as compared to untreated effluent. A study on
B. subtilis reports the mutagenic effect of the
sediments contaminated by the effluent of Kraft paper
mill (Kinae et al. 1981). Another study reports the
toxic and mutagenic effects of pulp and paper mill
effluent contaminating Lake Baikal (Lindstrom-Seppa
et al. 1998).

Conclusion

In this report a bacterium isolated from pulp and paper
mill sludge was identified as Bacillus sp. by 16S rDNA
analysis. Decolorization and delignification of pulp
and paper mill effluent were evaluated by Bacillus sp.
using Taguchi approach. Bacterium was able to
remove color (69%) and lignin (53%) in alkaline
condition mainly due to production of xylanase and
MnP enzyme. It is worth noting the ability of Bacillus
sp. to decolourize the direct wastewater that is
characterized by a high pH value. Comet assay was
used to determine the reduction in toxicity. There was

Fig. 7 Formation of comets in effluent (E), treated effluent (T) and control (W)
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Fig. 8 Percentage changes in DNA present in tail of comets.
Within each group, values not followed by the same letter are
significantly different at P < 0.05 (Error bars are standard
deviations)
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Fig. 9 Distribution of comets in class -V, depending on
percent DNA in tail, for (E) untreated effluent (T) treated
effluent at optimized conditions and (W) distilled water

58% reduction in toxicity which indicates treatment of
effluent and safe disposal of it into the environment.

Acknowledgments This paper was supported by the research
grants of Department of Biotechnology, Government of India,
and New Delhi, India. The author (MM) thanks Council for
Scientific and Industrial Research, Government of India, New
Delhi, India, for providing Research Fellowship. We also thank
Century pulp and paper mill, Uttarakhand, India for providing
effluent and sludge during the course of investigation and R. K.
Roy for providing Qualitek-4 software.

References

Adikane HV, Dange MN, Selvakumari K (2006) Optimization
of anaerobically digested distillery molasses spent wash
decolorization using soil as inoculum in the absence of
additional carbon and nitrogen source. Biores Technol
97:2131-2135

Ali M, Sreekrishnan TR (2001) Aquatic toxicity from pulp and
paper mill effluent: a review. Adv Environ Res 5:175-196

Altschul SF, Gish W, Miller W, Myers EW, Lipman DG
(1990) Basic local alignment search tool. J Mol Biol
215:403-410

APHA (2005) Standard methods for the examination of water
and wastewater, 21st edn. American Public Health Asso-
ciation, Washington

Bajpai P, Mehna A, Bajpai PK (1993) Decolorization of Kraft
bleach plant effluent with the white rot fungus Trametes
versicolor. Proc Biochem 28:377-384

Bakhtiari MR, Faezi MG, Fallahpour M, Noohi A, Moazami N,
Amidi Z (2006) Medium optimization by orthogonal array
designs for urease production by Aspergillus niger
PTCC5011. Proc Biochem 41:547-551

Bourbonnais R, Paice MG (1992) Demethylation and deligni-
fication of Kraft pulp by Trametes versicolor laccase in
the presence of 2, 2-azinobis-3-ethylbenzthiazoline-6-
sulphonate. Appl Microbiol Biotechnol 36:823-827

Crooks R, Sikes J (1990) Environmental effects of bleached
Kraft mill effluents. Appita 43:67-76

Dasu VV, Panda T, Chidambaram M (2003) Determination of
significant parameters for improved griseofulvin produc-
tion in a batch bioreactor by Taguchi’s method. Proc
Biochem 38:877-880

El-Bestawy E, El-Sokkary I, Hussein H, Keela AFA (2008)
Pollution control in pulp and paper industrial effluents
using integrated chemical-biological treatment sequences.
J Ind Microbiol Biotechnol 35:1517-1529

Giovannoni SJ, Britschgi TB, Moyer CL, Field KG (1990)
Genetic diversity in Sargasso Sea bacterioplankton. Nat-
ure 345:60-63

Jadhav SU, Jadhav MU, Kagalkar AN, Govindwar SP (2008)
Decolorization of Brilliant Blue G dye mediated by deg-
radation of the microbial consortium of Galactomyces
geotrichum and Bacillus sp. J Chin Inst Chem Eng 39(6):
563-570

Kackar R (1985) Off-line quality control, parameter design and
Taguchi method. J Qual Technol 17:176-188

Kinae N, Hashu T, Makita T, Tomita I, Kimura I, Kanamori H
(1981) Studies on the toxicity of pulp and paper Mill
effluents: Mutagenicity of the sediment samples derived
from Kraft paper mills. Water Res 15:17-24

Kirk TK, Connors WIJ, Zeikus JG (1977) Advances in under-
standing the microbiological degradation of lignin. Rev
Adv Phytopathol 11:369-394

Kumar S, Tamura K, Nei M (2004) MEGA3: integrated soft-
ware for molecular evolutionary genetics analysis and
sequence alignment brief. Bioinformatics 5:150-163

Lindstrom-Seppa P, Hunskonen S, Kotelevtsev S, Mikkelson P,
Rannen T, Stepanova L, Hanninena O (1998) Toxicity and
mutagenity of waste waters from Baikalsk pulp and paper

@ Springer



978

Biodegradation (2010) 21:967-978

mill: evaluation of pollutant contamination in lake Baikal.
Mar Environ Res 46:273-277

Miloshev G, Mihaylov I, Anachkova B (2002) Application of
the single cell gel electrophoresis on yeast cells. Mutat
Res 513:69-74

Miyamae Y, Yamamoto M, Sasaki YF, Kobayashi H, Igarashi-
Soga M, Shimoi K, Hayashi M (1998) Evaluation of a tissue
homogenization technique that isolates nuclei for the in
vivo single cell gel electrophoresis comet assay: a collab-
orative study by five laboratories. Mutat Res 418:131-140

Moriya RY, Gongalves AR, Duarte MCT (2005) Sugarcane
bagasse pulps: biobleaching with commercial catarzyme
HS and with Bacillus pumilus xylanase. Appl Biochem
Biotechnol 121:171-181

Nagarathnamma R, Bajpai P (1999) Decolorization and
detoxification of extraction-stage effluent from chlorine
bleaching of Kraft pulp by Rhizopus oryzae. Appl Environ
Microbiol 65(3):1078-1082

Nelson N (1944) A photometric adaptation of the Somogyi
method for the determination of glucose. J Biol Chem 153:
375-380

Niku-Paavola ML, Karhunen E, Salola P, Raunio V (1988)
Ligninolytic enzymes of the white-rot fungus Phlebia
radiata. Biochem J 254:877-884

Oliveira PL, Duarte MCT, Ponezi AN, Durrant LR (2009) Use
of Bacillus pumilus CBMAI 0008 and Paenibacillus sp.
CBMALI 868 for colour removal from paper mill effluent.
Braz J Microbiol 40:354-357

Pearl 1A, Benson HK (1940) The determination of lignin in
sulphide pulping liquor. Pap Trade J 111:35-36

Phadke MS, Dehnad K (1988) Optimization of product and
process design for quality and cost. Qual Reliab Eng Int
4:159-169

Pokhrel D, Viraraghavan T (2004) Treatment of pulp and paper
mill wastewater: a review. Sci Total Environ 333:37-58

Prakasham RS, Rao CS, Rao S, Rajesham S, Sharma PN
(2005) Optimization of alkaline protease production by
Bacillus sp. using Taguchi methodology. Appl Biochem
Biotechnol 120:133-144

Ratanakhanokchai K, Kyu KL, Tanticharoen M (1999) Purifi-
cation and properties of a xylan-binding endoxylanase
from alkaliphilic Bacillus sp. strain K-1. Appl Environ
Microbiol 65:694—-697

@ Springer

Roy RK (2001) Design of experiments using the Taguchi
approach: 16 steps to product and process improvement.
Wiley, New York

Roy RK (2007) Qualitek-4, software for automatic design and
analysis of Taguchi experiments. Nutek Inc., Bloomfield
Hills

Schnell A, Steel P, Melcer H, Hodson PV, Carey JH (2000)
Enhanced biological treatment of bleached kraft mill
effluents: II. Reduction of mixed function oxygenase
(MFO) induction in fish. Water Res 34:501-509

Scortichini M, Marchesi U, Rossi MP, Di Prospero P (2002)
Bacteria associated with Hazelnut (Corylus avellana L.)
decline are of two groups: Pseudomonas avellanae and
strains resembling P. syringae pv. Syringae. Appl Environ
Microbiol 68:476—484

Sirianuntapiboon S, Zohsalam P, Ohmomo S (2004) Decolor-
ization of molasses wastewater by Citeromyces sp. WR-
43-6. Proc Biochem 39:917-924

Stowe RA, Mayer RP (1999) Efficient screening of process
variables. Ind Eng Chem 56:36-40

Thakur IS (2004) Screening and identification of microbial
strains for removal of colour and adsorbable organic
halogens in pulp and paper mill effluent. Proc Biochem
39:1693-1699

Thakur IS, Verma P, Upadhayaya KC (2001) Involvement of
plasmid in degradation of pentachlorophenol by Pseudo-
monas sp. from a chemostat. Biochem Biophys Res Com-
mun 286:109-113

Tien M, Kirk TK (1988) Lignin peroxidase of Phanerochaete
chrysosporium. Methods Enzymol 161:238-249

Vass KK, Mukopadhyay MK, Mistra K, Joshi HC (1996)
Respiratory stresses in fishes exposed to paper and pulp
wastewater. Environ Ecol 14:895-897

Vicuna R (1988) Bacterial degradation of lignin. Enzyme
Microbiol Technol 10:646-655

Vicuna R, Gonzalez B, Seelenfreund D, Ruttimann C, Salas L
(1993) Ability of natural bacterial isolates to metabolize
high and low molecular weight lignin-derived molecules.
J Biotechnol 30:9-13

Wariishi H, Valli K, Gold MH (1992) Manganese (II) oxida-
tion by manganese peroxidase from the basidiomycete
Phanerochaete chrysosporium: kinetic mechanism and
role of chelators. J Biol Chem 267:23688-23695



	Isolation and characterization of alkalotolerant bacteria and optimization of process parameters for decolorization and detoxification of pulp and paper mill effluent by Taguchi approach
	Abstract
	Introduction
	Materials and methods
	Sampling site and isolation of bacteria
	Decolorization assay and measurement of lignin
	16S rDNA sequence analysis of the most potent bacterial strain
	Experimental design for optimization of process parameters
	Screening for decolorization and removal of lignin of pulp and paper mill effluent
	Optimization of growth conditions by Taguchi approach
	Analysis of the data using overall evaluation criteria
	Software

	Analysis of the data and validation
	Estimation of enzymes for decolorization
	Analysis of toxicity by comet assay (Alkaline SCGE)

	Results and Discussion
	Isolation and screening of bacterial strains for decolorization
	Molecular characterization and identification of bacteria
	Screening of growth factors for decolorization of pulp and paper mill effluent
	Determination of optimum conditions using Taguchi method and validation experiment
	Enzymes involved in decolorization and delignification process
	Toxicity analysis of effluent after treatment

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


