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Abstract Lignin is the major polluting and colouring
constituent present in pulp and paper mill effluent. To
degrade lignin and its derivatives, bacterial enzymes can
play an important role due to stability at extreme envi-
ronmental conditions. This study explored the degrada-
tion of pulp and paper mill effluent by a rod-shaped
Gram-positive bacterial strain RJH-1, isolated from
sludge, based on its efficiency to reduce COD, colour,
AOX and lignin content. This bacterial isolate was able
to grow in nitrogen-free Jensen medium. Further, RJH-1
was identified as Brevibacillus agri strain after 16 s
rRNA gene sequencing. Degradation potential of this
isolated bacterial strain was evaluated by batch and
semi-continuous reactor study. In batch study, the isolate
reduced 69 % COD, 47 % colour, 37 % lignin and 39 %
AOX after 5 days whereas in control flask, 40 % COD,
26 % colour, 19 % lignin and 22 % AOX reduction was
observed by the indigenous bacteria present in

wastewater. During semi-continuous reactor study, it
reduced 62 % COD, 37 % colour, 30 % lignin and
40 % AOX of effluent at a retention time of only 32 h
whereas the reduction in control reactor was 36%COD,
21 % colour, 18 % lignin and 29 % AOX. This study
confirmed that the B. agri has the potential to degrade
the lignin and reduce the colour and COD of the pulp
and paper mill waste water.
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1 Introduction

Pulp and paper mills are categorised as one of the largest
contributor to industrial water pollution due to release of
huge amount of dark coloured effluent containing recal-
citrant toxic compounds which have an adverse effect
on the environment (Saraswathi and Saseetharan 2010).
As per the Ministry of Environment and Forest,
Government of India, the pulp and paper sector is in
the BRed Category^ list of 17 industries having a high
polluting potential owing to its serious pollution threat.
It is mandatory for pulp and paper mills to comply with
the appropriate standards set by Central Pollution
Control Board (CPCB 2001)

The paper manufacturing process involves three
steps: pulping, bleaching and finally paper making.
The effluent generated at the pulping stage called black
liquor is dark brown in colour due to dissolved lignin
and its degradation products, hemicelluloses, resins,
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acids and phenols (Berryman et al. 2004). The effluent
generated at bleaching stage has toxic coloured com-
pounds, chlorinated organic compounds, adsorbable or-
ganic halides (AOX) and other such derivatives of lignin
and hemicelluloses. It is estimated that 1 t of paper
generates 150 m3 of effluent which is extremely toxic
in nature (Pokhrel and Viraraghavan 2004). Lignin and
its derivatives that are released during delignification
processes of papermaking impart brown/black appear-
ance to the effluent. Lignin is a complex heteropolymer,
composed of phenylpropanoid aryl-C3 units linked to-
gether via a variety of ether and C–C bonds. Lignin is
closely associated with cellulose and covalently at-
tached to hemicelluloses. The ether and C–C linkages
present in lignin are not susceptible to hydrolytic attack,
and therefore, lignin is highly resistant to breakdown
(Bugg et al. 2011).

The various enzymes involved in the treatment of
pulp and paper mill effluent are lignin peroxidase, man-
ganese peroxidase and laccase. Microorganisms show-
ing good production of these enzymes have the potential
to treat the effluent (Singhal and Thakur 2009). Fungal
enzymes are reported for lignin solubilisation (Bucher
et al. 2004; Pant and Adholeya 2007). The use of several
fungal strains such as white rot fungus Phanerochaete
chrysosporium has been reported for bioremediation of
pulp and paper mill effluent and lignin degradation
(Gomathi et al. 2012; Driessel and Christov 2001;
Diwaniyan et al. 2010)

However, the low pH requirement for an optimum
activity of the fungal ligninolytic enzymes (Swamy and
Ramsay 1999) and the long hydraulic retention time
required for complete decolourisation (Banat et al.
1996; Swamy and Ramsay 1999) are the disadvantages
of using fungi. Therefore, fungal system cannot be used
when pH is high and oxygen is limited as is usually
common in pulp and paper mill effluents. Thus, bacte-
rial system can play an important role under such strin-
gent conditions. Recently, various bacterial isolates have
been reported for bioremediation of pulp and paper mill
effluent. Bacillus sp. has been reported for kraft lignin
degradation (Chandra et al. 2007). Besides, various
strains of Azotobactor, Bacillus megaterium and
Serratia marcescens can also solublise lignin (Morii
et al. 1995). Lignin degradation rate of the reported
bacterial strains is low when compared to fungi; thus,
there is a need to search for more efficient lignin
degrading bacterial strains. The aim of the present study
is to isolate a bacterial strain with potential ligninolytic

and decolourisation efficiency for the treatment of pulp
and paper mill effluent.

2 Material and Methods

2.1 Reagents

Analytical grade reagents were used in this work. All the
testing was performed according to Standard
Microbiological methods for the Examination of Water
and Waste water (APHA)

2.2 Collection of Sludge Samples

Sludge of wastewater treatment plants is a rich source of
ligninolytic bacteria. Hence, sludge was collected in
sterile polythene bags from various pulp and paper mill
effluent treatment plants (ETPs) near Yamuna Nagar
(Haryana). The sludge samples were stored at low tem-
perature for isolation of ligninolytic bacteria.

2.3 Enrichment of Sludge Sample for Bacterial Isolation

Five-gram sludge was added in 100-ml mineral salt
medium (MSM), which contained the following (in
g l− ): Na2HPO4 2.4; K2HPO4 2.0; NH4NO3 0.1;
MgSO4 0.01; CaCl2 0.01; D-glucose 10.0; peptone 5.0
(Chandra et al. 2007). Trace element solution (1 ml l− )
as described by Pfenning and Lippert (1966) was also
added, and the pH was finally adjusted to 7.5±0.1.
MSM was supplemented with lignin (100–400 ppm
indulin or black liquor) as carbon source and incubated
for 7 days at 37 °C and 150 rpm in an incubator shaker.
After 7 days, 10-ml sample was retransferred in fresh
90-ml MSM supplemented with lignin and incubated
for 72 h. In the same way, three more successive trans-
fers of enriched sample were done after every 72 h. This
enriched medium was used for isolation and screening
of ligninolytic bacteria.

2.4 Isolation and Screening of Ligninolytic Bacteria
on Lignin MSM Agar Plates

Enriched sludge samples were diluted to 10−3, 10−4 and
10−5 times in autoclaved distilled water and were spread
on lignin MSM agar plates. Plates were incubated in
incubator at 35 °C for 4–7 days. Phenotypically different
bacterial colonies were selected and purified by repeated
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sub-culturing. Pure cultures were inoculated in LB broth
(Luria-Bertani broth contains in g l−1 casein enzymatic
hydrolysate 10, yeast extract 5, NaCl 5) media to
achieve maximum growth rate and subsequently used
for selection of potential ligninolytic bacterial isolates.

2.5 Tracking of Functional Diversity of Isolates
Targeting Ligninolytic Enzymes by Dye
Decolourisation Assay

To select bacteria capable of producing ligninolytic en-
zymes (laccase, lignin peroxidase and/or manganese per-
oxidase), a selection protocol based on their ability to
decolourise synthetic dyes also called ligninolytic indica-
tor dyes such as Azure B, Phenol red, Ramazol Brilliant
Blue andMethylene Blue was used. All the indicator dyes
were filter sterilised and added to autoclaved media under
aseptic conditions. These dyes are structurally similar to
lignin. LB agar plates containing 0.2 g/100 ml Azure B
(Archibald 1992), 0.1 g/100 ml Phenol Red, 0.2 g/100 ml
(Manji and Ishihara 2004) Methylene blue and 0.4 g/
100 ml Ramazol Brilliant Blue (Kiiskinen et al. 2004)
were streaked with bacterial isolates and incubated at
37 °C. The plates were observed for zone of
decolourisation after 24–48 h. Decolourised zone that
appeared around the bacterial colony indicated the pres-
ence of ligninolytic enzyme activity in the bacterial iso-
late; thus, bacterial isolates which decolourised any of the
dye were screened as positive for ligninolytic enzyme and
selected for further waste water degradation studies
(Husain 2006; Pangallo et al. 2007; Ang et al. 2011;
Bandounas et al. 2011; Ponting 1999).

2.6 Wastewater Characteristics

The wastewater used throughout the study was synthetic
wastewater (equivalent to pulp and paper mill waste
water) and was prepared manually in the lab by adding
mixture of CD and EOP stage wastewater (in the ratio of
2:1), starch and then black liquor after the filtration
using coarse filter paper (~40-μm pore size). The vol-
ume of these effluents was decided in such a combina-
tion so that after dilution with water, the resulting COD,
colour and AOX were approximately 500±25 mg O2

l−1, 1000±50 Pt-Co Unit and 15±1 mg l−1, respectively.
The pH of synthetic wastewater was maintained 7.0±
0.2 with the help of NaOH and H2SO4. Throughout the
study, freshly prepared, unautoclaved wastewater was
used.

2.7 Evaluation of Degradative Potential of Bacterial
Isolates

Each isolate screened after dye decolourisation assay
was grown for 24–48 h in LB broth. Grown culture
was centrifuged and washed with 1 mM phosphate
buffer of pH 7. Culture pellet was inoculated in 250-
ml flask containing 100-ml freshly prepared wastewater
(as described above) supplemented with nutrients con-
taining N and P to give a ratio COD/N/P=100:5:1
referred to as standard nutrient ratio (Reddy et al.
2005). Flasks were incubated at 37 °C and 150 rpm in
an incubator shaker. Control flask (wastewater without
any culture inoculation) was maintained at same exper-
imental condition. Treated wastewater sample was

Fig. 1 Reactor set up for with controlled aeration, agitation and temperature for semi-continuous reactor study

Water Air Soil Pollut (2015) 226: 305 Page 3 of 11 305



withdrawn after regular time interval and analyzed for
reduction of colour, COD and lignin content by follow-
ing standard protocols. Lignin and colour were analyzed
spectrophotometrically by taking the absorbance at 280
and 465 nm, respectively, as per the standard method for
the examination of wastewater colour and lignin by UV-
Visible spectrophotometer (Chandra and Abhishek
2011). For the determination of colour and lignin, the
treated wastewater samples were collected, and pH was
adjusted to 7.4±0.2 because the colour is pH dependent.
Then, the samples were centrifuged at 8000 rpm for
30 min, and supernatant was collected. Supernatant
was diluted 3 times, and colour reduction and lignin
degradation were determined by the methods as

described by Bajpai et al. (1993) and Pearl and Benson
(1940). The colour was measured as platinum cobalt
unit and lignin as ppm. AOX was also measured at the
end of the study as per the standard protocol (APHA
1998). Based on the results of the batch study, isolates
were further selected for semi-continuous reactor study.

2.8 Biochemical Characterisation of the Bacterial Isolate

The bacterial isolates were grown on LB agar plates for
48 h at 37±1 °C and examined (Buchanan and
Gibbsons 1974) for their cell shape, colony appearance,
motility, Gram reaction, growth at different pH, tem-
perature and % (w/v) NaCl concentration. Catalase,

Fig. 2 Clear zone around the bacterial colony confirms the secretion of ligninolytic enzymes by the isolate showing on a Phenol Red Plate,
b Ramazol Brilliant Blue Plate, c Azure-B Plate, d Methylene blue Plate

Table 1 Daily addition and removal of wastewater to the reactors for semi-continuous reactor study

S. no Retention time, h Volume of fresh wastewater added daily, ml Volume of treated wastewater removed daily, ml

1 96 250 (83.3 ml after 16 h and 166.7 ml after 8 h) 250 (83.3 ml after 16 h and 166.7 ml after 8 h)

2 48 500 (166.7 ml after 16 h and 333.3 ml after 8 h) 500 (166.7 ml after 16 h and 333.3 ml after 8 h)

3 32 750 (250 ml after 16 h and 500 ml after 8 h) 750 (250 ml after 16 h and 500 ml after 8 h)

4 24 1000 (333.3 ml after 16 h and 666.7 ml after 8 h) 1000 (333.3 ml after 16 h and 666.7 ml after 8 h)
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oxidase, Voges-Proskauer (VP) reactions, hydrolysis of
casein, starch, urea, gelatin were determined as

described by Barrow and Feltham (1993) and Cowan
et al. (2004). Bacterial isolates were also grown in
nitrogen-free Jensen medium (composition in g l−1 su-
crose 20, K2HPO4 1, CaCO3 2 , MgSO4 0.5, NaCl 0.5,
FeSO4 0.1, Na2MoO4 0.005) to check their ability to
grow in nitrogen-deficient conditions, since pulp and
paper mill wastewater is nitrogen deficient and the
source of bacterial isolate was sludge collected from
effluent treatment plant treating pulp and paper mill
wastewater.

2.9 Identification of the Bacterial Isolate

16 s rRNA gene sequencing is widely used to identify
and classify the eubacteria (Amman et al. 1995). Target
sequences are amplified using universal primers to pro-
duce 1.5-kb amplicons followed by sequencing and
homology generation using ribosomal DNA database.
The genomic DNA from the bacterial isolate was isolat-
ed, and amplification of the 16 s rRNA gene was per-
formed using the universal primers (Raj et al. 2007a, b).
Forward primer: 5′-AGAGTTTGATCCTGGCTCAG-
3′ and reverse primer: 5′-ACGGCTACCTTGTTAC
GACTT-3 ′ in a Master cycler® Thermocycler
(Eppendorf, Germany). The ~1500-bp PCR product
was purified to remove unincorporated dNTPS and
Primers before sequencing using PCR purification kit
(Norgen Biotek, Canada). Both strands of the rDNA
region amplified by PCR were sequenced by automated
DNA sequencer-3037xl DNA analyzer from Applied
Biosystems using BigDye® Terminator v3.1 cycle se-
quencing Kit (Applied Biosystems). Sequence data
were aligned, and dendrogram were generated using
Sequence analysis software version 5.2 from Applied
bio systems. The sequences obtained for plus and minus
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Fig. 3 Graph showing lignin
degradation w.r.t. control by RJH-
1during batch study

Table 2 Results of dye degradation assay (+ zone of
decolourisation present; - no zone of decolourisation)

S.No. Lab name
of isolate

Phenol
Red

Ramazol
Brilliant Blue

Azure B Methylene
blue

1 LB-1 + + - -

2 LB-2 + + - -

3 LB-3 + - - +

4 LB-4 + - + -

5 LB-5 + - + -

6 LB-6 - - + +

7 LB-7 - + - -

8 RJN-1 - - + +

9 RJN-2 - + + -

10 RJN-3 + + - +

11 RJN-4 + - - +

12 RJN-5 - + + -

13 RJN-6 - - + -

14 RJN-7 + + - -

15 RJN-8 - - + +

16 RJN-9 - + - +

17 RJH-1 - + + -

18 RJH-4 + - - -

19 RJH-6 + - - +

20 RJH-7 + + - -

21 RJH-8 - + - -

22 RJH-9 - + - -

23 RJH-10 + + - -

24 RJH-11 - - + -

25 RJH-12 + - - +

26 RJH-14 + - - -

27 RJH-15 - - + -
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strands were aligned using DNA Baser software before
performing the bioinformatics analysis. Sequences were
compared to the nonredundant NCBI database by using
BLASTN, with the default settings used to find the most
similar sequence and were sorted by the E score. A
representative sequence of 10 most similar neighbours
was aligned using CLUSTAL W2 for multiple align-
ments with the default settings. The multiple-alignment
file was then used to create phylogram using MEGA5
software (Tamura et al. 2007). The evolutionary history
was inferred by using the maximum likelihood method
based on the Tamura-Nei model. The tree with the
highest log likelihood (−3372.5527) is shown. Initial
tree(s) for the heuristic search was obtained automati-
cally by applying neighbour-join and BioNJ algorithms
to a matrix of pair wise distances estimated using the
maximum composite likelihood (MCL) approach, and
then selecting the topology with superior log likelihood
value. Codon positions included were 1st+2nd+3rd+
noncoding. All positions containing gaps and missing
data were eliminated. There were a total of 1415 posi-
tions in the final dataset. Evolutionary analyses were
conducted in MEGA5.

2.10 Semi-Continuous Reactor Study

To evaluate the performance of the bacterial isolates in
reactors, a semi-continuous study was designed with an
objective to decrease the retention time from 96 to 24 h.
A fabricated bioreactor of total capacity of 2 l was used
for the study (Fig. 1). Inside the bioreactor, oxygen was
provided by passing air through an air pump (DO=1±
0.5 mg/l), temperature was maintained to 35±2 °C and
agitation (200 rpm) was given by magnetic stirrer.One-
litre freshly prepared wastewater was used in each reac-
tor for lab scale study. Culture was grown in LB media,
centrifuged and added to reactor containing 1-l waste-
water supplemented with nitrogen and phosphorus as
per standard nutrient ratio (COD/N/P=100:5:1) given
by Reddy et al. (2005). Continuous aeration and agita-
tion were given to the reactors to prevent settling down
of the microbial biomass. Acclimatisation of the culture
was done under controlled temperature, aeration and
agitation rate for a week. Control reactor (without any
added culture) was also maintained at the same condi-
tions. After a week, efficiency of bacterial strains was
evaluated daily in terms of reduction in colour, COD

RJH-1

Contro

24

l

48 972
Time (Hrs

12096
)

144
0

10

20

30

40

50

60

70

80

Pe
rc

en
t C

O
D

 R
ed

uc
�

on

Fig. 5 Graph showing COD
reduction w.r.t. control by RJH-1
during batch study
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Fig. 4 Graph showing colour
reduction w.r.t. control by RJH-1
during batch study
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and degradation of lignin by decreasing the retention
time from 96 to 24 h. The fresh wastewater was added to
the reactors, and treated wastewater was removed from
the reactors daily. The addition and removal of waste-
water to the reactors were done twice in a day by
removing and adding 1/3 and 2/3 parts after 16 and
8 h, respectively, as stated in Table 1. The RT (in h)
was calculated as per the formula: RT=V/Q where V is
the volume of the effluent (calculated in ml) in the
reactor and Q is the flow rate (calculated in ml h−1).

3 Results and Discussion

Isolation and Screening More than 50 bacterial isolates
were isolated on lignin-MSM plates from sludge sam-
ples collected from ETP’s treating pulp and paper mill
wastewater. The purified bacterial isolates were further
screened based on their ability to secrete ligninolytic
enzymes using dye degradation method. Dye degrada-
tion is directly related to production of ligninolytic
enzymes (lignin peroxidase, Mn peroxidase and
Laccase); so, the pure culture of bacterial isolates was
tested for their dye degradation ability (Fig. 2). A total of
27 pure cultures of bacterial isolates were screened
based on their ability to degrade either of the dyes, i.e.
Azure B, Phenol Red, Methylene blue, Ramazol bril-
liant blue. Results are conferred in Table 2. The potential
isolate RJH-1 showed positive results for RBBR and
Azure B.

3.1 Evaluation of Degradative Potential of Bacterial
Isolates by Batch Study

Individual bacterial isolates exhibiting positive result for
ligninolytic enzyme were assessed for their ability to
reduce the colour, COD and degrade lignin of the waste-
water by batch mode in order to check the potential of
the bacterial isolates meet the discharge limit. RJH-1
was found most potent bacterium in terms of bioreme-
diation of wastewater. During batch study, the pH of the
treated wastewater increased gradually and became

Fig. 6 Neighbour-joining tree
based on 16S rRNA gene
sequences showing the
phylogenetic position of isolate
RJH-1 and related species

Table 3 Results of biochemical tests for characterisation of bac-
terial isolate RJH-1

Tests Observation

Shape Rods

Gram reaction G+ve

Motility +

Aerobic/anaerobic Aerobic

Growth at 50 °C -

Growth in 3 % NaCl -

Catalase +

Oxidase -

Casein hydrolysis +

Gelatin hydrolysis +

Starch hydrolysis -

Urea hydrolysis -

Voges-Proskauer test -

+ positive; - negative
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alkaline (8.4±0.1). Initially for 24 h, the reduction in
COD, colour and lignin were insignificant w.r.t control
flask due to slow growth of the bacterium, but after-
wards, the rate of degradation increased significantly
(Figs. 3, 4 and 5). Similar findings of slow degradation
during initial 24 h were reported by EL-Hanafy et al.
(2008). This might be due to slow metabolism of bac-
teria during initial 24 h, as bacterium adapted itself to
wastewater conditions and started lignin degradation
afterwards. Once the bacterium started using lignin as
sole carbon source, there was a significant reduction in
COD and colour. Degradation of lignin and its deriva-
tives could be associated with removal of colour and
reduction in COD since lignin and related compounds
account for dark colour and high COD of wastewater
(Raj et al. 2014). The study was conducted for 144 h,
and the potential isolate RJH-1 reduced 69 % COD,
47 % colour and 37 % lignin after 5 days whereas the
control flask (with no added culture) showed 40 %
COD, 26 % colour and 19 % lignin reduction. At the
end of the study, AOX was also calculated in RJH-1
treated and control flask. RJH-1 showed 39 % AOX
reduction while the same was reduced by 22 % in
control flask. The reduction was also observed in control
flask due to the presence of indigenous microflora since
the wastewater used for the study was unautoclaved.

3.2 Biochemical Characterisation of Bacterium

Microscopic studies and biochemical tests showed that
(Table 3) RJH-1 is Gram-positive, rod-shaped, motile
bacterium. It grows on routine media such as nutrient
agar, LB and also grows well on nitrogen-free Jensen
medium. The colony appears translucent. It is catalase
positive and oxidase negative, does not hydrolyse starch
and urea but can hydrolyse casein and gelatine. The
optimum temperature for growth is 28–30 °C, and max-
imum temperature for growth is 40 °C. It can grow in the
presence of 2 % NaCl but not in 3 % NaCl. Growth
occurs at pH 5.8 but not at pH 9.0; fructose, glucose and
maltose are assimilated.

3.3 Molecular Characterisation of Bacterial Isolate
RJH-1

Sequence analysis of 16 s rRNA gene showed that RJH-
1 is Brevibacillus agri strain. Figure 6 depicts the phy-
logenetic tree demonstrating the linkage distance of
RJH-1 with other Brevibacillus species. The analysis
showed that RJH-1 is 98 and 96 % similar to
Brevibacillus agri strain DSM 6348 and Brevibacillus
reuszeri, respectively. It showed 95 % similarity with
Brevibaci l lus parabrevis strain IFO 12334,
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Brevibacillus choshinensis strain DSM 8552 and
Brevibacillus brevis strain NBRC 15304.

3.4 Semi-Continuous Reactor Study

Reactor studywas performed to evaluate the performance
of the potential isolate RJH-1 (Brevibacillus agri) at
different RT. The pH of the medium changed to alkaline
and remained alkaline throughout the study (8.2±0.4).
The bacterial metabolismmay be accredited for change in
pH. Lignin is soluble at alkaline pH; thus, high pH aids in
lignin solubilisation and degradation (Raj et al. 2014).
The reduction in COD content by RJH-1-degraded sam-
ple, shown in Fig. 7, revealed that when retention time
(RT) was reduced from 96 to 24 h, the percent reduction
in COD was 61±7 at an RT of 96 h, 61±9 at an RT of
48 h, 62±8 at an RT of 32 h and 43±8 at an RT of 24 h.
Hao and Man (2006) reported COD reduction up to 70–
75 % after 3 weeks and increase to 82–88 % by subse-
quent aerobic treatment for 48 h by using sulphate reduc-
ing bacteria. Thus, we conclude a significant reduction in
COD at a lower retention time (32 h).

The percent reduction in colour and lignin by RJH-1
was 33±5, 32±9, 37±8, 22±9 and 28±5, 27±5, 30±8,
17±6 at an RT of 96, 48, 32 and 24 h, respectively
(Figs. 8 and 9). Thus, we conclude that maximum
reduction by RJH-1 was obtained at 32 h RT. Singh
et al. (2008) have reported potential pentachlorophenol
degradation and decolourisation of pulp and paper mill
effluent at 168-h incubation by a mixed culture of two
bacteria. Besides, Chandra et al. (2009) have reported
that PCP (pentachlorophenol) degrading bacterial
strains, Bacillus cereus (ITRC-S6) and Serratia
marcescens (ITRC-S7) when used for the treatment of
pulp and paper mill effluent reduced colour 45–52 %,
lignin 30–42 % and COD 50–60 % in 7-day incubation
period. Similarly, Gupta et al. (2009) have reported that
bacterial strain Aeromonas formicans reduced COD,
colour and lignin in continuous reactor studies by 73,
88 and 77%, respectively, for an 8-day retention period.

Findings of Singh et al. (2011) suggest the use of tannic
acid degrading bacterium Enterobacter sp. for bioreme-
diation of pulp and paper mill effluent since the bacte-
rium decreased the COD/BOD load to 80 %, lignin to
73 % and colour to 82 % within 16 h, using a 10 %
inoculum size at 35 °C. Moreover, mixed culture of
bacteria and fungus has also been acknowledged for
efficient biodegradation process. Chuphal et al. (2005)
mentioned significant reduction in colour (88.5 %), lig-
nin (79.5 %), COD (87.2 %) and phenol (87.7 %) by
Paecilomyces sp. and Pseudomonas syringae.

When the results of the present study were compared
with previous studies, in our case the bacterial isolate
reduced the COD, colour and lignin of wastewater by
62, 37 and 30%, respectively, at 32-h retention time, i.e.
the time taken to degrade lignin and reduce COD and
colour was less in our case. Chandra and Bhargava
(2012) and Chandra and Abhishek (2011) have also
reported lignin degradation by bacteria but in the pres-
ence of glucose and peptone as additional carbon and
nitrogen source, but here, we are reporting lignin degra-
dation by the bacterial isolate without supplementing the
medium with glucose and peptone so that the process
remains cost-effective. Long adaptation period with lig-
nin as sole carbon source during isolation and screening
may be accredited for a considerable degradation rate at
lower retention time (EL-Hanafy et al. 2007).

4 Conclusions

For the treatment of pulp and paper mill wastewater
isolate, Brevibacillus agri RJH-1 can prove beneficial as
it shows considerable degradation and decolourisation
efficiency at a lower retention time of just 32 h. The use
of nitrogen fixingBrevibacillus agri also may have added
advantage of reducing the need for supplementation with
nitrogenous compounds as it grows well in nitrogen-
deficient conditions. Brevibacillus agri RJH-1 works ef-
ficiently using cost-effective ammonium sulphate as N
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Fig. 9 Graph showing lignin
degradation in semi-continuous
reactor study when RTwas re-
duced from 96 to 24 h
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and phosphoric acid as P source which are used by most
of the paper mills. Thus, the ability of this bacterial isolate
could be of interest for the treatment of pulp and paper
mill effluent.
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