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Abstract  In  the  present  investigation,  a  total  of  34  bacterial  isolates  were  isolated  from  munic-
ipal wastewater  and  sludge  samples.  Out  of  34,  5  isolates  were  selected  based  on  their  growth
on wastewater  agar  medium  and  were  identified  on  the  basis  of  morphological,  cultural  and  bio-
chemical tests.  The  enzyme  production  study  showed  that  all  the  isolates  were  able  to  produce
lipase and  protease  while  one  isolate  (NW1D)  showed  amylase  production.  The  bioremediation
potential  of  these  enzymes  producing  bacteria  was  investigated  and  the  results  suggest  that
the isolate  NW6  was  most  efficient  for  bioremediation  and  showed  reduction  in  biochemical
oxidation  demand  (BOD),  chemical  oxidation  demand  (COD),  nitrate  and  phosphate  by  50.65%,
20%, 56.25%  and  31.13%  respectively  after  72  h.  Further,  the  NW6  isolate  identified  as  Bacillus
licheniformis  by  16S  rRNA  sequencing  and  was  optimized  for  different  parameters  to  achieve
effective  results.  The  results  showed  that  overall  optimum  inoculum  size,  retention  time  and
agitation speed  for  NW6  were  10%  (v/v),  96  h  and  200  rpm  respectively.  The  reduction  in  BOD,
COD, nitrate  and  phosphate  was  found  to  be  54.55%,  36%,  24.83%  and  26.42%  respectively  with
10% inoculum  size.  At  96  h  retention  time  with  10%  inoculum,  BOD,  COD,  nitrate  and  phosphate

reduction was  69.16%,  42.5%,  49.89%  and  39.62%  respectively.  The  reduction  in  BOD,  COD,
nitrate and  phosphate  was  found  to  be  72.08%,  51%,  51.87%  and  31.13%  respectively  at  200  rpm
with 10%  inoculum.  Further,  the  NW6  may  find  application  in  municipal  wastewater  treatment
to prevent  water  pollution  as  well  as  a  potential  enzyme  production.
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n  recent  decades  the  risk  due  to  water  pollution  has  become
 matter  of  serious  concern  in  developing  countries  like
ndia,  because  of  limitless  urbanization  and  lack  of  adequate
reatment  facility  leads  to  serious  water  pollution  problems
ue  to  direct  disposal  of  sewage  and  industrial  effluents  to
ater  bodies.  Sewage  is  a  waste  matter  resulting  from  the
ischarge  into  the  sewers  of  human  excreta  and  wastewa-
er  originating  from  a  community  and  its  industries  (Tamil
elvi,  Anjugam,  Archana  Devi,  Madhan,  &  Kannappan,  2012).
t  has  a  high  content  of  both  inorganic  and  organic  matter
Sinha  &  Paul,  2014).  In  India  it  is  reported  that  about  70%
f  the  available  water  is  polluted.  The  chief  source  of  pollu-
ion  is  identified  as  sewage  constituting  84  to  92  percent  of
he  wastewater  (Agarwal  &  Rajwar,  2010).  River  and  aquatic
cosystems  continually  received  a  huge  amount  of  sewage,
hanging  the  status  of  different  water  quality  parameters
uch  as  dissolved  oxygen,  BOD,  COD,  nitrate,  phosphate  etc.
Loos  et  al.,  2013).

Environmentalists  and  government  are  looking  for  cheap,
fficient,  effective  and  long  lasting  solutions  for  wastewa-
er  treatment  and  recycling.  In  developing  countries  like
ndia,  physico-chemical  methods  of  wastewater  treatment
re  inevitably  cost  intensive  and  cannot  be  employed  in  all
ndustries.  Hence,  in  recent  years,  the  biological  treatment
ystem  has  become  popular  and  helped  in  developing  rela-
ively  efficient,  low  cost  waste  treatment  systems  (Garcha,
ermab,  &  Brar,  2016).  In  order  to  design  an  efficient  bio-
ogical  wastewater  treatment  it  is  important  to  know  the
icrobiota  composition  of  the  wastewater  and  to  identify

he  strains  which  metabolize  organic  compounds  (Ahring,
brahim,  &  Mladenovska,  2001;  Janczukowicz,  Zielinski,  &
ebowski,  2007).  Hence,  the  main  objective  of  the  present
tudy  was  to  isolate  bacteria  from  wastewater  and  to
nvestigate  their  ability  for  bioremediation  of  municipal
astewater.

aterials and method

ample  collection  and  site

unicipal  wastewater  and  sludge  samples  were  collected
rom  various  places  from  Buldana  district  (Buldana,  Chikhli,
hamgaon  and  Mehkar)  Maharashtra,  India,  in  pre-sterilized
ottle  and  Zip-lock  plastic  bag  respectively  in  the  month
f  March  in  2012  according  to  standard  procedures  (APHA,
005).  Physical  properties  like  pH  and  temperature  were
ecorded  at  the  site  of  sample  collection.  The  samples  were
ransferred  to  the  laboratory  immediately  and  stored  at  4 ◦C
o  avoid  any  physical-chemical  changes  in  the  wastewater.

solation,  screening  and  identification  of  bacterial
solates

he  collected  municipal  wastewater  and  sludge  samples

ere  serially  diluted  and  inoculated  on  the  nutrient  agar
edium  separately.  Morphologically  different  colonies  were

solated,  purified  and  maintained  at  4 ◦C  on  nutrient  agar
lants.  Screening  was  carried  out  by  inoculating  all  bacterial
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solates  on  wastewater  agar  medium  (WWA  medium)  con-
aining  100  ml  sterilized  municipal  wastewater  and  2%  agar
ithout  addition  of  any  external  nutrients  in  the  medium.
he  plates  were  incubated  at  37 ◦C  for  48  h  (Sonune  &
arode,  2015).  Those  isolates  which  showed  growth  on
WA  medium  were  identified  by  morphological,  cultural

nd  biochemical  characteristics  based  on  Bergey’s  Manual
f  Determinative  Bacteriology  (Holt,  1994).

creening  for  hydrolyzing  extracellular  enzymes
hose  isolates  which  showed  growth  on  WWA  medium  were
creened  for  extracellular  enzyme  activity  by  plate  assay
ethod.

late  assay  for  amylase  activity

t  was  carried  out  by  inoculating  bacterial  isolates  on  starch
gar  medium  [(w/v)  soluble  starch  0.2%;  peptone  0.5%;
east  extract  0.15%;  beef  extract  0.15%;  NaCl  0.5%;  agar
.5%,  pH  7.0  ±  0.2].  Screened  isolates  from  nutrient  agar
lants  were  streaked  on  starch  agar  plate  and  incubated
t  37 ◦C  for  24---72  h.  After  incubation,  iodine  solution  was
ooded  with  dropper  for  30  s on  the  starch  agar  plate.  The
lear  zone  of  hydrolysis  around  the  colony  indicates  a  posi-
ive  result.

late  assay  for  protease  activity

creened  isolates  were  inoculated  for  protease  production
n  milk  nutrient  medium  [(w/v)  peptic  digest  of  animal  tis-
ue  0.5%;  beef  extract  0.15%;  yeast  extract  0.15%;  NaCl
.5%;  milk  powder  1%;  agar  1.5%,  pH  7.0  ±  0.2]  and  incu-
ated  at  37 ◦C  for  24---72  h.  The  zone  of  clearance  was
bserved  around  the  colonies  indicated  the  proteolytic
ctivity  of  that  isolates.

late  assay  for  lipase  activity

creened  isolates  were  inoculated  for  lipase  production  on
gg  yolk  nutrient  agar  medium  [(w/v)  peptic  digest  of  animal
issue  0.5%;  beef  extract  0.15%;  yeast  extract  0.15%;  NaCl
.5%;  egg  yolk  1%;  agar  1.5%,  pH  7.0  ±  0.2]  and  incubated
t  37 ◦C  for  24---72  h.  The  zone  of  clearance  was  observed
round  the  colonies  indicated  the  lipolytic  activity  of  that
solates.

noculum  preparation

he  loopfull  culture  of  screened  bacterial  isolates  were  inoc-
lated  individually  in  pre-sterilized  50  ml  wastewater  broth
WWB)  containing  only  sterile  municipal  wastewater  and
.5%  peptone  added  for  enhancement  of  bacterial  growth.
he  flasks  were  kept  in  a  shaker  at  37 ◦C  for  48  h  with
20  rpm.  The  optical  density  (O.D.)  of  cell  suspension  was
djusted  to  McFarland  0.5  standard  (Wayne,  2009).
ioremediation  study  of  bacterial  isolates

ioremediation  study  was  carried  out  in  a  batch  experi-
ent.  The  inoculum  of  each  isolates  (10%)  with  0.5  O.D.
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Isolation,  characterization  and  identification  of  extracellula

was  taken  in  250  ml  flask  containing  90  ml  non-sterile  munici-
pal  wastewater  separately.  Simultaneously,  one  control  flask
was  taken  containing  only  non-sterilized  municipal  waste-
water.  These  flasks  were  kept  in  a  shaker  at  37 ◦C  for  72  h
with  120  rpm.  After  treatment,  all  the  samples  were  cen-
trifuged  at  10,000  rpm  for  20  min  at  10 ◦C  and  supernatants
were  used  for  further  analysis.

Analytical  methods

Municipal  wastewater  samples  were  characterized  before
and  after  the  treatment.  The  parameters  under  study
include  pH,  BOD5,  COD,  nitrate  and  phosphate.  All  the
parameters  were  analyzed  by  using  standard  techniques
described  in  Standard  Methods  for  the  Examination  of  Water
and  Wastewater  (APHA,  2005).

Optimization  of  conditions  for  efficient
bioremediation

The  selected  bacterial  isolate  which  showed  maximum
bioremediation  potential  was  optimized  for  different  condi-
tion  such  as  inoculum  size,  retention  time  and  rotation  per
minutes  for  optimum  results.

Molecular  identification  of  bacteria

The  most  effective  selected  strain  was  identified  by  16S-
rRNA  sequencing.  For  genotypic  characterization,  the  DNA
of  the  bacterial  isolate  was  extracted  from  a  single  colony  as
described  by  Wilson  and  Carson  (2001).  Amplification  of  16S
rDNA  by  PCR  was  done  using  universal  518F  forward  primer
(5′-CCAGCAGCCGTAATACG-3′)  and  800R  reverse  primer  (5′-
TACCAGGGTATCTAATCC-3′).  Amplification  was  carried  out  in
a  50  �l  reaction  volume.  The  thermal  cycle  (PCR)  steps  were
applied  as  follows:  5  min  initial  denaturation  at  94 ◦C,  fol-
lowed  by  30  cycles  of  1  min  denaturation  at  94 ◦C,  1  min
primer  annealing  at  55 ◦C,  1  min  extension  at  72 ◦C  and  a
final  10  min  extension  at  72 ◦C.  The  amplified  DNA  fragments
were  separated  on  1%  (w/v)  agarose  gel  electrophoresis
eluted  and  purified  using  the  Qiaquick  gel  extraction  kit
(Qiagen,  Germany)  following  the  manufacturer’s  protocol
(Nimnoi,  Pongsilp,  &  Lumyong,  2010).  The  purified  PCR  prod-
uct  was  sequenced  using  the  Big-Dye  terminator  kit  ABI  310
Genetic  Analyzer  (Applied  Biosystems,  USA).  Sequence  data
of  partial  16S  rDNA  was  aligned  and  analyzed  for  finding  the
closest  homologous  microbes.  The  unknown  query  16S  rRNA
nucleotide  sequence  was  compared  to  nucleotide  databases
using  BLAST  program.  Then  multiple  sequence  alignment
was  developed  for  these  homologous  sequences  using  the
algorithm  described  in  Clustal  Omega.  A  phylogenetic  tree
was  constructed  by  using  MEGA  software  version  4.0  by

neighbour  joining  method.  The  bacterial  sequence  was  sub-
mitted  to  the  National  Centre  for  Biotechnology  Information
(NCBI)  Gene  bank  and  the  accession  numbers  were  taken  for
further  correspondence.
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tatistical  analysis
ach  experiment  was  performed  in  triplicates.  The
ata  obtained  from  the  experiments  were  analyzed  and
xpressed  as  mean  and  standard  deviation.

esults and discussion

n  the  present  investigation,  a  total  of  34  bacterial  isolates
ere  isolated,  among  them  16  were  from  wastewater  sam-
les  which  were  designated  as  NW  and  18  were  from  sludge
amples  designated  as  NS.  Out  of  34  isolates,  5  isolates  were
creened  on  WWA  medium  which  devoid  of  any  external
utrients.  These  isolates  showed  good  growth  this  may  due
o  their  ability  to  utilize  organic  material  from  wastewater
s  nutrients.  Hence,  these  isolates  were  further  identified,
ested  for  enzyme  production  and  bioremediation  study.
he  morphological,  cultural  and  biochemical  characteristics
uggested  that  these  isolates  were  Bacillus  cereus,  Bacil-
us  licheniformis, Enterobacter  aerogenes  and  Enterobacter
ntermedius  (Tables  1  and  2).

Among  the  screened  bacterial  isolates,  only  B.  cereus
W1D  showed  amylase  production.  The  results  showed  that
mylase  production  was  increased  from  24  to  72  h  of  incu-
ation  and  was  found  to  be  16,  28.4  and  38  mm  at  24,
8  and  72  h  of  incubation  respectively.  On  the  other  hand
he  remaining  4  isolates  were  unable  to  produce  amylase
Table  3).  The  similar  results  were  reported  from  sewage
nriched  soil  (Pokhrel  et  al.,  2013)  and  domestic  wastewater
Garode  &  Sonune,  2013),  while  all  these  five  bacterial  iso-
ates  showed  protease  production.  The  results  showed  that
rotease  production  increased  from  24  to  72  h  of  incuba-
ion  in  all  the  isolates.  Among  5  isolates,  B.  cereus  NW1D
howed  highest  protease  production  at  72  h  of  incubation
76  mm),  while  protease  production  by  B.  cereus  NS1  (30,
3  and  51  mm),  B.  licheniformis  NW6  (18,  33  and  41  mm),  E.
erogenes  NS14  (10,  25  and  30  mm),  E.  intermedius  NW1A
18,  32  and  46  mm)  and  B.  cereus  NW1D  (16,  33  and  76  mm)
as  observed  at  24,  48  and  72  h  of  incubation  respec-

ively  (Table  3).  Similar  results  were  reported  from  waste
ump  sites  of  municipality  using  bacteria  (Saha  &  Santra,
014).  All  the  isolates  showed  lipase  production  (Table  3),
mong  them,  B.  licheniformis  NW6  and  E.  intermedius  NW1A
howed  highest  lipase  production  (41  mm  each)  at  72  h  incu-
ation,  while  lipase  production  by  B.  cereus  NS1  (5.2,  16
nd  25  mm),  B.  licheniformis  NW6  (8,  33  and  41  mm),  E.
erogenes  NS14  (0,  13  and  31  mm),  E.  intermedius  NW1A
6.5,  26  and  41  mm)  and  B.  cereus  NW1D  (9,  23  and  32  mm)
as  observed  at  24,  48  and  72  h  incubation  respectively.
hese  results  correlate  with  the  previous  reports  (Garode  &
onune,  2014;  Manh,  2008;  Odeyemi,  Aderiye,  &  Bamidele,
013;  Verma  &  Baiswar,  2013).

The  initial  pH  of  the  sample  was  slightly  acidic  whereas
t  was  slightly  alkaline  after  treatment  (Table  4).  The  results
uggest  that  the  increase  in  pH  in  experimental  samples  was
lightly  higher  as  compared  to  control  sample.  This  increase
ay  be  associated  with  degradation  of  proteins  and  amino
cids  present  in  wastewater  into  ammonia  that  increases  the
H  of  sample  to  slightly  alkaline.  However,  the  pH  value  of
amples  before  and  after  treatment  was  within  the  permis-
ible  limit.
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Table  1  Morphological  and  colony  characteristics  of  selected  bacterial  isolates.

Isolate  code  Source  Gram  staining  Shape  Pigment  Opacity  Motility  Morphology  Spore

NS1  S  +  Rod  White  Opaque  +  Circular  +
NW6 W  +  Rod  White  Opaque  +  Circular  +
NS14 S  −  Rod  White  Opaque  +  Circular  −
NW1A W  −  Rod  White  Opaque  +  Irregular  −
MW1D W  +  Rod  White  Opaque  −  Irregular  +

S, sludge; W,  wastewater; +, positive; −, negative.

Table  2  Biochemical  characteristics  of  the  selected  bacterial  isolates.

Biochemical  tests  Isolates

Isolate  code  NS1  NW6  NS14  NW1A  NW1D

Catalase  +  +  +  +  +
Oxidase +  +  −  −  +
Indole production  −  −  −  −  −
Methyl red  +  +  −  +  −
Voges proskauer  +  +  +  +  +
Citrate utilization  −  −  +  −
Nitrate  −  −  +  +  −
H2S  −  +  −  −  −
Sugar fermentation

Glucose
A  +  +  +  +  +
G −  −  −  +  −

Lactose
A +  −  +  +  −
G −  −  −  −  −

Mannitol
A +  +  +  +  +
G −  −  −  +  −

Sucrose
A +  +  +  +  +
G +  −  +  +  +

Trehalose
A +  +  +  +  +
G +  −  −  −  +

Name of  bacteria B.  cereus B.  licheniformis  E.  aerogenes  E.  intermedius  B.  cereus

+, positive; −, negative; A, acid; G, gas.

Table  3  Enzyme  production  efficiency  of  isolates.

Enzyme  Isolates

Time  (h)  NW1A  NW1D  NW6  NS1  NS14

Amylase 24  ---  16  ---  ---  ---
48 ---  28.4  ---  ---  ---
72 ---  38  ---  ---  ---

Lipase 24 6.5  9  8  5.2  ---
48 26  23  33  16  13
72 41  32  41  25  31

Protease 24 18  16  18  30  10
48 32  33  33  43  25
72 46  76  41  51  30

In parenthesis, data represents zone of clearance in millimetre
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BOD  is  an  important  parameter  to  examine  water  qual-
ty.  The  initial  BOD  of  the  sample  was  higher  than  the
ermissible  limit.  High  BOD  indicates  a  high  amount  of
rganic  matter,  it  leads  to  oxygen  depletion  and  creates
naerobic  conditions  which  would  result  in  reduction  of
iversity  and  distribution  of  aquatic  fauna.  Organic  matter
ill  support  anaerobic  action  leading  to  the  accumulation
f  toxic  compounds  in  water  bodies.  In  present  study,  the
ighest  BOD  reduction  was  observed  with  B.  licheniformis
W6  in  72  h  (50.65%)  that  reduced  BOD  from  61.6  ±  5.11
o  30.4  ±  3.17  mg/l,  followed  by  E.  aerogenes  NS14,  E.
ntermedius  NW1A  and  B.  cereus  NW1D  (24.68%  each)
nd  reduced  the  BOD  up  to  46.4  ±  7.73,  46.4  ±  2.62  and
6.4  ±  9.69  mg/l  respectively  from  the  initial  value.  The
east  reduction  was  observed  with  NS1  (5.19%)  which  was
imilar  to  control  sample  (Table  4).  Sonune  and  Garode

2015)  and  Ravi  Kumar,  Lakshmi  Prasad,  Srinivasa  Rao,  and
ambasiva  Rao  (2013)  reported  that  42.86%  and  36.41%
eduction  in  BOD  of  municipal  wastewater  by  B.  licheni-
ormis  respectively.  Vasconcellos  et  al.  (2009)  reported  that
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.  licheniformis  for  biodegradation  of  cassava  processing
astewater.  The  significant  decrease  in  BOD  and  COD  val-
es  could  be  associated  with  the  consumption  of  organic
aterial  as  nutrients  by  microbes.
The  COD  test  is  a  rapid  method  for  estimation  of  organic

atter  present  in  the  wastewater  sample.  Out  of  5  iso-
ates,  highest  reduction  in  COD  was  showed  by  NW1D
25%)  that  reduced  COD  from  initial  value  200  ±  20.78
o  150  ±  5.29  mg/l,  followed  by  NW6  (20%),  NW1A  (17%),
S14  (15%)  and  NS1  (10%).  They  showed  a  reduction  from

nitial  value  to  160  ±  7.0,  166  ±  15.72,  170  ±  14.42  and
80  ±  22.61  mg/l  respectively,  whereas  the  reduction  of  con-
rol  was  negligible  (1%).  These  results  were  agreed  with  the
esults  of  Ordaz-Diaz  et  al.  (2014)  and  Hamza,  Mohammed,
nd  Sale  (2012). These  bacteria  are  capable  of  producing  a
ide  variety  of  enzymes  that  can  degrade  complex  organic
ompounds  into  CO2 and  water  present  in  the  wastewa-
er  (Claxton  &  Houx,  1995;  Kumari,  Mehta,  Shukla,  John,  &
ehta,  2008).  The  bacterial  species  present  in  the  wastewa-

er  has  no  significant  effect  on  the  removal  of  BOD  and  COD
s  observed  in  the  case  of  control.  Gaikwad,  Wate,  Ramteke,
nd  Roychoudhury  (2014)  and  Zhao,  Hu,  Chen,  Zhao,  and
iang  (2009)  found  that  Pseudomonas  sp.  and  Bacillus  sp.
ere  able  to  reduced  COD  and  BOD.

The  nitrate  concentration  was  found  to  be  above  the
ermissible  limit.  The  results  showed  that  the  B.  licheni-
ormis  NW6  showed  reduction  in  nitrate  from  initial  value
7.89  ±  5.47---20.95  ±  3.24  mg/l  (56.25%),  this  may  be  due  to
enitrification  process.  Sonune  and  Garode  (2015)  reported
itrate  reducing  B.  licheniformis  from  municipal  wastewa-
er  whereas  Rajakumar  et  al.  reported  Bacillus  sp.  was  most
fficient  for  nitrate  reduction.

The  phosphate  is  one  of  the  most  serious  environmental
roblems  because  of  its  contribution  to  the  eutrophica-
ion  process  of  lakes  and  other  natural  waters.  It  occurs
n  natural  water,  wastewater,  sediments  and  sludge.  The
ossible  entry  of  this  ion  into  aquatic  environment  is
hrough  household  sewage.  In  the  present  investigation
he  B.  licheniformis  NW6  reduced  phosphate  from  initial
alue  1.06  ±  0.16---0.73  ±  0.06  mg/l  (31.13%).  Krishnaswamy,
uthuchamy,  and  Perumalsamy  (2011)  found  that  the  Bacil-

us  sp  RS-1  was  found  to  be  efficient  in  phosphate  reduction.
sharani  et  al.  (2009)  observed  the  phosphate  removal  effi-
iency  of  38---55%  by  Bacillus  sp.  from  wastewater.  However
n  the  present  study,  phosphate  concentration  was  found  to
e  lower  than  the  permissible  limit.  Similar  findings  were
eported  by  many  studies  (Garode  &  Sonune,  2015;  Sonune,
ungal,  &  Kamble,  2015).

ptimization  of  NW6  for  bioremediation  of
unicipal wastewater

ffect  of  inoculum  size:  The  efficient  bioremediation  ability
f  NW6  was  studied  by  using  different  inoculum  size  of  NW6
5,  10,  15,  20  and  25%).  The  results  showed  that  the  highest
eduction  in  BOD  (54.55%)  and  COD  (36%)  was  achieved  at
0%  (v/v)  inoculum  whereas  the  reduction  decreases  as

urther  increase  in  inoculum  size.  The  maximum  reduction
n  nitrate  (35.27%)  and  phosphate  (33.09%)  was  achieved
t  15%  inoculum  size  (Fig.  1).  Hence,  from  these  results,
verall  optimum  inoculum  size  was  considered  as  10%.  At
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Figure  1  Graphical  representation  of  bioremediation  efficacy
of B.  licheniformis  NW6  at  different  inoculum  size.
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igure  2  Graphical  representation  of  bioremediation  efficacy
f B.  licheniformis  NW6  at  different  retention  time.

igher  inoculum  size  reduction  percentage  were  lower  it
ay  be  due  to  low  nutrient  availability  and  high  mortality

ate.  Our  results  were  comparable  to  Garcha,  Brar,  and
harma  (2014)  who  reported  optimum  inoculum  size  for
onsortium  consisting  of  bacteria  and  yeast  was  11%  for
OD  reduction  of  dairy  wastewater.

Effect  of  retention  time:  Different  time  periods  (24,  48,
2,  96,  120  and  144  h)  were  used  to  check  maximum  biore-
ediation  ability  of  NW6  with  10%  (v/v)  inoculum  size.  The

esults  indicate  that  the  highest  reduction  in  BOD  (69.16%),
OD  (42.5%),  nitrate  (49.89%)  and  phosphate  (39.62%)  was
chieved  at  96  h.  At  96,  120  and  144  h  of  incubation  compa-
able  phosphate  reduction  (37%)  was  noticed  (Fig.  2).  The
esults  indicate  that  the  optimum  retention  time  for  NW6
as  96  h.  Our  results  were  promising  than  Bestawy,  AL-Hejin,
mer,  and  Kashmeri  (2014)  who  reported  the  Bacillus  amy-
oliquefaciens  reduced  BOD  up  to  31.9%  after  7  days.  The

eduction  decreased  with  time  reflects  toxicity  of  the  waste-
ater  that  led  to  the  death  of  some  bacterial  cells  adding

heir  organic  matter  in  the  wastewater  (Bestawy  et  al.,
014).

c
o
m
a

7

5

64

igure  4  Neighbour  joining  tree  based  on  16S  rRNA  sequence  of  g
f NW6  isolate  and  related  strains.
igure  3  Graphical  representation  of  bioremediation  efficacy
f B.  licheniformis  NW6  at  different  rotation  per  minutes.

Effect  of  rotation  per  minutes:  B.  licheniformis  NW6
as  tested  for  different  agitation  speed  such  as  120,  150
nd  200  rpm.  The  results  indicate  that  as  agitation  speed
ncreased  the  reduction  in  BOD,  COD  and  nitrate  was  also
ncreased.  The  maximum  reduction  was  found  at  200  rpm
n  BOD  (72.08%),  COD  (51%)  and  nitrate  (51.87%)  while
aximum  reduction  in  phosphate  (42.45%)  was  achieved  at

50  rpm  (Fig.  3).  Hence,  optimum  agitation  speed  for  NW6
as  considered  as  200  rpm.  Aiswarya  and  Anu  (2017)  showed
0.3%  and  72.28%  reduction  in  BOD  and  COD  respectively  of
yurvedic  hospital  wastewater  at  agitation  speed  180  rpm
y  Bacillus  cereus.

Out  of  the  five  isolates,  NW6  showed  effective  bioreme-
iation  results  as  compared  to  other  isolates.  Hence,  it  was
urther  identified  by  16S  rRNA  sequencing  method.  Based
n  16S  rRNA  gene  analysis,  isolate  NW6  was  grouped  into
enus  Bacillus  and  the  sequence  was  most  closely  related  to
.  licheniformis  with  similarity  of  90%.  The  isolate  Bacillus
icheniformis  NW6  has  accession  number  KR261405  (Fig.  4).

onclusion

n  the  present  investigation,  all  the  screened  bacterial  iso-
ates  showed  ability  to  utilize  organic  material  as  nutrients
s  they  showed  growth  on  WWA  medium  which  was  devoid
f  any  external  nutrients.  These  isolates  include  Bacillus
ereus,  Bacillus  licheniformis,  Enterobacter  aerogenes  and
nterobacter  intermedius.  Among  them,  B.  licheniformis
train  KR261405  was  found  to  be  most  efficient  bacteria  as
ompared  to  other  isolates.  In  optimization,  the  addition

f  10%  (v/v)  inoculum  gave  appreciable  biodegradation  of
unicipal  wastewater  in  reasonable  residence  time  of  96  h

nd  200  rpm  in  term  of  reduction  in  BOD,  COD,  nitrate  and

B.  licheniformis EU30 493 2

B. licheniformis JF279924

B. subtilis EU30494 1

B.  licheniformis EU30 494 0

B. licheniformis JN409995

B.  licheniformis KC46 961 4

B. licheniformis EU304928

NW6

15

18

enus  Bacillus  obtained  from  BLAST  search  showing  the  position
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Isolation,  characterization  and  identification  of  extracellula

phosphate.  Hence  it  can  be  recommended  for  treatment  of
municipal  wastewater.
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