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Abstract. Aquatic environmental contamination owing to the sewage water discharge is one of the accelerating risks associated
with urbanization, industrialization, and population expansion. At present, large amount of sewage water is generated and only 50%
is treated up to the standards suggested for disposal or using it for agricultural purposes. Sewage water’s indigenous bacterial
species assist in self-purification ability of the sewage water. The present research work was carried out to isolate, characterize and
then analysing the potential biodegrading bacteria from sewage water. Later physiochemical were evaluated to find out the removal
efficiency of sewage water. Total 19 bacterial strains (A-S) were isolated from the sewage water but only 3 bacteria viz. Bacillus
cereus strain D, Exiguobacterium indicum strain J and Bacillus altitudinis strain Q showed protease producing as well as
antipathogenic activity against £. coli bacteria. These three bacterial strains were used as pure culture and in consortium (comprising
all three bacterial strains in 1:1:1 proportion) to treat the sewage water and were found to reduce pollution indicating parameters like
BOD, COD, alkalinity, hardness, TDS, TSS, ammonia, nitrate and orthophosphate content. Percent reduction in BOD and COD
followed the order: Consortium (65.81% and 58.02%) > Exiguobacterium indicum strain J (53.65% and 47.81%) > Bacillus
altitudinis strain Q (50.51 and 44.16%) > Bacillus cereus strain D (44.38% and 40.15%) > Control (24.49% and 23.72%). Thus this
bacterial treatment can be effectively used as eco-friendly efficacious sewage water treatment alternative so that the sewage water

can be safely reused.
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INTRODUCTION

In response to expanding population, enhanced
farming practises, industrialization, urbanisation,
demand for safe and hygienic water has been expanded
but the availability of fresh/clean water is limited.
Inadequacy of sewage treatment plants, their proper
distribution and dearth in resources, leads to dumping
of all the sewage water into the nearby aquatic
ecosystem that has generated in tons from domestic,
industrial, and agricultural runoff. The production of
sewage water has been tremendously increasing with in
the last few decades and give no sign of slowing down.
At the global level, only 52% of the sewage water is
treated up to desirable limits, rest of the water is
dumped into water bodies or used for agricultural
purposes.

Physiochemically, Sewage water has low DO
(Dissolved Oxygen), high BOD (Biochemical Oxygen
Demand), COD (Chemical Oxygen Demand), organic
compounds, inorganic compound, xenobiotics, heavy
metals. Sewage water contains a wide range of bacteria
that may be pathogenic including Proteobacteria,
particularly Gammaproteobacteria, being the most
common taxon, followed by Actinobacteria,
Bacteriodetes, Chloroflexi, Firmicutes, and
Planctomycetes. Archaea primarily consisted of two
types of methanogens: acetoclastic (Methanosarcina,
Methanosaeta) and hydrogenotrophic  (Methano-
spirillium, Methanoculleus, Methanobrevibacter) [27].

Thus, inappropriate disposal of sewage water in
aquatic bodies or using it for irrigation purposes,
without being treated may produces foul odours,
pollution, biomagnification, and the mortality of
aquatic organisms mainly of the fishes. Epidermal
carcinoma, fin/tail rotting, gill illness etc. are some of
the most common ill effects in fishes caused by sewage

24

water. Therefore, sewage water must be treated to limit
environmental damage.

Conventionally, sewage water is treated in three
phases including primary, secondary, and tertiary
treatment in sewage treatment plants. Primary
treatment involves filtration and sedimentation;
secondary treatment uses microbes to treat the sewage;
and tertiary treatment employs chemicals to
decontaminate the sewage wastewater before it is being
utilized for agriculture or dumped into water bodies.
But treated sewage water often produce poisonous
gases and retain harmful chemicals that were used in
treatment hence can cause the severe impact on the
ecosystem. Also, conventional sewage treatment
processes are expensive to operate and maintain [9]
because it requires ample space, large infrastructure
and should be in reach to all sources of wastewater.
Along with that there is insufficient biodegrading
bacterial population present in activated sludge that is
used to degrade varied number of pollutants and most
of time, physiochemical parameters of treated water do
not fall within the standards suggested for irrigation
and discharging in rivers/aquatic bodies. Thus, there is
need to develop an alternate solution to treat the
sewage water without sacrificing the quality of water
bodies.

Sewage water has inherent potential to get
decontaminated with course of time. The possible
reason could be the presence of some autochthonous
biodegrading microorganisms in sewage water itself
that can utilize pollutants and break them into water
and carbon dioxide. A chief role during the self-
biodegradation of sewage water is played by bacteria
because they are equipped with varied enzymes that
can degrade even a complex chemical compound from
sewage water. The possible mechanism may be the
production of biosurfactant by these bacteria which is
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amphiphilic compounds used for solubilizing and
desorbing pollutants so that it can be used by microbes
as energy source. These bacteria form the biofilm
which provides them with a favourable environment
for nutrient availability and multiplication. Some other
mechanisms could be the biotransformation,
bioaccumulation, and enzymatic degradation of
chemical compounds via variety of enzymes such as
oxygenase, carboxygenase and laccases etc. [17].
These bacteria can be isolated, screened for their
bioremediation potential for sewage water and then
mass cultured to degrade the toxic compounds of the
sewage water. This could be the Eco-friendly, cheaper,
and feasible technique to treat all the sewage water
generated before being discharged in aquatic bodies.
Bioremediating potential of these bacteria is
evaluated by their ability to cleave the proteinaceous
compound by secreting the protease enzyme. These
enzymes either help with dissolving varied organic and
inorganic contaminants present in wastewater. Now a
days, Bioaugmentation i.e., employment of bacterial
culture to degrade the pollutants, is frequently used to
improve the performance of biological processes [28]
to treat the wastewater. It has been demonstrated in
various studies that adding local bacterial strains can
enhance the breakdown of specific organic pollutants
in wastewaters. Qu and team found that Pseudomonas
sp. (isolated from activated sludge) was particularly
efficient in phenol removal when compared to non-
augmented industrial wastewater [18]. Zhang and team
isolated Rhodococcus sp. D32 that can aerobically
degrade the organic pollutants such as dexamethasone
(widely used endocrine disruptors) from wastewater
[28]. Similarly bacterial strains such as Pseudomonas
stutzeri CSWO02 and Pseudomonas extremaustralis
CSWOL1, were able to degrade very high concentrations
of paracetamol in solution as a sole carbon and energy
source [29]. According to Tuo and coworker, Bacillus
sp. can effectively eliminate quinoline from the
environment [25]. The removal of TOC (Total organic
carbon) was found to be more effective with
bioaugmentation_utilizing three strains of E. cloacae,
Gordonia, and P. putida than single strain treatments.
Along with these, attempts have been made to isolate
anoxygenic bactria like Rhodopseudomonas palustris
that have reduced the pollutant parameters at the rate of
80% [24]. Although there has been a constant effort in
isolating novel biodegrading bacteria from sewage
water but still there is big lacuna between diverse
bacteria available and the number of bacteria isolated
till date and studies describing their specific pollutant
removal efficiency in terms of percent reduction in
physiochemical and bacteriological parameters. Also,
there is no such data available concerning the dose and
minimum days required for the biodegradation of
sewage water pollutants via bacterial culture. Hence
the present study was conducted to investigate the
autochthonous biodegrading bacterial culture that
possess protease producing as well as antipathogenic
activity from sewage treatment plant located in
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Kurukshetra city (India) and later evaluating its
pollutant removal efficiency, dose and minimum time
required in the form of pure culture and mixed culture
to bioremediate sewage water.
MATERIALS AND METHODS
Collection of sewage water and its
physiochemical analysis

Samples of sewage water were collected in
triplicates in plastic bottles that had already been
sterilized and were tightly sealed. Sample collection
site was sewage treatment plant (STP) located in
Mirzapur i.e., University STP (29.9540599°N,
76.812977331 °E) in Kurukshetra city. Prior to
treatment, the sewage water's quality was assessed.
According to the standard methods given by APHA
[2], water quality parameters like pH, BOD, COD, DO,
alkalinity, hardness, calcium, magnesium, chloride
content, ammonia, nitrate, and orthophosphate were
measured in triplicates.

sample

Isolation and screening of bacteria

Serial dilution and spread plate method were
performed to isolate the pure bacterial culture from the
sewage water [11]. For this, the 1 mL of sewage water
sample in 9 mL of sterilized distilled water was
vortexed to form the suspension of each sample, which
was then aseptically transferred on a nutrient agar
medium (NAM) plate. The Petri plates were incubated
for 24 hours at 37 °C. After that, the bacterial colonies
were isolated by streaking them onto the fresh plates
with nutrient agar media and again kept for incubation.
The purified bacterial isolates were preserved on
nutrient agar slants at 4°C. All bacterial isolates (A-S)
were subcultured after a time interval of 30 days.

The isolated bacterial strains were screened for
protease production on skim milk agar medium (pH:
7.2) comprising skim milk powder 28 g, tryptone 5 g,
yeast extract 2.5 g, dextrose 1 g and agar 15 g in 1 liter
of distilled water. Plates containing SM agar medium
were inoculated by bacterial strains and observed for
the formation of zone of proteolysis as protease
enzyme produced by these bacteria hydrolyze the
casein protein present in skim milk powder [16]. The
bacterial strains forming zone of proteolysis were
purified and preserved on alkaline nutrient broth.

Antibacterial activity of isolated protease producing
bacterial strains were performed according to Scillato
and coworker in which Cell-Suspension of the isolated
bacterial strains (1.5 x 10" CFU mL™") were used [20].
For the agar well diffusion assay [6, 12], 9 cm Petri
plates were filled with 20 mL of molten nutrient agar
and allowed to solidify. Pathogenic E. coli was evenly
spread on the NAM plates before a well was made in
the center of the plate using micropipette tips. The cut
wells were filled with 100 pL of the cell suspension of
the bacterial strains and labelled accordingly. With the
aid of a ruler, the test strain's zones of inhibition were
quantified in terms of diameter. For the isolated
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bacteria, the zones of inhibition (calculated from the
colony's edge to the edge of the clear zone) were
recorded. Bacterial strains possessing zone of
inhibition with a minimum 20 mm were selected for
further studies.

Original Paper

Identification of isolated bacteria using biochemical

assay and 16S rDNA based molecular characterization

Pure cultures of isolated bacteria with high
biodegradation potential and antipathogenic activity
(Strain D, J and Q) were first identified using
biochemical characterization (Gram staining, methyl
red test, Vogues Parker test, starch, and wurea
hydrolysis) by using standards biochemical assays in
accordance with the Bergey's manual scheme [4].

For 16 S rDNA molecular analysis, Genomic DNA
was isolated from the pure bacterial culture using
inhouse Bacterial DNA isolation kit and Denovix DS-
11 spectrophotometer was used to analyze the purity
and concentration of the isolated DNA. Further the
amplification of 16S rDNA region of isolated DNA
was performed using Bacterial 16S rDNA PCR kit Fast
(800) (Make, EmeraldAmp® GT PCR Master Mix).
The amplification of 800bp amplicon was obtained
using 16S rDNA Primer Mix and TaKaRa Taq™ HS
Fast Detect Premix in the sample provided and in the
positive control used E. coli. No amplicon was
obtained in the non-template control (NTC). The test
amplicon of 800bp was purified via column
purification and bi-directional cycle sequencing was
carried out with forward primer and reverse primers
using BDT Cycle sequencing kit on ABI 3730 Genetic
Analyzer. GeneTool software was used to generate a
consensus sequence of 16S rRNA gene obtained by
primers were assembled using and BLAST analysis
was carried out to compare with the sequences
available in the NCBI genebank database. The first ten
sequences in the database that showed highest
similarity were selected based on maximum identity
score and phylogenic tree result.

In vitro biodegradation potential of isolated bacteria

The pollutant removal efficiency of bacterial
culture based on per cent reduction of different
physico-chemical parameters of sewage water was
evaluated in two different experiments.

Experiment 1: This experiment was performed for
five days under the controlled conditions in which
sewage water was inoculated with isolated bacterial
cultures singly and as consortium and kept in incubator
to find out the desirable dose at which maximum
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pollutant removal efficiency (considering BOD, COD,
Nitrate, orthophosphate, and ammonia) was obtained.
All the treatments were kept in replicate of three.

Experiment 2: Second experiment was performed
for 21 days under the normal atmospheric conditions in
which sewage water was inoculated with same
bacterial cultures and consortia (in replicate of three)
after the interval of 7 days at the desirable dose to
degrade most of the pollutants.  Various
physiochemical parameters such as BOD, COD, DO,
alkalinity, hardness, calcium content, magnesium
content, ammonia, nitrate, and orthophosphate content
were observed on 7, 14™ and 21* day.

For the assessment of biodegradation potential,
inoculum of the selected bacterial strains was prepared
by inoculating nutrient broth with bacterial colonies
which were later kept in incubator for 24 hrs. for the
growth of mother culture. Thereafter the cultures were
centrifuged at 7000 rpm for 15 min at 4°C and then
supernatant was discarded, and pellets were suspended
in 1% normal saline to acquire the desired optical
density at 600 nm. For this, concentration of the
bacterial inoculum was decided based on optical
density of bacterial suspension at 600 nm. Two
different doses of bacterial suspension were prepared
in which one concentration was 2 x 10° CFU/mL
having ODg of 0.25 and the other concentration was 4
x 10* CFU/mL having ODgyy of 0.5. Volume of the
inoculum and volume of the sewage water sample were
in the ratio of 1 :100 (V/V). Thus 3.0 mL of each
bacterial suspension was inoculated with two different
doses (ODgp-0.25 and ODgop- 0.5) in separate flask
containing the 300 mL of sewage water sample and
kept for 5 days at 37°C in incubator [3].

For biodegradation study in both the experiments,
Total five treatment groups were formed including one
control and four treatments with isolated and identified
strains (Table 1). Each treatment was further divided
into two doses (for experiment 1) as mentioned above
with two different bacterial concentration. In bacterial
consortium treatment, 1.0 mL of each bacterial
suspension was inoculated into the sewage water
sample. After incubation, the samples were analyzed
for different physico-chemical parameters and its
removal efficiency was determined using the following
formula [10]:

Removal Efficiency (Rg %) = (C(-R-)/C(* 100

where, CO = Initial Concentration before Treatment,

RC = Final Concentration after Treatment

Table 1. Treatment Groups

Treatments Dose A

Dose B

Control No inoculation
Treatment 1
Treatment 2
Treatment 3

Treatment 4

T1A: Strain D (ODgg: 0.25)
T2A: Strain J (OD@()()I 025)
T3A: Strain Q (ODggo: 0.25)
T4A: Consortium (ODggo: 0.25)

No inoculation

T1B: Strain D (ODgo: 0.5)
T2B: Strain J (OD@()()I 05)
T3B: Strain Q (ODgo: 0.5)
T4B: Consortium (ODggp: 0.5)
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Statistical analysis

All the experiments were performed in triplicates
therefore all data were subjected to Analysis of
variance. A difference among various bacterial
treatment’ means was determined using Duncan’s
multiple range test. Statistical significance was set at
probability value of p<0.05.

RESULTS

Isolation and screening of bacterial strains

Total 19 (A-S) morphologically different bacterial
strains were isolated by repeatedly streaking method
and their pure culture was stored in nutrient broth and
agar slants. These strains were later examined for
protease producing activity on skim milk agar (SMA)
plates. Out of 19 bacterial strains, 10 (A, D, F, H, J, M,
0O, P, Q, R) were able to produce zone of proteolysis
(Fig la and b) on SMA plates as these bacterial
colonies hydrolyze the casein protein of skim milk. Out
of 10 bacterial colonies, only five (A, D, H, J, Q) were
able to produce zone of inhibition against E. coli
bacteria as these isolated bacteria restrict the growth of
pathogenic bacteria in their vicinity. But out of these 5
bacteria only 3 (D, J, Q) were able to produce

o Zone of proteolysis Zone of proteolysis

(b)

accountable zone of inhibition (Fig 1 ¢ and d) of more
than 20 mm.

Biochemical characterization of selected strain:

All the three strains (D, J and Q) were found to be
gram positive and were of rod shaped as showed in Fig
2. These strains showed positive results for catalase
tests and motility. Various other biochemical
characteristics possessed by this bacterial strain are
described in Table 2.

16S rDNA molecular analysis:

These isolated antibacterial protease producing
bacteria were later identified by 16 S rDNA molecular
technique. The isolated strains D, J and Q showed
similarity with Bacillus cereus S8 (Accession No:
MT611946.1) (here called as Bacillus cereus strain D),
Exiguobacterium indicum DSAM 62 (Accession no:
MHS819520.1) (called as Exiguobacterium indicum
strain J) and Bacillus altitudinis NPB34b (Accession
no: MT634735.1) (called as Bacillus altitudinis strain
Q) respectively based on nucleotide homology and
Phylogenetic tree analysis. Phylogenetic tree of the
strains along with the genomic DNA gel

electrophoresis image comprising 1kb DNA ladder are
shown in Fig. 3a to 3c.

(© d)

(2)
Fig. 1 (a) & (b): Zone of proteolysis formed by the isolated bacteria on skim milk agar plate; (c¢) & (d): Zone of inhibition (more than 20mm) formed

by the isolated bacteria on agar plate

'(b~) o

Fig. 2. Gram staining slide of the isolated bacterial strains 2(a) strain D, 2(b) strain J and 2(c) strain Q

Table 2. Biochemical characteristics of isolated bacterial strain

Biochemical characterization Strain D Strain J Strain Q
Gram stain G+ G+ G+
Shape Rod shape Rod shape Rod shape
Spore formation + - +
Motility + + +
Catalase + + +
Methyl red test - - -

Voges Proskauer test + + +
Starch hydrolysis + +

Urease production - - -
Mannose fermentation - + +
Lactose fermentation - - -
Glucose fermentation + + +
Maltose fermentation + + +
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Sarmple-D

MT611946.1:11-T80 Bacillus cereus strain S8 16S ribosomal RNA gene partial sequence

M 1611943 1:6-/ /b Bacillus tropicus strain ISP161A 165 nbosomal RNA gene partial sequence

MTB05346 1°11-780 Racillus cereus strain KSP151F 16S ribosomal RNA gene partial sequence

MT571639 1:6-775 Bacillus sp. (in- Bacteria) strain AB3 1 16S ribosomal RNA gene partial sequence

MT555424.1:19 788 Bacillus sp. (in: Bacteria) strain MMUGM 21 16S ribosomal RNA gene partial sequence
MT279464.1:1-770 Dacillus cereus strain LC6 16S ribosomal RNA gene partial sequence
MT256206.1:4-773 Bacillus paramycoides strain NH24A2(T) 165 ribosomal RNA gene partial sequence

[ OK605794.1:4.773 Bacillus thuringiensis strain MRC ER3 65 16S ribosomal RNA gene partial sequence
o0 { OL505572.1:15-T84 Bacillus cereus group sp. strain B626/17 16S ribosomal RNA gene partial sequence
100 OKO083719 1-72-791 Racillus cereus strain PGA?9 16S ribasomal RNA gene partial sequence

(€]

KM823765.1:25-796 Uncultured bacterium clone J304-39 16S ribosomal RNA gene partial sequence
JN541145.1:0 780 Exiguobacterium acetylicum strain PRMS 16S ribosomal RNA gene partial sequence
JX566612.1:37-808 Exiguobacterium sp. 4024 16S ribosomal RNA gene partial sequence

JN251775.1:25-796 Exiguobacterium sp. REC21 165 ribosomal RNA gene partial sequence

MT822882 1:10-781 Exiguobacterium indicum strain VITMS 28 16S ribosomal RNA gene partial sequence
MHE19520.1:11-/82 Exiguobactenum indicum strain DSAM 62 165 ribosomal RNA gene partial sequence
Sample J

KF785082.1:4-775 Uncultured bacterium clone P 233 16S ribosomal RNA gene partial sequence
MK100340.1:32-803 Exiguobacterium indicum strain F 16S ribosomal RNA gene partial sequence
[ JN022370.1:25-796 Uncultured Propionibacterium sp. clone EC34BHO8 16S ribosomal RNA gene partial sequence
69 L MT256271.1:27-798 Exiguobacterium acetylicum strain DSM 20416(T) 16S ribosomal RNA gene partial sequence

(W)

Sample Q
MT634735.1:1-772 Bacillus sp. (in: Bacteria) strain GAMAL15 SWC 16S ribosomal RNA gene partial sequence
MT598007.1:6-777 Bacillus altitudinis strain NPB34b 163 ribosomal RNA gene partial sequence
MT273861.1:9-780 Bacillus sp. (in: Bacteria) strain WL2-1 16S ribosomal RNA gene partial sequence
CPO49589.1.560581-561352 Bacillus alliludinis stiain ZAPEZ chiomosorme
MT133335 1-1-772 Racillus aliitudinis strain | SREMoFPIKRGGFTRIZPE 16S ribosomal RNA gene partial sequance
MT133332.1:24-795 Bacillus sp. (in: Bacteria) strain LSRBMOFPIKRGGFTRIZS 165 ribosomal RNA gene partial sequence
MT071448.1:8-779 Bacillus sp. (in: Bacteria) strain ASH11 16S ribosomal RNA gene partial sequence
MNYBEYEE.1:5-/ (6 Bacillus altitudinis stran KP-14 165 rbosomal RNA gene partial sequence
oo { MNO24067.1:2 773 Bacillus pumilus strain VITAPRRKCU 5 16S ribosomal RNA gene partial sequence

100 MN923047.1:21-792 Bacillus sp. (in: Bacteria) strain Y3 16S ribosomal RNA gene partial sequence

©

Figure 3. Dendrogram comprising the Phylogenetic tree 3(a) Bacillus cereus strain D, 3(b) Exiguobacterium indicum strain J and 3(c) Bacillus
altitudinis strain Q showing relationship with other closely related strains acquired from NCBI GenBank database with their accession
number along with the Agarose gel electrophoresis image depicting lane 1: 1Kb DNA ladder, Lane 2: 16S amplicon (Positive Control),

Lane 3: Negative Control, Lane 4: Sample.

Physiochemical characteristics

(Pre- Treatment): Physiochemical parameters of
the sewage water sample were analyzed before
treatment and described in table 3.

(Post treatment): For first experiment, total five
experimental groups were formed in which one control
and four treatments were included. Table 3 shows the
Mean and standard error values of water parameters in
which it was observed that initial pH was near to
neutral which turned alkaline after the microbial
treatment. BOD was found to be reduced up to 30 %
and highest reduction was found in the treatment T4 B
in which consortium of the bacterial suspension were
added with OD600- 0.5.

Pure culture of Bacillus altitudinis strain Q was
also found to be effective in reducing the BOD upto
27% from the water sample. Exiguobacterium indicum
strain J was found to most effective in reducing the
chemical load of the sewage water. Strain D i.e.,
Bacillus cereus was found to be least effective among

all. Similar results were obtained for orthophosphate
and ammonia. Content of nitrate is slightly reduced
when compared with initial concentration. Overall
treatment T4 B consortium of strains at dose B (4 x 10°
CFU/mL) showed the significant (p<0.05) reduction in
pollution load from the sewage water sample followed
by the pure culture of Exiguobacterium indicum strain
J that was also observed to be effective on the
reduction of pollutants. Overall, the pollutant removal
efficiency of treatments followed the trend:
T4B>T4A>T2B>T3B>T1B>T3A>T2A>T1A>Control.

Further on the basis of the results obtained from
experiment 1, Dose B (ODgy: 0.5) was selected as
desirable dose and used for experiment 2 because
pollutant removal efficiency was highest at this dose.
After the treatment for 21 days (Experiment 2), Like
the results obtained in the first experiment, among the
monoculture bacterial treatment, T3 i.e., Pure culture
of Bacillus altitudinis strain Q was found to be most
effective in reducing the BOD content upto 54%.

Table 3. Mean and standard error of the physiochemical parameters of pre-treated and post-treated sewage water sample for different experimental

groups with two different doses.

TREATMENTS BOD COD pH Nitrate Orthophos- Ammonia
(mg/L) (mg/L) (mg/L) phate (mg/L) (mg/L)
PRE-TREATMENT 104+2.31% 156+ 2.3% 7.52+0.11F 1.12+0.01%8 1.41+0.015% 3.74+0.03%
POST CONTROL  94.67+1.3° 146+ 3.46% 8.11+0.005° 1.11+£0.01345¢  1.34+0.006" 3.26+£0.27°
TREATMENT T1A 90+ 2.3¢ 12933 £1.33¢  8.14+0.011P 1.1 £0.008%5® 127+ 0.014° 3.17+ 0.003¢
T1B 85.3+0.67¢ 114.67+ 1.33%  8.186 +0.008" 1.08+ 0.008"F 1.29+ 0.003P 3.14+ 0.008°P
T2 A 88+ 1.54¢ 116.67 £0.67°%"  8.18+0.11° 1.11£0.013%%  1.31+0.006° 3.14£0.017°°
B 78.67+ 0.66° 108.67+ 0.679 8.14+0.145¢ 1.1+ 0.008%5® 1,19+ 0.003" 3.12+ 0.05P
T3 A 86.67+ 1.33¢ 120+ 2.3F 8.26+0.014* 1.1+ 0.00845®  1.25+0.008" 3.13+0.014°P
T3 B 76.67+ 1.76™F 120.67+ 1.76° 8.21+0.003" 1.09+0.0085PF  1.18+0.008" 3.09+ 0.008"
T4 A 74.66+ 1.33F 117.23+ 133 8.21+0.008" 1.08+ 0.008"¢ 1.16+0.01° 3.015+ 0.003"
T4 B 72.67+ 0.66" 112.67+0.67°¢  8.26+0.15* 1.07+ 0.003" 1.127+ 0.008° 2.96+0.008"

All values are mean + S.E. of mean

Mean with different letters in the same column are significantly (p<0.05) different (Duncan’s multiple range test)
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Table 4. Various physiochemical properties of sewage water observed on 7", 14" and 21* day of bacterial treatment under the normal lab conditions

PHYSIO- 7™M DAY 14™ DAY 215T DAYS
CHEMICAL
PARAMETERS CONTROL Tl T2 T3 T4 CONTROL Ti T2 T3 T4 CONTROL T1 T2 T3 T4
T(FCI?PERATURE 205340038 20.140.057°  20.85:0.057%  20.58+0.033®  29.58£0.33%  2835:0.12°  28.56:0.03®  28.5940.02°  2836+0.12°  20.73+0.06"  20.57+0.03®  29.430.08%  29.75:0.02*  29.86:0.01*  29.76:0.017*
pH 8.13+0.013¢ 8.450.003" 8.49+0.005" 8.65+0.012" 8.47+0.014" 8.25+0.005" 8.5240.006" 8.66=0.015" 8.72+0.01" 8.62+0.01¢ 8.330.008" 8.58+0.0248 8.7320.006*®  8.58+0.294F 8.9120.02%
BOD (mg/L) 121.33+1.33%  101.33x1.33%  104+2.31% 98.6+1.33" 89.33+2.67% 108.67+2.4% 82.67+0.66" 78+28¢ 76+1.15¢ 54.66+1.76° 98.66+1.76" 72.66+1.33% 61.33+1.3° 64.66+1.36° 44.66+1.76°
COD(mg/L) 164.67+2.66"  140.67+2.4° 132.67+1.76®  139.33+0.66°  116+2.3" 152424 123.33+1.76° 112.67+1.76°  118+1.15%¢ 93.33+1.76° 139.33+1.76%  109.33+1.33%  95.33+2.40¢ 102+1.157 76.66+1.76"
?ig‘:}mlw 388.67+5.69*  358+5.03° 328+2.3¢ 325.33£3.71°  300+1.157 348+3.46" 306.67+5.6" 295.33+4.37%  278+4.16¢ 244.674.37°  324.67x2.4" 29442 3% 269.33£2.91¢  258+4.16° 207.33+2.4°
(C,:'g‘ﬁ""m 101.45433%  63.5342.458  40.1441.66°  30.65¢1.73°  28.5142.18F  7455:3.00% 46324220 35.2742.3¢ 36.5242.82° 227441157 70.66+0.66°  3837+1.13%  30.614128C  30.3:2283¢  16.45+2.38°
g&lngEss 232.67+1.76"  215.33x3.71%  200.67+2.9 204+4¢ 185.33£3.52°  193.33x2.9" 163.33+2.4% 160.67+1.76°  145.33%2.9¢ 114%3.05P 177.33+2.4% 151.33£1.76°  146.67x2.4% 138%1.15€ 110+1.15P
g:g%LC)IUM 61.63+0.31* 48.96+1.79% 42.06+0.97° 46.27£1.16%¢  35.89+2.39° 53.76+1.71* 40.63+1.28% 33.81+1.72¢ 40.64+1.27% 26.5+1.19* 49.24+0.64" 30.67+1.09% 24.6042.29¢ 29+0.76% 20.56+1.16¢
’(V['n’;/(iTES'UM 30.78£024%  24.80£0.79%  21.45:0.68%  23.56:0.78°  1823£1.07°  27.28£0.86"  20.65:0.5" 17342074 204260.72°  13.45:041%  24.84£024"  15512042°  12.674125C  15.142024°  10.640.50C
2:;%[)0““ 3.62+0.034% 3.3320.017° 3.29+0.018" 3.32+0.017° 3.08+0.038°¢ 3.47+0.03% 3.10£0.01% 2.94+0.02¢ 2.96+0.02¢ 2.81+0.0174 3.3420.02% 3.08+0.05" 2.78+0.04° 2.82+0.02¢ 2.18+0.03°
]‘(T;LA)TE 248:0.028  24120.04%  234:0.011%  237£0.017% 229400365  2.43:0.02% 235:0.017% 231200175 226+0.006°  2.26+0.02° 2.3740.024 2.36+0.014 2340034 226£0.01%¢  22140.024¢
ORTHO
-PHOSPHATE 2.77+0.055% 2.51+0.024 2.35+0.017¢ 2.38+0.023¢ 2.15+0.017° 2.56+0.013% 2.28+0.04° 2.14+0.017¢ 2.13+0.024¢ 1.87+0.02° 2.49+0.034 2.160.006" 1.96+0.02¢ 1.89+0.02¢ 1.72+0.01°
(mg/L)
All values are mean + S.E. of mean
Mean with different letters in the same row are significantly (p<0.05) different among the particular day (Duncan’s multiple range test)
Table 5. Removal efficiency of pollutants in terms of percent reduction in physiochemical parameters
7 DAYS 14 DAYS 21 DAYS
Parameters
Control T1 T2 T3 T4 Control T1 T2 T3 T4 Control T1 T2 T3 T4

BOD 7.14 2245 2041 24.4 31.63 16.83 36.73 40.3 41.83 58.16 24.49 44.38 53.06 50.51 65.81

COD 9.85 229 2737 2372 3649 16.78 3248  38.32 35.4 48.9 23.72 40.148 47.81 44.16 58.02

ALKALINITY 13.11 19.96 26.67 27.27 32.93 222 31.44 3397 37.85 453 27.42 34.27 39.79 42.32 53.65

CHLORIDE 28.069 5493 65.14 71.87  79.77 47.11 67.14 7497  74.08 83.86 49.87 72.77 78.28 78.49 88.32

HARDNESS 8.87 15.6 21.4 20.1 27.41 24.28 36.03 37.07 43.08 55.35 30.54 40.73 42.55 45.95 56.91

CALCIUM 14.79 323 41.8 36.06 50.37 25.67 43.82 5326 43.81 63.36 31.92 57.59 65.97 59.9 71.56

MAGNESIUM 17.91 37.05 4824 4136 58.56 24.84 43.1 52.21 43.72 62.93 31.57 57.27 65.09 58.29 70.68

AMMONIA 6.21 13.81 1459 1398 20.12 9.93 19.6 23.66 23.14 27.2 13.29 20.03 27.97 26.94 43.34

NITRATE 4.72 7.28 10.1 8.82 12.02 6.53 9.4 11.28 12.81 13.07 7.92 8.15 10.48 11.88 13.52

ORTHOPH

-OSPHATE 4.15 13.26  18.57 17.64 2549 11.18 20.87 2571 26.18 35.17 13.72 25.02 32.17 34.48 40.37
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While the consortium shows the removal efficiency
upto 65%. COD reduction was upto 50% via pure
culture of Exiguobacterium indicum strain J and
consortium shows the maximum reduction upto 58% as
shown in table 5. Similar results were obtained for the
calcium, magnesium, and ammonia content. While
pure culture of Bacillus altitudinis strain Q was
effective  reducing  alkalinity, chloride  and
orthophosphate content. On an average removal
efficiency follows the order: T4>T2>T3>T1>Control.
Most of the biodegradation occurs during first 14 days
later the speed of biodegradation slows down due to
the limited availability of organic matter.

DISCUSSION

Discharge of untreated sewage due to the lack of
sewage treatment infrastructure may lead to
detrimental effects to the aquatic ecosystem. Sewage
water often has a high content of BOD, COD, and
other pollutants that marks the presence of pathogenic
microorganism [7]. In addition to these, sewage water
harbor numerous bacteria that has inherent capacity to
degrade the pollutants [5]. Thus, in the above context,
present study was performed to isolate bioremediating
bacteria from sewage water. Initially total 19 bacterial
strains were isolated and out of these 19 strains, three
novel bacteria  (Bacillus  cereus  strain D,
Exiguobacterium indicum strain J and Bacillus
altitudinis strain Q) were isolated from the sewage
water as they possess the protease producing capacity
and show antibacterial activity against the pathogenic
E. coli. Hence these were considered as autochthonous
beneficial bacteria which can lower the number of
pathogenic bacteria present in sewage water. Moreover
when the data was compared with findings of Xiu and
co worker [5,27], Sewage water comprises common

pathogenic  organisms  belonging to  genus
Acinetobacter, Aeromonas,  Pseudomonas, Vibrio,
Staphylococcus, Mycobacterium and Helicobacter

while the bacteria isolated in our study that showed
antibacterial activity, were not under that list thus these
finding further supports the beneficial character of
isolated bacteria.These bacteria were used as inoculum
in the form of pure culture and consortium to treat the
sewage water in two different doses. Later the removal
efficiency was calculated by comparing the
physiochemical parameters before treatment and after
the treatment. Along with that optimum time required
for degradation was also observed on basis of the days
required for maximum pollutant reduction.

In our investigation of bacterial treatment for 5
days and 21 days, it was observed that pH of the
sewage water sample that undergone Dbacterial
treatment was raised up to 8.26 this may be due to the
biodegradation of nitrogen compounds which
solubilize into ammonia. BOD reduction followed the
trend: Consortium > T3 > T2 > T1 > Control and
Bacillus altitudinis strain Q was observed as most
efficient one while Exiguobacterium indicum strain J
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proved to be potential COD reducer. Bacillus
altitudinis has also been studied for degradation of
butachlor upto 80% (a herbicide) [13]. Some other
strains of Bacillus such as Bacillus flexus have reduced
the COD upto 81% from alkaline wastewater [8].
Reduction in BOD and COD content was also observed
in control group, this may be due to the presence of
biodegrading bacteria in sewage water. Likewise eco-
friendly bioremediation of sewage water was also
performed by Anusha and coworkers using Bacillus
cereus strain SDN1 that have significantly reduced the
calcium content, hardness, and nitrate content [1].
Bacillus sp. solubilize phosphate and utilize
phosphate containing compounds as carbon source in
synthetic phosphate containing medium [10] likewise
Sunar and coworkers isolated Bacillus altitudinis from
the soil which is potent phosphate biodegrading
bacteria [23]. Similarly in our treatments, B. altitudinis
strain Q utilized the phosphate content and reduced it
upto 40%. Ammonia reduction was found to be highest
(43%) in consortium treatment while the control group
also shows the reduction up to 13%, this may be due to
the presence of denitrifying bacteria in sewage water
such as Pseudomonas sp. and Bacillus sp. in sewage
water. Nitrate content reduction was very less in our
treatments, this may be due to the presence of
nitrifying bacteria in sewage water that oxidized
ammonia into nitrate however Bacillus cereus is
considered as heterotrophic denitrifying bacteria that
degrade the nitrate from the water thus treatment T1B
shows the decrease in nitrate content up to 8.5%. These
findings were supported by Siripong and Rittmann who
demonstrated that the Ammonia-oxidizing bacteria
(AOB) belonging to the Nitrosomonas
europaea/eutropha, Nitrosomonas oligotropha,
Nitrosomonas communis, and Nitrosospira lineages
from the wastewater plant often convert the ammonia
into nitrate thus there may be rise in the nitrate content
after treatment or there may be no reduction at all [21].
Mixed culture bacterial treatment often observed to be
more effective in wastewater where diverse pollutants
are present [19]. Larcher and Yageau reported the
major reduction in sulfamethoxazole present in
wastewater by the consortium of bacteria comprising
the “Bacillus subtilis, Pseudomonas aeruginosa,
Pseudomonas putida, Rhodococcus equi, Rhodococcus
erythropolis, Rhodococcus rhodocrous, and
Rhodococcus zopfii” rather than pure culture [14].
Similarly in our study, among all the treatments
significant reduction in pollution indicating parameters
was shown by the consortium of the bacteria. As
consortium comprises of the three different bacteria
which works in synergistic approach and reduced the
BOD, COD upto 65% and 58% respectively at ODgg
of 0.5. The presented study is supported by the results
of Sonune and Garode [22]. They isolated bacterial
isolates Bacillus licheniformis NW16, Pseudomonas sp.
NW9, Paenibacillus borealis NS3 and Aeromonas
hydrophilia NSI7 from municipal wastewater and
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observed a reduction in BOD, COD, and phosphate
content after treatment.

Acc to Li and coworker, the possible mechanism of
biodegradation involves the four main process. First
one is the production of biosurfactant by bacteria that
emulsify the pollutants. These emulsified pollutants get
absorbed on the cell surface of microorganism in
second step [15]. Later this absorbed complex is
internalized and finally undergo enzymatic degradation
involving the various enzymes. Ligninolytic laccase
enzymes were isolated from the bacteria that catalyzed
the mono-electronic oxidation of a substrate and
involved the degradation of wide range industrial
pollutants [7].

The current study revealed that the indigenous
sewage water bacteria have effective pollutant removal
efficiency from sewage water at bacterial dose
comprising 4 x 10° CFU/mL (ODgy of 0.5) and this
may be the highest by the consortium of bacteria.
Further the pace of biodegradation slows down after
the 14 days of inoculation. This may be due to the less
amount of organic material left in the sewage water.
These findings were also supported by experiments of
Anusha and colleague in which show significant
reduction using B. cereus after 15 days of treatment
[1].

The findings reported in this study are the results of
laboratory scale experiments, as the use of bacterial
strains on a commercial scale necessitates further
large-scale experiments. There is also a need to further
analyze the favourable conditions in order to extract
their maximum potential to overcome the
shortcomings. Further experiments are needed to
identify a potential carrier/medium for these bacterial
strains to transport in order to sustain their survival.
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