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ABSTRACT

Soil samples obtained from the lake bed were used to screen heterotrophic nitrifying bacteria as
an alternate source of biological removal of nitrogen compounds in contaminated lake water.
Primary and secondary enrichment were carried out on the bacterial isolate. Confirmatory tests
were performed on culture samples that showed nitrate production. The presence of nitrifying
bacteria was demonstrated by a change in color from pink to yellow and a drop in pH. Bacillus sp.
is the genus from which the ammonia-oxidizing bacteria are isolated and identified using.
16SrRNA Bacillus pumilus, isolated from the beds of Kukkarahalli lake soil, was found to be a
bacterial resource for nitrification and to have a potential bioremediation function in deoxidized
nitrogen-contaminated water in this research. The ability of Bacillus pumilus to adsorb nitrogen
compounds from eutrophicated water bodies was tested in a batch environment. Bacillus pumilus
was successfully used in the laboratory to remove ammonia, nitrite, and nitrate nitrogen from

synthetic solutions.
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INTRODUCTION

Natural aquatic ecosystems have been adversely
affected by anthropogenic activities. About 50-70%
of pollutants load into lakes comes from domestic
sewage. As a result, the flora and fauna are affected
and humans themselves encounter numerous
problems in the water systems.

Excess nutrients such as nitrates and phosphates
commonly originate from domestic sewage and
stimulates the growth of microorganisms mainly
algae, which often increases BOD and reduces the
amount of DO available for aquatic life. During
recent years, lakes are becoming the victim of
eutrophication as a result many important lakes are
deteriorating and shrinking.

Nutrient runoff, mostly nitrogen (from deposition
or run-off) into natural waters, causes

eutrophication (creeks, rivers, ponds, or lakes).
Eutrophication encourages excessive plant growth
and degradation, favouring some weedy plants over
others, and is likely to result in significant water
quality reductions. Increased growth of choking
aquatic algae or algal blooms in aquatic ecosystems
disrupts ecosystem function, causing issues such as
a lack of oxygen in the water, which is needed for
fish and other aquatic life to thrive. The water then
becomes murky with a variety of colors, including
green, yellow, brown, and red.

Reduced nitrogen compounds (primarily
ammonia) are sequentially oxidized to nitrite by a
given subgroup of bacteria, the ammonia-oxidizing
bacteria (AOB), and this nitrite can then be oxidized
to nitrate by the nitrite-oxidizing bacteria (NOB).
Nitrifying bacteria, on the other hand, grow slowly,
have a high sensitivity, and are easily eliminated
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(Werner and Newton, 2005). Nitrification failure can
result in significant environmental risks
(eutrophication and foam formation) as well as
health issues (fish death, toxic nitrite/or nitrate in
drinking water, and methemoglobinemia) (Vedel et
al., 1998; Huertas et al., 2002; Philips et al., 2002).

In flask cultures, a wild Bacillus species strain was
isolated and optimized for ammonia
bioremediation. The aim of the study was to
establish an ammonia bioremediation process that
involved a single stage of aerobic nitrification and
denitrification. The isolated Bacillus species strain
had an optimal pH of 8 and a temperature of 300C,
according to the findings. In flask cultures
supplemented with 860 mg 1" of ammonia, this
organism was able to extract 72.7 percent of the
ammonia at optimum pH and temperature.
Ammonia toxicity was discovered to be caused by
an increase in hydrogen ion concentration and
osmosis, according to a report (Sheela et al., 2015). To
research the degradation and conversion of
ammonia nitrogen, nine strains of ammonia nitrogen
degradation bacteria were isolated from industrial
wastewater. The results showed that the activated
C2 strain had a high ammonia nitrogen degradation
rate of 93 percent within 24 hours when the initial
ammonia nitrogen concentration was 200 mg/1
under the conditions of 10% inoculation,
temperature 35 °C, pH 7.0, and rotation 200 r/min.
It was identified as Bacillus amyloliquefaciens (Yu et
al., 2012).

The hypothesis of current work relies on whether
the Ammonia oxidizing microorganisms can be
optimized for higher efficient growth and higher
frequency in removal of ammonia in environmental
samples by adopting into natural conditions for
bioaugmentation technique for cleaning up of
eutrophicated water bodies.

MATERIALS AND METHODS

Water Sampling

The water samples were taken from the
eutrophicated surface of Kukkarahalli Lake, which
is located in Mysore, Karnataka. The water sample
was collected in a 1 liter bottle and taken to the lab,
where tests were carried out.

Determination of Biomass from the Water Sample

By filtering 100 mL of water through Whatman’s
filter paper, the biomass of the sample was

determined. The empty filter paper was weighed
and labelled W1 (g), while the filter paper with the
filtered biomass sample was weighed and labelled
W2 (g) (g). This formula was used to measure the
biomass of the given samples: Biomass (g) = W, -
W

-
Biodegradation of Biomass Using Ammonia
Oxidizing Strain Bacteria

Oxidation of ammonia was carried out by
previously isolated Bacillus sp. SW1 by filtering 100
ml of water sample into 250 ml conical flasks. Later
known amount of biomass (0.3 g) was weighed and
added to the flasks. The flasks were then inoculated
with SW1 strain. (1 X 10 CFU/ml).

The flasks were then incubated at 37°C in Rotary
shaker for 3, 6, 9 days. All the flasks were done in
triplicates.

Determination of Ammonia Nitrogen Using
Nessler’s Reagent Method

Ammonium ion reacts with Nessler’s reagent
(K,HgL,) to form a brown colour substance, and can
be determined calorimetrically. Most of the natural
waters and wastewaters have interfering
substances, therefore, the steam distillation of
ammonia becomes essential.

On collection, the water sample was filtered with
Whatman’sfilterpaper. Twenty five millilitreof
filtered water sample was taken into 50 ml conical
flask. Then, 2 ml of the Borax buffer and Sulphuric
acid were added to the flask, which was
subsequently shaken to mix the solution. Later, eight
drops of the Nessler’s reagent was added and
mixed.

After the final solution was prepared, distilled
water was applied up to the mark of the conical
flask and thoroughly mixed, and a portion of it was
moved to a spectrophotometer cell where the UV
light absorbance was measured. The light used in
the measurement had a wavelength of 440 nm.

Compare the absorbance with the ammonia
standard curve to calculate the ammonia content.
Calculate the concentration of ammonia content in
given sample by the formula:

Concentration of ammonia obtained from standard curve x1000
NH," mg/l =

Volume of sample

Determination of Nitrite Nitrogen using Na edta
Reagent Method

Nitrite is calculated by combining diazitized
sulfamilamide with N-(- naphthy) -
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ethylenediamidedihydrochloride at pH 2.0 to 2.5 to
produce a reddish purple azo dye (NED
dihydrochloride).

In a 50 mL conical flask, place a 25 mL research
water sample. In a separate container, add 1 ml of
each of the following solutions: Na2-EDTA solution,
sulphanilic solution, -Naphthalamine hydrochloride
solution, and Sodium acetate solution, in that order.
Fill to the top of the conical flask and blend.
Determine the absorbance at 520 nm against water
after at least 15 minutes.

Make a calibration graph from the regular nitrite
solution of 5 solutions with known nitrite material.
The micrograms of nitrite are used to compare the
corrected absorbencies of these solutions. The graph
should be straight in the specified measuring field.

Compare the absorbance with the nitrite standard
curve to calculate the nitrite content. Calculate the
concentration of nitrite content in given sample by
the formula:

Concentration of nitrite obtained from standard curve x1000

NOZ' mg/1=
Volume of sample

Determination of Nitrate Nitrogen using Brucine
Sulfate Method

Nitrate reacts with Brucine sulfate and sulphonalic
acid to form a nitro derivative, which in alkaline
media develops yellow color due to rearrangement
of its structure 10 ml of H,SO, is added until it turns
brown in color. The color developed is read I a
colorimeter at 410 nm potassium nitrate is used as a
standard.

From the 0.001 mg/ml NO,- standard, make a set
of nitrate standards. Each norm should be a
precisely measured volume of stock between 1 and
10 ml diluted to a total volume of 10.0 ml. Prepare a
reagent blank with a concentration of 0 ppm. Four to
six specifications are usually considered adequate
for establishing a reliable calibration curve.

Place of 25 ml of water sample into 50 ml of
conical flask. Place the conical flask sample in cool
water bath and add 0.5 ml of Brucine reagent and 10
ml of Sulphuric acid solution. Waiting for 30
minutes then make up the mark by distilled water
and shaking thoroughly of solution. Determine the
solution at 410 nm by spectrophotometer. Compare
the absorbance with the nitrate standard curve to
calculate the concentration of nitrate present in 25
ml of water sample.

Calculate the concentration of nitrate content in
given sample by the formula:

Concentration of nitrate obtained from standard curve x1000

NOA' mg/1=
Volume of sample

DENTIFICATION OF STRAIN SW-1

DNA Isolation

DNA was extracted from the SW-1 strain. The
overnight culture was centrifuged and the
supernatant was discarded for this reason. Pellet
dispersion was excellent. 600 1 of cell lysis buffer
(Guanidiumisothiocyanate, SDS, Tris-EDTA) was
added and mixed for 5 minutes by inverting the vial,
then incubated for 10 minutes with gentle mixing
until the suspension was almost clear. Later, 600
liters of isopropanol were layered on top of the
suspension. The two layers were gently combined
until white DNA strands were visible and the
solution was homogeneous. With the aid of a pipette
cap, the DNA strands were spooled and transferred
into a new vial. The spooled DNA was given 500 ml
of 70% ethanol. The spooled DNA was spun at
10,000 rpm for 10 minutes to precipitate DNA. The
supernatant was thrown away. The pellet was dried
in the open air (without allowing it to dry
completely). The pellet was suspended in 50 ml of
1X TE. (Genomic DNA solubility was increased by
incubating for 5 minutes at 55-600C.) 5 ml of freshly
extracted DNA and 3ml of gel loading dye were
loaded onto a 1% agarose gel and electrophoresis
was performed.

16S rRNA gene Amplification

Polymerase chain reaction (PCR) with forward and
reverse Oligonucleotide primers was used to
amplify the strain’s 165 rRNA gene. The DNA
sequences were processed and sent to Gene Bank
using the Internet BLAST Gene database (http://
www.ncbi.nlm.nih.gov).

RESULTS

Identification of Strain SW1

The Ammonia oxidizing bacteria isolated from
Sandy clay soil of Kukkarahalli Lake through
primary, secondary, and confirmatory enrichment
was found to be Gram positive, Bacillus, and
appeared in groups, according to the current
studies. The biochemical kit was used to record the
results of a total of 24 biochemical tests (Table 1). The
isolate was tentatively classified as Bacillus sp. based
on morphological, biochemical, and physiological
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Fig. 1. Phylogenetic tree of Bacillus pumilus SW-1 constructed using Neighbor joining technique.

S. No Test Results S. No Test Results
1 ONPG + 13 Esculin hydrolysis +
2 Lysine utilization + 14 Arabinose -
3 Ornithine utilization + 15 Xylose -
4 Urease + 16 Adonitol -
5 Phenylalanine Deamination - 17 Rhamnose -
6 Nitrate reduction - 18 Cellobiose +
7 H,S production - 19 Melibiose +
8 Citrate utilization + 20 Saccharose +
9 Vogesproskauer’s + 21 Raffinose +
10 Methyl red + 22 Trehalose +
11 Indole - 23 Glucose +
12 Malonate utilization - 24 Lactose -

characterization, as well as Bergey’s manual of
systematic bacteriology.

Phylogenetic Analysis of 16s rDNA Sequence of
Strain SW-1

A phylogenetic tree constructed using partial
sequence of 165 rDNA sequence showed close
relatedness with the Srtain Bacillus pumilus. Based on
these findings, the isolate SW-1 was identified as
Baciluspumilus SW-1.

Table 1. Identification of Biochemical Characteristics of

SW1
Days Biomass (g)
1 day 0.0566
34 day 0.0544
6™ day 0.0239
9* day 0.0191

Biodegradation of Aquatic Biomass Using Bacillus
Pumilus SW-1

Biodegradation studies of biomass using Bacillus
pumilus SW-1 showed that, the aquatic biomass was
found to be reduced from day one (Figure 9). On
day one, the biomass was found to be 0.0566g which
was reduced to 0.0544 after 3days, 0.0239 after 6
days and to 0.0191 after 9 days. The biomass in
control sample was found to be intact without any
reductions.

Biodegradation of Ammonia Nitrogen

Biodegradation of Ammonia in aquatic system
sample was assessed using Bacillus pumilus SW-1.
Spectrophotometer was used to assess the
absorbance of wavelength of samples at 440 nm.
Biodegradation studies of ammonia nitrogen
using Bacillus pumilus SW-1 showed that, the
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SW-1. Spectrophotometer was used to assess the
absorbance of wavelength of samples at 520 nm.

RBRO3 BTRIE A

Fig. 2. Isolationimages of SW1 on Cultural Media

-

Fig. 3. Gram staining image of bacterial strain SW1

concentration of ammonia nitrogen was found to be
reduced from day one (Figure 10). On day one, the
concentration of ammonia nitrogen was found to be
28 mg/1 which was reduced to 7.6 mg/1 after 3days,
4 mg/L after 6 days and to 1.6 mg/1 after 9 days.
The concentration in control sample was found to be
intact without any reductions.

Biodegradation Ability of Nitrite Nitrogen

Biodegradation of Nitrite Nitrogen in aquatic
system sample was assessed using Bacillus pumilus

Fig. 5. Sample images in conical flasks

Table 2. Reduction of weight of biomass

Samples Volume of Absorbance Concentration
solutions (ml) at 440 nm mg/25ml mg/1
1 day 25 0.560 0.70 28.0
3 day 25 0.162 0.19 7.6
6™ day 25 0.081 0.10 4.0
9* day 25 0.035 0.04 1.6

Table 3. Biodegradation of concentration of ammonia

Samples Volume of Absorbance Concentration
solutions (ml) at 520 nm mg/25 ml mg/1
1 day 25 1.080 1.20 48
3 day 25 0.855 0.95 38
6™ day 25 0.315 0.35 14
9* day 25 0.135 0.15 6

Table 4. Biodegradation of Concentration of Nitrite

Samples Volume of Absorbance Concentration
solutions (ml) at 410 nm mg/25ml mg/L
1 day 25 0.362 0.30 12.0
3 day 25 0.312 0.26 10.4
6™ day 25 0.166 0.14 5.6

9t day 25 0.096 0.08 3.2
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Biodegradation studies of nitrite nitrogen using
Bacillus pumilus SW-1 showed that, the concentration
of nitrite nitrogen was found to be reduced from day
one (Figure 11). On day one, the concentration of
nitrite nitrogen was found to be 48 mg/1 which was
reduced to 38 mg/1 after 3days, 14 mg/L after 6
days and to 6 mg/1 after 9 days. The concentration
in control sample was found to be intact without any

reductions.
rm N l'-. L |
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Fig. 6. Tube images showing Biodegradation of Ammonia

1 day 3 day 6™ day 9*day

Fig. 7. Tube image showing biodegradation of nitrite
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Fig. 8. Tube showing degradation of Nitrate

Biodegradation Ability of Nitrate Nitrogen

Biodegradation of Nitrate Nitrogen in aquatic
system sample was assessed using Bacillus pumilus
SW-1. Spectrophotometer was used to assess the
absorbance of wavelength of samples at 410 nm.
Biodegradation studies of nitrate nitrogen using
Bacillus pumilus SW-1 showed that, the concentration
of nitrate nitrogen was found to be reduced from

day one (Figure 12). On day one, the concentration
of nitrate nitrogen was found to be 12 mg/1 which
was reduced to 10.4 mg/1 after 3days, 5.6 mg/1 after
6 days and to 3.2 mg/l after 9 days. The
concentration in control sample was found to be
intact without any reductions.

Biomass of Nitrogen Biodegradation of Ammonia
——Concent...
p compourasi... 5 530 28
£0.06 0.0566 0.0544 5 &5
R 220
%0-50.04 £ &5
52 002390191 g 20 7.6
= £0.02 5 Es 4
-2 O 1.6
£ 4 0
1st day 3rd day 6th day 9th day istday 3rdday 6thday 9thday
Number of days Number of dav:
Biodegradation of Nitrite Biodegradation of Nitrate
Concentrat... ——Concentr...
w 60 w14
= R 12
g gﬂ %0 < 38 £ w2 104
24w = £10
= .5 30 EE 3
5a 52 5.6
3 <2 14 S & 32
g § 10 6 g % 4 '
o] o 2
0
1stday 3rd day 6th day 9th day 0 d ad P hd
1st 3 6thday 9thda
Number of days staay Nrumi;/er 0? v v
Fig. 9. ??

Bacillus pumilus, which we isolated from the beds of
Kukkarahalli lake soil, was found to be a bacterial
resource for nitrification and to have a potential
bioremediation function in water polluted by
deoxidized nitrogen in this research. FAME analysis
and 165 rDNA sequencing showed that B. pumilus
was the most prevalent species, followed by B.
cereus, in a recent study of the diversity of Bacillus
spp. isolated from a coastal area by biochemical
assays. B. pumilus is a member of the B. subtilis
community of aerobic spore-forming species, which
has recently piqued researchers’ interest due to its
role in food poisoning cases (Sheela et al., 2015).
These results revealed that the Bacillus pumilus
present in range areas.

Bacillus pumilus was tested in batch to adsorb
Nitrogen compounds from eutrophicated water
bodies. The removal of ammonia, nitrite and nitrate
nitrogen from synthetic solutions was demonstrated
successfully in laboratory with using Bacillus
pumilus.

The results from batch studies indicated that
during the course of incubated at 37°C in Rotary
shaker, the amount of biomass decreased from the
initial biomass of sample as shown in figure 10.
When lakes are compared with total phosphorous
concentrations (TP) ranging through five magnitude
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ranges, three forms of nitrogen (ammonia, nitrite,
and nitrate) are directly linked to the trophic
condition of the lake (Yu et al., 2012). The rate of
nitrogen compounds biomass decreases after 3,6
and 9 days using Bacillus pumilus was 3.9 percent,
57.8 percent, and 66.3 percent in this project work.

Nitrogen from ammonia can be absorbed in two
ways: assimilation into biomass or nitrification.The
effect of assimilation on ammonia removal could be
ignored in this analysis, which showed that even
though biomass quantity was decreased (indicated
by quantity of biomass value, Figure 10), the effect of
assimilation on ammonia removal could be ignored,
implying that the removal of ammonia nitrogen
during this course is mainly due to nitrification. The
ammonia nitrogen level decreased (figure 11), with
removal rates of 72.9 percent, 85.7 percent, and 94.3
percent, respectively, after using Bacillus pumilus
for 3, 6, and 9 days. After 24 days, Bacillus sp. LY, a
heterotrophic nitrifier, extracted 74.7 percent
ammonia nitrogen. Ammonia concentration reduced
from 5000 mg/1 at pH 11 to 350 mg/1 at 750 waves
by 10 min microwave radiation (Jensen, 2003).

In addition, ammonia released into waterways it
will be degraded into nitrites and nitrates (Das,
2004). As the ammonia nitrogen concentration
decreased, the nitrite and nitrate nitrogen
concentration decreased in the same time (Figure 12,
13), indication that Bacillus pumilus utilizing a
growing portion of the nitrogen compounds in
sample to gain energy for growth. Reduction rate of
nitrite and nitrate nitrogen were shown after 3, 6,
and 9 days is 20.8%, 70.8% and 83.3% in sequence of
nitrite nitrogen; and 13.3%, 53.3% and 73.3% in
sequence of nitrate nitrogen.
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