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ABSTRACT

In this study, four different sites of ponds at different time period were analysed to show to the effect of
Nanobubble ozonation (NBO). NBO is one of novel technologies which is environmentally friendly only using air,
ozone, and requiring virtually no chemicals. All the case studies have been performed in real time in different
seasons and locations which gives the idea of importance of NBO for the treatment of water bodies with
completely natural, environmentally sustainable, cost effective, and less time-consuming technology. Three case
studies have been investigated in-situ (Site 1, 2, 4) and one ex-situ (site-3), which verify the efficacy of NBO in
treating pond water. NBO treated water was determined to be in the standard limits, odour was eliminated, and
water was cleaned enough to be consumed by the animals. The test results show that ozone nanobubble (NBO) in
wastewater treatments achieved 85-99% reduction in total soluble solids (TSS), 80-90% reduction in
biochemical oxygen demand (BOD), and 55% chemical oxygen demand (COD) reduction at site 3 and 82% COD
reduction at site 4. Improved dissolved oxygen suitable for the living beings was achieved. Hence, this paper
emphasizes the efficacy of NBO treatment to reclaim the water bodies and ecological restoration and to achieve
the sustainable goals of clean water and environmental sustainability. DO level in all the ponds improved
significantly after NBO treatment and showed the value of 14.5 mg/L when measured even after 50 h. Nano-
bubble gas dissolution system not only able to improve the dissolved oxygen up to supersaturation level but also
able to retain it consistent more than 14-15 h. The vary reason for maintaining such consistency is the size of
nanobubbles which is around <0.5 pm and NB doesn’t follow the buoyancy, hence move in water in Brownian

motion. NBG systems are future of our lakes and ponds rejuvenation and maintain the water quality.

1. Introduction

The quantity of water required for running our livelihood on daily
basis is unimaginable. Human consumption, animals, agriculture, in-
dustrial process, everywhere we need enormous quantity of water to
make every process run smoothly. To meet the needs of humans, farm
animals, zoo animals, fishing etc. We need to create water body artifi-
cially, which needs a lot of attention and knowledge to keep the
waterbody clean and useable for consumption. Municipality is investing
crores of money on daily basis to provide safe drinking water for us
while wild animals are mostly dependent on natural water bodies. At the
places such as zoo, local small forests, temples build artificial ponds or
lakes to provide water to the animals as well as for human activities such
as washing, cleaning, gardening etc. Animals at the zoo needs extreme
attention because they are from different climates and require native
habitat like environment to survive at non-native places. All our animals
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need a clean supply of drinking or bathing water every day. Usually tap
water is used for filling up the artificial ponds which is tested good for
human consumption. The problem is that, tap water may be harmful for
sensitive animals, especially fish and amphibians. They can be killed by
the chlorine, fluoride, nitrates, and hormones that are found in our
water. There are some contents in water that can have drastic effects on
other animals such as estrogen, that can turn male bullfrogs into fertile
females [8]. Artificially created pond/lake water needs to be treated
time to time. It requires a lot of attention to make sure that, the water is
good for consumption. Several places natural pond or lakes are also
being used to drain the industrial wastewater in small towns where that
water becomes hazardous for aquatic life, agriculture as well as for
human beings [7]. Different methods of treatment are available such as
highly reactive ozone (O3) or activated oxygen has been used for the
treatment of dye-polluted water. Ozonation not only remove contami-
nants but also improves both colour and taste of the water [15].
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However, ozone is unstable gas, and its low solubility limits its appli-
cation when it comes to practicality. Mixing ozone/any other gas in the
form of nanobubbles make it much more stable than the usual, hence it
extends the usability of ozone in thousands of applications such as
cleaning, sanitation, wate treatment, agriculture [16], aquaculture [11,
18,26] etc. Other methods such as adsorption, chemical treatment [19],
advanced chemical oxidation are also effective ways of treating water-
bodies [1,15]. Efficient and cost effective bio-adsorbents such as chito-
san [17], lignocellulosic material, alginate [15], other bio originated
sorbents such as apricot kernel shells [21] used in adsorption processes
to remove heavy metals and dyes from aqueous medium.

Apart from chemical contamination, growing algae in pond water is
also a big problem which currently solved by the addition of many algae
dependent fishes like Tilapia, Lionhead and Koi. However, this process is
oxygen consuming and lead to the depletion of oxygen which badly
affects fish. Water hyacinth/other kinds of water weed growth in
waterbody due to the excessive nutrient concentration into such
waterbodies is also a great concern. Eutrophication process turns the
waterbody into a dead entity by converting it into land. Dire need to
manually clean the lakes and ponds time to time and maintain the water
quality to preserve them and to maintain the ecological balance of the
surroundings. It is required to explore the applications of NBO to solve
the current political, environmental, and economic situation in India
[13]. The growing demand for water treatment technologies lead us to
improvise day by day in existed technologies and to face the environ-
mental challenges such as degradation and depletion of water resources.
Microbubble (MB) and nanobubble (NB) technologies have shown
promising results in wastewater (WW) treatment as problem-solving
alternative for various challenges [25-28]. Ozonation is one of the
most encouraging treatment methods for water bodies [1,2]. However,
the produced ozone is unstable compound, and it decays rapidly because
of short half-life. The half-life of ozone in water is a lot shorter than in air
for instance, half-life of ozone in water having temperature 25 °C and
30 °C is 15 and 12 min, respectively. In countries like India where
average air temperature is around 25°C-28 °C and average water tem-
perature is around 30 °C, ozone treatment is not much effective because
of short half-life. Ozone readily breaks down in OH-radicals, when these
OH-radicals are the dominant particles in the solution, it is called an
advanced oxidation process (AOP). First decay of ozone in OH-radicals is
very fast which result in decrease in concentration, followed by a first
order kinetics decay of ozone (Report by Lenntech). To overcome this
issue of off-gassing of ozone while water treatment, NBO has come up as
a wonderful technology which has enormous application in industries
including agriculture [4,16]. NBO has ample of applications in treating
natural water bodies [9]. Microbubble ozonation, oxygenation has
already been reported for better quality of water treatment plants,
nanobubbles applications are coming up recently in different industries,
the current status of research has not reached its true potential [12].

This paper shows the case studies of four sites where nanobubble
ozonation (NBO) has proved to be the best alternative to tedious, costly,
and high maintenance processes for keeping the water quality in ponds,
lakes, or artificial water bodies. NBO, because of their extraordinary
fundamental properties, such as bubble stability (as tiny entities in water
solutions), easy generation methods, and various chemical and physical
features. Accelerated Cleaning Systems India Private Limited (ACS) has
nanobubble generation (NBG) system which efficiently produced
nanobubbles into the selected waterbodies and formed nanobubble
aqueous ozone effectively reducing the contaminants and improved the
water quality which is fit for consumption by animals. NBO can help
reaching the goals of water treatment by keeping the waterbodies such
as ponds pristine and ecologically balanced.

2. Nanobubble ozonation (NBO)

Almost all life on earth survives due to the oxygen and hence it is one
of the most important chemical parameters to measure. Oxygen
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concentration in waterbody varies greatly during the day; e.g., in af-
ternoon, level of oxygen is at the peak because of photosynthesis pro-
cess, which decreases during the nightfall [16]. Decomposition of
organic matter by bacteria will also lead to the oxygen depletion. The
water quality deteriorates as the oxygen content gets depleted in the
pond. Ozone consists of three oxygen atoms, sometimes is referred as
activated oxygen. O3 molecule is very unstable hence it degrades rapidly
into oxygen gas and a free radical oxygen atom. Ozone solubility in
water is less than that of chlorine and it does not create germicidal re-
siduals to prevent regrowth of pathogens in the water.

Nanobubbles (NB) are small gaseous entities that are found on sur-
faces and in bulk when solutions are supersaturated with gas. Nano-
bubble technology involves the injection of nanobubbles (<200 nm)
with a chosen gas (02/03/CO2/Nj) into water. Such entities have
neutral buoyancy, highly dissolved in water due to the bubbles’ large
surface area to volume ratio (SA:V). Upon implosion regular bubbles
become NBs, attaining a negative charge which helps them to increase
dispersion through water by repelling each other. O3 in nanobubble
form is stable for days and provide superfast reactions to degrade the
contaminants. It also enhances the dissolved oxygen concentration in
water and attain supersaturation. Generated oxygen free radical is
highly reactive and has greater oxidative potential than the most
commonly used disinfectant such as chlorine [9,10]. As a result, NBO
can be used in industrial and private applications such as water treat-
ment, disinfection, and odour removal [9]. Due to the shorter shelf-life
of the ozone, its applications are restricted and that we can overcome
using gas dissolution technology achieved by NBG system. Solution
through NBO is environmentally sustainable and cost effective as it
doesn’t add chemicals to the water, and eliminates many taste and odour
problems in treated water. Normal ozonation requires pre-treatment of
the water to reduce hardness while nanobubble ozonation can be
directly applied to the wastewater. ACS’s nanobubble generation (NBG)
system provides maximum gas dissolution (up to>96%) without
off-gassing of ozone. NBO is much more stable in water and provide
cleaning action due to advanced oxidation process (AOP). Nanobubbles
have comparatively large surface area than fine bubble and coarse
bubbles. NB follow the Brownian motion in the water which allows
maximum interaction of water with the NB to breakdown/remove the
contaminants. For instance, 13 k billion Nanobubbles can fit in 1 coarse
bubble and >60 billion Nanobubbles can fit in one fine bubble (as shown
in Fig. 1). NBG system saves us the cost of building large towers and
other equipment to maximize ozone dissolution and capture and destroy
off-gassed ozone, respectively. NBG proved to be the best solution to
reclaim water bodies which are habitat of numerous zooplanktons and
phytoplankton, and ecological restoration.

3. Materials and methods
3.1. Site selection for experiments

3.1.1. Site 1: guruvayur temple, Kerala, India

Guruvayur Temple is a Hindu temple dedicated to the Lord Guru-
vayurappan (four-armed form of the Lord Vishnu) which is named as
Rudratheertham after the name of Lord Shiva. According to legend, for
thousands of years, the southern bank of this pond was the place of
bathing for Lord Shiva used to bath on this pond. Hence, it is very
popular temple situated in Guruvayur town in Kerala (Southern part of
India), India. The temple tank or pond of dimensions 61 m x 60 m x 6 m
is situated on the northern side of the temple (10° 35’ 40.2" N, 76° 2
20.4” E). As one of the most important places of worship for Hindus,
cleanliness of the pond is extremely important for all the devotees. The
temple’s pond is in high maintenance, but it’s excessive algae growth
was observed there which made pond water green and fishes were not
able to survive because of low dissolved oxygen level (as can be seen in
the Picture 2a (Fig. 2)). It was difficult for aquatic animals to survive
there as pollution level of waterbody was too much. All the parameters
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Fig. 1. A graphic comparison of coarse bubble, fine bubble, and nanobubble in terms of their diameter and surface area (A), Brownian motion of the NB (B), and

pictorial demonstration of the extremely small size of NB (C).

(a) Guruvayur Temple pond, Kerala, India

(¢) Bandra Pond, Mumbai, Maharashtra,
India

(b) Ram Kund- Shitladevi Temple Kelwa,

Mumbai

(d) Bculla Zoo, Mumbai, Maharashtra,

India

Fig. 2. Sited selected for the case studies, a) Guruvayur temple, Kerala, India, b) Ram Kund- Shitladevi Temple, ¢) Bandra public pond, and d) Byculla Zoo

Pond, Mumbai.

such as BOD, DO, pH, TSS were taken into consideration to check the
water quality before treatment which are provided in the table in results
and discussion section.

3.1.2. Site 2: Shitladevi Temple kelwa, Maharashtra, India

Shitladevi Temple, Kelwa is town coasts of a very ancient temple of
the Goddess Shitala-Mata (19.614254, 72.73206). The township of
Kelwa is situated on the Western Railway, nearly 75 km from Mumbai
Central Railway Station about 6 km away from Kelwa Road Railway
Station. There is a pond in front of the temple which adds to the beauty
of the temple. This pond is named as Ram-Kund, the quality of water got

degraded due to the algal growth. High TDS, TSS, low DO was some of
the issues observed in the pond. NBO treatment was given directly to the
pond for 72 h.

3.1.3. Site 3: Bandra Talao, Maharashtra, India

Bandra Talao and Swami Vivekanand Talao both the names are used
interchangeably for a 200 years old small lake (Coordinates
19.056424°N 72.838245°E) located in Bandra, Mumbai. It was con-
structed by a rich Konkani Muslim from Navpada (also spelt Naupada or
Naopara) village but now it is maintained by the Municipal Corporation
of Greater Mumbai, India. The lake was formerly known as Lotus Tank
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and is a Grade II heritage structure. This spread across 7.5 acres and
hence it was named as “Motha Sarovar” in earlier times. Sample was
collected from the pond from five different points including from the
middle of the temple. The experiments were done in 140 L acrylic tank in
the lab. All the water parameters such as BOD, TSS, DO, pH, TDS, and
colour were checked before Ozone treatment and found to be out of the
standard limit set by CPCB, India. Collected samples were green in
colour because of the excessive algal growth in the pond.

3.1.4. Site 4: Byculla Zoo aquatic pond, Maharashtra, India

An artificial pond called Aquatic Birds’ Pond of the capacity of 1.0
Lakh L is created in Byculla Zoo or Veermata Jijabai Bhonsale Udyan
(18.9781154°N 72.8367457°E) (formerly known as Victoria Gardens).
The zoo area is covering 50 acres and located at Byculla, in the heart of
Mumbai, India. Since it is the oldest public garden in Mumbai, it is the
site of attraction. In 1890, the garden was extended by 15 acres espe-
cially for the zoo. This Aquatic Birds’ reservoir has a closed, circulating
system, and the water is constantly moved through filters. There was a
problem of smell, algal growth, rotten organic matter because of the
decomposable organic remains after birds feeding. The water had to be
changed twice a week which cost a lot to the authority. We have done
the trials to extend the water retaining capacity without degrading the
quality of water or without adding any chemicals. All the pictures of the
sites where experiments were performed/samples were collected are
shown in Fig. 2(a-d).

3.2. Water parameters testing

Water temperature, dissolved oxygen (DO) (mg/L) was analysed by
Pro20i DO meter, pH, chemical oxygen demand (COD) (mg/L),
biochemical oxygen demand (BOD) (mg/L), turbidity (nephlometric
turbidity unit) (NTU), total soluble solids (TSS) mg/L, hardness (mg/L),
and oxidation reduction potential (ORP) etc. Were tested by Varni
Analytical Laboratory, Mumbai, India. Tests were performed on the
collected samples before and after performing NBO tests. Nanobubble
ozone treatment was given for different time at different locations. The
experiments performed in the pond at Guruvayur Mandir premises in the
month of oct-nov (2017), Ram Kund- Shitladevi Temple during June
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(2017), Bandra public pond sample was collected in the month 2018,
and treatment of Byculla zoo aquaculture pond was done in oct-nov
(2021). All the parameters were compared before and after treatment
which are shown separately for different sites in results and discussion
section Table 3.

3.3. Experimental setup for the study

Nanobubble (NB) ozonation system of Accelerated Cleaning Systems
(ACS) Private limited, Mumbai, India provides highest possible gas
dissolution through the generation of >80% of nanobubbles with the
diameter of 100-200 nm. It is tested as one of the best water-cleaning
technologies in the world that create significant quantity of hydroxyl
radicals with enhanced ozonation. All the experiments were performed
with the same NBO system. ACS’s NB system fitted with the intake pump
and mixing pump in a stainless-steel chamber. Intake pump is connected
to the water tank which connects to the mix pump through a vernutri
which creates the suction. Water gets into the intake pump through
suction which is further transported to the mix pump by mixing O3
(ozone) generated by ozone generator connected in between mix pump
and intake pump. NBs are generated and mixed in the water through mix
pump and transported back to the water body/tank in the form of
nanobubble water or nanobubble aqueous ozone (NAO) as shown in
Fig. 4. The experimental setup for in-situ, ex-situ experiments and
photograph of a typical ACS’s NBG system are given in Fig. 3(a—c) and
Fig. 4(a—c), respectively. Fig. 4 (c) showed the typical mechanism of O3
generation using electricity through our system with the help of ozone
generator. When O3 mixed with aqueous media, advanced oxidation
process is taking place to degrade the contaminants. The experimental
parameters of the four studies used during the tests are given in Table 1
along with the dosage of ozone used.

4. Results and discussion

Results for the experiments at different experimental conditions are
given in this section. As standard procedure, all the samples were
collected before pilot scale experiments and analysed for the standard
parameters such as BOD, COD, TSS, hardness, etc. Representative

#ACS

Nanobubble
Generator
(NBG) or

a) Set up for
site 1

Ozone
generator

High conc. NB

Normal water in

#WACS

system

M Aquatic pond

Pond/lake

Acrylic tank:
140 L capacity
W

v

| b) Set up for site 3 sample

¢) Set up for site 4

(d) In-situ Intermittent Dayl, 2, 3....final
- NBO Sample collection day Sample testing
Sample collection after NBO
before treatment Ex-situ Intermittent T=5,10,15...70 L 1O
NBO Sample collection min

Fig. 3. Experimental setup for a) site 1 and site 2 (Guruvayur temple, Ram Kund-Shitladevi Temple), b) site 3 (Bandra Pond), and c) site 4 (Byculla Zoo pond), (d)

Experimental scheme of the present study in ex-situ and in-situ mode.
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Fig. 4. a) Photograph of a typical ACS’s NBG system equipped with ozone generator, (b) flow diagram of the NBG system with the parts, (¢) Basic mechanism
followed by ACS’s NBG system to generate NB ozone and its role in removing contaminants.

Table 1
The experimental parameters of NBG tests for different case studies.

Parameters of Site 1 Site 2 Site 3 Site 4
the treatment

Guruvayur Ram Kund- Bandra Byculla zoo
Mandir Shitladevi public aquaculture
Temple pond pond
Treatment NBO NBO NBO NBO
Provided
Treatment site In-situ In-situ Ex-situ In-situ
Ozone Dosage 1.0 mg/L 1.0 mg/L 1.0 mg/L 1.0 mg/L
Time of 30 Days 5 Days/72 h 30 min 71 Hrs.
treatment
Month and year  Oct-Nov June 2017 Oct 2018 June 2021
of treatment 2017
Capacity of the 61 m x 60 80 m x 40 m 111.0L 1.0 Lakh Liter
pond/area of mXx 6m
the pond

picture of the experiments for NAO (nanobubble aqueous ozone) gen-
eration through NBG system in ACS’s facility as well as on site is shown
in Fig. 5 (a and b). Figure (a) comprises of four pictures which shows the
ozone nanobubble generation in a container having 45 gallons of tap
water. As soon as the NBG system starts, it generates numerous bubbles
of nano size (<5 pm) which gives the appearance of milky white colour.
After 30 s of the system run, water is full of nanobubbles and appear
white in colour however it becomes transparent after few minutes.
Figure (b) shows the on-site NB generation in pond water.

4.1. Site 1 and site 2

Site 1 and 2 which are the ponds of two temples viz., Guruvayur pond
and Ram-Kund have been given the ozone treatment for 30 days (10th
oct-9th Nov 2017) and 3 days (June 2017), respectively. It was found
that, DO concentration on site 1 during daytime was 3.7 mg/L and it was
even lower (1.9 mg/L) at early morning 5.0 a.m. However, pH was found
to be around neutral and no biological contamination such as E.Coli was
found in the water body. The concentration of DO at site 1 was very low
for living beings. As per the Central Pollution Control Board (CPCB),
India, DO in wildlife and fisheries water should be > 4.0 mg/L. TSS and

ammonia concertation before experiment was found to be 118 mg/L and
1.44 mg/L, respectively. BOD test showed 94.3 mg/L which was higher
than the permissible limit i.e., 10 mg/L (should not exceed 30 mg/L).
According to CPCB’s permissible limit of standards free ammonia in
water should be less than 1.2 mg/L [3]. The test was run for 30 days and
water parameters were checked in between as per the experimental
scheme provided in Fig. 1. Table 2 shows the pond water characteristics
before and after NB ozone treatment. Graphical representation of the
same results is also given in Fig. 6 (a). During treatment the parameters
were checked in the interval of 10 days, and it was found that, all the
parameters were brought below the permissible limit in the initial
treatment of 5 days. The test result after the series of nanobubble
treatments revealed that, the ammonia level of treated water has
decreased considerably (62%) from 1.44 mg/L to 0.18 mg/L which is
within the permissible limit set by CPCB. Other parameter like BOD was
reduced by 91%, TSS was reduced by 89%, and turbidity by 82%. DO
level was raised from 3.7 to 6.4 during daytime and the concentration of
DO at 5.00 a.m. was found to be 5.3 mg/L at the end of the experiment.
These results demonstrate the effectiveness of nanobubble ozone in
treating pond water. After NBO treatment, fishes and turtles were sur-
vived in the ponds as the water quality was improved manifolds and it
was considered as ft for consumption.

NBO treatment given to the Ram-Kund at Shitladevi temple also
showed significant improvement in the water quality. Difference was
clearly visible with the naked eyes as can be seen in Fig. 7(c-d). The
pond water is now being used for growing fishes which was little diffi-
cult before NBO treatment. All the samples were analysed in ACS’s in-
ternal facility as well as in Varni Analytical Laboratory, Mumbai, India
(Deals with the testing of food, water, natural products and shelf-life
study) for cross verification of the results.

4.2. Site 3

The experiments of the Bandra Public Pond water were performed in
the ACS’s laboratory with the acrylic tank of 140 L capacity filled with
the 111.0 L of pond water from the site. The intake parameters such as
pH was 8.4, temperature recorded at the time of experiment was 32 °C,
DO measured was 4.0 mg/L. The colour of the collected sample was dark
green, which was clearly visible, it can be seen in Fig. 3 (b). NB ozone
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Fig. 5. (a) Representative pictures of the experiments for NAO (nanobubble aqueous ozone) generation through NBG system in ACS’s facility with 45 gallons of tap

water, (b) on-site NB generation by ACS’s NBG system in pond water.

Table 2
Water parameters before and after nanobubble ozone treatment on site 1 along
with the % reduction in the parameters.

Parameter Unit  Before After NBO treatment Final
(Guruvayur NBO reduction in
pond) treatment values
Oct 10, Oct Oct Nov %
2017 15, 25, 09, Reduction
2017 2017 2017
BOD mg/ 94.3 7.8 6.6 8.4 91%
L
TSS mg/ 118 6 19 13 89%
L
Turbidity NTU  50.0 12.5 10.6 8.9 82%
DO mg/ 3.7 6.6 6.4 6.4 42%
L increment
pH 7.34 7.47 7.67 7.7 -
E. Coli - NA NA NA NA -
Free ammonia  mg/ 1.44 0.55 0.41 0.18 62
L
Table 3

Water parameters before and after NBO treatment at ACS’s facility for Bandra
Pond water.

Parameters  Unit Raw After 15 min After 30 min %
pond of NBO of NBO Reduction
water treatment treatment
COD mg/ 233 168 104 55%
L
BOD mg/ 75.0 50 28 62.6%
L
TSS mg/ 12.0 4.0 2.0 83.33%
L
Turbidity NTU 1.0 0.05 0.05 95%
DO mg/ 2.0 6.0 20 70%
L increment

treatment time for this ex-situ pilot scale experiment was 30 min with
the input of 1.0 mg/L. Parameters of water before and after treatment
are demonstrated in Table 3 and graphical representation is given in
Fig. 6 (b). Results elucidate that, COD was reduced from 233 mg/L to
104 mg/L which is 55% reduction in total. Five days BOD result showed
the reduction of almost 63% and final value was 28 mg/L, which is in the
permissible limit of pond water BOD. TSS was reduced 83.3% and
turbidity reduced to 0.05 with the 95% reduction. NB ozonation proved
to be very effective just after 30 min of ozonation while experimented in
ex-situ conditions. Colour of water was completely removed from dark
green to colorless (Fig. 7(e-f)).

4.3. Site 4

Aquatic pond at Byculla Zoo has the water holding capacity of 1.0
Lakh L which is connected to a larger pond/collection tank through the
filtration system named as FS. Water is recirculated through the FS from
collection tank to the aquatic pond. ACS’s NBG system was set up with
the collection tank. NBO treatment was given for the period of 70-72 h.
BOD, COD, TSS, and DO (mg/L) were measured before and after the
treatment. Kinetic study was also performed by taking the sample at
regular time intervals (5 samples in 72 h) as shown in Table 4. Results
demonstrated the commendable changes in the parameters after the NB
ozone treatment which shows the effectivity of NB ozonation for
cleaning such water bodies with the minimal cost. There was a problem
of odour due to the biological contamination in pond. After NBO treat-
ment BOD was reduced from 50.77 to 7.16 mg/L, which is nearly 86%
reduction from the original BOD. Approximately 82% COD reduction
was obtained, TSS reduction was almost 100%. Before NBO treatment
the DO value obtained was 1.8 mg/L which is detrimental to the
planktons and harmful for animals. DO level in pond water had been
improved significantly after NBO treatment and showed the value of
14.5 mg/L when measured after 50 h. Nanobubble gas dissolution sys-
tem was able to dissolve oxygen up to supersaturation level and it
remained consistent near about 14-15 h. Graphical representation of the
obtained data is shown in Fig. 6 (c).

Fig. 7 shows the pictures of the sites before and after NBO treatment
and it is clearly visible from the photographs that, the water quality has
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Fig. 6. Graphical representation of the data obtained from sample analysis at (a)
site 3 (Byculla Zoo pond).

site 1 (Guruvayur temple), (b) site 3 (Bandra Pond sample off-site treatment), (c)

Before NBO
treatment

After NBO
treatment

Fig. 7. Photographs of the experimental sites before and after the NB ozone treatment. (a—b) Guruvayur temple, (c-d) Shitladevi temple, (e-f) Bandra public pond,

and (g-h) Byculla Zoo.

Table 4
Parameters of Byculla Zoo aquatic pond water before and after 72 h NB ozone
treatment.

Parameter  Unit Time Interval for sample collection (h) % Reduction
0 14 30 50 70
COoD mg/ 110.7  98.9 51.8 494 20 81.93
L
BOD mg/ 50.77 29.67 25 18 7.16  85.89
L
TSS mg/ 70 30 0.1 0.1 0.1 99.86
L
DO mg/ 1.8 10.4 11.7 145 145 87.59
L increment

been considerably improved. Ozone in the form of NB has higher

stability because of the nano scale size [23]. At this scale, NB have
extremely large surface area and they overcome the regular character-
istics of the matter and shows extra ordinary properties [6,12].

5. Improvement in water quality parameters after the NB
ozonation system

All the water bodies taken for the experiments have shown improved
water quality after NBO treatment. NBO provides chemical free solution
for water treatment without getting affected by the experimental con-
ditions and location unlike chemical treatment [14]. This may be the
reason of getting excellent results in meeting our water parameters in
limits set by CPCB and Environmental Protection Agency [25]. It is
evident that, NBO proved to be 2000 times stronger than ozone and 180
times stronger than the ultraviolet rays [22]. As shown in Fig. 4 (c),
when ozone come in contact with water it immediately reduces and
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release one free radical which works as strong oxidising agent. Here, the
basic phenomenon which is happening is advanced oxidation process
which helps in reducing the pollutants into simpler compounds and
ultimately converting them into CO3 and H,0 [20,24].

ACS Pvt. Ltd. Offers the dissolution system which has highest and the
fastest absorption rate of any infused gas which allows the reduction in
energy costs by up to 60%. This system delivers air, CO9, oxygen, and/or
any other gas to water with an absorption rate above 90%. The tech-
nology works on the principle of shear force. The gas splits into nano size
by the shear force generated at the interface of the object. The ultrafine
bubbles generated by this NBG system is < 5 pm hence they are termed
as nanobubbles. These NBs exists in water for a long time without
degassing, and hence the dissolved gas is maintained high for a long time
which helps in rapid degradation of contaminants present in water. With
natural production of pure O, and O3 by ACS’s NBG system, waterways
are disinfected naturally with no chemicals and no additives. We found
that, upon implosion regular bubbles become NBs, attaining a negative
charge which helps them to increase increasing dispersion through
water by repelling each other and following Brownian motion [5]. As
mentioned before, NBs attracts positively charged elements and make
them transport through the surface of the plants or bacteria and helps in
better assimilation of nutrients. Nanobubbles have ample of applications
in environmental engineering which can save crores for the industrial
processes. It has revolutionization potential some of which are still to be
known [14]. NBG system provides 100% natural and eco-friendly so-
lution to most of the existing problems such as water and wastewater
treatment, improving agricultural yield, quality of food, food storage,
algal growth, ethanol production, etc. Without using chemicals.

6. Conclusions

In this paper, an efficient attempt was made to reclaim different
ponds at different sites in India through nanobubble ozonation by using
NBG system of Accelerated Cleaning System India Pvt. Ltd., India. Water
treatment based on gas dissolution system created ozone nanobubbles in
ponds. NBO has been tested successfully for the treatment of four
different pond water. The proposed system is effective and environ-
mentally friendly because the treated water met all CPCB’s pond water
standards and recycling requirements without addition of chemicals at
all the sites. This technology is simple, cost effective, and yet efficient in
the reduction of ammonia, TSS, turbidity, BOD, and COD. DO level has
considerably improved to the saturation level with this NBG/gas disso-
lution system. DO reached up to supersaturation level of 26.5 mg/L at
the end of the experiment which remained stable for days and reduced
very slowly because of the presence of oxygen in the form of NBs. As
shown in Fig. 8, 55-82% reduction in COD was achieved and observed
63-91% reduction in BOD, 83-99% reduction in TSS. DO level of water
bodies were increased in the range of 42-88%. Nanobubble technology
is the game changer in such scenarios as NBG not only dissolves oxygen
gas multiple times better than the best available conventional technol-
ogies. NBG’s high gas dissolution rate (95%) makes it possible to use
gases like ozone at the site without fretting about the safety issues like
off gassing etc. Installing NBG system with the pond facility will reduce
the maintenance cost as NBG system is affordable. Such a system is
expected to serve the pond’s algal blooming problem where nutrient
quantity is discharged. The result of this work should encourage the
government for wide installation of the system to keep the environment
clean and healthy.
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