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Abstract: Nanobubble technology is known to be able to manage the water quality of aquaculture.
This study aimed to measure and compare the water quality of Penaeus vannamei postlarvae (PL) 10
using nanobubble technology and conventional treatments. The PL densities were 2,000 individuals,
consisting of the control group (without nanobubble treatment) and nanobubble treatment groups
with DO levels equal to 16 and 22 mg/l. Three replications and 24-hour measurements for each
group were conducted. The measured water quality includes dissolved oxygen (DO), temperature,
and total ammonia nitrogen (TAN). The results confirmed that nanobubble has promoted the water
quality by increasing DO and reducing temperature and TAN. The water quality under nanobubble
level at 22 mg/l was improved in comparison to control. The 24-hour average of DO, temperature,
and TAN of nanobubble treatment group were 10.52 mg/l (95% CI: 9.86, 11.2), 24.6 °C (95% CI:
24.5, 24.7), and 2.35 mg/l (95% CI: 0.86, 3.84). Meanwhile, the 24-hour average of DO,
temperature, and TAN for control were 9.94 mg/l (95% CI: 9.44, 10.4), 24.9 °C (95% CI: 24.8 to 25)
and 2.58 mg/l (95% CI: 0.91, 4.25). To conclude, using 24-hour nanobubble can increase DO by 6%,
and reduce the temperature and TAN by 2% and 9%.
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Introduction

There are several water quality properties in aquaculture that should be taken into considerations. Those
properties are dissolved oxygen (DO), pH, temperature, and total ammonia nitrogen (TAN). Currently, several
measures have been developed to manage water quality, including the nanobubble technology. The principle of
this approach is the changes and modifications of aquaculture systems to increase the concentration of DO in
cultivation water, which is achieved by supplying DO to the water.

Nanobubble is an ultra-small gas bubble in liquid with a diameter of micron and submicron-order. It is
characterized by its slow buoyancy, negative surface charges, free radical formation, and its ability to increase
water molecule mobility (Ohmori et al., 2015). Nanobubbles in water are generated using decompression, gas-
water circulation, ultrasonic waves, and small-porous-glass membrane (Ohmori et al., 2015; Temesgen, Bui,
Han, Kim, & Park, 2017). Mahasri et al. (2018) have observed the increase of DO from 6.5 to 25.0 mg/L in
cultivation water using nanobubble. The use of nanobubble for shrimp hatchery has been studied by Wang
Yangcai, Liu Youyu (2018) as well. They found that nanobubbles can effectively improve the DO in water and
maintain DO for a longer period. Under this nanobubble treatment, the average DO levels were recorded at
7.76% higher than the control. According to Wyban, Walsh, & Godin (1995), temperature is one of the key
factors for shrimp growth. In addition, TAN level as a result of high rates of prawn excretion and feed loading
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can reduce the performance of hatchery productivity (Valencia-Castafieda et al., 2018). Nonetheless, current
research on the performance of nanobubbles in water quality have only been focusing on DO and temperature
properties.

The novelty of this research is its inclusion of the total ammonia nitrogen measurement, instead of using only
nanobubble treatments. Likewise, this study aimed to measure and compare the water quality properties of P.
vannamei PL 10 hatchery using nanobubble technology and conventional treatments.

Materials and Methods

The study was conducted from 02 to 04 June 2020 in a hatchery in Serang, Indonesia. P. vannamei PL 10 were
cultured and weighed at 0.04 g with the total length of 7.5-11 mm. The nanobubble machinery NB S-2, which
was developed by Nanobubble Karya Indonesia Ltd., South Tangerang, Indonesia, and patented by Pusat
Penelitian Fisika LIP1 No. P00201903600, was used to generate oxygen bubbles with DO levels from 16 to 22
mg/L. The treatments used in these groups consist of control (without nanobubble) and treatment groups added
with nanobubble equal to 16 mg/L (nano 16) and 22 mg/L (nano 22). The nanobubble preparations were
conducted by operating a nanobubble generator (2 horsepower) with oxygen flow set to 0.4 L/min in a 300 L
acclimated seawater storage container until the DO reached the designated levels of 16 mg/L and 22 mg/L. The
nanobubble treatment was not applied for the control container. In addition, P. vannamei was placed in closed
system using plastic bags 20x40 cm with a density of 2,000 PL10 individuals. Three replications were
undertaken for the control and treatment groups.

The measured water quality properties include dissolved oxygen (DO), temperature, pH and total ammonia
nitrogen (TAN). The DO and temperature were measured with YSI 550A, pH with YSI pH100, and TAN using
Hanna Ammonia Test Kit for Sea Water. Three replications of water quality measurements were conducted at 8
and 24 hours.

The data were analyzed to calculate the mean * standard error and confidence interval (Cl) at 95%. This
analysis was applied to DO, temperature, pH, and TAN data. The analysis of these water quality indicators in
control and treatment groups (hano 16, nano 22) were compared and assessed using ordination plots.

Results

All water quality properties were changing after 24 hours of observation, both in control and nanobubble
treatments. First, a reduction was observed for DO and pH, while temperature and TAN were increasing. In 8
hours, the DO for control, nano 16, and nano 22 treatment groups were 13.01 = 0.79 mg/L, 11.68 £+ 1.62 mg/L,
and 13.14 + 1.23 mg/L, respectively. In the next 24 hours, the DO reduced to 9.95 £ 0.62 mg/L (control), 9.01 £
0.94 mg/L (nano 16), and 10.52 £+ 0.83 mg/L (nano 22) (Figure 1). Nonetheless, the group that was treated with
nanobubble DO at 22 mg/L always had the highest DO compared to control.

An increasing water quality trend was observed for temperature and TAN. In 8 hours, the temperature for
control, nano 16, and nano 22 treatment groups were 20.96 + 0.06°C, 20.97 + 0.45°C, and 20.3 + 0.26°C,
respectively. After 24 hours, the temperature increased to 24.90 + 0.10°C (control), 24.7 + 0.17°C (nano 16),
and 24.6 £ 0.01°C (nano 22) (Figure 2). Despite increasing, the nano 16 and nano 22 treatment groups had lower
temperature compared to control. In addition, a decreasing water quality trend was also observed for pH level.
In 8 hours, the pH for control, nano 16, and nano 24 treatment groups were 7.19 + 0.14, 6.99 + 0.08, and 7.01 £
0.09, respectively, while in 24 hours pH decreased to 6.65 + 0.03, 6.59 + 0.01, and 6.54 £ 0.05 (Figure 3).

The same trend was also observed for TAN. After 24 hours the TAN for control and treatment groups increased
almost by four folds. Despite the increment, TAN measured from nano 16 and nano 22 treatment groups had
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lower values compared to control (Figure 4). The ordination plots (Figure 5) support and explain clearly that the
treatment groups always had different values of DO, temperature, pH, and TAN in comparison to the control.
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. Dissolved oxygen (DO) mean levels for control, treatments (nanobubble levels: 16 mg/L and 22 mg/L)
at 8 and 24 hours under PL10 with density of 2,000 individuals.
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Figure 2. Temperature mean levels for control, treatments (nanobubble levels: 16 mg/L and 22 mg/L) at 8 and

24 hours under PL10 with density of 2,000 individuals.
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Figure 3. pH mean levels for control, treatments (nanobubble levels: 16 mg/L and 22 mg/L) at 8 and 24 hours
under PL10 with density of 2,000 individuals.
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Figure 4. Total Ammonia Nitrogen (TAN) mean levels for control, treatments (nanobubble levels: 16 mg/L and
22 mg/L) at 8 and 24 hours under PL10 with density of 2,000 individuals.
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Figure 5. Ordination plots of dissolved oxygen (DO), temperature, pH, and total ammonia nitrogen (TAN) levels
for control, treatments groups nanol16 (DO: 16 mg/L) and nano 22 (DO: 22 mg/L) under PL10 with density of
2,000 individuals.

Discussions

The reductions of several water quality properties in this study, such as DO, were also reported in other
experiments using nanobubble. Water that was treated with nanobubble did not change and was stable at an
average level of 13.5 mg/L for about 48 hours. After a few days, the DO level reached the saturation equilibrium
and reduced to 9.1 mg/L (Tekile, Kim, & Lee, 2016). Likewise, Galang et al. (2019) reported that the DO
reduced from 10.8 £ 0.07 mg/L to 8.25 + 0.09 mg/L after 48 hours. The DO reductions are related to DO
consumption by reared white shrimp P. vannamei as several literatures have discussed (Vinatea, Galvez,
Venero, Leffler, & Browdy, 2009). The shrimp DO consumption was a function of salinity, temperature,
stocking density, and wet weight as stated by Vinatea, Muedas, & Arantes (2011) that the increase in shrimp
weight and stocking density have a multiplying effect on the DO consumptions. At a stocking density of 10
shrimps/m2, wet weight of 5 g, temperature of 20°C, and salinity of 25 and 37 ppt, a low oxygen consumption
was observed, and it was equal to 0.01 mg/L/hour. Nonetheless, when the density was multiplied to 20
shrimps/m2, wet weight of 20 g, temperature increased to 30°C, and salinity of 1 ppt, a high DO consumption
was observed, and it was equal to 1.13 mg/L/hour. In a hatchery in East Java, Supriatna, Marsoedi, Hariati, &
Mahmudi (2017) reported that other external environmental factors have influenced the DO. They observed that
DO was positively correlated with temperature and pH, while DO negatively correlated with salinity, phosphate,
organic matter, carbonates, and bicarbonates.

Another concern regarding hatchery water quality properties was related to temperature and TAN matters.
Temperature recorded in this study was still within the ranges of studies conducted by other researchers. The
reported temperature in those studies were 20-32°C for Cheng, Wang, & Chen (2005), 28-31°C for Djunaedi,
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Susilo, & Sunaryo (2016), and 27°C for Sahrijanna & Sahabuddin (2014). The observed dynamics and
increasing trends of temperatures were related to the chemical properties of water molecules, solar radiation, air
temperature, and the water temperature passing through the treatment units. Water consists of atoms and
molecules and these mass of matter to which energy is added are vibrating faster, rapidly, and move slightly
farther apart. As a result, the movements of atoms and molecules generate energy and heat content that raise the
temperature over time.

Increasing TAN is another important water quality for PL10 hatchery. Djunaedi et al. (2016) observed the
increasing trends for ammonia and nitrite were 0.04-0.12 mg/L and 0.1-0.3 mg/L, respectively. Sahrijanna &
Sahabuddin (2014) reported the ammonia to be equal to 0.53 mg/L and nitrite at 2.32 mg/L. TAN is associated
with PL10 hatchery and it resulted from high rates of prawn excretion and feed loading. High TAN levels can
adversely affect hatchery productivity (Valencia-Castafieda et al., 2018). Furthermore, increasing TAN levels
recorded in this study were comparable to study by Zhou & Boyd (2015). They found that TAN levels fluctuate
greatly over time and had levels between 5 and 15 mg/L.

One of the advantages of utilizing nanobubble is its ability to improve water quality properties, including
increasing DO and reducing temperature and TAN. In this study, an increment of DO and temperature, as well
as reductions of TAN was observed. The DO, temperature, and TAN average for control after 24 hours were
9.94 mg/L (95%CI: 9.44, 10.4), 24.90C (95% CI: 24.8 to 25) and 2.58 mg/L (95%ClI: 0.91, 4.25).
Comparatively, DO, temperature, and TAN averages of nanobubble treatment group after 24 hours were 10.52
mg/L (95% CI: 9.86, 11.2), 24.60C (95%CIl: 24.5, 24.7), and 2.35 mg/L (95% CI: 0.86, 3.84), respectively.
Likewise, the use of nanobubble in PL10 hatchery can increase the DO by 6%, reduce the temperature by 2%,
and reduce the TAN by 9%.

The DO increment under nanobubble treatment recorded in this study was comparable to other results obtained
by Ebina et al. (2013) and Rahmawati et al. (2020). According to Ebina et al. (2013), nanobubble significantly
increased the DO by four folds. The DO in control was 7.7 mg/L and in nanobubble treatment it increased four
times to 31.7 mg/L. Similarly, Wu et al. (2019) reported DO increased almost by nine folds from 0.60 mg/L to
over 5.00 mg/L, while Rahmawati et al. (2020) reported that after 40 days, the DO level with nanobubble
treatment was 5 mg/L, while the control was 3 mg/L.

Besides increasing DO, nanobubble has been reported to remove water pollutants including reducing ammonia
nitrogen, total nitrogen, TDS, and total phosphorus. The high zeta potential and a large specific surface area of
nanobubble can assist in the removal of pollutant (Xia & Hu, 2018). These nanobubble characteristics create
longer contact time between the bubbles and the suspended matter, thus improve the adhesion efficiency. The
combination of nanobubble and coagulation technology can enhance the removal of pollutants in water. In Liu
& Tang (2019) study, the reduction rate of ammonia nitrogen was reported to be equal to 80%. The TAN under
nanobubble treatment was observed at 9% lower than control and this indicated that there was TAN removal.
The ammonia removal was conducted through the oxidation process and nanobubble was proven to be rather
effective in oxidizing ammonia (Khuntia, Majumder, & Ghosh, 2013).

Conclusion

The nanobubble technology used in the P. vannamei PL 10 hatchery was able to manage the water quality
properties. To conclude, the nanobubble can increase DO level while simultaneously reduce the temperature and
TAN. The DO in nanobubble treatments increased by 6%, the temperature decreased by 2%, and the TAN
reduced by 9% after 24 hours. Further research should be conducted to measure physiology condition of reared
P. vannamei using nanobubble.
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