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Abstract

Nitrite pollution poses a serious threat to aquaculture systems, affecting the health and growth of
aquatic organisms. This study focuses on the development and evaluation of microbial formulations
designed to enhance nitrite removal in aquaculture environments. Various microbial formulations,
utilizing selected nitrite-reducing bacterial strains, were created and tested under both controlled
laboratory conditions and actual aquaculture systems. The effectiveness of each formulation was
assessed based on its ability to reduce nitrite levels, alongside monitoring other water quality
parameters such as pH, temperature, and dissolved oxygen. The results indicated that the formulations
achieved up to 90% reduction in nitrite concentrations, with minimal impact on overall water quality.
These findings highlight the potential of these microbial formulations for improving water quality
management in aquaculture systems and promoting sustainable fish farming practices. Future work will
focus on optimizing formulation stability and evaluating long-term effects on aquatic ecosystems.
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Introduction

Aquaculture is a rapidly growing sector that plays a crucial role in global food security and
economic development. However, maintaining optimal water quality in aquaculture systems
is a persistent challenge. One of the most critical issues is the accumulation of nitrite (NOy),
which can be highly toxic to aquatic organisms, affecting their growth, health, and survival.
Nitrite contamination commonly arises from the decomposition of organic matter and the
metabolic activities of fish and other aquatic species. When nitrite levels exceed acceptable
thresholds, they can disrupt the physiological functions of fish, leading to reduced growth
rates, increased susceptibility to diseases, and even mortality.

Traditional methods for managing nitrite levels in aquaculture systems often involve costly
and complex chemical treatments or frequent water changes, which may not be sustainable in
the long term. Microbial bioremediation, using specialized microorganisms to remove or
transform pollutants, presents a promising alternative. Microbial formulations designed for
nitrite removal can offer a more sustainable and cost-effective solution by enhancing the
natural nitrite-reducing processes within the system.

Recent advancements in microbial technology have led to the development of various
bacterial strains with high nitrite-reducing capabilities. These strains can be formulated into
effective products for use in aquaculture systems. Despite their potential, there remains a
need for comprehensive studies to evaluate the effectiveness of these microbial formulations
under practical conditions and to optimize their application for various aquaculture scenarios.
This study aims to address this need by developing and evaluating microbial formulations
specifically designed for nitrite removal in aquaculture systems. We focus on selecting and
optimizing nitrite-reducing bacterial strains, assessing their performance in controlled
environments, and verifying their effectiveness in real-world aquaculture settings. By
providing insights into the performance and applicability of these formulations, this research
seeks to contribute to more effective and sustainable water quality management practices in
aquaculture.
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Content and methods of research

Content

e Isolate and select microorganisms capable of treating
nitrite in aquaculture water.

e Produce microbial products for treating nitrite in
aquaculture water.

e Test and evaluate the effectiveness of microbial
products in reducing nitrite levels in aquaculture water.

Methods

Water sampling method: Water samples were collected
from aquaculture ponds according to TCVN 6663-4:2020.
Three samples were taken from three locations in each pond
(including the beginning, middle, and end). At each
location, 500 ml of water was collected into a sampling
bottle. The samples were either tested immediately or stored
at low temperatures (3-5 °C) for no more than one week.

Isolation method (Koch's method): Dilute the sample to a
concentration of 10°. Use a sterile 1 ml pipette for each
concentration. Draw 0.02 ml and drop it onto a medium
specifically designed for nitrite oxidation and incubate at 28
°C. The isolated microbial strains were then cultured using
the streak plate method on a semi-solid medium. Afterward,
the microbial strains were cultured in slant tubes for strain
preservation.

Observation method: Describe the morphological
characteristics of the colonies after 48 hours of incubation at
30 °C on the isolation medium. Observe cell morphology
using Gram staining and a microscope.

Evaluate the nitrite-reducing activity of bacterial strains
using the 4500-NO2B spectrophotometric method: The
strains were cultured on a specific medium to a density of
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10" CFU/ml. Then, conduct nitrite treatment experiments by
adding 1 ml of bacterial solution (107 CFU/ml) to a Falcon
tube containing 50 ml of the nitrite-quantifying medium
with an NO,™ concentration of 5 mg/l. The bacterial strains
were incubated overnight at 30 °C on a shaker at 150 rpm.
After 5 days, the samples were analyzed for nitrite content
using the 4500-NO, B spectrophotometric method.

Laboratory-scale experiment

e Formula 1 (T1): Use Yucca Zeo product at a ratio of
0.5%.

e Formula 2 (T2): Use experimental microbial product at
aratio of 0.5%.

e Formula 3 (Ts-Control): No additional treatment.

Prepare aquaculture water, settle it for 1 hour, and then
analyze parameters such as NO", pH, Biochemical Oxygen
Demand (BOD), Chemical Oxygen Demand (COD),
Dissolved oxygen (DO), and temperature. Afterward,
distribute the wastewater into 9 bottles, each containing 2
liters of wastewater. Add the products according to the
formulas mentioned above and monitor for 5 days. After 5
days, analyze parameters such as NO, pH, BOD, COD,
DO, and temperature.

Research Results and Discussion

From the aquaculture pond water samples, nine microbial
strains were isolated on the nitrite oxidation medium.
Strains 94, 85, 65, and 79 were fast-growing, appearing
within approximately 24 hours. A few strains, including 86,
83, and 37, appeared later, within approximately 48 hours.
Following these, strain 14 appeared after approximately 72
hours, and the slowest was strain 18, which appeared after
96 hours.

Table 1: Results of microbial strain isolation

Strain ID Colony Size (mm) Colony Morphology Cell Shape
14 0.8 Circular, white Short rod
18 0.6 Circular, raised surface, opaque yellow Short rod
37 1.0 Circular, smooth surface, white Short rod
86 1.0 Circular, glossy surface, white Short rod
85 1.1 Circular, glossy surface, off-white Short rod
94 1.3 Circular, smooth surface, opaque white Short rod
65 11 Circular, glossy surface, brownish-yellow Short rod
83 1.0 Circular, sunken surface, off-white Short rod
79 1.2 Circular, glossy surface, off-white Short rod

Colony Size refers to the diameter of the bacterial colonies.

Colony Morphology describes the general appearance and color of the colonies.

Cell Shape indicates the morphological shape of the bacterial cells

Table 2: Nitrite removal activity results

Strain ID Initial Nitrite Concentration (mg/l) Nitrite Concentration after 5 days (mg/l) % Nitrite Removal
14 5 1.39 72.3
18 5 1.35 73.0
37 5 1.20 76.1
86 5 1.05 79.1
85 5 1.04 79.2
94 5 0.95 81.1
65 5 0.98 80.4
83 5 1.07 78.6
79 5 1.04 79.2

Initial Nitrite Concentration represents the starting amount of nitrite in the samples
Nitrite Concentration After 5 Days indicates the remaining amount of nitrite after a 5-day period.
% Nitrite Removal shows the percentage of nitrite that has been removed or reduced by the microbial strains
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The results show that after 5 days of incubation, all strains
exhibited a round shape, with cell morphology as short rods,
and colony sizes ranging from 0.6 mm to 1.3 mm. Most
colonies were white, with some strains like 18 and 65,
showing a yellow color. Strain 18 had a convex surface,
strain 83 had a concave surface, and the rest had smooth,
shiny surfaces.

After isolating the microbial strains, we assessed the nitrite-
reducing activity of the 9 strains. Evaluating nitrite-reducing
activity is a crucial factor in selecting bacteria capable of
treating NO_™ in aquaculture ponds.

The initial nitrite concentration in all samples was 5 mg/l.
After 5 days of conversion, the nitrite concentration
decreased to between 0.95 mg/l and 1.39 mg/l. The
percentage of nitrite conversion ranged from 72.3% to
81.1%, indicating a significant reduction in nitrite levels in
the samples. Sample 6 achieved the highest efficiency with
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81.1% nitrite conversion, while Sample 1 had the lowest
efficiency with 72.3%. Although there were minor
differences between the samples, all demonstrated
substantial nitrite-reducing activity, with over 70% nitrite
conversion. These results suggest that the nitrite conversion
process in the samples was effective, providing a basis for
evaluating the capability and efficiency of the methods or
catalysts used in the study.

pH is closely related to microorganisms, with each type of
microorganism having an optimal pH range for growth and
development. Acidophilic microorganisms thrive best at a
pH of 0-5.5, neutrophilic microorganisms at a pH of 5.5-8.0,
and alkaliphilic microorganisms at a pH of 8.5-11.5.
Extreme alkaliphiles have optimal growth at a pH of 10 or
higher. Therefore, determining the appropriate pH range is
crucial. The results of the pH adaptation ability of strain 94
are clearly presented in Table 3.

Table 3: pH Adaptability of microbial strain 94

Strain 1D Bacterial Density (CFU/ml)
pH=5 pH=5.5 pH=6 pH=6.5 pH=7 pH=7.5 pH=8 pH=8.5 pH=9
94 1.3x10° 3x106 2x107 4x108 1.2x10° 3x10° 3x108 4x108 1x108

The bacterial density increased gradually from 1.3x10°
CFU/ml at pH 5 to 1.2x10° CFU/ml at pH 7, indicating
optimal growth in a neutral pH environment. At pH 7.5, the
bacterial density remained high at 3x10° CFU/ml. However,
as the pH increased to 8, the bacterial density decreased to

3x10® CFU/ml and continued to drop sharply to 1x10°
CFU/ml at pH 9. These results indicate that strain 94 adapts
best within the neutral pH range, particularly at pH 7 and
pH 7.5, and is less adaptive in environments with either very
low or very high pH.

Table 4: Thermal tolerance of microbial strain 94

Strain 1D Bacterial Density (CFU/ml)
15°C 20°C 25°C 30°C 35°C 40 °C 45°C 50 °C 55°C
94 4.1x108 4.1x108 4.2x107 2x10° 6x108 5.2x107 6.1x108 1.2x10° 4x10*

The results show that the bacterial density remained stable
at 4.1x10° CFU/ml at 15 °C and 20 °C. As the temperature
increased to 25 °C, the bacterial density significantly rose to
4.2x10" CFU/ml, peaking at 30 °C with 2x10° CFU/ml.
However, as the temperature continued to rise, the bacterial
density gradually decreased, dropping to 6x108 CFU/ml at
35 °C, 5.2x10” CFU/ml at 40 °C, and sharply decreasing to

6.1x10° CFU/ml at 45 °C. At 50 °C, the bacterial density
further decreased to 1.2x10° CFU/ml, and at 55 °C, the
bacterial density dropped sharply to just 4x10* CFU/m.
These results indicate that strain 94 grows best at 30 °C and
is less adaptive to higher temperatures, especially above 35
°C.

Table 5: Biological characteristics of microbial strain 94

Strain | Temperature Nitrite Removal Colony Size | Density
D °C) pH Range (%) Colony Morphology Cell Shape (mm) (CFU/mI)
94 15-55 5-9 81.1 Round, smooth surface, opaque white | Short rod 1.3 6x10°

Strain 94 demonstrates the ability to operate within a wide
temperature range from 15 °C to 55 °C and a pH range from
5 to 9, showing high adaptability to different environmental
conditions. The NO; reduction capability of strain 94
reached 81.1%, indicating high efficiency in nitrite
conversion. The colonies of strain 94 are round, smooth-
surfaced, and opaque white, with a size of 1.3 mm. The

bacterial cells are short rods. The bacterial density reached
6x10° CFU/m, indicating robust growth and development.
These characteristics suggest that strain 94 is a potential
candidate for biological applications related to NOy
reduction and operation under various environmental
conditions.

Table 6: Quality of microbial formulation

Parameter Formulation 94 QCVN 02-32-1:2019
Beneficial Microorganisms (CFU/mI) 6x10° > 1x106
Contaminant Microorganisms (CFU/mI) 7x10* Not specified

Table 6 shows that the microbial preparation 94 has high
quality, with a density of beneficial microorganisms
reaching 6x10° CFU/ml, far exceeding the minimum
requirement of the Vietnamese Standard QCVN 02-32-
1:2019. The density of non-beneficial microorganisms in the
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preparation is 7x10* CFU/mI. Although not specifically
regulated in the QCVN, this needs to be considered to
ensure the safety and purity of the preparation. These results
confirm that preparation 94 has high potential for
application in biological and environmental fields.
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Table 7: Results of water treatment with the formulation after 5 days

Sample pH Temperature (°C) DO (mg/l) COD (mg/l) BODS5 (20°C) (mg/l) NO2- (mg/l)
Untreated 7.39 23 5.6 78 27.9 2.25
T1 7.28+0.14 24.8+0.26 5.36+0.55 74.3£25.77 30.8+11.29 0.93+0.07
T2 7.33+£0.13 24.9+0.55 5.03+1.06 58.3+22.54 23.4+11.33 0
Ts (Control) 7.28+0.04 24.4+0.45 5.240.45 51+3.60 19.38+3.08 1.4+0.2

The treated water samples maintained levels close to those
of the untreated sample, with negligible changes. The pH of
the treated samples ranged from 7.28 to 7.33, while the
untreated sample was 7.39. This indicates that the microbial
preparation does not significantly affect the acid-base
balance of the water, which is positive as pH stability is
important in many biological processes.

The temperature of the treated water samples ranged from
24.4 °C to 24.9 °C, compared to 23 °C for the untreated
sample. This slight increase could be due to the biological
activity of the microorganisms, as the decomposition of
organic matter typically generates heat. This temperature
change is not significant and does not negatively affect
water quality.

DO slightly decreased from 5.6 mg/l in the untreated sample
to approximately 5.03 mg/l to 5.36 mg/l in the treated
samples. This slight decrease could be due to
microorganisms using oxygen during the decomposition of
organic matter. Despite the decrease, this level remains
within the acceptable range for most water applications.
COD is a crucial indicator for evaluating the effectiveness
of the preparation in reducing the amount of dissolved
organic matter in water. The treated water samples had
COD levels reduced from 78 mg/l to 58.3 mg/l and 51 mg/I
in the T3 and T3 (control) samples, respectively, indicating
that the preparation effectively decomposes organic matter.
This significant reduction shows that preparation 94 helped
decrease the amount of organic pollutants in the water.
BODs also decreased from 27.9 mg/l in the untreated
sample to 23.4 mg/l in the T3 sample and 19.38 mg/l in the
Ts (control) sample. This decrease shows that the microbial
preparation improves the decomposition of organic matter in
the water. However, the T, sample recorded a slight increase
in BODs (30.8 mg/l), which might be due to changes in the
easily degradable organic components in the water or
complex interactions between factors during treatment.

NO; levels sharply decreased from 2.25 mg/l in the
untreated sample to 0 in the T3 sample and decreased to 0.93
mg/l in the T; sample and 1.4 mg/l in the Ts (control)
sample. This significant reduction, particularly in the T;
sample where nitrite was completely eliminated, indicates
the microbial preparation is highly effective in nitrite
removal. Nitrite is a harmful pollutant in water, and the
nitrite-reducing capability of preparation 94 is an important
factor in improving water quality.

In conclusion, the microbial preparation 94 effectively
improves water quality by reducing organic pollutants and
nitrite. Although there is a slight decrease in DO and BODs
in some samples, the preparation still shows positive
effectiveness in reducing COD and nitrite, confirming the
potential of the preparation for water treatment applications.

Conclusion

Microbial isolation and selection: A total of nine
microbial strains were isolated from aquaculture water, with
significant variations in growth rates and characteristics.
Strain 94 demonstrated the most promising performance in

~11 ~

nitrite removal, achieving up to 81.1% reduction in nitrite
levels.

Optimal conditions for microbial activity: Strain 94
exhibited optimal growth and nitrite removal capabilities at
a neutral pH range (pH 7 to 7.5) and temperatures around 30
°C. The strain showed a broad temperature tolerance from
15 °C to 55 °C, and a pH range from 5 to 9, highlighting its
versatility in various environmental conditions.

Impact on water quality parameters: The microbial
formulation was effective in reducing COD and nitrite
concentrations, which are critical indicators of water quality
in aquaculture systems. Although slight reductions in DO
and BODs were observed, these changes did not adversely
affect the overall water quality.

Application and potential: The formulation of microbial
strain 94, with its high density and effective nitrite removal,
presents a viable solution for improving water quality in
aquaculture. Its ability to maintain performance across a
range of environmental conditions makes it a valuable tool
for enhancing the sustainability of aquaculture practices.
Overall, the results demonstrate that the microbial
formulation developed in this study has significant potential
for practical applications in aquaculture systems, offering an
effective means of managing nitrite levels and improving
water quality. Future research should focus on scaling up
the application and further optimizing the formulation to
address broader environmental and operational challenges in
aquaculture.
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