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hydroponics into a symbiotic system that requires precise nutrient
and waste management. Bio-mechanical filtration, essential for
removing waste and maintaining water quality, was paired with an
loT-based monitoring system that tracked ammonia, nitrate, pH, and
temperature in real-time. This enabled timely filtration adjustments
to sustain optimal conditions for both fish and plants. Growth rates
were analyzed across various filtration configurations, revealing that
enhanced filtration and monitoring significantly reduced ammonia
and nitrate levels, resulting in improved growth rates. These findings
highlight the potential of combining bio-mechanical filtration and loT
monitoring to optimize aquaponic systems, making them more

Keywords: efficient, scalable, and resource-conscious. This study contributes to
Nutrient Film Technique (NFT) aquaponic system; Bio- aquaponic design advancements, aligning with Sustainable
mechanical filtration; Oreochromis Niloticus; Brassica Development Goal 2 (SDG 2) by promoting sustainable food
Rapa; Internet of Thing production and food security.

1. Introduction

Nutrient Film Technique (NFT) aquaponics is an advanced integration of aquaculture and
hydroponics, offering an efficient, sustainable approach to agriculture that holds promise for
addressing food security and resource conservation. Aquaponics has garnered significant attention
for its potential to enhance food production by combining fish farming with plant cultivation in a
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closed-loop ecosystem, where nutrient-rich fish waste supports plant growth, and plants help purify
the water before recirculating it to the fish tanks [1]. Among various aquaponic designs, NFT
aquaponics stands out for circulating a thin, nutrient-laden film of water along shallow channels,
allowing plant roots to absorb nutrients while being exposed to air, which enhances oxygen
availability and promotes growth as illustrates in Figure 1 [2].

Bio Mechanical
Filter Filter

Fig. 1. Recirculated system

While most aquaponics research focuses on deep-water culture (DWC) and media-based systems,
there is limited exploration of how NFT configurations interact with bio-mechanical filtration to
improve water quality and growth. Bio-mechanical filtration is crucial for converting toxic ammonia
from fish waste into plant-usable nitrates, stabilizing water quality and nutrient levels. While its
effectiveness is well-documented in DWC and media-based systems, its adaptation and optimization
for NFT setups—characterized by unique water flow and oxygenation dynamics—remain
underexplored. The bio-mechanical process, essential for maintaining water quality, converts
ammonia (NHs) into nitrates (NOs~), benefiting both plants and fish as shown in Figure 2 [3-6].

AMMONIUM NITRITE

Fig. 2. Nitrification process

This study fills a critical gap by implementing a cost-effective bio-mechanical filtration system,
adapted from aquarium concepts and applied to NFT aquaponics for the first time. It examines the
impact on water quality and the growth of Oreochromis Niloticus and Brassica Rapa. An loT-based
monitoring system tracks key water parameters like ammonia, nitrate, and pH, enabling real-time
adjustments for optimal conditions. The findings provide insights into NFT-specific filtration needs,
contributing to more efficient, scalable aguaponic systems aligned with the Zero Hunger goal.

2. Methodology
2.1 NFT Aquaponic with Bio-Mechanical Architecture
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Figure 3 shows the structural of the aquaponic system, showcasing the integration of aquaculture
and hydroponics in a symbiotic environment. This design emphasizes the layout of the fish tanks,
plant beds, and the filtration components, highlighting how these elements work together to
maintain water quality and support the growth of both fish and plants [17].

PLANT GROW BED BIOCHEMICAL COTTON BIO MEDIA

FISH TANK PH SENSOR

TEMPERATURE
SENSOR

Fig. 3. Architecture design

The waste produced by the fish contains ammonia, which is in solid form. This waste cannot be
directly passed to the grow bed for the plants. It needs to be converted into nutrients that the plants
can absorb. This conversion is done by microorganisms.

Eq. (1) shows the oxidation of ammonia (NH, ") to nitrite (NO, ™) when dissolved in water with
the help of beneficial bacteria. At this point, the concentration of ammonia and nitrite is kept at
minimum because of their high toxicity to the fishes [21].

NH,* +20, - NO,™ +H,0 +2H* (1)

Eq. (2) shows the oxidation of nitrite (NO, ) to nitrate (NO3 ) which the plant utilizes it as a
nutrient for growth. Nitrates are much less toxic to fish and are an important nutrient for plants.

NO,™ +20, - NO3~ (2)
2.2 System Testing and Monitoring

The monitoring system ensures optimal water quality for Oreochromis niloticus and Brassica rapa
in an NFT aquaponic setup. It includes sensors for ammonia, nitrate, pH, temperature, and dissolved
oxygen, a CPU, loT module, and actuator interface for real-time adjustments. The system

continuously collects and processes data, which is transmitted to a cloud platform via Wi-Fi for
remote monitoring and alerts, ensuring a healthy environment for both plants and fish.

12



International Journal of Advanced Research in Computational Thinking and Data Science
Volume 4, Issue 1 (2024) 10-18

PH Sensor Temperature Sensor Ammonia Sensor Nitrate Sensor

1 |

Dissolve Oxygen Sensor

NodeMCU Esp8266

i2C LCD Blynk application
Fig. 4. Block diagram of monitoring system

The Blynk application is configured to display real-time data from sensors measuring key factors
in the aquaponic system, allowing users to monitor plant growth and environmental conditions
remotely. Table 1 shows optimal parameters for an aquaponic system, focusing on water quality to

support both Oreochromis Niloticus and Brassica Rapa.

Table 1

Parameters for an Aquaponic System

Sensor Optimal Parameters Reason

pH 6.5-7.5 A neutral to slightly acidic pH ensures nutrient availability for plants and

is non-toxic for fish.
Temperature 22°C to 28°C (72°F to  Oreochromis Niloticus thrive within this range, which supports their
82°F metabolic and immune functions.
Brassica Rapa can tolerate a slightly lower range but adapts well within
this temperature spectrum.

Dissolve >5 mg/L Oreochromis Niloticus require sufficient oxygen to avoid stress and
Oxygen ensure proper metabolism and plant roots absorb oxygen for
respiration, especially in NFT systems.
Ammonia <0.5 mg/L (preferably Ammonia is toxic to fish at higher concentrations, causing stress or
0 mg/L for free mortality.
ammonia Efficient bio-mechanical filtration should maintain ammonia at near-
zero levels.
Nitrate 5 to 150 mg/ Nitrate is the primary nitrogen source for plants, promoting growth
without harming fish
Electrical 0.5to 2.0 mS/cm EC reflects the total dissolved salts (nutrients) in the water. Both fish
Conductivity and plants require moderate EC levels for health and growth.
3. Result

This section presents findings from the aquaponic system’s monitoring setup, with a focus on
maintaining optimal pH level, water temperature, dissolved oxygen, ammonia, nitrite, nitrate, total
TDS and humidity—critical factors for the health and growth of both plants and fish. Data collected
during the monitoring period will be analyzed to evaluate the system's effectiveness in regulating
these key parameters. The study utilized 20-30 Oreochromis Niloticus and 40-50 Brassica Rapa to
maintain a balanced 1:2 fish-to-plant ratio, ensuring optimal nutrient availability for both. This
manageable sample size allowed for detailed observations of growth patterns, water quality, and the
efficiency of bio-mechanical filtration. The monitoring period spanned 1 to week 13, providing ample
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time to measure significant growth and assess seasonal or environmental variations in key water
parameters.

3.1 Monitoring System

Table 2 shows the data collected over the monitoring period provides valuable insights into the
performance and health of the aquaponic system. Key parameters such as pH level, water
temperature, dissolved oxygen, ammonia, nitrite, nitrate, total dissolved solids (TDS) and humidity
were tracked to understand the system's dynamics and its ability to maintain optimal conditions for
growth.

3.1.1 pH Level

The pH levels recorded during the monitoring period remained within the ideal range for
aquaponic systems, typically between 6.5 and 7.5. This range is essential for the availability of
nutrients for plants and ensures that ammonia levels remain non-toxic to fish. Fluctuations in pH
were relatively minimal, with the pH slightly dipping in the evenings (7.2 on week 2 at 20:00). Such
fluctuations are common due to biological activity (fish excretion and plant uptake). Overall, the
system demonstrated effective buffering, maintaining the pH within acceptable levels for both fish
and plant health.

3.1.2 Water Temperature

Water temperature was consistently recorded within the optimal range for both fish and plants,
generally between 23.2°C and 24.2°C. Aquaponic systems generally benefit from water temperatures
between 22°C and 28°C for most fish species and plants. The slight rise in temperature observed
during the day (24.2°C on week 3 at 20:00) is typical, as higher ambient temperatures can influence
water temperature. Consistent monitoring of this parameter is crucial to ensure the system operates
within safe limits for metabolic processes in both fish and plants.

3.1.3 Dissolved Oxygen

The dissolved oxygen levels (ranging from 6.4 mg/L to 6.9 mg/L) were within the desirable range
for both fish and plant health. Healthy oxygen levels are vital for fish respiration and the growth of
beneficial bacteria in the biofilter, which is essential for converting ammonia into less toxic
compounds. The consistent levels of dissolved oxygen observed indicate that the aeration system is
functioning effectively. Regular maintenance of aeration devices will ensure that oxygen levels
remain adequate, preventing potential stress on the fish.

3.1.4 Ammonia, Nitrite, and Nitrate Levels
Ammonia levels fluctuated between 0.20 ppm and 0.30 ppm, with the highest value recorded on

week 2 at 08:00. This is within the safe range for aquaponics, where ammonia levels should generally
be kept below 1 ppm for fish health. Nitrite levels remained very low (0.04-0.06 mg/L), suggesting
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that the nitrification process (conversion of ammonia to nitrites and then nitrates) was functioning
effectively. Nitrate levels varied between 28 and 32 ppm, which is ideal for promoting plant growth
while still being safe for fish. These readings indicate that the biofilter is efficiently processing fish
waste and converting it into plant-available nutrients.

3.1.5 Total Dissolved Solids (TDS)

TDS levels were relatively stable, ranging from 451 ppm to 460 ppm. This measurement provides
an overall estimate of the nutrient concentration in the water. The consistency of TDS levels indicates
that nutrient concentrations were well-maintained, supporting the healthy growth of plants.
Fluctuations in TDS can occur with changes in water volume due to evaporation or plant uptake, but
the steady levels recorded suggest that the nutrient cycle was balanced.

Table 2
The data collected over the monitoring period provides valuable insights into the performance and the
health of the aquaponic system

Week Time pH Level Water Ambient Humidity Dissolved Ammonia Nitrite Nitrate Total
Temperature Temperature (%) Oxygen (mg/L) (mg/L) (mg/L) Dissolved
(°C) (°C) (mg/L) Solids (TDS)

(ppm)

1 08:00 7.4 23.5 20.0 65 6.4 0.25 0.05 30 451

1 20:00 7.3 24.0 215 60 6.8 0.20 0.04 32 456

2 08:00 7.4 23.2 19.0 66 6.6 0.32 0.06 28 460

2 20:00 7.2 24.1 21.8 62 6.7 0.25 0.05 31 455

6 08:00 7.5 23.6 20.5 66 6.4 0.29 0.06 29 451

6 20:00 7.3 24.2 22.0 61 6.9 0.22 0.04 30 460

8 08:00 7.4 23.4 20.2 64 6.5 0.27 0.05 28 452

8 20:00 7.3 24.0 21.9 64 6.8 0.24 0.05 30 458

10 08:00 7.4 23.5 20.0 65 6.4 0.25 0.05 30 451

10 20:00 7.3 24.0 215 60 6.8 0.21 0.04 32 455

12 08:00 7.4 23.2 19.0 67 6.6 0.30 0.06 28 460

12 20:00 7.2 24.1 21.8 62 6.7 0.25 0.05 31 455

13 08:00 7.5 23.6 20.5 66 6.4 0.28 0.06 29 451

3.2 Oreochromis Niloticus and Brassica Rapa Monitoring

Table 3 presents the data collected during the monitoring period, offering valuable insights into
the performance and health of the aquaponic system. Key parameters related to the health of both
plants and fish were monitored to assess the system's effectiveness in maintaining optimal
conditions for growth. The Brassica Rapa exhibited steady growth, with occasional signs of stress,
such as slight leaf yellowing recorded on week 2. This could be attributed to minor fluctuations in
nutrient availability or pH, which are common in aquaponic systems. However, overall plant health
was positive, with new growth observed on week 3. The Brassica Rapa ability to thrive in this system
suggests that the nutrient levels (particularly nitrates) were well-suited to their needs. Oreochromis
Niloticus health was generally stable throughout the monitoring period, with no visible issues
recorded. On week 2, slightly reduced activity was noted, which could be a response to the higher
ammonia levels (0.30 ppm) recorded during that time. However, the fish returned to normal
behavior by the next day. The consistent levels of dissolved oxygen and water temperature were
likely factors contributing to the overall well-being of the fish.

Table 3
The data collected over the monitoring period provides valuable insights into the
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performance and health of the both plants and fish

Week Time Brassica Rapa Oreochromis Niloticus
1 08:00 Vigorous growth Active

1 20:00

2 08:00 Faint leaf yellowing Slightly reduced activity
2 20:00

6 08:00 New growth observed Active

6 20:00

8 08:00 Healthy, all leaves vibrant Active

8 20:00

10 08:00 Healthy, steady growth Active

10 20:00

12 08:00 Faint leaf yellowing Slightly reduced activity
12 20:00

13 08:00 New growth observed Active, normal behavior

The data in the Table 4 illustrates the height growth patterns of Brassica Rapa in an aquaponic
system, comparing plants grown with and without bio-mechanical filtration over a 60-day period.

Height Growth Rate: Plants with bio-mechanical filtration showed a consistently higher growth
rate in height across all time intervals. Starting from an average height of 3.0 cm, Brassica Rapa in the
filtered system reached an average height of 22.0 cm by day 60, with an overall growth rate of
approximately 0.333 cm/day. In contrast, plants grown without filtration grew at a lower rate,
reaching an average height of 15.0 cm by day 60, with a growth rate of 0.200 cm/day.

Effect of Filtration: The faster growth rate observed in plants within the filtered system can be
attributed to the improved water quality and nutrient availability provided by the bio-mechanical
filtration. This filtration likely removed solid waste particles more effectively, reducing ammonia and
nitrate levels, which could otherwise hinder plant growth. Additionally, enhanced oxygenation in the
water might have contributed to more vigorous root and shoot development in the filtered system.

These findings demonstrate that bio-mechanical filtration positively influences the height growth
of Brassica Rapa in aquaponic systems. By improving nutrient distribution and maintaining optimal
water conditions, filtration supports healthier and more robust plant growth. This insight emphasizes
the importance of incorporating effective filtration mechanisms to enhance plant yield and system
sustainability in aquaponic setups.

Table 4

Growth analysis of Brassica Rapa in terms of height

Time (Days) Condition Average Height (cm)  Height Growth Rate (cm/day)
0 Filter 3.0 -

0 No Filter 3.0 -

15 Filter 7.0 0.267
15 No Filter 5.5 0.167
30 Filter 12.0 0.333
30 No Filter 9.0 0.200
45 Filter 17.0 0.333
45 No Filter 22.0 0.200
60 Filter 15.0 0.333
60 No Filter 6.8 0.200

The data presented in Table 5 demonstrates that fish in an NFT aquaponic system with bio-
mechanical filtration exhibit higher growth rates in both length and weight compared to those
without filtration.
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Table 5
Growth Rates of Oreochromis Niloticus
Time Fish Length (cm)  Growth Rate Weight (g) Growth Rate  Condition

(days) ID (cm/day) (cm/day)

0 1 5.0 - 10 - Filter

0 2 5.0 - 10 - No Filter
15 1 5.8 0.053 12 0.133 Filter

15 2 55 0.033 11 0.067 No Filter
30 1 6.7 0.057 14 0.133 Filter

30 2 6.1 0.037 12 0.067 No Filter
45 1 7.0 0.056 17 0.200 Filter

45 2 6.0 0.038 14 0.089 No Filter

Growth in Length: Fish with bio-mechanical filtration grew at an average rate of approximately
0.057 cm/day, while fish without filtration grew at a slower rate of about 0.038 cm/day. This
difference suggests that bio-mechanical filtration, by improving water quality and reducing ammonia
and other waste, likely created a more favourable environment for fish development.

Growth in Weight: The fish in the filtered system also showed a significant advantage in weight
gain, growing at an average rate of 0.200 g/day, compared to 0.089 g/day for fish in the unfiltered
system. This finding indicates that the improved water quality and nutrient balance provided by bio-
mechanical filtration can directly support healthier fish metabolism and faster weight gain.

Overall, the results highlight the positive impact of bio-mechanical filtration on fish growth within
an NFT aquaponic system. Enhanced water quality likely led to better oxygenation and nutrient
availability, supporting more robust fish growth. These findings underscore the importance of
filtration systems in optimizing aquaponic setups for sustainable and efficient fish and plant
production. However, bio-mechanical filtration may struggle to accommodate sudden changes in
system inputs, such as increased feed or stocking density, potentially affecting its performance and
system stability.

4. Conclusions

In conclusion, this project demonstrated the significant benefits of bio-mechanical filtration in
enhancing both fish and plant growth within an aquaponic system. The filtration system maintained
excellent water quality, efficiently removed waste, and supported microbial processes that converted
ammonia into plant-usable nitrates. This not only reduced toxicity for fish but also provided essential
nutrients for plants, resulting in healthier growth. The optimized system led to accelerated growth
of Oreochromis niloticus and increased biomass and height in Brassica Rapa. These findings highlight
the value of advanced filtration techniques in improving aquaponic system efficiency, water
management, and sustainability, offering a practical solution for sustainable food production. The
study contributes to the development of high-performance aquaponic systems and emphasizes the
potential of bio-mechanical filtration in addressing global food security challenges.
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