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ABSTRACT 
This research investigates the potential of aquaponics as a sustainable solution for environmental conservation 

and the enhancement of aquatic life. The paper explores the principles behind aquaponics, highlighting its 

benefits such as reduced resource consumption, minimized waste generation, and promotion of ecological 

balance. A functional aquaponics system cultivating spinach and carp was constructed and monitored. The study 

focused on the importance of the nitrogen cycle for nutrient conversion and maintaining a balanced ecosystem. 

Water quality parameters, including pH and hardness, were measured weekly to assess the health of fish and 

plants. Results suggest a potential correlation between biological processes in the grow bed and pH fluctuations. 

Also, water hardness data indicates a need for adjustments to address potential calcium deficiencies in the spinach 

plants. This research emphasizes the promise of aquaponics for sustainable food production while highlighting 

the importance of careful monitoring and management to ensure the well-being of both fish and plants within the 

system. 
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1. INTRODUCTION 
The global pursuit of sustainable solutions for environmental conservation and the enhancement of aquatic life 
has become increasingly urgent in the face of escalating environmental degradation and biodiversity loss [1]. As 
human activities continue to exert profound impacts on ecosystems worldwide, innovative approaches are needed 
to address the complex interplay between human well-being and ecological integrity [2], [3]. In this context, 
aquaponics emerges as a promising and multifaceted strategy that integrates aquaculture and hydroponics to create 
symbiotic relationships between fish, plants, and microorganisms within a closed-loop system [4]. 

Aquaponics represents a paradigm shift in agricultural practices, offering a holistic and environmentally friendly 
approach to food production that minimizes resource consumption, reduces waste generation, and fosters 
ecosystem resilience [5], [6]. By harnessing natural 

processes such as nutrient cycling, biological filtration, and microbial activity, aquaponic systems emulate the 
dynamic interactions found in natural ecosystems, thereby promoting ecological balance and sustainability [7]. 
Moreover, aquaponics offers unique opportunities for enhancing aquatic life by providing habitat complexity, 
nutrient-rich environments, and optimal water conditions for fish and other aquatic organisms [6], [8]. The 
concept of aquaponics is rooted in the principles of ecological design, circular economy, and regenerative 
agriculture, reflecting a broader shift towards more holistic and integrated approaches to food production and 
environmental management [9]. Unlike conventional farming methods, which often rely on synthetic inputs, 
monocropping, and chemical pesticides, aquaponics harnesses the power of biological synergies to create self-
sustaining ecosystems that support both plant growth and aquatic life [8]. 

In recent years, there has been growing interest and investment in aquaponic systems as a means of addressing 
key environmental challenges, such as water scarcity, soil degradation, and habitat destruction [9]. By utilizing 
recirculating water systems, optimizing nutrient cycling, and minimizing environmental impacts, aquaponics 
offers a compelling alternative to traditional agriculture, particularly in regions facing mounting pressures from 
population growth, climate change, and resource scarcity [10]. Despite its potential, however, aquaponics is not 
without its challenges and limitations. Technical expertise, operational costs, and regulatory barriers can pose 
significant barriers to adoption and scalability, particularly for small-scale farmers and marginalized communities 
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[11]. Moreover, the ecological complexity of aquaponic systems requires careful management and monitoring to 
prevent imbalances and ensure long-term sustainability [1]. 

Tyson et al. (2015) highlight the integration of aquaculture and hydroponics, emphasizing the sustainability 
opportunities and challenges [12]. Similarly, Cerozi and Fitzsimmons (2017) investigate role of pH in phosphorus 
availability, essential for nutrient management [13]. Junge et al. (2017) identify strategic points for successful 
aquaponic system implementation [6], while Delaide et al. (2017) evaluate small-scale systems, focusing on 
production performance and resource use [11]. Greenfeld et al. (2018) discuss economic viability, identifying 
gaps between potential and uncertainties [14]. Nitrogen transformations, critical for system efficiency, are 
reviewed by Wongkiew et al. (2017), emphasizing biological and chemical processes [15]. Love et al. (2015) 
offer an international survey, showcasing the diversity of systems and practices worldwide [7]. Zou et al. (2016) 
delve into impact of pH on nitrogen transformations in media-based systems, crucial for nutrient conversion 
efficiency [16]. These studies reveal aquaponics as a promising approach for sustainable agriculture and 
environmental conservation. Overcoming the multifaceted challenges and optimizing aquaponic systems hold the 
key to unlocking their widespread adoption as a sustainable agricultural practice. 

In this research paper, a functional aquaponics system cultivating spinach and carp was built and monitored to 
explore aquaponics as a sustainable solution for environmental conservation 

and improved aquatic life. The focus was on evaluating the efficiency of the nitrogen cycle in converting fish 
waste into plant nutrients, analyzing the impact of water quality parameters (such as pH and hardness) on the 
health of both fish and plants, and identifying potential management challenges. By investigating the efficacy of 
aquaponics and its underlying processes, this research aims to provide valuable insights for optimizing and 
promoting this method. These findings can inform future research and contribute to wider adoption of 
aquaponics, ultimately fostering a more environmentally friendly and resource-efficient approach to agriculture. 

2. MATERIALS 
This research paper employed carefully selected materials to construct and operate a functional aquaponic system, 
fostering sustainable food production and environmental conservation. The primary vessel for housing aquatic life 
was a transparent and durable 2 ft. x 1 ft. x 1 ft. glass water tank, chosen to facilitate observation of fish behavior 
and plant growth. PVC pipes of varying diameters of 1-inch and 2-inch ensured efficient water circulation within 
the system, delivering nutrient-rich water to the grow beds and fish tank. Precision-drilled inlet and outlet holes of 
0.5 mm diameter were incorporated into the PVC pipes for seamless integration and precise control over water 
flow rates and system dynamics. A water flow pump, essential for maintaining adequate water circulation and 
oxygenation, was installed to promote the health of aquatic organisms. A dedicated filter unit was incorporated to 
enhance water quality by removing particulate matter, ensuring optimal conditions for both fish and plants. To 
initiate and sustain the crucial nitrogen cycle for nutrient cycling, beneficial bacteria colonization, and plant 
growth, specialized chemicals like micro life S2 were introduced into the system. Finally, an air pump provided 
supplementary aeration and oxygenation, contributing to the overall health and well-being of aquatic life. 

3. EXPERIMENTATION 
In this research, a functional and environmentally sustainable aquaponic system was constructed to cultivate 
spinach and raise carp. The foundation was a robust and leak-proof fish tank, meticulously constructed using high-
grade materials like thick glass. Silicone sealant for seams ensured watertight integrity, preventing potential 
environmental harm from water leakage. Plant grows beds, lined with impermeable materials to prevent seepage, 
were strategically positioned near the fish tank to facilitate efficient water circulation throughout the system. 
Recognizing the importance of water flow, a suitably sized water pump was installed to create a closed loop 
between the tank and grow beds. A drainage mechanism was also incorporated to prevent waterlogging within the 
plant beds. Finally, the potential need for an air pump to supplement oxygen levels within the fish tank was 
acknowledged, with the specific requirement being dependent on the chosen carp species and overall system 
design. 
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Fig. 1. Visualizing an Aquaponics System (a) Schematic Diagram; (b) Functional Setup Figure 1 illustrates the 
core components of a basic aquaponics system and the flow of water between the fish tank and the plant grow bed. 
Figure 1 (a) clearly depicts the key components: a rectangular fish tank, labeled filter media (M1) positioned 
below it, and squiggly lines representing fish. An arrow indicates water flow from the fish tank to a plant grow 
bed filled with media. Another labeled filter media (M2) sits beneath the grow bed, with a final arrow showing 
recirculated water returning to the fish tank. Figure 1 (b) presents a more practical view of Aquaponics System. 

A crucial preparatory phase is necessary to establish a population of beneficial bacteria within the aquaponics 
system. These bacterial communities play an essential role in the nitrogen cycle, transforming ammonia (NH₄⁺), a 
toxic byproduct of fish waste, into nitrites (NO₂⁻) and ultimately nitrates (NO₃⁻), a usable nutrient source for 
plants. This process typically takes several weeks and involves initiating bacterial growth by introducing a small 
amount of fish food as a source of organic matter. Regular monitoring of water quality parameters, particularly 
ammonia and nitrite levels, is essential during this period to ensure a safe environment for the forthcoming fish 
[17]. By establishing a robust population of nitrifying bacteria, this preparatory phase lays the foundation for a 
successful and balanced aquaponics system. 

3.1. Nitrogen cycle 

The nitrogen cycle is a pivotal process within aquaponic systems, facilitating the conversion of toxic nitrogenous 
waste produced by fish into valuable nutrients for plants. Figure 2 illustrates the nitrogen cycle in aquaponics. 
The nitrogen cycle is a natural process that is essential for plant growth and plays a critical role in maintaining a 
balanced aquaponics system. 

 
Fig. 2. General Aquaponics Nitrogen cycle [17] 
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In the fish tank, the nitrogen cycle commences with the introduction of fish. Their waste, along with uneaten food 
and other organic matter, decomposes, releasing ammonia into the water. Ammonia exists in two forms: ionized 

ammonium (NH4
+) and unionized ammonia (NH3) [17]. While ammonium is relatively harmless to fish, 

unionized ammonia is toxic, particularly at higher concentrations and elevated pH levels. Nitrosomonas bacteria, 
present in the aquaponic system, play a vital role during the second stage of the nitrogen cycle. These bacteria 

oxidize ammonia into nitrites (NO2
-), which are still harmful to fish, albeit less so than ammonia. As water 

circulates from the fish tank to the spinach grow bed, it carries these nitrites to the plants. In the grow bed, the third 

stage of the nitrogen cycle unfolds. Nitrobacter bacteria convert nitrites into nitrates (NO3
-), a form of nitrogen 

that is less toxic to fish and serves as a vital nutrient for plant growth. Spinach and other leafy greens thrive on 
these nitrates, utilizing them for photosynthesis and overall development. The uptake of nitrates by spinach 
effectively removes nitrogenous compounds from the water, completing the nitrogen cycle loop. As a result, the 
water returning to the fish tank is purified, with reduced levels of harmful nitrogen compounds. This cyclical 
process not only detoxifies the water but also ensures a sustainable symbiotic relationship between fish and plants 
in the aquaponic system [17], [18]. 

Maintaining optimal conditions for the nitrogen cycle is essential for the health and productivity of both fish and 
plants. Regular monitoring of water parameters such as pH, ammonia, nitrite, and nitrate levels helps ensure that 
the nitrogen cycle operates efficiently. By harnessing the power of this natural biological process, aquaponic 
systems can achieve high levels of sustainability and productivity, making them a promising solution for modern 
agriculture [17]. 

4. RESULTS AND DISCUSSION 

4.1. pH tests 

Testing the pH of fish tank water is an important aspect of water quality assessment. The pH level can 
significantly impact the environment and the effectiveness of fish tank water treatment processes. A pH test 
measures the acidity or alkalinity of fish tank water. 

In this study, fish tank water pH was measured using a calibrated pH meter. A representative water sample was 
collected, and the electrode of meter was submerged to obtain a stable reading. The recorded pH value was 
interpreted based on the specific fish species requirements and relevant regulations. While a neutral pH of 7 is 
often preferred for treatment processes, adherence to local regulations dictating specific pH ranges is essential. The 
safety protocols for handling and disposing of water samples were strictly followed due to the presence of 
potentially harmful substances. 

Table 1: Weekly pH measurements in the carp fish tank and spinach plant grow beds. 
Week Carp 

Tank pH 
Ideal Range 

for Carp 
Spinach 

Grow Bed pH 
Ideal Range for Remark Spinach 

1 7 6.5-8.0 6.8 6.0-7.5 Initial reading 
2 7.2 6.5-8.0 6.5 6.0-7.5 Slight increase due to ammonia 

excretion from fish 
3 7.4 6.5-8.0 6.3 6.0-7.5 Further increase, potentially 

buffered by beneficial bacteria 
4 7.5 6.5-8.0 6 6.0-7.5 Nearing upper limit for carp, 

possible sign of insufficient nitrification 
5 7.7 6.5-8.0 5.8 6.0-7.5 Action needed for carp, spinach 

approaching lower limit 
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Table 1 presents a record of weekly pH measurements taken in both the carp tank and the spinach grow bed 
within the aquaponic system. 

 
Fig. 3. Weekly pH fluctuations in a spinach grow bed compared to a carp tank. 

Figure 3 depicts the comparative weekly pH measurements of a spinach grow bed and a carp tank, likely 
functioning components of an aquaponic system. The data reveals a pattern of greater pH fluctuation within the 
spinach grow bed compared to the carp tank. The initial pH in the grow bed measured approximately 6.8, and it 
progressively decreased to 5.8 by week 

five. Conversely, the pH in the carp tank commenced around 7.7 and exhibited remarkable stability throughout 
the experiment, with a minimal decline to 7.3 observed by week five. 

These observations suggest potential correlations between biological processes within the grow bed and the 
measured pH decline. Nutrient uptake by spinach plants may contribute to a gradual acidification of the grow bed 
environment. In contrast, the carp tank appears to maintain a more effective buffering system, possibly due to the 
presence of calcareous materials or biological processes that counteract pH fluctuations, resulting in a consistently 
higher pH reading. 

4.2. Hardness of water 

Weekly water hardness monitoring in aquaponics safeguards fish and plant health. It ensures calcium availability 
for spinach growth and avoids detrimental hardness levels for carp. Early detection of changes allows for targeted 
adjustments like adding calcium or using softer water, promoting a stable and thriving aquaponic ecosystem. 

Table 2: Weekly Hardness of water measurements in the carp fish tank and Spinach plant Grow Bed 
Week Carp 

Tank 
(mg/l) 

Remarks Spinach 
Grow 
Bed 

(mg/l) 

Remarks Remark and Adjustments 

 
1 

 
160 

Higher than ideal. 
Might be due to 
variations in tap 
water hardness. 

 
130 

Lower than ideal. 
Might be due to 
specific source 

water. 

 
None (Initial fill, monitor 

closely) 

 
2 

 
155 

Slightly 
decreasing, but 

still above 
preferred range for 

 
125 

 
Stable but still on 
the low end for 

spinach. 

Monitor. Consider small water 
change with softer source (if 

available) for carp tank. 
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carp. 

 
3 

 
148 

Gradual decrease 
towards ideal range 

for carp. 

 
115 

Significant drop. 
Spinach might be 

experiencing 
calcium deficiency. 

Implement adjustments. Add a 
small amount of calcium 

carbonate substrate to the grow 
bed (gradually raises hardness). 

4 142 Within acceptable 
range for carp. 

100 Deficiency more 
likely. 

Continue adjustments in grow 
bed. Monitor carp tank for 

stability. 
 
 
5 

 
 

138 

 
Stable within 

acceptable range 
for carp. 

 
 

105 

 
 

Deficiency likely. 

Consider adding a calcium 
supplement specifically 

designed for aquaponics to the 
grow bed (follow recommended 
dosage). Monitor both systems 

closely. 
Table 2 details the weekly measurements of water hardness in both the carp tank and the spinach grow bed of an 

aquaponic system. 

 
Figure 4: Weekly hardness of water measurements in the carp fish tank and Spinach plant grow beds. 

Figure 4 presents a graphical representation of the weekly water hardness measurements obtained from both the 
carp tank and the spinach grow bed within the aquaponic system. An initial disparity is evident in the water 
hardness levels between the carp tank of 160 mg/L and the spinach grow bed of 130 mg/L during week 1. This 
difference could potentially be attributed to variations in the source water used for system setup. The carp tank 
exhibits a gradual decline in hardness throughout the experiment, reaching 138 mg/L by week 5, potentially 
approaching a more suitable range for carp health. Conversely, the data for the spinach grow bed reveals a more 
substantial and continuous decrease in hardness, reaching 105 mg/L by week 5. This significant drop suggests a 
potential development of calcium deficiency within the grow bed, which could negatively impact the growth of 
spinach plants. 

5. CONCLUSION 
This research investigated the potential of aquaponics as a sustainable solution for environmental conservation 
and aquatic life enhancement. A functional aquaponic system cultivating spinach and carp was constructed and 
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monitored to assess the system's dynamics and water quality parameters. The findings highlight the importance of 
the nitrogen cycle for nutrient conversion and system stability. The study observed a gradual decrease in pH 
within the spinach grow bed, potentially due to plant nutrient uptake. Conversely, the carp tank exhibited a more 
stable pH level. Water hardness measurements revealed a potential calcium deficiency within the grow bed, 
suggesting the need for adjustments to optimize plant growth. These results emphasize the importance of careful 
monitoring and management of water quality parameters for a balanced and productive aquaponic system. Future 
research can explore optimizing water quality management strategies, investigating the integration of diverse 
plant and fish species, and evaluating the economic viability of aquaponics for broader application and wider 
adoption. 
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