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Abstract: An aquaponic system (ApS) combines hydroponics with aquaculture, which is economically and
ecologically viable, environmentally friendly, and consumes renewable resources with utmost efficiency. The clear
upsurge in ApS technology adoption demonstrates the growing recognition of its ability to address critical global
issues such as food safety, water quality improvement (WQI), and farming sustainability, particularly in areas sensitive
to climate change (CC) and resource availability. Over the past few years, it has experienced profound advances, with
multiple approaches and variants emerging to enhance its usefulness and effectiveness. This paper presents aquaponics
as an endeavor to sustain food safety in the long term while improving water quality (ApS-LTFS-WQI). This research
meticulously analyzes the application of ApS in pursuing the Sustainable Development Goals (SDGs) and food
security, considering various factors from system design and technology to peripheral social, economic, and
environmental benefits and impacts through research and case studies. Nutrient-rich fish feeds markedly improve the
growth of low-nutrient-demanding greens. Ensuring WQI and effective nitrification are essential, facilitated by
Internet of Things (IoT) systems. ApS, recognized for its efficacy in augmenting agricultural yields while reducing
the consumption of water and debris, is proliferating worldwide, particularly in arid areas.
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I. Introduction

The increasing number of people worldwide presents agriculture with mounting problems from growing
cities, industrialization, and CC, all of which jeopardize conventional soil-based agricultural methods
Atique et al. (2022). The FAO projects a continued reduction in arable land owing to growing cities,
growing industries, and the melting of icebergs, a direct result of CC. Conventional soil-based farming
faces numerous threats, including diminished soil and water quality, limited possibilities for natural
microbial soil quality enhancement due to constant farming, recurrent droughts, erratic weather conditions,
increasing temperatures, river contamination, insufficient management of water, water wastage, and
decreasing groundwater quality Al-Zahrani, Hassanien, Alsaade, and Wahsheh (2024).

As a result, soil-less farming is gaining significance in the current environment. The compact
characteristics of soil-less culture organisms, together with their utilization of resources, make them
exceptionally suitable for urban settings Nair et al. (2025). Soil-free technologies grow year-round in many
environments, including roofs and interior spaces, transcending geographical constraints and providing
efficient, long-lasting agricultural output in regions with restricted land availability Zhang et al. (2022).
Numerous SDGs are expected to be realized using soil-less cultivation techniques, including ApS.

ApS is the merger of fish farming with hydroponics, whereby plants use nutrients excreted by fish for
growth. These concepts have undergone substantial evolution, mirroring progress in scientific knowledge
and practical implementation Obirikorang et al. (2021). An ApS operates on the idea of using the
wastewater generated by fish, which serves as a beneficial nutrition supply for plants. The key production
components share water and mineral resources Li, Zhang, Luo, Shi, Li, Gao, et al. (2019). A water stream
interconnects the aquarium, biofilter, and hydroponic setup. ApS systems exhibit much greater water
consumption efficiency compared to traditional systems.

Research has shown that technologies like ApS may significantly alleviate the effects of CC on fish
farming, particularly for freshwater species such as rainbow trout, which are sustainably co-cultivated with
vegetation in regulated abiotic environments Ibrahim et al. (2023). ApS is an efficient food production
technology in dry regions, emerging nations, and fast-expanding urban areas. The economic value of
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Recirculating Aquatic Systems (RAS) and hydroponics is comparable; nevertheless, integrating both
systems may result in management challenges.

Developing sectors in ApS

When integrated with ApS, numerous technologies may enhance the system's functioning or output. The
primary impetus for the advancement of these systems is their ability to augment productivity, reduce
wasted resources and energy consumption, and often need less water. However, in the first phases of
investigation, these methods may ultimately demonstrate efficacy in effective and sustainable food
distribution in the years to come. Fig. 1 depicts the developing sectors in ApS.
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Figure 1: Developing Sectors in ApS
Algaeponics (A-ApS)

A-ApS, derived from the fusion of "algae" and " A-ApS," presents a novel methodology that integrates
phytoplankton into A-ApS to utilize their unique properties for the benefit of the environment. Research
has emphasized the beneficial effects of phytoplankton in A-ApS. Microalgae represent a varied
assemblage characterized by significant adaptation to nutrient-poor settings. Historically, phytoplankton
have been seen as detrimental, leading to complications such as pipe obstructions, decreased oxygen levels,
and poor water quality in conventional A-ApS. This developing approach aims to use their advantageous
qualities via efficient management.

Intelligent ApS (I-ApS)

I-ApS incorporates mechanized precision agricultural systems, using IoT and communication
technology (ICT) to enhance plant development while providing WQI and saving nutrients. Improvements
in ApS have progressed markedly. Initially, people relied on manual techniques, but contemporary
approaches harness technology to maximize efficiency. Integrating IoT and Al could significantly improve
ApS systems by collecting and aggregating complete data sets for better-informed analysis and decision-
making. Timer-controlled RAS automated control using sensors provides enhanced operational consistency
and better accuracy and precision. loT integration transforms ApS into an economically viable investment
by enabling remote control of surveillance and intelligent programs. DL and fuzziness make systems more
accurate and enhance their usability.

Saltwater ApS (SW-ApS)

SW-ApS is a new method of farming developed specifically for maritime, island, and estuary regions
due to limited freshwater access. While traditional Apps that rely on freshwater use ApS technology, SW-
ApS is gaining attention for its potential to solve water scarcity challenges and increase agricultural
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practices sustainably. SW-ApS is centered around organisms selected from marine animals because of their
ability to tolerate a wide range of salts. They are crucial for preserving SW-ApS's regulated surroundings.
For maximum system overall efficiency, these adaptable organisms best manage mineral and WQI cycles.
SW-ApS also combines salt-tolerant plants called algae.

Sand ApS (S-ApS)

ApS has developed significantly in the last several years, including using sand as an organic
development media. With sand as the primary growth medium, S-ApS is a creative agricultural method
combining hydroponics with aquaculture. Growing sand plants and watering them with nutrient-dense
aquaculture pond water is the basis of this novel method. Aquaculture combined with S-ApS has various
benefits, which makes it an attractive, sustainable method for farming.

Vertical ApS (V-ApS)

Perfect for city and indoor situations, V-ApS is a creative agricultural method that affords the best use
of space. This approach extends the successes of vertical-growing systems like sequential farming,
hydroponics, and aeroponics. Plants in a V-ApS system are grown straight above an aquatic sink. The
vertical arrangement of crops enables better space usability because it allows the stacking of crops with a
minimal physical footprint, thus facilitating cultivation in confined spaces. Compact V-ApS have been
increasingly adopted for indoor gardening and aquatic decoration.

II. Aquaponics to Increase Food Security and WQI in the Long Term

ApS is a detailed agricultural strategy designed to conserve aquifers while alleviating water resource
stress. Like every other system guarantees optimal water quality variables, system reliability and the health
of vegetation and fauna greatly depend on water quality. The amount of pH, oxygen saturation, temperature,
and even nutrition require the utmost care in tracking and control. Besides an equally dispersed nutrient
medium that ensures every form of life utilizes oxygen and good bacteria, a notion requires oxygen.
Nutrients have the best chances to be accessed in the way of pH, so microbial activity is made available.
Temperature affects metabolism and the efficacy of biological functions. WQI is essential and is assessed
using detectors for dissolved oxygen, pH, and temperature. Regular water specimens are obtained and
examined for minerals and vitamins.

Moreover, effective WQI is crucial for averting the buildup of deleterious compounds and sustaining a
healthy ecosystem. Consistent surveillance of indicators, including ammonia, nitrogen compounds,
dispersed solids, and trace components, is essential for identifying imbalances and implementing timely
remedial measures. The research aims to enhance fish and financial outputs while considering the original
capital expenditure. Geographical condition influences the ideal parameter limits. ApS using RAS is
appropriate for dry regions experiencing water scarcity. Biological systems may mitigate waste and offer
WOQL
Incorporating agriculture into urban environments yields financial, social, and ecological advantages,
enhancing food safety and promoting equitable growth. It facilitates urban expansion while cultivating
intellectual and cultural understanding. From a financial perspective, urban farming, involving crop
cultivation, aquaculture, and animal rearing, supplies unprocessed food for distribution to urban people,
optimizing conservation initiatives. This notion, a source of environmental issues, has now transformed
into an eco-friendly approach in urban areas. The four elements utilized to evaluate and quantify food safety
are accessibility, supply, usage, and consistency. An assessment of ApS' sustainability indicates that,
despite its structures, power use, and feed contributing to environmental effects, this closed-loop structure
provides a sustainable method for cultivating fish and plants.

Furthermore, it corresponds with many United Nations SDGs. ApS-LTFS has been used for food
proliferation. LTFS refers to the right of regional populations to govern and modify their food chains,
cultural practices, markets, natural resources, and farming methods. It promotes the prioritization of
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agricultural procedures and regulations that are ecologically, financially, and socially viable. With the
proper support and services, ApS can help plan an equitable and ecologically responsible future. It ensures
a long-term food supply, nurtures healthy lifestyles, and creates job and economic growth. Ensuring food
supply worldwide is crucial, particularly in areas where non-conventional agricultural methods are easily
accessible. With ApS, achieving LTFS through ecologically friendly methods is a significant strategy.
Promoting sustainable agriculture helps small-scale and local farmers keep their interests against the
powerful corporates intact. LTFS requires a tailored strategy toward uniform food systems.
By providing locally fresh, enjoyable, healthy, and socially acceptable food, ApS may assist in
accomplishing LTFS objectives. By raising self-sufficiency and reducing dependency on imported food
and therefore eradicating poverty, the closed-loop System assures LTFS. ApS produces a greater variety of
crops, consumes less water, and lowers the danger of water contamination than traditional farming,
improving biodiversity. ApS substantially improves social cohesiveness by improving the availability of
fresh, healthy, and organically farmed foods, helping to lower social discontent. It strengthens democracy
and local resilience by letting local farmers participate in policy conversations with decision-makers.

III. Conclusion

Applications of aquaponics in maintaining food and water safety (ApS-LTFS-WQI) are investigated in
this paper. Through research and case studies, this multifarious interdisciplinary study antagonistic towards
food poverty analyzes ApS as a sustainable option synergized with the SDGs, considering system design
and technology alongside socio-economic and ecological benefits. Aquaculture system-produced fish
provide an organic fertilizer for hydroponically grown veggies, guaranteeing increased industrial
production. Furthermore, the system's water quality index (WQI) is very important in using IoT
technologies and effective nitrification. The WQI score is becoming increasingly well-known in dry areas
as its influence on agricultural output in relation to water consumption and waste creation is appreciated.
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