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Abstract: A recirculatory aquaculture method, which consumes less water and land while producing more fish per 

unit area, is an alternative to meet the growing demand for fish from inland aquaculture. The culture system's organic 

waste-rich water can be purified using a biofilter so that it can be used again. As a result, in areas with water scarcity, 

reliance on outside sources of water might be decreased. Given the significance of biofilters in aquaculture, the 

experiment employed three distinct media-based biofilter types: zeolite, oyster shell, and charcoal. There were eight 

experiments. The water's fundamental boundaries, such as temperature, pH, DO, all-out alkalinity, hardness, DOM, 

smelling salts, nitrite, nitrate, and phosphate, were estimated both before and after filtering. During the examination, 

a variety of channels demonstrated viability in cleaning the water used for fish raising, and the majority of water 

quality estimates fell within ranges deemed organically suitable for fish culture. To reduce major misfortunes in 

advance, the main goal of this study project is to assess the endurance state of shrimp by seeing photos of the animals 

submerged in water and remotely observing using a cell phone. 
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I. Introduction 

In the worldwide context, aquaculture is a relatively new, dynamic, and significant industry for 

producing high-animal-protein foods. From less than 1 million tonnes annually in 1950 to 52.54 million 

tonnes in 2008, the production has grown significantly (FAO, 2010). As the population grows, this 

consumption rise is anticipated to continue (Kassem et al., 2021). The aquaculture industry is expanding at 

an average annual growth rate of 6.5 percent, which is higher than that of catch fisheries production (FAO, 

2010). This growth has been made possible by the variety of aquaculture systems and practices as well as 

the widespread use of efficient aquaculture technologies in many nations. Only 69 of the 280 species of 

aquatic creatures now being cultivated are freshwater. After China, India is currently the world's second-

largest producer of hydroponics and the third-largest producer of fish (FAO, 2010). With Indian significant 

carps (IMC), which account for about 50% of the nation's ater hydroponics production and 90% of its total 

fish production, the country leads the globe in hydroponics. The three carps that are most important in 

India—the catla, rohu, and mrigal—represent the majority of the results, while silver, grass, and normal 

carp rank second and third, respectively (Xiao et al., 2019). Because carp are raised in static lakes and tanks 

using high-level techniques, hydroponics business has undergone a significant transition and is currently 

one of the fastest-growing sectors. The intended growth surge has also been facilitated by the increase in 

investment scale, operational flexibility, and the compatibility of aquaculture operations with other farming 

systems. To ensure higher yield and productivity, a few steps are followed as standard practices. 

Aquaculture is the only way to fulfill the increased demand because the wellspring of marine catch fisheries 

is restricted and the creation of marine catch fisheries worldwide has been dropping over the past ten years. 

The majority of aquaculture production is intended for human consumption. The industry is moving toward 

more intensive procedures as a result of the need to boost aquaculture productivity (Badiola et al., 2018). 

With sufficient supplemental feed, oxygen, and high-quality water, intensive production systems can 

produce the most fish per unit surface area. Commercial supplemental feeds with high fish stocking 

densities are used more frequently in this system. In this way, it means a lot to focus on a high level of water 

quality management in order to promote growth, reduce stress, and manage illnesses. Species resilience, 

the capacity to grow at higher stocking densities, and the preservation of biological conditions, rather than 

the availability of regular food, limit fish numbers in these holding structures. 
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II. Background of the Study 

Given the limited supply of marine catch fisheries and the development of marine catch fisheries, 

hydroponics is the most effective method to meet the increased interest worldwide has been dropping over 

the past ten years. The majority of aquaculture production is intended for human consumption (Meisch & 

Stark, 2019). The industry is moving toward more intensive methods as a result of the need to boost 

aquaculture productivity. Different aquaculture types in different regions will be concerned about different 

types of waste, and as a result, different techniques may be appropriate for varied local conditions. Any 

technology's capacity to be adopted is mostly determined by its profitability, technical know-how, and 

resource availability. Given the significance of biofiltering aquaculture, the current study on the 

effectiveness of biofilters in recirculating aquaculture under various conditions using locally accessible 

material has been conducted with the following goals in mind. 

• To research biofilters that work well with IMC in recirculating aquaculture systems. 

• To investigate how biotic and abiotic stress interact in a biofilter.  

• To research ammonification and nitrification kinetics. 

• To use bacterial activity to lower the amount of dissolved organic materials during the stability 

process.  

• To preserve the biofilters' microbiological stability in accordance with the recirculating aquaculture 

system.  

• To investigate the fish's condition in connection to the culture system and biofilter. 

III. Sustainable Aquaculture Systems in Abiotic Scenario  

The majority of recycling frameworks employ nitrification to remove alkali (which refers to NH3 and 

NH4+), sedimentation or mechanical filtration to remove muck, and water trading as the primary water 

treatment technique. Every day, five to a small portion of the framework volume is continuously filled with 

fresh water to prevent the buildup of nitrate and broken-down natural mixes. Given the various natural 

activities that are essential for maintaining water quality in traditional fishponds, it is generally assumed 

that organic water treatment in recycling systems is very limited. Despite the addition of more protein-rich 

supplemental feed, regular dirt fishponds contain low levels of inorganic nitrogen in the water section 

(Takeuchi, 2017). Figure 1 shows the Sustainable Aquaculture Systems. 

 

Figure 1: Sustainable Aquaculture Systems 

Through a variety of organic cycles, including bacterial degradation of green growth, algal assimilation, 

nitrification, denitrification, and ammonification, smelling salts are eliminated from these lakes. In these 
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lakes, denitrification occurs only in the dregs, where anoxic conditions created by the breakdown of natural 

matter and the entry of low atomic weight carbon particles create the perfect denitrification conditions 

(Ahmed & Turchini, 2021). The compartmentalization of all recently stated nitrogen change activities is 

essential for reducing the water consumption and environmental impact of recycling systems by mimicking 

these conditions. Nitrate concentrations can reach large amounts in recycling systems that use nitrifying 

biofilters to remove odorous salts. The most extreme nitrate levels in recycling frameworks have been 

reported to reach 400–500 mgN03-N/1. The degree of nitrification, nitrate evacuation, and water exchange 

rates all affect the most extreme nitrate levels, which differ among cycles. In contrast to nitrite and smelling 

salts, nitrate is usually safe for amphibians. Examples of commercially farmed amphibians that are unlikely 

to thrive in environments with elevated nitrate levels include eels, octopuses, trout, and shrimp. There is 

currently more work being done to control nitrate in recycling systems.  

IV. Recirculating Aquaculture Systems (RAS) 

In recirculating systems, nitrate removal is carried out for many purposes in addition to the direct 

hazardous effect on fish:  

(1) The prevention of high nitrite levels brought on by insufficient " 

(2) Permitted by environmental regulations governing wastewater discharge. 

(3) During biological nitrate removal, sulfide, orthophosphate, and organic carbon are all removed 

from the culture water at the same time. 

Many different types of organic organisms use either an assimilatory or dissimilatory component to 

remove nitrate from the atmosphere. Rather than smelling salts, assimilatory nitrate-depleting organisms 

use nitrate as a biosynthetic nitrogen supply. This cycle occurs in many organisms when reduced inorganic 

nitrogen species, like alkali, are now absent. Both anaerobic and oxygen-consuming conditions can cause 

assimilatory nitrate reduction. Since this interaction converts inorganic nitrogen into natural nitrogen, there 

isn't a complete shortage. The most popular method of reducing nitrate to more reduced inorganic nitrogen 

species while simultaneously providing energy is dissimilatory nitrate disposal (Zhang et al., 2024).  

One batch reduces nitrate to either nitrite or alkali, as opposed to the subsequent batch. Essential nitrogen 

(N2) is the result of the complete conversion of nitrite to vaporous nitrogen. When the reduction of natural 

matter (maturation) isn't down to earth for bioenergetic reasons, dissimilatory nitrate decreases to smelling 

salts. Fermentative bacteria use nitrate as a final electron acceptor to finish the previous cycle. The inferior 

of dissimilatory nitrate minimizers, denitrifiers are assigned to a diverse range of prokaryotic living 

organisms. Most of these organic organisms are facultative anaerobes, which means that when oxygen isn't 

free, they use nitrate as a final electron acceptor. Although the end product of this cycle is basic nitrogen, 

nitrite, nitric oxide, and nitrous oxide may gather in the interim under specific conditions.  

We observed that the majority of the crucial parameters in all of these mixed immobilized systems were 

controlled at the ideal level needed for the fish's growth. This suggested that using biofilters in a 

recirculating aquaculture system with zero exchange might be wise in order to raise the DO levels and 

preserve the key parameters. Additional microbial immobilizations have enormous potential for aquatic 

biofertilization and for raising water quality indicators to an acceptable level without posing a fatal threat 

to the development of sustainable aquaculture. With or without microbial community inoculation, Field-

level application and large-scale production encourage the continued advancement and application of this 

type of biofilter as an efficient management tool for recirculating aquaculture systems in figure 2. 

Undoubtedly, microbial immobilization biofilters held great promise for water purification, fish production, 

and fish health maintenance (Asiri & Chu, 2020). 



Aquatic Ecosystems and Environmental Frontiers, Volume 2, Issue 1, 2024                                      ISSN: 3049-186X 

www.aquaticfrontiers.com  13 

 

Figure 2: Recirculating Aquaculture System 

Experiment Analysis of Abiotic Factors of Biofilter in Recirculating Aquaculture System 

When compared to the Azospirillum and PSB individual immobilized biofiltration system, the TAN 

ejection was significantly higher in the mixed bacterial immobilized structure based on zeolite and charcoal. 

This shown that, in comparison to non-immobilized biofilters and immobilized biofilters of Azotobacter, 

PSB, and Azospirillum, mixed immobilized biofilters had a great deal of potential for salt clearance 

efficiency. The zeolite and mollusk shell bed immobilization structure exhibited the same potential for 

nitrite removal as the Azotobacter system. In any case, the immobilized method based on charcoal is 

insufficient to reduce the nitrite. Over the course of 25 days in the power source waters, the zeolite-based 

biofilter showed the most outrageous nitrification rate, indicating that the midway condition of nitrite to 

nitrate changed most on the biofilter surface and that the nitrification rate was severe. As revealed by the 

improvement of the particular microbial people, nitrification occurred in both the divert and outlet waters 

of both immobilized microbial biofilters. However, there was a slight increase in nitrification in the outlet 

waters, indicating that nitrification was occurring in both the biofilter and the power source water (Gupta 

et al., 2024). The hard and fast individual bacterial count of Azotobacter, Azospirillum, and PSB over a 25-

day period maintained this data. However, the number of microorganisms in the power source water 

decreased, but the nitrogen cycle and water quality were updated to an ideal level by duplicating minute 

creatures in the filtrate tank. Fish feed and their waste were added to the water quality downgrade because 

the system operated in a zero-based water exchange circulatory framework. In any case, during the 

receptiveness period, the value of the fundamental limits—such as salt, nitrite, nitrate, and DOM—

increased, and the channel with the varied substrate remained conscious of the level of important limits. 

The vast majority of the essential restrictions in these numerous mixed immobilized systems were set at the 

optimal level anticipated for the advancement of the fish. This demonstrated that the prudent use of 

biofilters in a recirculating aquaculture system with zero exchange could remain cognizant of the basic 

limitations and crane the DO levels. Additional microbial immobilizations presented enormous potential 

benefits for professional biofertilization on land and in water, as well as for raising water quality restrictions 

to a level that wouldn't be fatal for rational aquaculture improvement. Large-scale development and field-

level implementation support the continued development and use of these biofilters, irrespective of the 

microbial local area's immunity, to provide effective and potent administration tools in a recirculating 

hydroponics system. Without a doubt, biofilters that use microbial immobilization have enormous potential 

for cleaning water and promoting the development and maintenance of fish health (Aich et al., 2020). 
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Discussion of Biotic and Abiotic Factors of Biofilter in Recirculating Aquaculture System 

In contrast to individual microbial immobilized biofiltration, TAN departure was noticeably greater in 

zeolite and charcoal-based mixed bacterial immobilized structures. For the most part, immobilized systems 

based on charcoal were unable to reduce nitrite. The most notable nitrification rate was seen in biofilters 

based on zeolite. In a mixed immobilized framework, the most basic restrictions were matched with the 

optimal levels anticipated for the fish's improvement. This demonstrated that the prudent use of biofilters 

in RAS with negligible water exchange might raise the DO level while maintaining awareness of critical 

limitations. In addition to promoting the water quality limitations to an optimal level, further microbial 

immobilization offers enormous potential for maritime biofiltration, which would not simply place any 

detrimental burden on the prudent aquaculture industry. 

V. Conclusion 

Fish is a vital source for the individuals who are gradually expanding their needs for animal protein. In 

any case, the production from the marine region has reached an old stage, and tank farming is the main way 

to meet the growing need for animal protein from fish sources. Aquaculture should be improved vertically 

and evenly. Another option for vertical progression is aqua-farming's recirculating tank-farming 

construction. Depending on the technique used, stacking thickness and creation can be increased. In tank 

farming, biofiltration of water for distribution is a practical tool to help promote area improvement without 

mentioning extra water. Using various channel media, this study aimed to evaluate the biofilters' 

reasonableness in a recirculating tank-farming setup. Although variations in nitrification execution and 

express water quality evaluations were seen among channel types, this investigation was unable to 

determine which channel type was more effective for treating the tank water produced in a reusable 

aquaculture system. Every type of channel displayed specific display-related positive and negative points 

of view. It was acknowledged that the organization and useful elements of each channel type were the 

primary factors influencing its overall appearance. 
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