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Abstract—Zeolites, crystalline aluminosilicate minerals, 

have emerged as powerful candidates for promoting 

sustainability in both agriculture and aquaculture. Their 

exceptional ion-exchange capacity, surface area, and 

adsorption properties make them invaluable tools in 

addressing critical challenges in these sectors. In sustainable 

agriculture, zeolites contribute significantly to nutrient 

management. They enhance soil fertility by retaining and 

slowly releasing essential nutrients, reducing the need for 

excessive chemical fertilizers. Moreover, zeolites improve soil 

structure, water retention, and microbial activity, fostering 

healthier soils and reducing erosion risks. In the realm of 

aquaculture, zeolites play a crucial role in water quality 

management. They effectively adsorb ammonia and other 

harmful compounds, ensuring a healthier environment for 

aquatic organisms. Additionally, their ion-exchange properties 

can supply essential minerals to support the growth of aquatic 

species. By minimizing nutrient loss, mitigating pollution, and 

promoting resource-efficient practices, zeolites offer innovative 

solutions to meet the growing demand for sustainable 

agriculture and aquaculture practices while minimizing 

environmental degradation, thus contributing to a more 

sustainable and resilient future. 

Keywords—Agriculture, aquaculture, sustainability, water 

purification, zeolite 

I. INTRODUCTION 

The global challenges of sustainable agriculture and 
aquaculture have become increasingly famous in the face of 
a growing population and environmental concerns. To 
address these complex issues, innovative solutions are 
required, and one such solution that has gained prominence 
is the use of aluminosilicate zeolites. These honeycomb-
frameworked [1] crystalline microporous materials [2] have 
demonstrated remarkable versatility and potential in 
transforming traditional agricultural and aquacultural 
practices towards more sustainable and environmentally 
friendly approaches. Zeolites, an economically accessible 
mineral [3], possess a diverse array of applications spanning 
environmental, medical, agricultural, and wastewater 
treatment domains. Their exceptional utility primarily stems 
from their ion exchange capabilities, porous nature [1], high 
adsorption capacity, and intricate three-dimensional 
framework. These minerals can be found naturally as 
products of volcanic processes [4] or can be intentionally 
manufactured through synthetic procedures [5]. Natural 
zeolites are created through a lengthy geological process. It 
begins with volcanic activity [4], where ash and tuff [4] 
release silica and aluminum-rich materials. When these 
materials interact with groundwater or surface water, a 

hydrothermal alteration process is initiated, allowing the 
leaching of soluble components and the deposition of new 
minerals, including zeolites. Under specific temperature and 
pressure conditions below the Earth's surface, crystalline 
zeolite structures form over millions of years. Once formed, 
zeolites are mined from these deposits and utilized for their 
diverse industrial, agricultural, and environmental 
applications, their properties shaped by their geological 
origins. Given their valuable attributes, the use of zeolites 
has garnered significant attention within the scientific 
community, particularly in the context of environmental 
applications. Some common natural zeolites are Analcime 
[6], Chabazite [6], Clinoptilolite, Heulandite [7], and 
Phillipsite [3], and over 200 synthetics [1] zeolites have been 
created using an elongated crystallization technique of a 
silica-alumina gel [8] in the presence of alkalis and organic 
templates [9]. Artificial synthesis of zeolites involves mixing 
aluminium and silicon sources to create a gel [10, 8], adding 
structure-directing agents to guide zeolite formation, 
subjecting the mixture to a hydrothermal treatment [8] at 
elevated temperatures, crystallizing [11] the zeolite structure, 
washing and drying the resulting material, and obtaining the 
final synthetic zeolite. The choice of structure-directing 
agents and reaction conditions determines the specific type 
of zeolite formed. Synthetic zeolites have versatile 
applications in various industries due to their adsorption, 
separation, and catalytic properties. Theoretically, many 
more of these structures could still be developed.  

 The effectiveness of the mechanism of zeolitic action in 
various applications hinges on their unique structure [1]. 
Zeolites’ lattice of interconnected channels and cavities, 
create a porous network that facilitates the ingress of various 
ions as well as micron-sized molecules. As illustrated in 
Figure 1, they are hydrated aluminosilicates with fully cross-
linked open framework structures made up of corner-sharing 
SiO4

4- and AlO4
5- tetrahedra [2]. This network also serves as 

a molecular sieve, selectively filtering molecules based on 
their size, polarity, and shape. As a result, zeolites excel at 
the adsorption and filtration of a wide array of substances 
that come into contact with them. This distinctive zeolite 
structure, characterized by its high porosity, significantly 
enables the efficient adsorption of charged elements. To 
balance the negative charges within zeolite frameworks, 
mono- or divalent cations such as Na+, K+, Ca2+, Mg2+, and 
others are commonly incorporated and can be substituted or 
replaced with different cations. Furthermore, zeolites are 
known for their rapid regeneration [1] capabilities, making 
them highly effective in removing and replacing a broad 
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spectrum of charged species, including but not limited to 
ammonia, heavy metals [12], pesticides [13], odors, 
radioactive cations, and various other toxins. 

 

Fig. 1. Honeycomb shaped structural framework of zeolites containing 
aluminium, silicon, oxygen and hydrogen. 

 

 In recent years, the critical role of aluminosilicate zeolites 
in promoting sustainability in agriculture and aquaculture has 
attracted significant attention from researchers, 
policymakers, and industry leaders. Their unique properties, 
which include having a high surface area, high cation 
exchange capacity(CEC) [14], and selective adsorption 
capabilities, make them valuable tools in optimizing nutrient 
management, improving soil health [15], and enhancing 
water quality in these crucial sectors. The urgency of these 
challenges cannot be overstated. Population growth, climate 
change, and resource depletion have placed immense 
pressure on global food production systems. Simultaneously, 
concerns about soil degradation, water pollution [16], and the 
ecological impact of agriculture and aquaculture practices 
have intensified. In response to these interconnected 
challenges, researchers have turned to innovative materials 
like aluminosilicate zeolites to forge a path toward 
sustainable solutions.  

 This review-based exploration aims to delve into the 
multifaceted applications and benefits of aluminosilicate 
zeolites in the realms of sustainable agriculture and 
aquaculture. By elucidating their contributions to soil 
enrichment, nutrient retention, water purification, and overall 
environmental stewardship, we embark on a journey to 
understand how these zeolites can play a pivotal role in 
addressing the pressing challenges of  ecological 
sustainability in our ever-changing world. 

 
II. ZEOLITES FOR MULTIDISCIPLINARY SUSTAINABILITY 

Zeolites, with their remarkable properties and diverse 
applications, are increasingly recognized as major 
contributors to overall sustainability. Their impact spans 
across various sectors, including agriculture, water treatment, 
industry, and environmental remediation. In the realm of 
agriculture, zeolites play a critical role in promoting 
sustainable practices. Their properties enhance nutrient 
management, reducing the need for excessive chemical 
fertilizers while minimizing nutrient leaching, thus making 
agricultural processes more efficient and environmentally 
friendly. Additionally, zeolites' water-retaining properties [1] 
help conserve water resources, a vital component of 

sustainable farming that becomes increasingly significant in 
regions facing water scarcity. Zeolites also reduce the 
dependency on synthetic chemicals, leading to more 
sustainable and eco-friendly farming practices [1]. By 
decreasing the need for chemical pesticides and fertilizers, 
zeolites contribute to reduced environmental and health risks 
associated with their use. 

 Moreover, zeolites are instrumental in water purification 
and treatment processes, significantly improving water 
quality and safeguarding ecosystems. Their ability to adsorb 
heavy metals [12], ammonia [17], and various contaminants 
from water sources contributes to providing a safe and 
sustainable water supply for both human consumption and 
industrial use. This is especially crucial in an era marked by 
growing concerns about water pollution and scarcity. 
Furthermore, they have been proven effective in the 
remediation of contaminated soil and groundwater, playing a 
crucial part in the cleanup of polluted sites and 
environmental conservation. Their use aids in minimizing the 
release of harmful substances into the environment, thereby 
contributing to sustainability. 

 Their role extends beyond agriculture and water 
treatment. They are pivotal in various industrial applications, 
such as petrochemicals [18] and catalysis [19]. Their 
catalytic properties facilitate more efficient and 
environmentally friendly industrial processes. From 
petrochemical refining, catalytic fuel cracking processes, to 
biofuel production, zeolites contribute to minimizing waste, 
reducing energy consumption, and enhancing overall process 
sustainability. This not only aligns with the growing demand 
for eco-friendly practices but also fosters innovation in 
industries seeking to balance economic growth with 
environmental stewardship. These applications improve 
energy efficiency, reduce environmental impact, and 
contribute to cleaner air and a healthier environment, making 
them indispensable to sustainability initiatives. In the pursuit 
of renewable energy, zeolites are emerging as promising 
candidates for technologies such as energy storage and 
carbon capture [20]. These applications have the potential to 
significantly contribute to the transition to cleaner and more 
sustainable energy sources [1], thus reducing the world's 
reliance on fossil fuels. Furthermore, zeolites can be 
regenerated and reused, aligning with the principles of a 
circular economy where resources are conserved, waste is 
minimized, and sustainability is prioritized. Likewise, their 
ability to be effectively reintegrated into various processes 
extends their utility and environmental benefits as the world 
seeks innovative and sustainable solutions to complex 
problems.  

III. ZEOLITES FOR AGRICULTURE 

  Zeolites have emerged as an intriguing component in 
the quest for sustainable agriculture. Their properties, like 
high CEC [21], water retention capabilities [13], and soil-
enhancing qualities, make them a versatile and eco-friendly 
tool in modern farming practices. Zeolites have the potential 
to revolutionize agriculture by significantly improving 
nutrient management, enhancing water conservation, soil 
amendments, treatment of animal waste products, as animal 
feed additive and mitigating soil salinity issues. They offer 
the promise of higher crop yields, reduced reliance on 
synthetic chemicals, and more efficient water use, all of 
which are vital components of sustainable agriculture, which 
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align perfectly with the broader goals of environmental 
issues and food security in the 21st century. In this context, 
this discussion delves deeper into the multifaceted 
contributions of zeolites to sustainable agriculture and their 
potential to transform the way we approach food production. 
The following parts will discuss their applications in 
improving soil quality, promoting responsible land 
management, while highlighting the significance of zeolites 
as a catalyst for a more sustainable and resilient agricultural 
future. 

A. Zeolites as Effective Soil Amendments 

Zeolite amendments may have a bigger impact on coarse-
textured soils than on finer soils [21].  They are often noted 
for adsorbing and dispensing fertilizer at a slow controlled 
rate, also known as slow-release fertilizers [13].  Plant 
essentials like nitrogen and potassium are stored and released 
on demand by the negatively charged zeolite structure [17].  
As a result, this application in agricultural activities can 
enhance both Water Use Efficiency (WUE) and Nutrient Use 
Efficiency, by lowering the risk of surface and groundwater 
pollution. Moreover, because of their microporous 
characteristics and capillary action, zeolites facilitate water 
infiltration and retention in the soil. Moreover, as natural 
wetting agents, zeolites can improve water retention in sandy 
soils and expand porosity in clay soils, allowing nutrients to 
be retained and yields to be increased. At the same time, they 
can be good carriers of nutrients/fertilizers as well as 
additional chemical and physical benefits, such as their use 
as artificial soil [15]. 

 Zeolites serve as valuable soil amendments, enhancing 
soil structure and fertility through their unique properties. 
Mentioned below is how zeolites aid to facilitate nutrient 
availability and water management in the soil, contributing to 
overall agricultural productivity and sustainable land use 
practices.  

   1. CEC: Zeolites have a high CEC, which means they 
can hold and exchange a significant quantity of cations such 
as Ca2+, Mg2+, and K+. When incorporated into the soil, 
zeolites increase the soil's CEC, effectively enhancing its 
ability to retain and supply essential nutrients to plants. 

   2. Nutrient Retention: Zeolites can adsorb and store 
essential nutrients, preventing them from leaching out of the 
soil, especially in sandy or coarse-textured soils. This 
ensures that plants have a consistent supply of vital minerals, 
ultimately leading to healthier growth and improved crop 
yields. The most used zeolite in such instances is 
Clinoptilolite. 

   3. Improved Water Retention and Drainage: Zeolites 
also help with moisture regulation in the soil. Their porosity 
can absorb and retain excess water in the soil, releasing it 
gradually to plants as needed. This is particularly useful in 
arid regions or soils prone to drought. Moreover, zeolites 
improve soil aeration and prevent compaction, allowing for 
better water drainage, which is vital for root health. 

   4. pH Buffering: Zeolites, mostly synthetic, can act as 
pH buffers, helping to stabilize soil pH levels. This is 
important because many plants have specific pH 
requirements for optimal growth. Zeolites can resist changes 
in soil pH and maintain a more stable environment for plant 
roots. 

   5. Improved Root Development: Zeolite amendments 
positively affect soil physical properties, including structure 
and aeration. This, in turn, encourages robust root 
development. As plants establish stronger and deeper root 
systems, they gain increased access to essential nutrients and 
water in the soil. Consequently, they become more resilient 
and better equipped to withstand environmental stresses and 
fluctuations, ultimately leading to healthier and more 
productive crops. 

   6. Reduced Fertilizer Requirements: By increasing 
nutrient availability and retention in the soil, zeolites can 
reduce the need for synthetic fertilizers. This not only saves 
costs but also minimizes the risk of nutrient runoff and 
pollution. 

   7. Disease Suppression: Zeolites can help suppress 
certain soil-borne diseases by inhibiting the growth of 
pathogenic microorganisms at the root of the plant. Zeolites 
create an unfavorable environment for pathogenic 
microorganisms by reducing moisture and providing an 
alkaline pH, thereby inhibiting their growth and helping to 
control soil-borne diseases in the root zone. 

   8. Environmental Benefits: The use of zeolites as soil 
amendments promotes sustainable and environmentally 
friendly agriculture by reducing the need for excessive 
chemical inputs, preventing nutrient runoff, and minimizing 
soil erosion. 

 When using zeolites as soil amendments, it's important to 
consider the specific type of zeolite and its compatibility 
with the soil and plants in question. Zeolite application rates, 
methods, and timing should be based on the specific needs of 
the crop and the characteristics of the soil. Overall, zeolites 
are valuable tools for enhancing soil quality, increasing 
agricultural productivity, and supporting sustainable farming 
practices. 

B. Zeolites for Water and Nutrient Retention in Soil 

Zeolites tend to create an impact on the physical 
properties of soil. The most notable effects are the reduction 
in soil bulk density and an increase in soil porosity. These 
factors, along with a large internal pore volume within its 
structure, can significantly increase their water holding 
capacity [14]. Additionally, they facilitate the creation of 
novel pathways for water flow, potentially increasing both 
the infiltration rate and the saturated hydraulic conductivity 
[13]. The infiltration rate pertains to the speed at which water 
enters the soil surface and is influenced by variations in the 
vertical hydraulic gradient across different spatial locations 
and time [19]. Hydraulic conductivity, another soil property, 
reflects the ease with which water moves within the soil and 
holds significance in the design of irrigation and drainage 
systems. Saturated hydraulic conductivity [15], represents 
the rate at which water can flow through the soil when it is 
fully saturated [21]. This is a crucial parameter used to model 
the movement of water and solutes within soil. This 
parameter has a substantial impact on deep water percolation, 
making it a key factor in optimizing water usage in 
agriculture. The control of solute movement in the soil is 
closely linked to hydraulic conductivity. Enhancing the 
hydraulic properties of soils can lead to more efficient water 
use, resulting in increased WUE and higher crop yields. 
Achieving this improvement in soil physical properties can 
be facilitated through the application of zeolitic soil 
amendments. Zeolites can influence hydraulic conductivity 
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owing to the channels within their structure, but it's 
important to note that the effect of zeolites varies depending 
on the soil texture. In heavy-textured soils, zeolites can 
increase hydraulic conductivity, while in light-textured soils, 
they may reduce it. 

 As urbanization continues to surge and concerns over 
water pollution, shortages, and the ever-increasing demand 
for food due to population growth intensify, there is a 
pressing requirement for dependable solutions in water 
irrigation and fertilization. The retention of both nutrients 
and water within agricultural soils plays a pivotal role in 
enhancing crop yields while concurrently serving as an 
effective preventive measure against waterway 
contamination and leaching, as illustrated in Figure 2. 

 Agricultural industries are known to be the main 
consumer of freshwater, as more than two-thirds of 
renewable water resources are utilized for agricultural 
purposes. In areas where renewable water resources are 
insufficient [20], water remains a vital component for 
development. Zeolites are also being examined as water 
regulators [19], as they can absorb up to 55% of their weight 
in water and release it gradually in line with the specific 
water requirements of plants. This characteristic is 
instrumental in averting root rot and managing mild drought 
cycles. Most surface-modified synthetic zeolites are capable 
of holding various nutrients such as phosphate (PO4

3−), 
ammonium (NH4

+), sulfate (SO4
2−), nitrate (NO3

−) and K+, in 
their pores [22, 21]. It is possible to create such synthetic 
multifunctional adsorbents capable of capturing these anions 
and non-polar organic substances by modifying and altering 
their surface chemistry through the introduction of cationic 
surfactants [23] since most naturally occurring zeolites 
exhibit limited affinity for anionic fertilizers like NO3

−, 
PO4

3−, and SO4
2−. The impact of zeolite applications on the 

physical and chemical properties of soil is contingent on 
various experimental factors, including the zeolite type, 
application rates, application methods, soil texture and 
structure, zeolite particle size and density, as well as the 
salinity of the water involved [24]. 

 

Fig. 2. Difference of water and nutrient retention in soil with the 
absence and presence of zeolites. 

C. Zeolites for Weed and Pest Treatments 

In the application of insecticides, herbicides, and 

pesticides, the ambient/environmental circumstances, 

commodity species of insects or plants, and the surrounding 

dust structure are major factors that influence the 

performance of zeolites and other inert minerals in 

insecticide and herbicide applications. Factors such as 

temperature, relative humidity, treatment method, 

characteristics of the insect species (developmental stage, 

size, softness of wax layers, hairiness, susceptibility, and 

physical mobility), and plant species are also used to 

evaluate the zeolite's potential. In addition, zeolitic 

properties such as its molecular structure, SiOx content, 

particle shape and size, Si/Al ratios, adsorption ability, and 

geographical origin, have a direct impact on insecticidal 

potential. The use of adsorbents, silica gel, and alumina 

silicate crystals of zeolites has been shown to be effective 

for physical pest control as well as pesticide transporters, in 

addition to stored product pest management [15].   

 Zeolites, with their multifaceted applications in weed 

and pest management, have carved out a crucial role in 

modern agriculture and horticulture. Their versatility is 

evident in their dual function: first, they serve as efficient 

carriers for herbicides and pesticides, ensuring the gradual 

and controlled release of these chemicals. This controlled 

release [14] not only enhances the efficacy of agrochemicals 

but also lessens their environmental impact, mitigating 

concerns about chemical runoff and contamination. By 

prolonging the presence of these chemicals in the 

environment, zeolites enable precise targeting of pests and 

weeds, reducing the quantities needed and making pest 

control more sustainable. What further distinguishes zeolites 

is their innate ability to act as natural desiccants for insects 

and pests. By absorbing moisture from the exoskeletons of 

these organisms, zeolites induce desiccation, offering a non-

toxic yet highly effective method of pest control [14]. This 

becomes particularly valuable in reducing reliance on 

chemical pesticides and the associated environmental risks. 

When integrated into the soil, zeolites bring an added 

dimension to weed and pest management. They enhance the 

physical properties of the soil, boosting its CEC and 

nutrient-holding capabilities. This not only fosters soil 

health but indirectly supports the robust growth of desirable 

plants, making them more competitive against unwanted 

intruders. The collective result is a more resilient and 

diverse ecosystem within the cultivated area. 

 Moreover, zeolites contribute significantly to moisture 

regulation [25] in the soil. By maintaining consistent and 

well-balanced moisture levels, they create less hospitable 

conditions for certain pests and weeds that tend to thrive in 

excessively wet or dry environments. This acts as a natural 

deterrent, minimizing the need for excessive chemical 

treatments. Furthermore, zeolites enhance fertilizer 

efficiency by reducing nutrient leaching. Nutrients remain 

accessible in the root zone of plants, allowing them to 

receive the right nutrients at the right time. This overall 

improvement in plant health aids in their competitiveness 

against weeds, reinforcing the sustainable aspect of zeolite-

based weed and pest control. Zeolites, when thoughtfully 

employed, represent a greener and more eco-conscious 

approach to weed and pest control in agriculture and 

horticulture. By reducing the reliance on chemical 

pesticides, promoting soil health, and fostering plant vigor, 

zeolites not only enhance crop productivity but also 

contribute to a more sustainable and environmentally 

friendly agricultural ecosystem. Integrated pest management 

strategies that incorporate zeolites offer a well-rounded and 
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responsible approach to weed and pest control in today's 

farming and gardening practices. 

D. Incorporation of Zeolites in Animal Husbandry and 

Feed Control. 

       Zeolites in animal husbandry [14] are instrumental in 

addressing a range of challenges, from controlling ammonia 

and managing odors to improving water quality and 

reducing stress in animals. One crucial advantage is their 

ability to control ammonia levels in confined animal 

facilities. Ammonia is a common byproduct of animal waste 

and can lead to respiratory problems and discomfort for 

animals. Zeolites adsorb and trap ammonia, effectively 

reducing its concentration in the air, which is essential for 

maintaining good air quality within animal housing. This, in 

turn, contributes to healthier and more comfortable living 

conditions for the animals, as lower ammonia levels reduce 

stress and the risk of respiratory issues. Zeolites also play a 

pivotal role in manure management, particularly in 

addressing the challenge of controlling odors associated 

with animal waste. When incorporated into manure or used 

as a bedding material, zeolites absorb and trap volatile 

organic compounds and gases responsible for foul odors 

[13, 14]. By controlling ammonia levels, improving air 

quality, and reducing the presence of unpleasant odors, 

zeolites create a more comfortable and less stressful living 

environment for the animals. Reduced stress can lead to 

positive outcomes in terms of animal health, behavior, and 

overall performance. In addition to addressing ammonia and 

odor issues, zeolites are valuable in improving water quality, 

especially in livestock operations that rely on water systems. 

Zeolites are used as a filtration medium for water. This 

ensures that they have access to clean and uncontaminated 

water. Better water quality is essential for the overall health 

and well-being of aquatic animals and livestock [13, 15]. 

Zeolites are a versatile and safe addition to animal feed, and 

their harmlessness is underpinned by several critical factors. 

One of the key attributes that ensures their safety is their 

chemical inertness. Zeolites are exceptionally stable [1] 

compounds that do not undergo chemical reactions within 

the animal's digestive system. This inertness means that 

when animals consume feed containing zeolites, these 

minerals pass through the digestive tract without being 

absorbed, digested, or altered in any way. As a result, they 

do not introduce any harmful byproducts or compounds into 

the animal's body. Another purpose that is served through 

the inclusion of zeolites, is the reduction of manure odors as 

toxins are adsorbed within the digestive tract of the animal 

by primarily binding to specific molecules, like mycotoxins 

[14], without interfering with the absorption of essential 

nutrients.  Mycotoxins are toxic compounds produced by 

molds that can contaminate animal feed. When animals 

consume mycotoxin-contaminated feed, it can lead to 

various health issues, including reduced growth, immune 

system suppression, and digestive problems. Zeolites 

effectively adsorb mycotoxins, preventing these harmful 

compounds from being absorbed by the animal's digestive 

system. This helps protect the animals from mycotoxin-

related health problems. They constitute only a small 

portion of the animal's diet, serving a specific purpose 

without significantly altering the overall feed composition. 

Regulatory approval and strict guidelines ensure that 

zeolites meet safety and efficacy standards for animal 

nutrition. Furthermore, zeolites can serve as carriers [1] for 

essential minerals and nutrients in animal feed. Their 

controlled release of these nutrients in the digestive tract 

enhances nutrient bioavailability, ultimately promoting 

better animal health and growth.  

IV. ZEOLITES IN ENVIRONMENTAL PROTECTION AND WATER 

DECONTAMINATION 

      In general, zeolites contribute to a cleaner, safer 

environment [11] in a variety of ways, and practically every 

application has been motivated by environmental concerns 

or plays a substantial part in the reduction of toxic waste. 

Zeolites can be used to safeguard the environment by 

purifying the air, soil, and water, as well as decontaminating 

the environment from radioactivity. However, they are 

integral to water purification due to their exceptional 

adsorption and ion-exchange capabilities. With their 

porosity and substantial surface area, zeolites effectively 

remove a wide range of impurities from water. They are 

employed in various water treatment processes [24], acting 

as filters or bed materials to trap contaminants. In addition 

to their adsorption properties, zeolites can exchange their 

cations with other cations present in the water, making them 

valuable for softening hard water [16] and removing 

undesirable ions. These minerals are employed in diverse 

applications, from softening [12] household water to 

purifying industrial wastewater, stabilizing pH, and 

catalyzing reactions for pollutant breakdown. The 

concentration of dissolved oxygen, non-ionized ammoniacal 

nitrogen, nitrites, nitrates, CO2, water pH, and other 

characteristics determine the water quality. Zeolites are an 

essential component of both large-scale water treatment 

plants and smaller systems, offering efficient and 

environmentally friendly water purification solutions while 

addressing the aforementioned characteristics in water.  

 

A. Sustainable Aquaculture Development with the Help of 

Zeolites 

Zeolites play a pivotal role in aquaculture enhancement, 
serving as tools for improving water quality and fostering a 
healthier environment for aquatic organisms. These aid to  
effectively mitigate common challenges in aquaculture. By 
harnessing the unique attributes of zeolites, aquaculturists 
can create a more stable and conducive aquatic habitat, 
ultimately enhancing the growth and well-being of their fish 
and other aquatic species.  They are widely utilized in the 
aquaculture business in several Southeast Asian and Latin 
American countries to improve water and feed quality [25], 
lessen aquaculture's negative environmental consequences, 
and improve the quality of grown seafood [25].  Zeolite has 
the ability to reduce or eliminate the content of nitrogen 
based compounds, heavy metals [16, 12], and organic 
materials [12] in fish ponds, as well as the ability to increase 
the content of oxygen, adjust pH, and minimize odors 
emitted from fish excretion, and the ability to decrease the 
content of suspended organic matter and Total Dissolved 
Solids (TDS) [25]  in fish ponds, all of which have an impact 
on water quality. TDS is used to describe the inorganic salts 
and small amounts of organic matter present in solution in 
water, which might cause turbidity in water bodies. When 
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zeolite is  mixed in fish feed, water turbidity is seen to be 
diminished [25].   

 Here is how they can be typically used in aquaculture 
farms for water purification in short: 

1. Ammonia Removal: Ammonia is a common pollutant 
in aquaculture, primarily originating from fish excretion and 
uneaten feed. High ammonia levels can be toxic to aquatic 
organisms. Zeolites can adsorb and remove ammonia from 
the water due to their ion-exchange capacity. This helps 
maintain ammonia levels within acceptable limits. 

2. Heavy Metal Removal: Zeolites can also adsorb heavy 
metals, such as copper, lead, and zinc, from the water. These 
metals can be harmful to aquatic life, and zeolites can help 
reduce their concentrations in the aquaculture system. 

3. Nutrient Removal: Phosphates and nitrates are 
nutrients that can promote the growth of algae and other 
unwanted microorganisms in aquaculture systems. Zeolites 
can adsorb these nutrients, helping to maintain water quality 
and prevent eutrophication. 

4. Water Clarity: Zeolites can help clarify water by 
adsorbing suspended particles and colloids. This can improve 
water clarity and create a more suitable environment for fish 
and other aquatic organisms. 

5. Ion Exchange: Zeolites can be used to exchange 
undesirable ions in the water for desirable ones. For example, 
they can remove sodium ions and replace them with calcium 
and magnesium ions, which are essential for the health of 
aquatic organisms. 

6. pH Stabilization: Zeolites can help stabilize the pH of 
water by buffering against sudden fluctuations. This is 
important because many aquatic species are sensitive to 
changes in pH levels. Zeolites act as ion-exchange materials, 
adsorbing excess ions, and stabilizing the water's pH level 
within a more neutral range. When acidic or alkaline ions are 
present in water, zeolites can exchange them with hydrogen 
or hydroxyl ions present within the framework, which helps 
buffer and maintain the pH at a desired level. 

7. Bacterial Biofilms: Zeolites can provide a surface for 
beneficial bacteria to form biofilms. These bacteria can help 
break down organic matter and convert ammonia into less 
harmful forms, such as nitrate. 

When using zeolites in aquaculture, it's essential to 
consider the specific requirements of the aquatic species 
being raised, the water quality parameters, and the type of 
zeolite used. Zeolites are typically placed in filters, columns, 
or reactors within the water circulation system. Periodic 
regeneration or replacement of zeolites may be necessary to 
maintain their effectiveness. Additionally, careful monitoring 
of water parameters and regular maintenance of the zeolite 
systems are crucial to ensure their continued performance in 
water purification. 

B. Application of Macrophytes with Natural Zeolites for 

Water Treatment 

     Nitrogenous compounds are a significant concern in 

aquacultural systems due to their detrimental impact on 

various physiological factors in fish species, such as growth 

rate, oxygen consumption, and disease resistance. Aquatic 

plants, or macrophytes, play multiple roles in aquaculture, 

serving as biofilters, providing fish feed, reducing 

pollutants, and clarifying water. These plants facilitate 

nutrient transformations through physical, chemical, and 

microbial processes, while also utilizing nutrients for their 

own growth. 

 

Recirculation aquaculture systems (RAS) [26] offer a 

novel approach to fish farming with several advantages over 

traditional methods. These systems allow for maximum 

production while minimizing water and land requirements 

and providing comprehensive control over environmental 

conditions during cultivation. However, the high costs 

associated with RAS wastewater treatment have prompted 

aquaculture scientists to explore more cost-effective 

filtration methods for these systems. In RAS, the 

incorporation of zeolites and macrophytic [27] plants as part 

of the filter for water treatment has significantly helped to 

decrease the presence of nitrogen and phosphorus 

compounds. The presence of zeolites and macrophytes in 

the experimental version improved water quality, which had 

a positive impact on fish development and feed 

consumption.  

 

Combining the use of macrophytes and zeolites in 

aquaculture systems offers a range of significant advantages. 

First and foremost, this integrated approach results in 

efficient nitrogenous compound removal. Macrophytes 

absorb nutrients like nitrogen and phosphorus for their 

growth. Meanwhile, zeolites specialize in capturing excess 

ammonia. This dual action contributes to maintaining 

optimal nutrient levels in the water, ensuring a healthier 

aquatic environment for fish. By preventing nutrient 

imbalances and reducing the risk of harmful algal blooms, 

the combination of these natural and engineered systems 

creates a more stable and favorable environment for 

aquaculture. A second benefit is the improvement in water 

clarity and quality. Macrophytes play a vital role in this 

aspect by reducing suspended solids and fostering the 

growth of beneficial microorganisms. These 

microorganisms help break down organic matter, further 

contributing to water clarity and quality. Zeolites come into 

play by efficiently removing ammonia, a critical factor in 

maintaining water clarity and enhancing overall aquatic 

conditions. Clear water is not only aesthetically pleasing but 

also beneficial for fish health, as it allows for better 

observation and monitoring of the aquaculture environment. 

 

One of the most significant advantages of this 

combination is the positive impact on fish health. Reduced 

toxic ammonia levels and improved water quality, achieved 

through the collaboration of macrophytes and zeolites, 

directly benefit the well-being and growth rates of the fish. 

Toxic ammonia is a known stressor for fish and can lead to 

various health issues. With its effective removal, the risk to 

fish health is minimized, leading to more robust and thriving 

populations. Additionally, the integrated use of macrophytes 

and zeolites can help reduce the environmental impact of 

aquaculture. Nutrient pollution in surrounding water bodies 

is a common concern in aquaculture, but the combination of 

these natural and engineered systems acts as an effective 

buffer. By keeping nutrient levels in check, it minimizes the 
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risk of pollution and contributes to a more sustainable and 

eco-friendly aquaculture operation. 

 

However, it's crucial to recognize that the specific 

application and effectiveness of macrophytes and zeolites 

can vary based on the aquaculture setup, water conditions, 

and the species of fish being cultivated. Each aquaculture 

operation is unique, and therefore, careful consideration and 

ongoing monitoring are essential to tailor the use of 

macrophytes and zeolites for optimal results in each specific 

context. 

V. CONCLUSION 

In conclusion, the versatile applications of zeolites in 
sustainable agriculture and aquaculture underscore their 
significance in promoting environmentally responsible and 
efficient practices. Zeolites enhance soil fertility, improve 
nutrient and water retention, and contribute to healthier plant 
and aquatic life, reducing the reliance on synthetic chemicals 
and minimizing environmental impacts. Their role in water 
purification, from ammonia removal in aquaculture to 
pollutant adsorption in agriculture and animal husbandry, 
fosters cleaner ecosystems. Zeolites are crucial in reducing 
waste, conserving resources, and promoting soil and water 
quality. In an era of increasing environmental concerns and 
the imperative for sustainable practices, zeolites stand as 
valuable allies, contributing to the conservation of our 
natural resources and the advancement of ecologically sound 
agriculture and aquaculture. 
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