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PREFACE 

The water resources of our world are facing serious threats from pollution, climate change 

and increasing demand. Therefore, it is essential to find sustainable solutions to protect 

and restore aquatic ecosystems. This book entitled" Innovations in Aquatic Environment 

Management" introduces innovative technologies and practices aimed at addressing these 

pressing issues and offers readers insight into a cleaner, more resilient future for our 

aquatic systems. Starting with nanobubble technology and nanomembrane filtration to 

remove pollutants and microplastics, we explore advanced methods to improve water 

quality. Solar-powered mobile filtration systems bring clean water to remote areas, while 

innovative projects like SAFAN convert road friction into electricity for aquaculture. 

Artificial intelligence also plays a key role, as evidenced by AI-powered diagnostic tools 

for fish diseases and smart wetlands for real-time water quality management. From waste-

to-waste innovations like PLASTOFUEL to organic fertilizers made from fish and 

pineapple waste, sustainable practices demonstrate how everyday resources can be 

efficiently reused. Furthermore, eco-friendly materials such as plant based antifouling 

paints help reduce harmful growth on water surfaces. This book also offers perspectives 

on climate-resilient aquaculture with case studies such as those of the Sundarbans in West 

Bengal, which are facing rising sea levels. Finally, technologies like GeoAquaWatch enable 

the monitoring and detailed management of aquatic environments, providing decision 

makers with data to make informed decisions. We hope that this book will inspire ideas and 

collaborations between researchers, industry leaders and environmentalists. Together, 

these innovations remind us of our shared responsibility and our ability to create 

sustainable and thriving aquatic ecosystems for future generation. The financial 

assistance received from Research and Development Fund of National Bank for 

Agriculture and Rural Development (NABARD) towards printing of the proceedings of 

the seminar is gratefully acknowledged. 
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Nanobubble Technology: A Breakthrough Solution for Remediating 
Persistent Pollutants 

 

 

Details of Innovations 

Genesis of the Idea 
The concept of using nanobubbles for pollutant remediation originated from the recognition of 

persistent challenges in traditional water treatment methods, which often fail to effectively 

remove contaminants such as heavy metals, microplastics, and persistent organic pollutants 
(POPs). The limitations of conventional approaches, including chemical dosing and filtration, 

frequently lead to incomplete contaminant removal and can contribute to secondary pollution. 

This idea developed through the observation of advancements in nanotechnology, particularly 
the unique properties of nanobubbles. With their high surface-area-to-volume ratio, enhanced 

oxygen transfer, long-term stability in water, and ability to generate reactive oxygen species 

(ROS), nanobubbles presented a promising solution for addressing these challenges. The ROS 

produced by nanobubbles can degrade pollutants at a molecular level, offering a more efficient 
and environmentally friendly alternative to traditional water treatment methods. The growing 

demand for innovative solutions to treat polluted aquatic environments, such as industrial 

effluents and agricultural runoff, highlighted the need for a versatile, cost-effective, and 
sustainable technology. The application of nanobubbles in pollutant remediation emerged as a 

response to these needs, offering a practical and energy-efficient method for improving water 

quality on a global scale. 
  Identified problem in aquatic environment targeted by idea 

Aquatic ecosystems face severe degradation due to various pollutants, including heavy metals, 

persistent organic pollutants (POPs), and microplastics. These contaminants enter water bodies 
primarily through industrial discharges, agricultural runoff, and urban waste, leading to 

significant environmental and health consequences. Heavy metals such as lead and mercury 

accumulate in the food chain, posing serious risks to both wildlife and human health. POPs, 

due to their resistance to natural degradation, disrupt aquatic ecosystems and cause long-term 
ecological damage. Microplastics have also emerged as a major concern, with their small size 

allowing them to bypass conventional filtration systems, leading to widespread contamination 

in rivers, lakes, and oceans. Traditional water treatment methods struggle to fully remove these 
pollutants, leaving aquatic environments in a state of ongoing contamination and water quality 

decline. Nanobubble technology specifically targets these identified problems in the aquatic 

environment. Nanobubbles enhance the oxidation and degradation of organic pollutants, 
improve oxygenation, and aid in the removal of microplastics, offering a novel solution to these 

persistent issues. By focusing on the pollutants that are most difficult to treat, nanobubbles 

present a promising approach to restoring the health of aquatic ecosystems and improving 
overall water quality. 

Summary of the idea  

The proposed concept focuses on the innovative use of nanobubble technology for the 

remediation of pollutants in aquatic environments. Nanobubbles, gas-filled particles with 
diameters below 200 nanometers, exhibit exceptional stability, a high surface area, and 

distinctive physicochemical properties. These characteristics allow nanobubbles to interact 

effectively with and facilitate the degradation of diverse contaminants, including heavy metals, 
persistent organic pollutants (POPs), and microplastics. 

Need: The growing impact of industrial pollution and environmental degradation has created 

an urgent demand for advanced, sustainable water treatment technologies. Conventional 
treatment methods often prove insufficient in eliminating complex and recalcitrant pollutants, 

necessitating more efficient approaches. 

Salient Features: Nanobubbles significantly enhance oxygen transfer rates, promoting 
biological degradation processes. They also produce reactive oxygen species (ROS), which are 

pivotal in the molecular breakdown of harmful contaminants. This technology is 

environmentally sustainable, reducing the dependence on harsh chemical additives and 

minimizing the risk of secondary pollution. 

Bishal mandal and Ganesh Kumar

College of Fisheries, Rani Lakshmi Bai Central Agricultural University, Jhansi, UP-284003
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Utility: The adaptability of nanobubble technology makes it applicable to a wide range of 
scenarios, from industrial wastewater treatment to the ecological restoration of natural water 

bodies. Integrating nanobubbles into existing water treatment systems can dramatically 

improve the efficiency of pollutant removal and enhance overall water quality. This innovative 
approach not only addresses critical water pollution issues but also plays a crucial role in 

preserving aquatic ecosystems, making it an essential tool in contemporary environmental 

management. 

 
                                           Fig.1. Pictorial representation of idea 
 

 

 
 

 

 
Remediation of pollutants using nanobubble 

technology 
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Development and implementation process of idea with target areas of operation 
The development of nanobubble-based pollutant remediation technology involves several key 

stages. The process begins with optimizing nanobubble generation using air-water interface 

technology to create stable bubbles with tailored gas compositions, suitable for specific 
pollutants. Once optimized, pilot-scale studies are conducted in various polluted water bodies 

to evaluate the technology's effectiveness in real-world conditions. Target Areas of Operation: 

The primary zones for implementing this technology include industrial wastewater discharge 
areas, highly polluted lakes, and regions affected by agricultural runoff. Nanobubble generators 

are strategically deployed at these pollution sources or within water treatment facilities, 

injecting nanobubbles directly into contaminated water. This initiates the oxidation and 
degradation of harmful pollutants, significantly improving water quality. The nanobubble 

technology can also be integrated with existing filtration systems and chemical treatments, 

enhancing the overall pollutant removal efficiency. Collaboration with environmental agencies 

and industries is essential for successful implementation, enabling customized solutions that 
address the unique requirements of each site. By focusing on these development stages and key 

areas of operation, nanobubble technology offers a scalable, effective solution to the pressing 

environmental challenges posed by water pollution. 
SWOT Analysis  

Strengths: 

 High efficiency in breaking down a wide range of pollutants. 

 Environmentally friendly, minimizing chemical usage. 

 Scalable technology suitable for various applications. 

Weaknesses: 

 High initial costs for technology development and installation. 

 Limited awareness and acceptance in some sectors. 
Opportunities: 

 Increasing demand for sustainable water treatment solutions. 

 Potential for integration with existing treatment technologies. 

Threats: 

 Competition from established water treatment methods. 

 Regulatory challenges in adopting new technologies. 
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Revolutionizing Microplastic Filtration in Aquatic Systems with 
Nanomembrane Technology 

Shweta Suman and Vachas Vadini Mani  

 

Details of Innovations  
Genesis of the Idea  

The alarm is finally ringing!! 

It’s time for us to wake up to the threats associated with micro plastics, these are the micro 
particles that are less than 5mm in size. The problems exerted by it covers a wide range, from 

causing inflammatory chronic diseases and cancer in human life, to harming the ocean life by 

going through the process of bioaccumulation and biomagnification that finally disrupts the 
trophic levels and food chains. Microplastics are a global issue because they are released all 

over the world. In 2018, global plastics output increased to over 359 million tons (Mt), up from 

348 Mt in 2017 (Plastics Europe, 2019). Since the 1950s, when plastic items were widely 
available, global plastic manufacturing has expanded substantially, from 0.5 Mt/year in 1960 

to 348 Mt/year in 2017 (Plastics Europe, 2018). The most prevalent waste materials are brought 

to the seas by rivers, floods, and winds that pollute the ocean and beaches ecosystem. Discarded 

fishing craft, plastic bags, food containers, and plastic drinks bottles (water and cold drinks) 
pollute the water ecosystem. Microplastics are regarded as a global issue due to their toxicity 

effects on fish and humans. Fish is a vital origin of human protein, which is necessary for body 

growth. Contamination of fish by Microplastics is a major hazard that requires special focus. 
After exposure to Microplastics alone or in combination with other pollutants, fish may 

experience a variety of health issues. Microplastics can cause tissue damage, oxidative stress, 

and changes in immune-related gene expression as well as antioxidant status in fish. So, 
strategies must be made to avoid and minimize the impact of Microplastics on fish and ocean 

aquatic life.  

State the problem in aquatic environment targeted by idea 
Microplastics, tiny plastic particles less than 5 mm in size, pose significant environmental 

and health concerns. Key issues include: 

 Environmental Impact: Microplastics are pervasive in oceans, rivers, soil, and air. They 

harm marine life when ingested, impacting the food chain and biodiversity. In oceans, 
microplastics can also act as carriers for toxic pollutants. 

 Human Health Risks: Through food, water, and air, microplastics enter the human body, 

raising concerns over potential health effects. Early studies suggest risks of inflammation, 

toxicity, and even hormone disruption, though long-term health impacts are still being 
researched. 

 Persistence and Accumulation: Microplastics are resistant to degradation, accumulating 

in ecosystems over time. This persistence amplifies their effects on both wildlife and 
humans, with contamination reaching even remote areas like polar ice caps. 

 Economic Costs: Microplastic pollution affects industries like fishing and tourism and 

increases costs for water treatment, impacting economies worldwide. 

 Addressing microplastic pollution requires improved waste management, stricter 
regulations on plastic use, and innovations in biodegradable materials. 

Brief Summary of the idea highlighting its need, salient features and utility 

A nanomembrane filter can be an effective solution in sewage treatment plants to capture 

microplastics before they enter water bodies, thus protecting aquatic ecosystems. The 
nanomembrane acts as a fine filter, capable of trapping tiny plastic particles that traditional 

filters often miss. It can be installed as an additional filtration step after conventional primary 

and secondary treatments. The collected microplastics can then be disposed of safely, reducing 
pollution in rivers, lakes, and oceans and minimizing harm to aquatic organisms and the food 

chain. Nanomembrane filters are made up of extremely small pores that are able to capture 

particles as small as a few nanometers in size. This makes them highly effective at removing 
microplastics from water and air, which are major pathways through which these particles enter 

the environment. By implementing nanomembrane filters in filtration systems, we can greatly 

College of Fisheries, Kishanganj, Bihar-855107
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reduce the amount of microplastics entering our waterways and ecosystems, protecting both 
the environment and human health. 

Moreover, the use of nanomembrane filters for microplastic pollution is crucial for preserving 

marine ecosystems. Microplastics are known to be ingested by marine organisms, leading to a 
range of negative effects such as digestive issues, reproductive problems, and even death. By 

removing these particles from the water before they are ingested by marine life, nanomembrane 

filters can help to preserve the delicate balance of marine ecosystems and protect biodiversity. 
In addition, nanomembrane filters offer a more efficient and cost-effective solution to the 

problem of microplastic pollution compared to other methods. Traditional filtration methods, 

such as mesh filters or centrifugal separation, are not as effective at removing microplastics and 

can be expensive to implement on a large scale. Nanomembrane filters, on the other hand, are 
highly efficient at capturing microplastics and can be easily integrated into existing filtration 

systems, making them a practical and sustainable solution for addressing microplastic 

pollution. 
Moreover, the use of nanomembrane filters for microplastic pollution aligns with the principles 

of sustainable development and environmental protection. By actively working to remove 

microplastics from the environment, we are taking a proactive approach to preserving our 
natural resources and ensuring a healthy and sustainable future for generations to come. 

Nanomembrane filters play a key role in this effort, providing a cutting-edge technology that has 

the potential to revolutionize the way we address microplastic pollution. 
 

 

 

 

Pictorial representation of idea 
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Nanomembrane Filter 
 Details of development and implementation process: 

Installing a nanomembrane filter in a sewage treatment plant to trap microplastics is an 

innovative way to reduce plastic pollution in aquatic environments. Here's a plan on how to 
integrate this system effectively: 

Identifying Strategic Placement 

Install the nanomembrane filters at the final filtration stage of the sewage treatment 
process, after the biological treatment stage and just before the effluent discharge. 

This will ensure that microplastics are filtered out after organic materials have already been 

broken down, reducing the likelihood of clogging the nanomembranes. 

Nanomembrane Material Selection 

 Use membranes with pore sizes smaller than microplastics (typically between 0.1 to 10 

microns) to trap particles while allowing water to pass. 

 Materials like graphene oxide or polymer-based nanomembranes, which are known for 

durability and resistance to chemical fouling, can be effective. 
Backwashing & Self-Cleaning Mechanism 

 Incorporate a self-cleaning or backwashing system to prevent the buildup of trapped 

particles, which can increase efficiency and reduce maintenance needs. 

 Regular cleaning will prolong the lifespan of the filter and maintain high filtration 

efficiency. 

Energy Efficiency Considerations 

 Since nanomembrane filters can require significant energy to push water through, use 
energy-efficient pumps and consider renewable energy sources to power the filtration 

process. 

 Integrate with existing plant energy systems, like anaerobic digestion, to offset the energy 

required for nanofiltration. 
Waste Disposal of Collected Microplastics 

 Develop a system for safe disposal or recycling of collected microplastics to prevent 

secondary pollution. 

 Microplastics could be removed and treated separately or used in research for alternative 
uses. 

 It can be further use in making lead battery etc. 

Monitoring System 

 Install sensors to monitor the concentration of microplastics before and after filtration, 
ensuring the system’s efficiency. 

 Data from the monitoring system could also provide insights for optimization and help 

in compliance reporting for environmental standards. 

Pilot Program and Scalability 

 Begin with a pilot program to assess efficiency, maintenance needs, and operational 

costs. 

 Collect data on filtration efficiency, energy consumption, and maintenance needs to 

evaluate the feasibility of scaling up. 
SWOT analysis: 

Strengths: 

 High Filtration Efficiency: Nano filter membranes are highly effective at filtering 

microplastics, often capturing particles down to the nanometer scale, which is essential 
given the tiny size of microplastics. 

 Preventing Bioaccumulation: By removing microplastics from water, nano filters 

reduce the chance of ingestion by aquatic organisms, thereby decreasing the risk of 
bioaccumulation in the food chain. 

 Adaptability to Different Water Sources: Nano filter membranes can be integrated into 

various water treatment systems, from industrial waste outlets to residential and 

community water filtration setups. 

 Durability and Reusability: Many nanofiltration membranes are designed for long-term 

use, and some can be cleaned and reused, making them a sustainable option for ongoing 

filtration efforts. 

 



 

AEMS-2024 7 

 

A book on “Innovations in Aquatic Environment Management” 

Weaknesses: 

 High Production Costs: Manufacturing nano filter membranes is often costly due to the 

advanced technology and materials required, which may limit large-scale deployment. 

 Membrane Fouling: Nano filters are prone to fouling, where particles and biofilms clog 

the membrane, reducing efficiency and requiring regular maintenance or replacement. 
Opportunities: 

 Rising Environmental Awareness: Increased global focus on ocean health and 

pollution control creates demand for technologies that can curb microplastic pollution. 

 Funding and Policy Support: Governments and environmental organizations are 
investing in and incentivizing innovative solutions for ocean cleanup, which could boost 

research and deployment of nano filters. 

Threats: 

 Competition from Alternative Technologies: Other microplastic control methods, like 

bioremediation, adsorbents, and advanced filtration methods, could limit the adoption 

of nano filters. 

 Waste Disposal Challenges: Used nano filters may themselves become environmental 
hazards if they aren’t disposed of properly or if they accumulate the very microplastics 

they filter. 

 Regulatory Barriers: Stricter regulations around wastewater treatment standards may 

require expensive certifications and testing for nanofiltration products, increasing 
development costs. 
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Solar-Powered Mobile Freshwater Filtration: A Sustainable Solution for 
Clean Water Access 

Harsh Kumar Sharma and Ganesh Kumar  

College of Fisheries, Rani Lakshmi Bai Central Agricultural University, Jhansi, UP – 284003 
 

Details of Innovations  
Genesis of Idea 

The development of mobile freshwater filtration units equipped with solar panels originated from 

the growing demand for sustainable, portable solutions to address water scarcity in regions 
lacking reliable access to clean water and electricity. With the increasing global water crisis and 

the displacement of millions due to natural disasters, it became clear that an eco-friendly, 

mobile water purification method was urgently needed. Traditional water filtration systems, 
while effective, often relied on mechanical or chemical processes that required power from 

conventional energy sources. However, in areas suffering from power shortages or off-grid 

locations, these systems were not feasible. This challenge sparked the idea of integrating 
renewable energy, particularly solar power, into mobile filtration units, making them energy-

independent and capable of operating in remote areas. The first iterations of mobile freshwater 

filtration units combined multi-stage filtration technologies, such as sediment filters, activated 

carbon, and UV sterilization, with solar-powered functionality. These self-sufficient systems 
were designed to operate efficiently without being connected to electrical grids, providing a 

solution adaptable to various situations, including small-scale farming, disaster recovery 

efforts, and rural communities with limited access to clean water. This innovation gained 
significance in disaster relief operations, rural development initiatives, and humanitarian 

missions. Solar-powered mobile filtration units began providing essential clean water in regions 

severely impacted by droughts, floods, and power shortages. Their portability, energy efficiency, 
and adaptability also made them critical for modern aquaculture practices, where sustainable 

water management is vital for both productivity and environmental conservation. 

Identified problem in aquatic environment targeted by idea 
Solar-powered mobile freshwater filtration units target several pressing problems in aquatic 

environments, including bacterial contamination from pathogens like E.coli, turbidity and 

sedimentation that impair water clarity, and excess nutrients such as nitrogen and phosphorus 

leading to eutrophication and harmful algal blooms. They also address the presence of chemical 
pollutants like pesticides and heavy metals that threaten both ecosystem health and human 

safety, as well as water-related health risks from diseases like cholera and exposure to toxic 

substances. Additionally, these units tackle environmental concerns such as habitat 
degradation and the decline of aquatic life, while responding to humanitarian challenges like 

limited access to clean drinking water and the impacts of climate change on water quality. By 

providing sustainable solutions for river pollution, lake eutrophication, wetland degradation, 
and estuary contamination, solar-powered filtration units play a crucial role in improving water 

management and promoting ecosystem resilience. 

Summary of the idea  

Access to clean drinking water is a critical global issue intensified by climate change, pollution, 
and natural disasters. Mobile freshwater filtration units powered by solar energy provide a 

portable, self-sustaining solution to this challenge. Featuring advanced filtration technologies 

such as membrane and UV systems, these units include real-time water quality monitoring and 
are designed for easy maintenance and operation.  

They serve multiple purposes, delivering clean drinking water to communities, refugees, and 

disaster victims, while supporting aquatic life and enhancing the health of rivers, lakes, and 
wetlands. In emergency situations, they offer vital humanitarian aid and promote environmental 

sustainability. The benefits include improved public health, increased water accessibility, 

reduced waterborne diseases, and enhanced community resilience. Applicable in rural and 
urban settings, disaster recovery, environmental conservation, and military operations, these 

mobile units represent a sustainable and efficient approach to ensuring clean water access and 

fostering community development. 
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Pictorial 

representation of idea 

 
Development and implementation process of idea with target areas of operation 

The development of Mobile Freshwater Filtration Units powered by solar panels emerged from 

the critical need for clean drinking water in regions lacking reliable electricity and safe water 

sources. Engineers and scientists collaborated to design compact and portable systems capable 
of purifying contaminated water through solar energy. These units typically incorporate multiple 

filtration stages, including sediment filters, activated carbon, and UV light sterilizers, to 

effectively remove sediments, chemicals, and pathogenic bacteria. The integration of solar 
panels ensures that the systems can operate independently in remote locations, eliminating the 

need for external power sources. Following design and testing, these units have been deployed 

in areas experiencing water shortages or contamination, proving highly effective in disaster 
zones, rural communities, refugee camps, and military operations where access to clean water 
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is constrained. Their capability to function in off-grid regions positions them as sustainable and 
eco-friendly solutions. Target areas include regions impacted by natural disasters such as 

floods, droughts, or hurricanes, as well as rural villages in developing countries where clean 

water infrastructure is inadequate. Consequently, these mobile filtration units have become 
vital tools for delivering safe drinking water to populations in urgent need. 

SWOT Analysis:  

Strengths:  

 The mobile freshwater filtration units boast portability, self-sustainability, renewable 

solar energy use, advanced filtration technology, and low maintenance costs. 

Weaknesses:  

 Challenges include high initial investment, limited capacity, variability in water quality, 
and dependence on solar efficiency affected by weather conditions. 

Opportunities:  

 Growth potential exists through increasing demand for clean water solutions, support 

for renewable energy initiatives, and partnerships with NGOs for market expansion. 
Threats:  

 Competition from established companies, regulatory changes, water scarcity and climate 

change impacts, and public concerns about environmental effects pose significant 

threats. 
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Sustainable Electricity by Friction and Pressure along the Coastal Roads – 
A Way to Solve the Aquaculture Energy Crisis- (SAFAN) 

Mahendra Kumar S, Harinipriya M 

Dr.M.G.R. FC & RI, Ponneri  
 

Details of Innovations  
Genesis of Idea 

The total global seafood production is expected to rise to 202 MT/ year by 2024 (181 MT in 

2020-2022). Among them, 96% will be from aquaculture (111 MT/ year by 2032). Electricity is 
crucial for the operation of vital systems in aquaculture, such as aerators and water pumps. In 

the event of a power outage, oxygen supply to the water is reduced, potentially leading to hypoxia 

(low oxygen levels), fish stress, and even large-scale fish deaths. Moreover, interruptions in 
water circulation in Recirculating Aquaculture Systems (RAS) can cause a deterioration in water 

quality, resulting in increased levels of harmful substances like ammonia. Aquaculture farms 

located in remote or coastal areas often face challenges related to limited or unstable electricity 
supplies. The electricity requirement by the aquaculture farm is Rs. 1- 1.5 lakhs/ha/culture. 

In near future the usage may increase due to expansion in global trade. Hence through 

generation of renewable source of energy we can meet the electrification problem and global 

climatic changes. 
Life solution 

To address these challenges, aquaculture operators can implement backup power systems, 

such as generators or renewable energy sources like solar or wind power and our idea SAFAN 
(Sustainable Electricity by Friction and Pressure along the Coastal Roads ). India is 

endowed with a long coastline (8041km). In highway when vehicle passes over speed breaker a 

huge amount of energy and fuel is wasted as friction and pressure. Hence, there is a great 
possibility to generate sustainable power by tapping that energy. A piezoelectric sensor is a type 

of sensor that utilizes the piezoelectric effect to convert mechanical stress into an electrical 

signal. 

 Friction Generation: When vehicles pass over a road surface equipped with piezoelectric 

materials, the pressure and vibrations generated by the weight of the vehicles create 

mechanical stress on the piezoelectric elements. 

 Energy Conversion: This mechanical stress induces an electrical charge in the 
piezoelectric materials, which can then be harvested as electrical energy. 

 Storage and Use: The generated electrical energy can be stored in batteries or capacitors 

for later use, such as powering streetlights, traffic signals, or sensors for smart city 

applications. 
Working model 

Friction - The kinetic energy of vibrating road is converted into electrical energy. A moving plate 

will be installed on the road, which takes the stroke motion of the vehicles and convert it into 
rotary motion by crank mechanism and generates electricity. Pressure - The pressure and 

mechanical energy is converted into electrical energy. The beds of roads will be installed with 

piezoelectric sensors which generates voltage by the pressure of these vehicles. 
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The Yield from one vehicle -1 minute = 4.66 watt, 60 min (1hr) = 280 watt/hr.  
24hrs = 6052KW/day. The yield for 1km of piezoelectric road of one lane - 44000KWh per year. 

Pictorial representation of the working principal 

 
 

Application 
From this source of electricity generation, we can store it in the high volt capacity battery and 

can be used to the aquaculture farms when there is demand for the supply for the electricity for 

the source like aerator, feed dispenser etc and as well as this can be supplied to the lights in 
and around the roads as well as the farm. From this method we can reduce the usage of thermal 

and coal power station which will be helpful for controlling climate changes and increases 

farming activities. 

 

Piezoelectric 

Sensor 
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SWOT Analysis:  
Strength:  

 Sustainable Energy 

 Low Maintenance 

 Scalability 

 Compact Size 

 Fast Response Time 

Weakness:  

 Cost 

 Durability 

 Efficiency  

Opportunities: 

 Wide Frequency Range 

 Energy Harvesting 

 Smart Infrastructure Integration 

 Safety Enhancements 

Threats:  

 Environmental Factors 

 Mechanical Wear and Tear 

 Installation Challenges 

 Market Competition 

 Regulatory and Compliance Issues 
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Fish vet Artificial Intelligence in Aquaculture: A New Era for Fish Health 
Alisha Raj, Juhi Bharti and Manish Kumar 

 

 Details of Innovations  

 Genesis of Idea  

Tagline of innovation: Safeguarding Fish Health for a Sustainable Future 
In the year 2022-23, Indian aquaculture farmers experienced economic losses exceeding $1.1 

billion due to disease outbreaks, highlighting disease as a critical factor in aquaculture-related 

economic losses. To assist farmers in diagnosing fish health, an Artificial Intelligence-driven 
mobile app is being introduced, enabling farmers to determine whether fishes are healthy or 

diseased if a disease is detected, it will provide on-site therapeutic measures to address the 

issue. 
 Brief Summary of the Innovation 

This innovation involves developing a scanning fish app designed to help farmers quickly 

diagnose fish diseases. When farmers scan their fish using this app, it analyzes the images and 
provides detailed information about any potential diseases affecting the fish. The app operates 

by utilizing advanced artificial intelligence (AI) techniques. To ensure accurate diagnoses, we 

are training the AI with hundreds of images for each disease, allowing it to learn and recognize 

various disease patterns. This extensive dataset allows the AI to learn to identify specific disease 
patterns and symptoms accurately. The app employs several sophisticated methods such as 

Histogram of Oriented Gradients (HOG), Principal Component Analysis (PCA), and neural 

networks to analyze the scanned images effectively. 
Once the app identifies a disease, it will suggest specific therapeutic measures so that farmers 

can adopt on-site. This feature empowers farmers to take immediate action to treat their fish, 

ultimately helping to improve fish health and reduce economic losses in aquaculture. By 
combining cutting-edge technology with practical solutions, this app aims to enhance the overall 

efficiency, productivity and sustainable of fish farming. 

Details of development and implementation process of the innovation:  
We know very little about our environment, and the vast amount of data available is 

overwhelming. However, many threats can be avoided if identified early, making data collection 

and understanding crucial. Technology can assist in monitoring and analyzing these threats. 

To eliminate pathogens, we first need to diagnose diseases in fish. Conventional methods of 
diagnosis can be time-consuming, but incorporating AI allows for quicker identification of 

diseases affecting fish. Mobile scanners have become a part of our daily lives, similar to widely 

used apps like Paytm, PhonePe, and Google Pay. Our concept is based on this familiarity with 
scanning technology. By using a mobile-based scanner integrated with AI, farmers can scan 

their fish, and the captured images will be matched with the input data the AI system has. This 

will indicate whether the fish is suffering from diseases such as EUS, Dropsy, or bacterial 
infections etc, and it will also suggest appropriate measures to control these diseases. 

 How the innovation/ prototype will scale up at market level? 

To successfully scale up the AI-based fish disease diagnosis app in the market, the first step is 
to understand the target users, including small farmers and large fish farms, while also 

analyzing competitors to identify unique advantages. Continuous improvement of the product 

is crucial, so refining the app based on feedback from initial users and testing it in real-world 
settings with fish farmers will help ensure its effectiveness. Making the app accessible on both 

Android and iOS platforms, and considering offline functionality for rural areas, will widen its 

reach. Finally, continuous research and innovation will keep the app relevant and allow for the 

exploration of new uses in aquaculture. By following these steps, the app can effectively help 
farmers improve fish health and reduce economic losses in the aquaculture industry. 
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AI based Eco-Smart Floating Treatment Wetlands: A Sustainable 
Innovation for Urban Water Quality Management 

Sudhanshu Kumar and Ganesh Kumar  

College of Fisheries, Rani Lakshmi Bai Central Agricultural University, Jhansi, UP- 284003 
 

Details of Innovations  
Genesis of Idea 

The concept of Eco-Smart Floating Treatment Wetlands (FTWs) arose in response to the pressing 

challenges of water pollution and habitat degradation prevalent in urban and industrial 
environments. This innovative approach integrates ecological principles with engineering 

practices to formulate sustainable strategies for water quality management. The foundation of 

this idea can be traced back to the early 2000s, when researchers and environmental advocates 
began exploring alternatives to conventional land-based water treatment methods, which often 

demanded substantial space and resources. Floating wetlands emerged as a promising solution, 

leveraging existing water bodies without requiring additional land, thus mitigating the spatial 
constraints associated with traditional systems. These engineered wetlands emulate natural 

ecosystems by providing a substrate for aquatic plants, which actively filter and absorb 

contaminants from the water column. As the technology matured, advancements in smart 

technologies such as sensor integration and automated control systems significantly enhanced 
the operational efficiency and adaptability of FTWs. This evolution gave rise to the designation 

"Eco Smart," reflecting the fusion of ecological integrity with technological innovation. The 

increasing focus on green infrastructure and sustainable urban development has catalyzed the 
adoption of FTWs, underscoring a broader paradigm shift towards innovative, environmentally 

responsible solutions for water resource management. 

Identified problem in aquatic environment targeted by idea 
Aquatic environments are increasingly threatened by pollution stemming from industrial runoff, 

agricultural chemicals, and untreated sewage. These contaminants contribute to 

eutrophication, resulting in harmful algal blooms that deplete oxygen levels and create "dead 
zones," where aquatic life struggles to survive. Additionally, heavy metals and toxic substances 

adversely affect fish, invertebrates, and plant species, leading to disrupted ecosystems, reduced 

biodiversity, and heightened health risks for both humans and wildlife. As a consequence, 

aquatic habitats are degraded, food chains are interrupted, and the overall resilience of 
ecosystems is compromised. These challenges underscore the urgent need for effective and 

sustainable water treatment solutions that can restore and safeguard aquatic environments 

from ongoing degradation. This context highlights the significance of innovative approaches, 
such as Eco-Smart Floating Treatment Wetlands, in addressing these critical issues. 

Summary of the idea  

Floating Wetlands Technology (FWTs) represents a cutting-edge solution for mitigating pollution 
in aquatic environments. This technology consists of floating platforms that support aquatic 

plants, which naturally filter and purify water by removing excess nutrients, heavy metals, and 

organic pollutants through ecological processes similar to those found in traditional wetlands. 
FWTs are particularly advantageous in urban and industrial settings where land availability is 

restricted, as they can be deployed on existing water bodies such as ponds, lakes, and 

reservoirs. The integration of these systems not only enhances local biodiversity by providing 

habitats for various aquatic and avian species but also contributes to ecological balance. FWTs 
are adaptable to diverse climatic conditions and can be effectively utilized in various water 

bodies, making them versatile for global water management strategies. Key features include 

their capacity to improve water quality, offer sustainable management for stormwater and 
wastewater treatment, and enhance the aesthetic and recreational value of water bodies. 

Additionally, FWTs play a role in erosion control by stabilizing shorelines and mitigating wave 

action. The development of Eco-Smart FWTs incorporates advanced design, engineering, and 
operational strategies, further enhancing their efficiency and adaptability for effective water 

quality management and environmental conservation. Pollutant traces is the treated water can 

be monitored by the AI based sensors in the Realtime basis. Henc ethe effectiveness of removal 
can be easily addressed. 
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Pictorial representation of idea 

 

Development and implementation process of idea with target areas of operation 

 
The development of Eco-Smart Floating Treatment Wetlands (FTWs) begins with a robust design 

and engineering phase, where modular, buoyant platforms are constructed from durable 

materials. These platforms support a specially engineered growth medium that ensures 
buoyancy and stability while promoting plant root development and microbial activity. In 

operation, FTWs utilize the natural filtering abilities of aquatic plants and microbial 

communities to remove pollutants from water. Plants absorb nutrients and contaminants 
through their roots, while the microbes in the growth medium help break down these pollutants. 

Water flow is optimized within the system to maximize contact between contaminated water and 

treatment zones. Some FTWs are equipped with sensors that monitor conditions and adjust 
operations for optimal performance. The implementation phase includes a thorough site 

assessment to tailor the FTW system to specific water quality challenges and environmental 

conditions. Following installation and anchoring, regular maintenance is conducted to monitor 

plant health, the condition of the growth medium, and overall system performance. FTWs can 
be customized to target specific pollutants and can be integrated with other treatment systems, 

providing a versatile and sustainable solution for improving water quality. AI based sensors like 

heavy metal detection sensor, pesticides sensors, pharmaceuticals and radioactive material 
detection sensor can be used after the treatment before releasing in to natural water body for 

residues availability in water. This adaptable technology meets varying environmental needs 

while effectively addressing pollution in aquatic environments. 
SWOT Analysis: 

Strengths: 

 Utilizes natural processes for water treatment, reducing chemical reliance and 

environmental impact. 

 Adaptable in size and location, suitable for various water bodies and pollution levels. 

 Generally lower operational costs compared to traditional wastewater systems due to 

reduced energy and chemical use. 

Weaknesses: 

 Requires regular upkeep to ensure plant health and system functionality, involving 

manual labour. 

 Effectiveness varies with environmental conditions, potentially impacting plant growth 

and treatment efficiency. 

 May not be suitable for highly polluted water or large volumes without significant scaling. 



 

AEMS-2024 17 

 

A book on “Innovations in Aquatic Environment Management” 

Opportunities: 

 Can be incorporated into urban planning as green infrastructure, enhancing aesthetics 

and biodiversity. 

 Increasing regulations and incentives for sustainability could boost adoption and support. 

 Opportunities for technological advancements and integration with other green 
technologies to enhance performance. 

Threats: 

 Changes in weather patterns and extreme conditions may impact system performance and 

plant survival. 

 Reliance on governmental or organizational support poses risks if financial backing 

decreases. 

 Advances in alternative water treatment solutions could affect market demand and 

viability. 
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PLASTOFUEL: Way towards Waste to Wealth 
 

                                                                                       
 

Details of Innovations  

Genesis of Idea  

India generates 25,940 tons of plastic every day with 40 % of it remains uncollected. Ministry 
of Environment, Forest and Climate Change has put a ban on identified single-use plastic items 

in 2022 under Plastic Waste Management Amendment Rules, 2021; however, single use plastic 

bags are still used in remote areas and villages around the country. Due to high use and 
continuous littering in aquatic environment, plastics have gained a serious attention among the 

scientific community. Microplastic particles, also known as MPs (1 μm–5 mm in size) emanates 

from two sources: primary microplastic (particles that are produced in factories) and secondary 
microplastic (microparticles formed through the degradation of larger plastic waste through 

weather or physical impact). On account of its omnipresence in the aquatic environment, it has 

emerged as a great concern for native organisms. The aquatic environment is outrageously 
littered with both plastic and microplastic which embarks potential to affect the health of 

aquatic organisms. All Class I cities and Class II towns together generate an estimated 29129 

MLD sewage, with sewage treatment capacity of only 6190 MLD. This results a huge gap in 

production and treatment of sewage including plastics. Further, plastics are screened during 
primary treatment in traditional waste water treatment plant and are dumped in a common 

area for a long period of time resulting the build up of plastic waste. Hence, it is the need of the 

hour to trap the plastics before reaching the aquatic environment and simultaneously convert 
the plastic waste to wealth. In this prelude, we have conceptualized this idea of PLASTOFUEL, 

an integrated approach of capturing the plastics during the sewage treatment and converting 

the plastics into fuel which can be blended with commercially available petrol and diesel for use 
in vehicles.  

State the Problem in Aquatic Environment Targeted by the Idea  

The world produces approximately 350-400 million tons of plastic waste each year. Around 25% 
of plastic waste is recycled and remaining plastics were dumped for a long period of time. In 

this innovation, we aim to trap the plastic in a device and simultaneously converting plastic into 

fuel through pyrolysis. The aim of this innovation is to improve efficiency, reduce cost and 

enhance products quality and also reduce the problem of dumping. 
Brief Summary of the Idea Highlighting Its Need, Salient Features, and Utility 

Since, plastic is a non- biodegradable material it takes hundreds of years to decompose. It also 

harms marine life forms, causing entanglement, suffocation and ingestion. So, it can be avoided 
by making alternative use of plastic to generate useful material like fuel which not only help to 

manage waste by converting non-recyclable material into valuable products but it also reduces 

the dependency on fossil fuels, diesel or petrol. It produces high quality fuel which will benefit 
the fishermen to contribute to a more sustainable and profitable fishing industry. It can be 

implemented by developing pyrolysis units which can be integrated in fish processing plant, 

which reduce waste transportation cost. Small-scale pyrolysis units can be serving local fishing 
communities, promoting waste management and energy self- Sufficiency. 

Beneficiaries and target customers of your innovation: Stake holders comprising industry, 

local people, environmentalist, etc. 
Details of development and implementation process of the innovation: 

This innovation involves reducing plastic pollution and creating renewable energy sources. The 

basic principle is based on tidal amplitude i.e. the water along with plastic debris from landward 

and sea ward may easily enter the device through the flaps. As the plastics get trapped by plastic 
detector, the debris is passed to the pyrolysis chamber in which it gets converted into fuel. 

Pyrolysis mean heat and lysis means breakdown, during pyrolysis the molecules are subjected 

to very high temperature leading very high molecular vibration at this molecular all molecules 
are subjected to stretch and shaken to such an extent that molecules start breaking down in 

smaller molecule. It occurs in 5 steps such as waste plastic---- pre-treatments-----shredder----

pyrolysis----condensation---refining. During pre-treatments process foreign matter are removed 
then sent into a plastic shredder. Plastic shredder is a machine is used to cut plastic into small 

Priya Kumari and Pooja Kumari
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pieces. The smaller piece of plastic sent into a densifier that compress the smaller piece into a 
dense material to facilitate easier storage and handling then sent into a chamber where the 

pyrolysis of plastic takes place then heated upto 450 ◦C in the presence of catalyst and in the 

absence of oxygen. 
The plastic slowly melted and converted into gas State, the gas sent into a condenser then 

condensation takes place. Condensation means conversion of gases or vapour into liquid then 

sent into oil refinery chamber and finally plastic waste refined into oil. 
How the innovation will be scaled up at market level? 

To successfully scale up at the market level we first of all need to conduct market research to 

identify demand and trends. Then we can set up small scale industry by obtaining certification 

from reputable organizations for pyrolysis process. It can be collaborated with government so 
that it can provide waste plastic from the Nagar nigam departments. The plastofuel 20% cheaper 

than petrol/ diesel. The pyrolysis has the potential to contribute to a sustainable, economy, and 

its importance will continue to grow as the world transition to renewable sources. 
Advantages of converting plastic waste into fuel: 

The benefits of creating fuel by using this technology include: The fuels produced are better for 

the environment, as they have the properties of clean fuel, so can be burned with a lower carbon 
footprint than coal, oil, and natural gas. 
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Standard Operating Procedures in Fisheries 
Mudit Agrawal  

College of Fisheries Science and Research Centre 

Chandra Sekhar Azad University of Agriculture & Technology, Kanpur) 
 

Details of Innovations 
Genesis of the SOPs 

Standard Operating Procedures in fisheries are essential for ensuring sustainable practices, 

safety and compliance with regulations. 
Fishing practices -Guidelines for sustainable harvesting top prevent overfishing. Use of 

appropriate gear to minimize by catch. 

Health and safety: Safety protocols for crew. members, including emergency procedures. 

Proper handling and storage of catch to ensure quality and prevent spoilage. 
Environmental management: procedures for monitoring and minimizing environmental 

impact. Guidelines for habitat protection and restoration 

Regulatory compliance- Adhere to local, national and international fishing regulations. Record 
keeping for catch data and rep orting requirements. 

Training and capacity building- Regular training for staff on best practices and new 

technologies. 
Quality control- Standard procedures for assessing the quality of fish products. Guidelines for 

processing, packaging, and distribution. 

Monitoring and evaluation– Regular assessment of fishing practices and impacts on fish 
populations. Adaptive management strategies based on monitoring results. 

Implementing these SOPs helps promoter responsible fishing and ensure the long-term viability 

of fish stocks and ecosystems. 

Identifying key problems in aquatic environment targeted by SOPs 
several key problems, including: 

 Overfishing - Ensuring sustainable harvesting practices to prevent the biodiversity. 

 By catch - Reducing the capture of non- targeted species, which can harm depletion of 

fish stocks 

 Habitat destruction - Protecting aquatic habitats from damage fishing practices and 

pollution. 

 Pollution- Mitigating the impact of pollutants, such as plastics and chemicals, on 

aquatic ecosystems. 

 Invasive species- Managing and preventing the introduction of non - native species that 

disrupt local ecosystems. 

 Climate change- Addressing the effects of climate change on fish populations and 

habitats through adaptive management strategies. 

 Food safety- Ensuring that fish products are safe for consumption by adhering to 

hygiene and quality standards. 

 Regulatory Non – compliance- Ensuring adherence to legal requirements and 

sustainable practices to promote responsible fishing. 
SOPs needs, salient features and utility in fisheries 

Need for SOPs: Standard operating procedures in fisheries are essential for promoting 

sustainable practices, ensuring compliance with regulations, & and safeguarding aquatic 
ecosystems. They help mitigate problems such as overfishing, bycatch, habitat destruction, and 

pollution, ultimately supporting the long- term viability of fish populations and the health of 

aquatic environments. 
Salient features: 

 Sustainability Guidelines: Emphasize responsible harvesting methods to prevent 

overfishing. 

 Safety Protocols: Establish health and safety measures for crew and handling of catch. 

 Environmental Protection: Outline procedures for habitat conservation and pollution 

reduction. 

 Regulatory Compliance: Ensure adherence to local and international fishing laws. 

 Training Requirements: Provide ongoing education for staff on best practices Storage 
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of fish products, 

 Quality control measures: Set standards for the processing and storage of fish 

products. 

 Monitoring and Evaluation: Implement regular assessments to adapt practices based 

on ecological data. 
Utility of SOPs: 

 Ecosystems Health: Protects biodiversity and maintains ecological balance. 

 Economic Viability: Supports the sustainability of fisheries, benefiting local economies. 

 Safety Assurance: Ensures safe practices for workers and consumers. 

 Regulatory Compliance: Helps fisheries meet legal requirements and avoid penalties. 

 Public Awareness: Increase community understanding of sustainable practices. 

 In summary, SOPs in fisheries are vital for addressing environmental challenges while 

promoting responsible fishing practices that benefit both the ecosystems and communities. 

Development and Implementation Process of SOPs in Fisheries 
A. Development Process 

 Identifying Needs: Assess specific challenges in fisheries management, compliance with 

regulations, and sustainability practices.  

 Define Objectives: Establish goals such as improving catch quality, ensuring 

sustainability, and enhancing safety standards.   

 Gather Information: Collaborate with fisheries experts, regulatory bodies, and 

stakeholders to collect data on best practices, environmental concerns, and legal 
requirements. 

 Draft the SOP: Create a document detailing: 

 Purpose (e.g., sustainable fishing practices) 

 Scope (e.g., specific fisheries or processes) - Responsibilities (e.g, crew roles) 

 Procedures (e.g., handling, storage, and transportation) - Safety protocols (e.g, equipment  

 uses, emergency procedures) 

  

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

Review and Revise: 

 Engage stakeholders (e.g., fishers, managers) to review the draft,  

 incorporating feedback for clarity and effectiveness.  

B. Implementation Process  
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HACCP 
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Approval: Secure approval from relevant authorities, such as fisheries management 
organizations.  

Training: Conduct training for all personnel involved in fisheries operations, ensuring they 

understand the SOP and its importance.  
Dissemination: Distribute the finalized SOP to all staff and make it accessible in relevant 

locations (e.g., on vessels, offices) 

Monitoring and Compliance: Implement regular inspections and assessments to ensure 
adherence to SOPs, with a focus on catch reporting and sustainable practices.  

Review and Update: Regularly review the SOP to adapt to changing regulations, technological 

advancements, and feedback from operations.  

C. Target Areas of Operation in Fisheries 

 Sustainability Practices - Guidelines for responsible fishing methods and species 

conservation.  

 Health and Safety - Procedures for ensuring worker safety and compliance with health 

regulations.  

 Quality Control - Standards for handling, processing, and storing fish to maintain 

quality.  

 Regulatory Compliance - Alignment with local and international fishing regulations and 

quotas.  

 Biodiversity Protection - Practices to minimize impact on marine ecosystems and 

protected species.  

 Community Engagement - Involvement of local communities in decision making 

processes and resource management.  

 This structured approach ensures effective SOP development and implementation 

tailored to the fisheries sector, promoting sustainability and compliance. 

SWOT Analysis of SOPs  
Strengths:  

 Standardisation - Provides a char framework for consistent practices across the 

industry.  

 Compliance — Helps ensure adherence to regulations and sustainability standards.  

 Risk management — Reduces risks related to safety, environmental impact, and legal 
issues.  

 Training and Developments Facilitates ongoing education and skill development for staff.  

Weaknesses: 

 Resource intensive - Developing and implementing SOPs can require significant time 
and financial resources.  

 Resistance to change - Stakeholders may be resistant to adopting new procedures or 

practices.  

 Complexity - Detailed SOPs can be complex and difficult to follow if not clearly 
communicated.  

Opportunities:  

 Technological Integration - Adoption of new technologies can enhance SOP effectiveness 

of existing SOPs (e.g., data collection, monitoring)  

 Stakeholder Engagement - Involving local communities and stakeholders can improve 

adherence and relevance of SOPs. 

 Market Demand - Increasing consumer preference for sustainable products can drive 

the adoption of SOPs.  
 Threats: 

 Climate change - Environmental changes can impact the effectiveness of existing SOPs. 

 Regulatory Change - Evolving laws and regulations may necessitate frequent updates to 

SOPs.  

 Economic Pressures - Financial challenges in the industry might lead to shortcuts in 

adhering to SOPs.  
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Green Wave Hatcheries "Reimagining Fish Farms: Harnessing Nanotech for 
Cleaner, Greener Fish 

 Kumari Priya and Anisha Rani 

 

Details of Innovations  
Genesis of the Idea  

This an innovative idea derived from green chemistry mind set to enhance sustainable and more 

productive culture of fisheries commodity like shrimps, lobsters, crabs or many other fishes 
which fetch higher prices in market. Nowadays, heavy metal pollution is one of the most critical 

environmental problems. Many activities produce and discharge wastes containing heavy metals 

into the environment, such as mining, tanneries, smelters, energy and fuel producers, chemical 
and electroplating industries, etc. Thus, metal pollution harms human health and the 

ecosystem. Reliable methods to decontaminate heavy metals from aquatic sources and 

wastewater are necessary. Numerous treatment methods have been designed to remove heavy 
metals effectively; precipitation, reverse osmosis, ion exchange, ultrafiltration, nanofiltration, 

coagulation, flocculation, flotation, electrodialysis and adsorption are examples of technologies 

vastly applied by industries. 

So here I proposing an idea of modern hatchery setup (tsking reference of shrimp here) of 
culture. 

State the problem targeted to aquatic life  

My idea looks out at the serious issue of heavy metal pollution in water and its impact on fish 
and humans.  These metals come from, like factories and mining. It then focuses on major 

metals like copper, cadmium, chromium, arsenic, nickel, lead, zinc, and mercury, and how they 

get into fish, build up in their bodies, and harm them. Heavy metals pose significant risks to 
aquatic life. Over time, these metals accumulate in the tissues of aquatic organisms, a process 

known as bioaccumulation. This leads to higher concentrations of heavy metals in top 

predators, including humans who consume seafood. Additionally, exposure to heavy metals 
disrupts the reproductive systems of aquatic animals, resulting in reduced fertility, abnormal 

development of offspring, and decreased population sizes. 

Summary of its need: 

The presence of heavy metals also affects the behaviour of aquatic organisms, causing them to 
become disoriented, less active, and more vulnerable to predators. Growth inhibition is another 

consequence, with heavy metals stunting the growth of aquatic organisms, leading to smaller 

sizes and overall reduced health. Furthermore, heavy metals induce oxidative stress in aquatic 
organisms, damaging their DNA, proteins, and cell membranes. The accumulation of heavy 

metals in aquatic ecosystems disrupts the balance of the ecosystem, affecting the abundance 

and diversity of species. These issues highlight the urgent need for effective methods to remove 
heavy metals from aquatic environments to protect both aquatic life and human health. 

However, fish try to protect themselves from metal damage using antioxidant defenses and a 

protein called metallothionein. These defenses help reduce the stress caused by heavy metals. 
But there's a bigger problem: when people eat contaminated fish, these metals can harm human 

health too. 

Details of development and implementation process: 

In my modern hatchery setup, I will mainly focus on water free of heavy metals.so I will most 
talked topic “nanoparticles use” by creating nanofibers layer for biofiltration. We will Eichhornia, 

sargassum & chitosan for construction of our nano biofilter. first layer will be made of chitosan 

which act as excellent source to filter heavy metals as, it is second most abundant biodegrade 
polymer in nature after cellulose.it is produced mostly as a waste in shrimp processing therefore 

we are using it another layer will of mixture of sargassum and Eichhornia, working on principle 

of biosorption & bioaccumulation respectively. Sargassum is specific to Cd, Hg & Cu. The cells 
wall of Sargassum contain functional groups like carboxyl, sulfate, and phosphate, which have 

a high affinity for metal ions.  The filamentous structure of Sargassum provides a high surface 

area for metal binding. Eichhornia can accumulate wide range of heavy metals. The extensive 
root system provides a large surface area for metal uptake. The presence of multiple metals can 

sometimes enhance the uptake of each other, leading to higher overall absorption Water 
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hyacinth is generally more efficient for a wide range of metals due to its bioaccumulation ability, 
whereas Sargassum is effective for specific metals due to its biosorption capacity. 

For creating nanofiber membrane, we will electrospinning technology. For constructing it is 

specific shape we will use zeolite bayou injection. For stenting purpose, we use graphene liquid 
as an outer layer. And lastly, we will install atamer-conjugated gold nanoparticle-based 

colorimetric sensor, for knowing significant level of heavy metals in our water. This can be 

implanted in every hatchery where we are going to culture aquatic organism. These all are being 
done to protect culture from being harmed hence promoting more healthy human life. 

SWOT analysis: 

Strengths: 

 Innovative Technology Adoption: By leveraging nanotechnology, GreenWave 
Hatcheries sets itself apart with advanced, sustainable solutions that appeal to 

environmentally conscious consumers and investors. 

 Enhanced Water Quality and Fish Health: Nanotech offers improved filtration, water 

quality, and disease resistance, leading to healthier fish and potentially lowering 
mortality rates. 

Weaknesses: 

 High Initial Investment: Implementing nanotech solutions can require significant 
capital, which may strain resources or necessitate external funding. 

 Limited Market Readiness: The market for nanotech in aquaculture is still emerging, 

which means that potential customers may lack awareness or confidence in these novel 

methods. 
Opportunities: 

 Growing Demand for Sustainable Aquaculture: As sustainability becomes a priority 

globally, there’s a high demand for eco-friendly aquaculture practices. 

 Expansion into Niche Markets: Nanotechnology could allow GreenWave to target 
premium markets interested in sustainably raised fish with higher food safety standards. 

 Research and Development Collaboration: Partnerships with academic institutions or 

government agencies can drive innovations, improve methodologies, and secure grants 

or funding. 
Threats: 

 Technological Dependency Risks: Over-dependence on nanotech could expose the 

business to high maintenance costs or operational downtime in case of tech 
malfunctions. 

 Competitive Market: The aquaculture industry is expanding, and other companies might 

adopt similar or alternative technologies, intensifying competition. 
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Fish and Pineapple waste for Sustainable Organic Fertilizer Production in 
Tripura 

Anand Vaishnav and Naresh Kumar Mehta 

 

 

 
Details of Innovations  

Genesis of the idea 

Genesis of the Idea: Fish and Pineapple Waste for Sustainable Organic Fertilizer Production in 
Tripura. Tripura, known for its fish and pineapple industries, faces challenges in managing the 

waste generated by these sectors. Fish processing produces significant waste, such as offal and 

scales, often leading to pollution. Similarly, pineapple farming results in substantial organic 
waste, including peels and crowns, typically discarded or burnt, contributing to environmental 

degradation. Inspired by circular economy principles, this project aims to convert fish and 

pineapple waste into sustainable organic fertilizer. This approach addresses environmental 
concerns by reducing waste and greenhouse gas emissions while promoting soil health and 

sustainable agriculture. The project envisions a closed-loop system where waste is repurposed 

to benefit local farmers and processors economically. The process involves collecting fish and 

pineapple waste, composting and fermenting to produce a nutrient-rich organic fertilizer. This 
fertilizer will enhance soil fertility, improve crop yields, and reduce farmers' reliance on chemical 

fertilizers. By establishing efficient collection, processing, and distribution systems, the project 

aims to make organic fertilizer accessible to local farmers and promote its benefits through 
training and awareness. This initiative not only tackles waste management issues but also 

supports Tripura's socio-economic development, setting a benchmark for sustainable 

agricultural practices and environmental stewardship in the region. 
Problem statement: 

Tripura faces significant challenges in managing its abundant agricultural and aquacultural 

waste, leading to several environmental and economic issues. 
Key Problems: 

Underutilization of Fish and Pineapple Waste: Tripura generates approximately 30,000 tons 

of fish viscera waste and 1.28 lakh metric tons of pineapple waste annually. Despite the high 

availability, these organic wastes remain largely underutilized. Improper disposal methods, 
such as dumping and burning, contribute to environmental pollution and waste valuable 

resources. 

Dependency on Inorganic Fertilizers: Tripura's agriculture heavily relies on inorganic 
fertilizers, with approximately 3,000 tons used annually. This dependency degrades soil health 

over time, reduces soil fertility, and leads to increased costs for farmers, affecting long-term 

agricultural sustainability. 
High Cost of Organic Fertilizers: The current market price for organic fertilizers is relatively 

high, making it inaccessible for many small and marginal farmers in Tripura. This economic 

barrier prevents farmers from adopting more sustainable and environmentally friendly farming 
practices. 

Environmental Pollution: The mismanagement of fish and pineapple waste contributes 

significantly to environmental pollution. The decomposition of organic waste in open areas 

releases methane, a potent greenhouse gas, while improper disposal can contaminate soil and 
water resources. 

Proposed Solution: 

This project aims to address these challenges by converting fish and pineapple waste 
into sustainable organic fertilizer. Utilizing locally abundant raw materials, the project promotes 

waste reduction and environmental protection. By producing organic fertilizer more efficiently 

and at a lower cost, it offers a viable alternative to inorganic fertilizers, enhancing soil health 
and agricultural productivity. This initiative not only mitigates pollution but also supports the 

economic development of local farmers and processors, fostering a more sustainable agricultural 

ecosystem in Tripura. 
Brief Summary:  

Need Assessment 

College of Fisheries, CAU (Imphal), Lembucherra, Tripura-799210
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 Total fish consumption = 1 lakh ton (Dof, 2022) 
 Total fish viscera quantity = 30000 ton (30% fish meat yield) 

 Total pineapple production = 1.28 lakh metric ton 

 Per day fish waste = 16.6 ton (Even if 20% waste collection) 
 Inorganic fertilizer used by Tripura approx. = 3000 ton (DOA,Tripura) 

Output 

 From 16.6 ton of fish waste per day 
 Processing cost: -Rs: 3,32,000 

 Income: - Rs: 4,64,800 

 Net income: - Rs: 1,32,800 

My idea 
 Preparation of Fertilizer from Fish waste by using Crude Bromelain from pineapple 

waste. 

 Bromelain works as a proteolytic enzyme. 
 5-7 % Bromelain in pineapple and its parts (stem, leaves, waste) 

 Tripura produces 1.28 lakh metric ton of pineapple per year. 

Salient Features 
 Uniqueness: This idea leverages locally abundant fish and pineapple waste to create organic 

fertilizer. This approach is innovative, sustainable, and addresses waste management and 

soil fertility simultaneously. 
 Efficient Production: The proposed method ensures faster production of organic fertilizer 

compared to traditional methods, making it more practical and appealing for widespread 

use. 

 Local Raw Materials: Utilizing readily available fish and pineapple waste from Northeast 
India reduces raw material costs and supports local industries. 

Utility  

 Commercial Viability: With 16.6 tons of fish waste generated daily (even with a 20% 
collection rate), there is ample raw material for continuous fertilizer production. 

 Environmental Benefits: Converting organic waste into fertilizer reduces pollution and 

enhances soil health, promoting sustainable agricultural practices. 
 Economic Impact: This initiative provides additional income for local fish and pineapple 

processors and reduces farmers' dependency on costly inorganic fertilizers. 

Scalability:  
 Per year total fish waste production is 50,000 ton. 

 If it is possible to collect 10% of total waste i.e. 5000 ton, it will come up to 13.89 ton per 

day. 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
                                                      

                                                  

 
 

 

 
Pictorial representation of idea 
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 According to report of Dept. of Agri & Farmers Welfare, every year Tripura is using 3000 ton 
of inorganic waste. By using this enormous fish waste in proper way, it is highly possible to 

replace the yearly inorganic fertilizer to organic fertilizer. 

This project not only addresses Tripura's waste management issues but also enhances 
agricultural productivity and sustainability, setting a benchmark for eco-friendly practices in 

the region. 

                                                                   
Development and Implementation Process of the Idea:  

State of Development 

 Conceptualization: The idea originated from the need to manage fish and pineapple waste 

sustainably and enhance agricultural productivity in Tripura. Preliminary research 
validated the feasibility of converting these wastes into organic fertilizer. 

 Pilot Studies: Small-scale pilot projects were conducted to test the composting process. The 

trials demonstrated successful conversion of fish and pineapple waste into nutrient-rich 

organic fertilizer within a shorter period compared to traditional methods. 
 Collaboration and Partnerships: Partnerships were established with local fish processors, 

pineapple growers, agricultural universities, and government agencies to facilitate resource 

collection, technical support, and knowledge sharing. 
 Implementation Process 

A. Collection and Logistics  

 Fish Waste: Collaborate with fish processing units to collect fish viscera and other by-

products. Ensure daily collection to prevent decay and odor issues. 

 Pineapple Waste: Work with pineapple farmers and processing units to gather peels, 

crowns, and pulp residues. Implement an efficient collection system to handle the high 

volume of waste produced during peak seasons. 
B. Processing Facilities:  

 Establish centralized composting facilities in key locations across Tripura to handle the 

collected waste. Ensure facilities are equipped with necessary infrastructure for 

composting and fermentation. 

 Use a balanced mix of fish (nitrogen-rich) and pineapple waste (carbon-rich) to optimize 

the composting process. 

C. Production and Quality Control:  

 Implement standardized composting techniques to ensure consistent quality of the 
organic fertilizer. 

 Regularly monitor and test the fertilizer for nutrient content and safety to meet 

agricultural standards. 

D. Distribution and Marketing:  

 Develop a distribution network to supply the organic fertilizer to local farmers at an 

affordable cost. Partner with agricultural cooperatives and retailers for wider reach. 

 Conduct awareness campaigns and training sessions for farmers on the benefits and 

application methods of the organic fertilizer. 
Targeted Areas of Operation 

 North and West Tripura: Focus on regions with high fish processing activities and 

pineapple cultivation. These areas will serve as primary collection points for raw 
materials. 

 Centralized Composting Units: Establish composting units in Agartala, Udaipur, and 

Kailashahar, ensuring proximity to both fish and pineapple waste sources. These central 

locations will streamline logistics and reduce transportation costs. 

 Agricultural Regions: Target agricultural districts like Gomati, Dhalai, and Sepahijala 

for the distribution and use of the organic fertilizer. These areas will benefit from 

improved soil health and increased crop productivity. 

By addressing the underutilization of organic waste, reducing dependency on inorganic 
fertilizers, and promoting environmental sustainability, this project aims to transform Tripura’s 

waste management and agricultural practices. The initiative will not only enhance soil fertility 

and crop yields but also support the economic development of local communities, setting a 
precedent for sustainable agriculture in Northeast India. 
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Economics:  
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

Intellectual Property Components Associated with the Idea 
Implementing the idea of converting fish and pineapple waste into sustainable organic fertilizer 

in Tripura can involve several intellectual property (IP) components to protect the innovation 

and ensure its unique aspects are legally safeguarded. Here are the potential IP components: 
Patents: 

 Composting Process: If the method of composting fish and pineapple waste is novel and 

non-obvious, it can be patented. This includes the specific combination of waste materials, 
the processing techniques, and any unique equipment used. 

 Formulation of Fertilizer: The specific formulation of the organic fertilizer, including any 

additives or special treatments that enhance its efficacy, can be patented. 

Trademarks: 

 Brand Name and Logo: Creating a unique brand name and logo for the organic fertilizer 

product can be trademarked. This ensures that the product's identity is protected and helps 

in building brand recognition. 

 Certification Marks: If the product meets certain environmental or organic standards, 
certification marks (e.g., organic certification) can be obtained and used to differentiate the 

product in the market. 

 Production Techniques: Proprietary knowledge related to the efficient collection, handling, 

and processing of fish and pineapple waste can be protected as trade secrets. This includes 
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any unique methods that provide a competitive advantage but are not disclosed in patent 
filings. 

 Quality Control Measures: Specific protocols for ensuring the quality and safety of the 

fertilizer can be maintained as trade secrets. 

Copyrights: 

 Educational and Promotional Materials: Any original content created for training farmers, 

marketing materials, manuals, and guides on using the organic fertilizer can be protected 

under copyright. This ensures that these materials cannot be copied without permission. 
Geographical Indications (GIs): 

 Regional Identity: Given that the raw materials (fish and pineapple waste) are specific to 

Tripura, the organic fertilizer product can potentially be registered as a geographical 

indication. This would associate the product with its region of origin, highlighting its unique 
qualities linked to Tripura's natural resources. 

SWOT Analysis: 

Strengths: 

 Abundant Raw Materials: Tripura's high production of fish and pineapple provides a 

constant and ample supply of raw materials for organic fertilizer production. 

 Environmental Benefits: The project promotes waste reduction, reduces pollution, and 

mitigates greenhouse gas emissions by repurposing organic waste. 

 Economic Advantages: Utilizing local waste reduces costs associated with raw 

materials. The project also provides additional income streams for fish and pineapple 

processors. 

 Enhanced Soil Health: Organic fertilizers improve soil structure and fertility, leading to 
better crop yields and long-term agricultural sustainability. 

 Government and Community Support: The project aligns with regional and national 

goals for sustainable development and waste management, likely garnering support from 

government agencies and local communities. 
Weaknesses: 

 Initial Investment and Infrastructure: Setting up composting facilities and 

establishing efficient collection systems require significant initial investment and 

infrastructure development. 

 Technical Expertise: The project requires specialized knowledge in composting 

processes and quality control, which may necessitate training and hiring skilled 

personnel. 

 Market Penetration: Convincing farmers to switch from inorganic to organic fertilizers 

may be challenging due to existing preferences and habits. 

 Quality Consistency: Maintaining consistent quality of the organic fertilizer can be 

challenging, especially when dealing with variable waste inputs. 

 Logistics and Transportation: Efficient collection and transportation of waste materials 

from various locations to the composting facilities pose logistical challenges. 

Opportunities: 

 Growing Demand for Organic Products: Increasing awareness of the environmental 
and health benefits of organic farming drives demand for organic fertilizers. 

 Government Incentives: Potential access to government grants, subsidies, and 

incentives for sustainable agriculture and waste management projects. 

 Expansion to Other Regions: The successful implementation in Tripura can serve as a 
model for replication in other states with similar waste resources. 

 Research and Development: Continuous improvement of composting techniques and 

fertilizer formulations can lead to higher efficiency and better products. 

 Collaborations and Partnerships: Opportunities for partnerships with research 
institutions, agricultural universities, and environmental organizations for knowledge 

sharing and technological advancements. 

Threats: 

 Market Competition: The presence of established inorganic fertilizer companies and 
other organic fertilizer producers poses competitive challenges. 



 

AEMS-2024 30 

 

A book on “Innovations in Aquatic Environment Management” 

 Regulatory Hurdles: Compliance with environmental regulations and obtaining 
necessary approvals can be time-consuming and complex. 

 Economic Fluctuations: Economic downturns or fluctuations in agricultural markets 

can impact the financial viability of the project. 

 Environmental Risks: Potential environmental risks associated with improper waste 
handling and composting processes, which could lead to pollution and community 

opposition. 

 Technological Changes: Rapid advancements in agricultural technology and alternative 

fertilization methods could render the current project less competitive or obsolete. 
  Conclusion 

The project to convert fish and pineapple waste into organic fertilizer in Tripura presents 

significant strengths and opportunities, including environmental benefits, economic 
advantages, and alignment with growing demand for organic products. However, it also faces 

weaknesses and threats, such as the need for substantial initial investment, technical 

expertise, and market competition. By strategically addressing these challenges and leveraging 

opportunities, the project can achieve sustainable success and contribute to the region's 
environmental and economic development. 
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Potential Use of Plant-Based Antifoulant Paints to Minimize Biofouling in 
Aquatic Systems 

Aditi Kumari 

 

 

Details of Innovations  
Genesis of the idea   

Most of the aquaculture economics is based on export and import of products. Ship is the 

cheapest source of transportation. Huge cargos not only carry products within them but also 
harbors pathogenic invasive species beneath which is not only harmful for aquatic environment 

but also humans, causing zoonotic diseases. It not only adheres macroscopic organism but also 

microorganisms which are invisible to naked eyes making it even more difficult for early 
detection and making situation worsen. Not too far, the simple aquariums in our house 

sometimes develops a layer of biofilm over the logs making it look aesthetically poor as well as 

deteriorating overall health of the aquarium. Today, we always look for sustainable ways to 
counter act any challenge faced. Use of plants in medicines to cosmetics to vegan food, we very 

well know its effectiveness as a substitute to chemical-based products. Similarly, the ideology 

of incorporating plant derivatives has arisen for making antifouling paints which can be a 

positive initiative to reduce the environmental impacts of conventional methods. 
Problem in aquatic environment: 

Bio-fouling is the repercussions of continuous accumulation and settlement of microorganisms, 

plants, algae or small animals on submerged surfaces such as woods, ship hull, cages and 
devices such as pipeline, water inlets, reservoirs etc. These causes some of the serious 

mechanical, functional and structural insufficiency, leading to a prominent problem related to 

aquatic environment. Whether freshwater or marine ecosystems, bio-fouling is considerably 
dangerous for aquaculture particularly. It is estimated over 10% of the production cost is lost 

due to bio-fouling. The various impacts it has on aquatic environment includes. 

Fouling of cages and equipment used such as pumps, water systems etc. 

 Reduced pipe diameters and water quality degradation. 

 Cages- reduces the productivity, alters the habitat and is a major cause of disease 

transmission. 

 Rough surfaces of woods, logs cause invasive species to flourish and ultimately habitat 

loss. 
Marine fouling  

 Due to ship’s rough surface, it harbors diatoms and microalgae which is responsible for 

increased friction and consequently to extra fuel costs.  

  Spread of invasive species from different geographical regions, reducing biodiversity 
accompanied by diseases transmission. 

Conventionally, used solutions for biofouling includes using physical methods (water jets, 

heat treatment), biocides and chemicals (Cu based, Zn based) and antifouling coatings and 
paints. Every solution has its own environmental and economical negative aspects. As an 

alternative of using these treatments the following ideology of using plant based anti-fouling 

paints is proposed which is more progressive, sustainable, environmental and economical 
friendly. 

Summary of idea highlighting its need, silent features and utility: 

Due to the remarkable damage aquatic environment faces due to bio-fouling it becomes very 

essential to look for its solutions. Long term application of physical, chemical and biocide 
methods have evolved over time but it is the need of the hour that we discover some of the 

sustainable approaches. In practice methods have numerous harmful effects involving 

environmental concerns such as toxicity to the environment, bio-accumulation, harmful for the 
non-target species, causes water pollution and has limited efficacy. TBT (tributyltin) was the 

most common marine antifoulant paint used since 1960s, but due to impairments to the growth, 

development, reproduction, and survival of numerous marine species, the International 
Maritime Organization outright prohibited the use of this biocide in 2008. The antifoul treatment 

from Nanotech Marine is silicone-based and is supposed to make the hull so slippery (mollusc-

wise) that no weed or mollusk can attach itself to it. Studies have demonstrated that it is 

College of Fisheries, Kishanganj, Bihar-855107
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effective, but only on frequently used, high-speed boats (10 knots or more) because the coating 
depends on the boat's velocity through the water to remove bio-fouling. 

Therefore, the main idea is to create alternative to these biofouling controlling systems, which 

is effective, sustainable, user and nature friendly as well. The idea of using plant-based 
antifouling paints is an approach to conquer the disadvantages of biofouling controlling 

methods used till now. Almost every component of the plant, including the flowers, leaves, seeds, 

and oils, fruits have the potential to yield interesting materials. The use of plant-based additives 
to improve coatings because of its qualities like UV shielding, self-healing, anticorrosion, 

antifouling, and antibacterial activity. These compounds have been widely explained over the 

last decades for having a wide spectrum of biological properties, namely antimicrobial, 

anticancer, anti-inflammatory, antioxidant, antidiabetic, neuroprotective and cardioprotective 
properties. 

Using natural and nature-inspired substances, such as flavonoids, which have demonstrated 

remarkable antifouling activity when tested against various biofouling agents, is one of these 
techniques. Flavonoids are natural polyphenols which are commonly found in terrestrial plants, 

comprising different classes which includes chalcones, flavonols, flavones, flavanones, 

isoflavones, flavans, flavanols and flavanonols. Among all, chalcones have been reported to show 
highest class of flavonoid with antifouling activity (Pereira et. al., 2024). It showed the highest 

antifouling activity against macro and micobiofouling by preventing the biofilm formation. The 

natural chalcone is obtained from various angiosperm families such 
as Leguminosae, Asteraceae and Moraceae. Fruits and vegetables such as citrus, apple, tomato, 

beans, potatoes, and licorice are the key sources of chalcone. Not only it prevents biofilm 

formation, but is also reported inhibiting the fungal invasion mechanism thus, acts as 

antifungal as well.  When these naturally derived compounds are used as an ingredient in 
antifouling paints it will not only enhance its effectiveness, but is also cheaper, healthier and 

biodegradable for the environment. 

Salient features and utility 
Environmental Benefits: 

 Non-toxic: Plant-based antifoulants are biodegradable and non-toxic 

 Reduced marine pollution: Minimizes harm to aquatic life 

 Eco-friendly: Aligns with sustainable and environmentally responsible practices 
Performance Advantages: 

 Long-term protection: Plant-based antifoulants provide durable protection 

 Improved surface durability: Plant-based coatings can enhance surface longevity 

Economic Benefits: 

 Cost-effective: Plant-based antifoulants can reduce maintenance costs 

 Reduced fuel consumption: Fouling reduction improves vessel efficiency 

 Extended paint lifespan: Plant-based coatings can last longer 

Health and Safety Benefits: 

 Non-carcinogenic: Plant-based antifoulants are safer for applicators 

 Low VOCs (Volatile Organic Compounds): Improved air quality 

 Reduced risk of water pollution: Protects human health 

Details of development and implementation process of idea: 

Extraction:  

 The part of the plant used is cut, dried and blended until it becomes powder 

 Preparation of extract by using suitable solvents (ethanol/aqueous/chloroform) 

 Filtered solution would be taken to evaporate using a rotary evaporator to obtain the 

extract in gel form 

Incorporation into the paint: Paint is treated by the addition of a mixture of gel extract. The 
paint is ready to be put on the surface which gets easily attacked by macro and micro bio 

foulants.  

This antifouling paint can be used widely in freshwater as well as marine water bodies. 

 Cages, water systems, equipment and even boats and ships which were earlier coated by 

chemical-based paints containing biocides can be pained by this sustainable alternative.  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/fabaceae
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/asteraceae
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/moraceae
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/liquorice
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 Small scale farmers can avail these paints at a cheaper and affordable rate which will 
prevent their ponds and boat bottoms from developing biofilms, which are harmful for 

their operation, habitat destruction and overall health of the ecosystem as well. 

 

 
 

 

 
 

 

 

Pictorial representation of the idea 

 Even small aquarium equipment can be coated by these paints which would allow them 

to operate at most of its efficiency. 

 Mussel and oyster farming commonly gets attacked by the biofoulants. They attach 

themselves onto the hanging cultures of shellfishes and destroy them. It also increases 

the overall weight of the system thus fall off and reduces the productivity. Paints can be 

applied to prevent this. 

 Larger ship's hull can also be painted to check its efficacy against the biofoulants. 

SWOT analysis: 

Strengths: 

 Environmental advantages: Eco-friendly, biodegradable, and non-toxic 

 Economical: Lower fuel and maintenance costs 

 Extended durability: Plant-based coatings help extend the life of surfaces 

 Antimicrobial qualities: Prevents the growth of microorganisms  

 Renewable resource: Materials derived from plants are enduring 

 Wide range of applications: Fit for transportation, aquaculture, and water treatment, 
among other industries 

Weakness: 

 Higher initial costs: Plant-based coatings may require a larger initial outlay of funds. 

 Sensitivity to environmental factors: Under extreme circumstances, plant-based coatings 
may deteriorate more quickly 

Opportunity:  

 Growing markets: Eco-friendly coatings are needed in emerging sectors including tidal 

energy and offshore wind 

 Growing consumer awareness and regulatory pressure are driving up demand for eco - 

friendly solutions 

Threats:  

 The competition from well-known coatings made of chemicals 

 Public perception: False beliefs regarding the efficacy of coatings made of plants 

 Economic oscillations: Uncertainty in the market impacts pricing and demand. 
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Use of Dehydrated Water Hyacinth Powder for the Removal of Arsenic in Waterbody 
Hridam Saha and Surya Kanta Sau 

Faculty of Fishery Sciences, WBUAFS, Kolkata-700094 

 
Details of Innovation 

Genesis of Idea 

For my Project Research Work, I visited many fishing villages of West Bengal for the 
status of fish farming in these villages. During this survey, I saw many villages of the district of 

South 24 Parganas were Arsenic affected. A number of physiological anomalies in the human 

system such as Skin, Respiratory, Cardiovascular, Hematological disorder have been observed 

due to chronic exposure to this. The traditional methods of Arsenic removal, such as Chemical 
precipitation and Ion exchange, often prove to be expensive, energy-intensive, and generate 

hazardous waste. Therefore, there was a strong impetus to explore environmentally friendly and 

cost-effective alternatives Water Hyacinth (Eichhornia crassipes), a prolific aquatic weed 
commonly found in Indian water bodies, has long been recognized for its ability to absorb Heavy 

metals. Studies demonstrated its effectiveness in adsorbing Arsenic from water solutions. This 

led to the development of the idea to utilize Dehydrated Water Hyacinth powder as a low-cost 
and sustainable solution for Arsenic removal in water bodies. 

Problem in aquatic environment targeted by the idea: 

Arsenic contamination in water bodies poses severe health risks, affecting millions 

globally. The World Health Organization (WHO) recommends a maximum allowable limit of 10 
µg/L. It is also a significant public health issue in India. The most severely affected regions in 

India include: 

 West Bengal: The state of West Bengal has been identified as one of the worst-affected areas, 
with Arsenic contamination widespread in the groundwater. Districts like Nadia, 

Murshidabad, South and North 24 parganas are particularly vulnerable. 

 Bihar: Arsenic contamination is also prevalent in Bihar, particularly in the districts of 

Buxar,Bhojpur and Bhagalpur. 

 Uttar Pradesh: Several districts in Uttar Pradesh, especially Ballia, Varanasi, Gazipur, 

Gorakhpur and Deoria are evidently experiencing a public health crisis due to Arsenic 

exposure. 
Arsenic contamination in India’s groundwater has far-reaching consequences for the aquatic 

environment. Arsenic-laden water sources not only pose a direct threat to human health but also 

disrupt the delicate ecological balance of waterbodies. The presence of Arsenic can have 

detrimental effects on aquatic organisms, including: 

 Toxicity: Arsenic is toxic to a wide range of aquatic species, including fish, invertebrates, 

and microorganisms. Exposure to high levels of Arsenic can lead to mortality reduced 
growth rates, and reproductive impairments. 

   

a. b. c. 

Fig. 1. a. Arsenic affected areas in West Bengal, b. Arsenic affected areas in Bihar, c. Black 

foot disease caused by chronic contamination with Arsenic (Source: Google.com) 
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 Disruption of food webs: Arsenic contamination can disrupt the food chain by affecting 
primary producers and consumers. 

 Contamination to downstream ecosystems: Arsenic can be transported downstream 

through rivers, and canals, contaminating downstream water sources and ecosystems. 

In addition to the ecological impacts, Arsenic contamination also poses a significant threat to 
human health. Arsenic exposure has been linked to various health problems, including: skin 

lesions, cancer and neurological disorders.   

Brief Summary of the idea 
Eichhornia crassipes, commonly known as water hyacinth, is a free-floating aquatic plant that 

is native to South America. It is a highly invasive species in many parts of the world, including 

India. Eichhornia has been found to have a high affinity for arsenic, making it a potential 

candidate for arsenic removal from waterbodies. 
Here's a brief summary of the process: 

 

 

 
 

 

 
  

 

 

 

 
 

 

 
 

 

 
 

 

Need of this idea 

 Arsenic contamination affects approximately 70 million Indians. 

 Conventional methods (e.g., reverse osmosis, ion exchange) are costly and energy-

intensive. 

 Natural, cost-effective solutions are urgently needed. 

 Rural and remote communities lack access to effective treatment technologies. 
Salient features 

 Cost-effectiveness: Water Hyacinth is a low-cost and readily available resource in many 

parts of India. The process of dehydrating and processing the plant material is relatively 

simple and inexpensive, making it a cost-effective option for water treatment.  

Harvesting Water Hyacinth: Eichhornia plants are first harvested from waterbodies. 

 

Dehydration: The harvested plants are dehydrated to remove moisture content 

 

Powder Preparation: The dehydrated plants are ground into a fine powder. 

 

Water Treatment: The dehydrated Eichhornia powder is added to contaminated water. The 

arsenic ions in the water are adsorbed onto the surface of the Eichhornia powder. 

 

Separation: The Eichhornia powder, now loaded with arsenic, is separated from the treated 

water. 

 

Disposal: The arsenic-laden Eichhornia powder can be safely disposed of in landfills or used for other 

purposes, such as composting. 
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 Environmental friendliness: It is a natural material that does not produce harmful  

 byproducts. The use of this plant-based material can help reduce the environmental impact 

of water treatment processes.  

 High adsorption capacity: Eichhornia has been shown to have a high adsorption capacity 

for Arsenic. This means that it can effectively remove arsenic from water even at low 
concentrations.  

 Versatility: The dehydrated Water Hyacinth powder can be used in various water treatment 

applications, including domestic water purification, industrial wastewater treatment, and 

agricultural irrigation.  

 Scalability: The process of using Water Hyacinth powder for Arsenic removal can be easily 

scaled up to meet the needs of different communities and industries. 

Utility: 

 Drinking water treatment. 

 Wastewater treatment. 

 Groundwater remediation. 

 Aquaculture and agriculture runoff management. 

 Rural and remote community water supply. 

Development and Implementation 
The development and implementation of the dehydrated Water Hyacinth powder technology for 

arsenic removal involved several key steps: 

A. Research and Development 

 Laboratory Studies: Extensive laboratory experiments were conducted to investigate the 

adsorption capacity of Water Hyacinth for Arsenic. These studies involved varying 

parameters such as pH, contact time, arsenic concentration, and Eichhornia dosage to 

determine the optimal conditions for arsenic removal.  

  Characterization of Water Hyacinth: The physical and chemical properties of water 

hyacinth were characterized to understand its potential for Arsenic adsorption. 

This included studies on the surface 
area, functional groups, and pore 

size distribution of the plant 

material. Mainly the Eichhornia 
crassipes is used to remove Arsenic. 

B. Pilot Plant Development 

 Design and Construction: A pilot 

plant was designed and constructed 
to test the feasibility of using Water 

Hyacinth powder for Arsenic removal 

on a larger scale. The pilot plant 

included a water treatment unit 
equipped with a column packed with 

dehydrated Water Hyacinth powder. 

 Operational Testing: The pilot plant 
was operated under various 

conditions to evaluate its 

performance in removing arsenic from 
contaminated water. Factors such as 

flow rate, Arsenic concentration, and 

Eichhornia dosage were varied to 
optimize the treatment process. 

C. Community Engagement 

 Awareness Campaigns: Community engagement programs were conducted to educate 
people about the problem of Arsenic contamination and the benefits of using Water Hyacinth 

powder for water treatment. These programs involved workshops, seminars, and public 

meetings. 

 Community Participation: Local communities were actively involved in the development 
and implementation of the technology. This included participation in pilot plant testing, 

Fig. 2 Eichhornia crassipes 
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training on water treatment techniques, and providing feedback on the technology's 
effectiveness. 

D. Technology Transfer 

 Training and Capacity Building: Training programs were conducted to equip local 
communities and organizations with the skills and knowledge needed to implement and 

operate Eichhornia-based water treatment systems. This included training on water quality 

testing, system maintenance, and troubleshooting. 
 Technology Transfer Agreements: Technology transfer agreements were established 

between research institutions and local communities to facilitate the transfer of the 

technology. These agreements outlined the terms and conditions for the use and 

dissemination of the technology. 

E. Implementation and Monitoring 
 Installation of Water Treatment Systems: Eichhornia-based water treatment systems 

were installed in arsenic-affected areas. These systems typically consisted of a filtration unit 

packed with dehydrated Water Hyacinth powder. 

 Regular Monitoring: The performance of the water treatment systems was monitored on a 
regular basis to ensure that they were effectively removing arsenic from the water. This 

involved testing the treated water for Arsenic levels and assessing the overall system 

efficiency. 
 Maintenance and Upkeep: Regular maintenance and upkeep of the water treatment 

systems were essential to ensure their continued effectiveness. This included cleaning the 

filtration units, replacing the Water Hyacinth powder, and conducting routine inspections. 
       F. Scaling Up and Replication 

 Expansion of Projects: Successful pilot projects were scaled up to serve larger 

communities and regions. This involved increasing the capacity of water treatment systems 
and expanding the geographical reach of the technology. 

 Replication in Other Areas: The Water Hyacinth-based water treatment technology was 

replicated in other regions of India with similar Arsenic contamination issues. This allowed 

for the widespread adoption of the technology and its benefits. 
By following these steps, the dehydrated Water Hyacinth powder technology for Arsenic 

removal has been successfully developed in India.  

SWOT analysis: 
Strengths: 

 Low cost and availability: Water Hyacinth is a readily available and inexpensive 

resource. 
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 Environmental friendliness: The process is sustainable and has minimal environmental 
impact. 

 Versatility: The powder can be used in various water treatment applications. 

 Scalability: The technology can be adapted to meet the needs of different water bodies. 

Weaknesses: 

 Seasonal availability: The availability of Water Hyacinth may vary depending on the 

season. 

 Storage and handling: Proper storage and handling of the powder are required to 

maintain its effectiveness. 

 Long-term performance: The long-term performance of the system needs to be evaluated. 

Opportunities: 

 Expanding applications: The powder can be used for other heavy metal removal 

applications such as Cadmium (Cd), Chromium (Cr), Lead (Pb). 

 Integration with other technologies: It can be combined with other water treatment 
methods to enhance efficiency. 

 Policy support: Government support can promote the adoption of this technology. 

                  

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
Fig. 4. Arsenic molecule adsorbed by Dehydrated Water Hyacinth powder (Self-made) 

Threats: 

 Competing technologies: The emergence of new technologies may pose a threat. 

 Regulatory challenges: Obtaining necessary permits and approvals can be time-

consuming. 

 Funding constraints: Adequate funding is essential for the successful implementation of 

the project. 
In conclusion, the use of dehydrated Water Hyacinth powder for Arsenic removal in Indian 

waterbodies presents a promising and sustainable solution. By addressing the pressing issue 

of Arsenic contamination and providing clean water to affected communities, this initiative can 

significantly improve public health and well-being. 
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GeoAqua Watch: Leveraging Google Earth Engine for Comprehensive 
Aquatic Environment Management 

Patil Krishna Dayasagar 

College of Fisheries, Shirgaon, Ratnagiri, Maharashtra 

 

Details of Innovations  
Genesis of the Idea: 

The vast expanse of aquatic environments, while providing essential ecosystem services, 

presents considerable challenges for effective monitoring and management. Traditional in-situ 
surveillance methods are often constrained by limited spatial coverage and infrequent data 

collection. However, the rapid advancements in satellite remote sensing technologies, along with 

the powerful capabilities of Google Earth Engine (GEE), offer transformative potential. 
GeoAquaWatch™ is an innovative approach emerged from the recognition that we can leverage 

GEE tool to develop a user-friendly application for real-time, large-scale monitoring of 

aquatic ecosystems. By integrating GEE’s extensive satellite imagery database with its cloud-
based computational power, this tool would not only facilitate the assessment of water quality 

and land use/land cover (LULC) changes but also offer a comprehensive evaluation of overall 

ecosystem health. Such approach directly supports the objectives of Mission LiFE, providing 

a scalable solution for the protection and sustainable management of critical aquatic resources. 
State the problem in aquatic environment targeted by idea (Min 250 words) 

Aquatic environments, including rivers, lakes, wetlands, and coastal areas, are facing 

unprecedented pressures from human activities and climate change. These ecosystems are 
crucial for biodiversity, water security, food production, and climate regulation. However, 

several key issues hinder effective monitoring and management: 

 Scale and Accessibility: Aquatic environments often span vast areas, making regular on-site 

monitoring logistically challenging and expensive. Remote or inaccessible locations further 
complicate traditional monitoring efforts. 

 Temporal Resolution: Aquatic ecosystems can change rapidly due to both natural and 

anthropogenic factors. Infrequent monitoring can miss critical events or gradual changes 
that significantly impact ecosystem health. 

 Data Integration: Current monitoring often focuses on specific parameters (e.g., water 

quality) without considering the broader ecosystem context, including land use changes in 

surrounding areas. 

 Resource Limitations: Many regions, especially in developing countries, lack the financial 

and technical resources for comprehensive, ongoing monitoring programs. 

 Data Consistency: Different monitoring methods and frequencies across regions make it 

difficult to compare data and understand large-scale patterns or trends. 

 Delayed Response: The time lag between data collection, analysis, and decision-making can 

result in delayed responses to emerging threats or issues. 

 Limited Public Engagement: Traditional monitoring methods often don't facilitate easy 

public access to information, limiting awareness and engagement in aquatic ecosystem 
conservation. 

GeoAquaWatch™ aims to address these challenges by providing a comprehensive, 

accessible, and near-real-time monitoring solution. By leveraging satellite remote sensing and 
GEE's capabilities, we can overcome the limitations of scale and accessibility, provide frequent 

updates, and integrate various data types for a holistic view of ecosystem health. This approach 

will enable more timely and informed decision-making, foster greater public engagement, and 
ultimately contribute to more effective conservation and management of aquatic environments. 

Brief Summary of the idea highlighting its need, salient Features and utility: 

GeoAquaWatch™ is an innovative application concept that harnesses the power of Google Earth 

Engine (GEE) to revolutionize aquatic environment monitoring. This idea addresses the critical 
need for comprehensive, scalable, and accessible monitoring solutions for water bodies and their 

surrounding ecosystems. By leveraging GEE's vast satellite imagery database and cloud-based 

processing capabilities, GeoAquaWatch™ will provide near-real-time insights into water quality, 
land use/land cover (LULC) changes, and overall ecosystem health. 
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Need: The need for such a solution is paramount in the face of increasing environmental 
pressures. Climate change, pollution, urbanization, and unsustainable resource exploitation 

are threatening aquatic ecosystems worldwide. Traditional monitoring methods, while valuable, 

are often limited in scope, frequency, and accessibility. GeoAquaWatch™ fills this gap by offering 
a tool that can provide consistent, wide-scale monitoring across diverse aquatic environments. 

This aligns perfectly with the goals of Mission LiFE, promoting sustainable lifestyles and 

environmental consciousness through informed decision-making and public engagement. 

Salient Features: 

 Comprehensive Water Quality Analysis: Utilizing multispectral satellite imagery, 

GeoAquaWatch™ will assess various water quality parameters such as turbidity, 

chlorophyll-a concentration, and surface temperature. This will help identify potential 
pollution events, algal blooms, and other water quality issues. 

 LULC Change Detection: By analyzing time-series satellite imagery, the application will 

track changes in land use and land cover around water bodies. This feature is crucial for 

understanding the impacts of urbanization, deforestation, and agricultural expansion on 
aquatic ecosystems. 

 Ecosystem Health Indicators: Combining water quality and LULC data, GeoAquaWatch™ 

will generate ecosystem health indicators, providing a holistic view of the aquatic 

environment's status. 

 Time-Series Analysis: The application will offer historical data analysis, allowing users to 

track changes over time and identify long-term trends in ecosystem health. 

 Alert System: GeoAquaWatch™ will include an alert system to notify relevant authorities 

and stakeholders about sudden changes or potential threats to aquatic ecosystems. 

 User-Friendly Interface: The application will feature an intuitive, web-based interface 

accessible to both scientific experts and the general public, promoting wider engagement in 

aquatic conservation efforts. 

 Data Export and Sharing: Users will be able to export data and reports, facilitating further 
analysis and collaboration among researchers, policymakers, and conservation 

organizations. 

 Customizable Monitoring Parameters: The application will allow users to set specific 

monitoring parameters and thresholds based on local needs and regulations. 
Utility: 

 Environmental Management: GeoAquaWatch™ will provide environmental agencies and 

managers with a powerful tool for monitoring and managing aquatic resources more 

effectively. The near-real-time data will enable quicker responses to environmental threats. 

 Policy Making: By offering comprehensive, data-driven insights, the application will 

support evidence-based policymaking for aquatic ecosystem protection and sustainable 

resource management. 

 Research and Education: Scientists and students can use GeoAquaWatch™ for research 

projects, environmental studies, and educational purposes, fostering a deeper 

understanding of aquatic ecosystems. 

 Public Awareness: The accessible interface will allow the general public to engage with 
environmental data, raising awareness about the status and importance of aquatic 

ecosystems. 

 Sustainable Development Planning: Urban planners and developers can use the LULC 

change detection feature to assess the impact of development projects on nearby water 
bodies and plan accordingly. 

 Climate Change Adaptation: By providing long-term trend analysis, GeoAquaWatch™ will 

support climate change adaptation strategies for aquatic ecosystems. 

 Biodiversity Conservation: The holistic ecosystem health monitoring will aid in identifying 
critical habitats and biodiversity hotspots, supporting targeted conservation efforts. 
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 Water Resource Management: Water management authorities can use the application to 
monitor water quality and quantity, 

supporting more efficient allocation and 

protection of water resources. 

In conclusion, GeoAquaWatch™ represents a 
significant leap forward in aquatic 

environment management. By leveraging the 

power of satellite remote sensing and Google 
Earth Engine, it offers a scalable, cost-

effective, and comprehensive solution to the 

challenges of monitoring vast and often 
inaccessible aquatic ecosystems. This 

innovative approach has the potential to 

transform how we understand, manage, and 
protect our vital aquatic resources, aligning 

perfectly with the goals of sustainable 

development and environmental conservation. 

State the details of development and implementation process of idea with target areas of 
operation 

Development Phases: 

Conceptualization:  

 Define objectives, features, and target users 

 Create project timeline and resource allocation plan 

System Design:  

 Architect overall system structure 

 Select appropriate satellite data sources (e.g., Sentinel-2, Landsat) 

 Design data processing workflows 

 Create UI/UX mock-ups 

Algorithm Development:  

 Develop water quality parameter extraction algorithms 

 Create LULC classification and change detection algorithms 

 Design ecosystem health assessment models 

 Optimize algorithms for GEE implementation 

GEE Integration: 

 Implement algorithms as GEE scripts 

 Optimize for cloud-based processing 

 Develop data visualization and export functions 

Frontend Development: 

 Build responsive web interface 

 Implement interactive mapping components 

 Create dashboard for key metrics and alerts 

Backend Development:  

 Set up server infrastructure 

 Develop APIs for frontend-GEE communication 

 Implement user authentication and data management 

Integration and Testing:  

 Combine frontend, backend, and GEE components 

 Conduct thorough functionality testing 

 Perform user acceptance testing 

 Optimize performance 

Pilot Implementation:  

 Deploy in diverse aquatic environments 

 Collect user feedback 

 Monitor system performance 

 Refine algorithms and features 
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Scaling and Optimization: 

 Analyse pilot data and feedback 

 Optimize for broader deployment 

 Develop training materials and documentation 

Full-Scale Deployment:  

 Rollout to wider user base 

 Provide user support and training 

 Implement continuous improvement process 

Implementation Strategy: 

Phased Rollout:  

 Start with pilot implementations in diverse ecosystems 

 Gradually expand to cover more areas and ecosystem types 

Partnerships:  

 Collaborate with environmental agencies, research institutions, and NGOs 

 Engage local communities for ground-truthing and feedback 

Capacity Building:  

 Conduct workshops and training sessions for key user groups 

 Develop online tutorials and documentation 

Data Validation:  

 Establish ground-truthing protocols 

 Collaborate with traditional monitoring programs for data comparison 

Continuous Improvement:  

 Regularly update algorithms based on new research and user feedback 

 Incorporate new satellite data sources as they become available 

Scalability:  

 Design system architecture for easy scaling to handle increasing data volumes & user 

base 

 Implement load balancing and distributed processing techniques 

Adaptation:  

 Develop region-specific modules to address unique local challenges 

 Allow for customization of monitoring parameters and thresholds 

Outreach and Education:  

 Engage with educational institutions to incorporate GeoAquaWatch™ in environmental 

curricula. 

 Develop citizen science initiatives to increase public engagement 

Policy Integration:  

 Work with policymakers to integrate GeoAquaWatch™ data into environmental decision-

making processes 

 Align monitoring capabilities with national and international environmental reporting 

requirements 
Sustainability:  

 Develop a sustainable business model  

 Explore funding opportunities through grants and partnerships 

By following this structured development and implementation process, GeoAquaWatch™ aims 
to become a robust, widely-adopted tool for aquatic environment management, supporting 

conservation efforts and sustainable resource management across diverse environments. 

Target Areas of Operation: 

 Freshwater Lakes: Major lakes like Chilika Lake, to monitor water quality, eutrophication, 
and surrounding land use changes. 

 River Systems: Ganga River basin and major tributaries, to track pollution levels, sediment 

load, and impacts of urbanization along the river course. 

 Coastal Areas: Mangrove ecosystems, to assess the impacts of sea-level rise and land use 
changes. 

 Wetlands: wetlands of national and international importance, to monitor water levels, 

vegetation health, and biodiversity indicators. 
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 Agricultural Regions: Monitoring the impact of agricultural practices on nearby water 
bodies in states like Punjab and Haryana, focusing on issues like pesticide runoff and water 

depletion. 

 Urban Water Bodies: Tracking the health of urban lakes and rivers in major cities like 

Bangalore and Mumbai to support urban water management efforts. 

 Himalayan Glacial Lakes: Monitoring high-altitude glacial lakes in the Himalayan region 

to track the impacts of climate change. 

Intellectual Property (IP) component associated with idea: 

Yes, there are Intellectual Property (IP) components associated with the GeoAquaWatch™ idea 
and these are under process: 

Originality: The idea of GeoAquaWatch™ originally belongs to collaborative work of Dr. 

Ravindra Pawar (Professor, College of Fisheries, Ratnagiri) and Mr. Ashwin Gujrati (Scientist, 
Land Hydrology Department, Space Application Centre ISRO, Ahmedabad). 

Software Architecture: The design of GeoAquaWatch™™, including GEE integration with 

custom front- and back-end components, may qualify for copyright protection. 

Algorithms: Custom algorithms for water quality, LULC classification, and ecosystem health 
could patent. 

User Interface Design: The unique UI layout and design elements is protected by copyright or 

design patents. 
Branding: The name "GeoAquaWatch™" and its logos can be trademarked and its registration 

is under process. 

Database Rights: Curated datasets and derived data products are eligible for database rights 
protection. 

SWOT analysis: 

Strengths: 

 Innovative use of GEE for comprehensive, scalable monitoring 

 Cost-effective compared to traditional methods 

 Near real-time data processing and analysis 

 Integration of multiple data sources for holistic assessment 

Weaknesses: 

 Dependence on GEE and satellite data availability 

 Limitations in detecting certain water quality parameters 

 Initial development costs 

 Requires internet connectivity for access 

Opportunities: 

 Growing focus on environmental conservation 

 Increasing availability of high-resolution satellite data 

 Potential for global expansion and partnerships 

 Contribution to Sustainable Development Goals 

 Threats: 

 Changes in GEE policies or pricing 

 Competition from other remote sensing solutions 

 Privacy concerns and regulatory challenges in data sharing 

 Rapid technological advancements requiring frequent updates 
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Aquatic Weeds Derived Biochar Filter for Microplastic Control 

Bhushan  
College of Fisheries, Kishanganj, Bihar-855107 

 

Details of Innovations  

Genesis of the idea: 
In aquatic environment, plastics pollution is a prevalent challenge that causes threats to the 

environment wellbeing and sustainability. Microplastics are generated by leaching, 

fragmentation, weathering and degradation of plastics (less than 5 mm). These are prevalent in 
various environments, including oceans, freshwater bodies, soil and air. Their effect on 

ecosystem and human health are an emerging concern. In another side Eichhornia crassipes is 

also a challenging problem (aquatic weed) in aquatic environment. It has expeditious 
proliferation rate, ecological adaptability, survival strategies and deleterious impact on 

environment, human health and socio-economic development. By looking both Microplastics 

and Eichhornia crassipes as a major concern the genesis of the present idea is a trail to 
incorporate both the disadvantages to generate a bridging solution that helps in reducing 

pollution.  

Problem in aquatic environment 

Problems due to microplastics –  

 Bioaccumulation and biomagnification  

 Chemical contamination 

 Physical and biological damage 

 Habitat disruption  
Problems due to water hyacinth (Eichhornia crassipes) –  

 Oxygen depletion 

 Water quality degradation  

 Native species displacement 

 Economic impact 

 Habitat disruption 

 Present idea helps to reduce the Eichhornia crassipes by converting them into Biochar. 

Eichhornia based biochar will help in reduction of microplastics levels in waterbodies. 

Features of Eichhornia based biochar-  

 Sustainable management of weeds 

 Enhancement of phytoremediation of other metals along with microplastics 

 High adsorption of microplastics due to porous structure of biochar. 

 Biochar is chemically stable means it can persist in the environment for long time. 

 Enhanced microbial activity (support the growth of microbes) that can further degrade 
microplastics. 

 Sustainable and low budget because in biochar we will use an invasive species that is a 

sustainable way to manage this weed along with addressing microplastics pollution. 

 Versatility – it can be used in various forms like in filter or as an additive to capture 
micro-plastics. 

Limitation of Eichhornia based biochar –  

 Efficiency variability- the effectiveness of biochar will depend on production process and 
specific characteristics (size, shape, chemical composition) of microplastics. 

 Environmental condition –The function of biochar will be affected by environment factors 

like pH, temperature, and presence of other contaminants by reducing the stability and 

adsorption capacity of microplastics. 
 Interaction with other pollutants or contaminants will compete the adsorption sites of 

biochar. 

Development of biochar  

 Collection of plant samples 

 Pre-treatment of raw materials  

 Washing with tap water 

Anand Kumar, Ravishekhar Kumar, Raushan Kumar, Shubham Kr Verma & Shashi



 

AEMS-2024 45 

 

A book on “Innovations in Aquatic Environment Management” 

 Cleaned with pure or distilled water 

 Separate different parts (stem, leaves, roots) 

 Crush the selective parts (stem) 

 Dry under oven at different temperature for different time. 

 Powder making 

 Pyrolysis  

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
Working model of Biochar Treatment Unit 

Implementation and operation  

 Making filter bed at ante tank outlet or inlet of working unit 

 Filter bed can be formed with sterilized fine sand, coarse sand or gravel. 

 Control filters will be kept without biochar layer. 

 Water flow rate will be maintained at a fixed rate 

 Operation will perform at retention time. 

SWOT analysis: 
Strengths: 

 High efficiency of Eichhornia based biochar in removing of Microplastics. 

 It is sustainable option to utilize Eichhornia (invasive aquatics plant) to control 

environment impact of MPs. 

 It is relatively low cost compared to other filtration techniques. 

 Biochar can also remove other pollutants (like heavy metals, organic contamination) 

along with MPs. 

Weakness: 

 The quality and efficiency of biochar can vary according to production condition and 

environment condition. 

 Still limited research on long term effects and scalability of use of Eichhornia based 

biochar for large scale application. 

 To maintain the efficiency, we must regularly replace or regenerate the biochar. 

Opportunity 

 There is a possibility for integration of this method into pre-existing waste-water 

treatment units to remove Microplastics. 

 This unit reduce the spread of invasive water hyacinth while providing a solution for 
micro-plastic pollution. 

 Improved biochar formulation and application can also be done in future. 

Threats: 

 Regulatory challenges in adopting new filtration materials. 

 There will a competition between emerging technologies and biochar (low cost) 

 Public perception regarding effectiveness and safety of biochar-based filtration unit. 
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Fish ROUV (Remotely Operated underwater Vehicles) 
 

 
 

 

Details of Innovations  

Genesis of the idea 
Nearly half of the world's fish, shellfish, and other aquatic foods are farmed rather than 

harvested, according to the most recent data, this percentage is expected to rise in the years to 

come. Therefore, it is becoming more and more crucial to manage the health of farmed fish as 
disease outbreaks on fish farms lower output and profitability. In 2022, it was predicted that 

disease-related losses in the aquaculture industry cost more than USD 6.7 billion worldwide. 

Aquatic animal diseases can result in foodborne illness in humans in addition to compromising 
food and nutrition security by lowering supplies. This justifies the necessity of a One Health 

approach, which views human, animal, and environmental health as interrelated. 

Currently, the water quality study of a farm pond is conducted at a single location within the 
pond. These analyses also need to be carried out every day. However, due to practical issues 

with labour allocation, the aforementioned critical daily analyses are not carried out. 

Additionally, it appears that the traditional check tray methods, which are used to observe the 

activity and feeding patterns of the fish, are less effective. As artificial intelligence (AI) becomes 
more prevalent in aquaculture, multi-point sensors are being used to analyse water quality. 

However, because these sensors are immovable, inaccuracy results from sediment buildup over 

them. In order to address these challenges, we suggest "Fish ROUV," a mobile device and aquatic 
drone with an integrated camera and probes that collaborates with the farmer to resolve the 

problem by collecting data at various points in time. This enables us to precisely analyse the 

water quality of the pond & disease diagnosis of the fish as well as the fish's behavioural 
patterns. 

Brief Summary of the Innovation. 

One of India's industries with the quickest rate of growth is aquaculture. The most valuable 
aspect of any agricultural method that affects the ultimate output appears to be management. 

For example, daily water quality tests should be performed on fish culture pond, and the results 

of these tests typically vary, even when samples are taken from the same pond at various times. 

To improve disease control, the regular activities of the cultivated species should also be 
observed. The Arduino platform was used to create the "Fish ROUV," an underwater drone that 

is simple to construct and modify since it is powered by basic Java scripts. This system contains 

a built-in camera that can be used to monitor the behaviour and feeding patterns of the 
cultivated species, in addition to probes that can analyse the water quality. In contrast to 

current aquatic drones that use propellers for movement, the drone's mobility is achieved by 

the use of a jet propulsion engine, which entails spraying water at a higher pressure to prevent 
any harm to the cultured species during operation. This drone may be operated with a dedicated 

controller, and it can use its integrated GPS system to follow predetermined analytical 

coordinates in the pond. This drone can save the enormous amount of money and time that is 
spent on disease diagnosis and water quality analyses. Due to its ease of use and relative 

affordability, this can be readily embraced by all farmers. Thus, the main goal of this research 

is to manage aquaculture systems more effectively and sustainably by effective and ongoing 
monitoring. 

Beneficiaries and target customers of the innovation: 

 Aquaculture farmers  

 Aquaculture equipment manufacturing industries  

 Institutions and Laboratories 
Details of development and implementation process of the innovation: 

We are in the initial stage of developing our prototype. We have successfully implemented the 

Arduino technology, developed codes and also conducted a test run of the prototype. 

College of Fisheries, CAU, Lembucherra, Tripura-799210

Manish Kumar, Suraj Kumar, Supratim Malla, N. P. Das, Himadri Saha & T. G. Choudhury
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How the innovation/ 

prototype will be scaled up at market level?  

We can test them with a two-acre pond at the regional level after creating the minimum 
viable product, and we can adjust and other changes based on farmer feedback. We will work 

with research labs and fisheries institutions to reach farmers in other districts and regions, 

allowing us to scale "Fish ROUV” at the market level. 
Stage of the innovation: Our invention is now in the prototype stage, and development is 

ongoing. Any size pond (acre) or aquaculture farm will benefit from this. 

Potential market size (in terms of Indian Rupees): By 2030, aquaculture production is 
expected to grow by 35%. In aquaculture, the pond monitoring system is crucial. As a result, by 

2025, our product "Fish ROUV," which is valued at an estimated 30 lakhs, will hold a significant 

portion of this market. 

 

 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 

Fig.1. Different component used in Drone 
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Versatile Intelligent System for Integrated Optimization of Networks 
(VISION): Unlocking the potentials 

Mayuri Nag, Bhautik Savaliya and Saurav Kumar 

ICAR – Central Institute of Fisheries Education, Mumbai, 400061 

 

Details of Innovations  
Genesis of idea 

Digitization has transformed various industries by enhancing efficiency, accessibility, and 

overall quality. However, despite technological advancements, the fishing industry still struggles 
with sustainability, leading to either overexploitation or underutilization of aquatic ecosystems. 

The rise of artificial intelligence (AI) offers potential solutions, yet global fisheries remain a 

concern. Sustainability is vital for the long-term development of any economy, particularly in 
aquaculture, where preserving aquatic resources is crucial. To improve oversight and 

management while boosting production levels to meet growing demand, innovative technologies 

like AI are essential. The proposed technology, “VISION” (Versatile Intelligent System for 
Integrated Optimization of Networks), aims to optimize underdeveloped aquatic ecosystems with 

high fisheries potential. VISION integrates the Internet of Things (IoT), cloud computing, and AI, 

emphasizing adaptability in managing and preserving aquatic resources. The initial focus for 

implementing this system is on reservoir ecosystems in India, aiming to enhance the efficiency 
of aquaculture practices while ensuring sustainable exploitation and management of resources. 

 The problem in aquatic environment targeted by idea 

India's freshwater ecosystems, especially reservoir systems, hold significant potential for 
sustainable aquaculture and biodiversity. These man-made lakes, covering over 1% of the 

country’s land surface, are primarily created for irrigation, power generation, and flood control. 

However, many reservoirs remain underutilized due to ecological challenges such as 
sedimentation, flooding, disrupted fish migration, and eutrophication. Sedimentation from soil 

erosion caused by upstream agricultural activities reduces reservoir capacity and degrades 

water quality, disrupting aquatic habitats. Climate change and poor land use exacerbate 
flooding, overwhelming reservoirs during extreme weather and causing overflow. The 

construction of dams has further disrupted fish migration patterns, impacting local 

communities reliant on these fish for their livelihoods. Eutrophication, driven by nutrient runoff, 

results in harmful algal blooms that deplete oxygen levels, creating dead zones uninhabitable 
for aquatic life. To address these challenges, innovative solutions are essential for effective 

management of freshwater resources. Artificial Intelligence (AI) can play a pivotal role by 

enabling real-time monitoring of water quality, 
sediment levels, and fish populations, 

providing valuable insights for management. 

Predictive analytics can anticipate flooding 
events, allowing for proactive measures, while 

machine learning algorithms can optimize 

resource allocation for sustainable fishing 
practices. One promising initiative is “VISION,” 

a futuristic technology designed to tackle the 

challenges associated with reservoir 

ecosystems and unlock their fisheries 
potential.  

Brief Summary of the idea highlighting its 

need, salient Features and utility 
“VISION” features smart devices with IoT 

sensors that collect and analyze data, enabling 

AI to make automated decisions to enhance 
fish production and improve reservoir 

ecosystem management. VISION incorporates 

various AI-driven technologies, including 
“Smart Cages” (for fish production), 

“PulseGaurd” (a real-time flood detector), “EcoSilt” (a sediment removal device), “CurrentCam” 
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(an unmanned underwater vehicle for monitoring biodiversity), “Tunnel Driver” (to facilitate 
upstream and downstream fish migration), and “AquaPara System” (for monitoring water 

quality). These devices can collectively be referred to as “ASPECTS of AI-VISION Reservoir” (A-

AIoT: S-Smart Cages; P-PulseGaurd; E-EcoSilt; C-CurrentCam; T-Tunnel Driver; S-AquaPara 
System). Together, they enable the implementation of AI technologies, offering a promising 

pathway to optimize the utilization and conservation of reservoir ecosystems. Each service is 

equipped with multiple AI services capable of performing complex functions such as 
optimizations, predictions, and analyses for intelligent decision-making to optimize reservoir 

production. All the obtained data can be transmitted through an Internet connection to a cloud 

system and from there to a data collection center, build near by the reservoir for manual 

monitoring of the entire technology.  
Technology, like VISION is crucial for Indian reservoir systems, especially large reservoirs, for 

several reasons. With tools like “smart cages” and AI-driven analytics, VISION can optimize fish 

farming practices, leading to increased yields while ensuring sustainable practices that do not 
harm the ecosystem. Predictive analytics through “PulseGaurd” device can anticipate flooding 

events, enabling proactive measures to mitigate risks to surrounding communities and 

ecosystems. Large reservoirs face challenges like sedimentation, leading to water quality 
degradation. VISION can monitor these parameters through “AquaPara” the water quality 

monitoring device, “CurrentCam” the unmanned underwater vehicle, which can further 

facilitate action of “EcoSilt” devices for efficient removal of sediment load in the benthic region 
of reservoir in real time, allowing for more effective management and allocation of resources. 

The CurrentCam can also be used for surveying biodiversity of reservoir, identify the distance 

and swimming direction of the fish. This tool is expected to facilitate underwater monitoring, 

obviating the manual monitoring and thus avoiding risk of error and failure. The integration of 
IoT sensors in form of AquaPara device allows for continuous monitoring of water quality, 

helping to identify problems like eutrophication or pollution before they become critical. By 

facilitating fish migration and habitat restoration through devices like the “Tunnel driver”, 
VISION can help maintain healthy aquatic ecosystems, preserving biodiversity.  

VISION will optimize reservoir resources in India, increasing fish production and 

providing real-time data for improved aquaculture performance. 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

Fig. 1 Pictorial representation of idea 
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Tablle: 1. Details of development and implementation process of idea with target areas of 
operation- 

A AIoT IoT consists of three key components: devices (sensors), gateways 
(connecting devices to the cloud), and the cloud (managing 

applications and data). Cloud computing enhances scalability, data 

security, and resource integration while reducing infrastructure costs 
for large data centers. Combining IoT with AI creates the Artificial 

Intelligence Internet of Things (AIoT), which leverages AI for predictive 

analytics and informed decision-making. In AIoT, sensor devices 
collect data and transmit it to the cloud, where AI analyzes and 

integrates this data for automated decision-making. 

S Smart Cage The AI-driven monitoring systems, CurrentCam and AquaPara, can 

assess environmental conditions and use predictive analytics to guide 

smart fish cages to areas with optimal water quality and growth 
conditions, using propellers, in order to enhance fish production.  

P PulseGuard These are real-time flood control devices will utilize IoT sensors placed 
several kilometers upstream of the reservoir. These sensors will 

monitor flood conditions and communicate them to the flood control 

system, which will automatically open dam gates to mitigate flood 
damage. They will also alert other devices in the reservoir ecosystem 

about the threat via VISION. 

E EcoSilt This system focuses on robotic autonomy to reduce sediment load 

and automatically identify and segregate aquatic plastic pollutants. It 

employs optical sensing to classify plastics using resin identification 
codes (RIC), a standardized method for distinguishing different plastic 

types found in everyday consumer products. 

C CurrentCam The system collects environmental biodiversity information and 

image data from the reservoir ecosystem and transmits it to a 
waterproof platform. This IoT data is then organized and accessible 

on a cloud webpage. 

T Tunnel driver Motion sensors detect fish entering the tunnel, triggering a series of 

instructions from VISION's cloud computing network. These 

instructions are executed by tunnel drivers to support fish migration. 

S AquaPara 

System 

Sensors combined with a processor, are installed to automatically 

measure and analyze water quality parameters like temperature, pH, 
flow rate, and dissolved oxygen. The collected data will be uploaded 

to a data center to create a comprehensive database. 

To implement the VISION idea in India's large reservoir ecosystems, a structured 

approach is essential. This involves collaborating with state and central government bodies, 

local fishing communities, NGOs, and environmental groups to gather insights and support. 
Initial steps include identifying key reservoirs for pilot projects and deploying a limited number 

of IoT sensors, cameras, and AI devices to monitor water quality, sedimentation, and fish 

populations. Local data centers will be established for data processing, ensuring robust internet 
connectivity for real-time data transmission to cloud platforms. Advanced devices like Smart 

Cages, PulseGuard, EcoSilt, CurrentCam, Tunnel Drivers, and AquaPara Systems will be 

deployed next. Data storage and analytics will be managed on cloud platforms, enabling 
informed decision-making. Successful pilot implementations will guide gradual scaling to other 

reservoirs, complemented by community education on sustainable aquaculture and technology 

use through workshops and collaborations with academic institutions.  

Intellectual Property (IP) component associated with idea: 
The VISION idea has several potential Intellectual Property (IP) components, including: 

 Patent for technological innovations - the specific design of AI algorithms and IoT devices 

(ASPECTS) used in the system, could be patented. 

 Copyright - software developed for data analysis, monitoring, and AI decision-making can 

be protected under copyright law. In addition, user manuals, training materials, and any 

written content associated with the technology can be copyrighted. 
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 Trademarks - The name "VISION" and ASPECT along with the name of different IoT devices 
EcoSilt, PulseGuard, CurrentCam, AquaPara, Tunnel driver can be trademarked to protect 

the identity of the technology and its services. The logo of the technology can also be 

protected under trademark.        

                                             
SWOT analysis: 

Strengths: It Combines IoT, AI, and cloud computing for real-time monitoring and management 

of overall aquatic ecosystems. Critical issues like sedimentation, water quality deterioration, 
interruption in fish migration, fish mortality and sudden flood conditions can be addressed, 

promoting sustainable aquaculture practices. It may involve local fishing communities and 

stakeholders, fostering support and collaboration. The flood detector devices may predict flood 
early in time, alerting the nearby living communities for flood conditions.  

Weaknesses: Significant initial investment may be required for technology development, 

deployment, and infrastructure setup. Requires specialized knowledge for installation, 
maintenance, and operation, potentially involving specialized and skilled personals. 

Management of sensitive ecological and community data may raise privacy and security issues. 

Opportunities: Successful implementation in pilot reservoirs can lead to scaling the solution 

across multiple regions and ecosystems in India and beyond. Opportunities for continuous 
improvement and innovation in AI and IoT technologies, along with fisheries and aquatic 

environmental knowledge will leading to increasing employment. There are chances for 

collaboration with governmental and non-governmental organizations focused on environmental 
sustainability. 

Threats: Local communities might be resistant to new technologies or practices if proper and 

transparent information is not communicated and also if they perceive risks to their livelihoods. 
Sudden climate change and unpredictable weather patterns could impact the effectiveness of 

the technology. 
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Study on Climate Resilient Aquaculture in Sundarbans of South 24 
Parganas, West Bengal, India- A Sustainable approach 

Jayan Barik, Hridam Saha, Surya Kanta Sau 

Department of Aquaculture, Faculty of Fishery Sciences (WBUAFS), Kolkata-700094 

 

Details of Innovations  
Genesis of idea 

According to a study report conducted by government, non-governmental organizations, and 

university authorities, the coastal villages and surrounding forests of Sunderban in South 24 
Parganas, West Bengal, are at high danger of uncertainty. Agriculture, cattle husbandry, and 

aquaculture are the primary sources of income for most communities. Some of them also go to 

harvest fish in the deep seas using trawlers and small boats. Climate change has caused 
significant changes in the climatic conditions of the Sundarbans, including excessive rainfall 

throughout the year, increased frequency and off-season cyclone occurrences, and storm 

surges, putting those people and their property at risk. Although mangrove forests protect the 
towns, villages and accompanying wildlife flora and fauna to some extent by lessening storm 

strength, the destruction of mangroves, either by storms or purposely due to fast rising 

urbanization, has put the entire ecosystem on red alert. 

After reviewing the papers and reports given by scientists, I have shortlisted some problems 
faced by local communities in that area and the biodiversity that it supports, and I have 

attempted to suggest some solutions for the conservation of the ecosystem, such as mangrove 

restoration techniques, the construction of sea dykes, and the promotion of sustainable 
development, such as Integrated Muti Tropic Aquaculture (IMTA), Culture of Salinity Tolerant 

Species, etc. balancing the ecology and economy. 

Problems: 
 
 

 
 

 

 

 
 

 

 
 

 

 
Fig. 1. Damage caused by Cyclone Amphan in May 2020 in Sundarban area of South 24 

Parganas, West Bengal 
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Fig. 2. Damage after Cyclone Aila in May 2009 (Left), Cyclone Bulbul in October 2029 (Middle) 

and Cyclone Yaas in May 2021(Right) in Sundarban area of South 24 Parganas 

Sundarban is at risk of devastating erosion and drowning due to rising sea levels and cyclonic 
activity intensifies. Sea levels in the Indian subcontinent are rising at a rate of around 2.5 

mm/year. However, on the other hand, has a higher relative sea level exceeds owing to land 
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subsidence. Twelve southern islands bordering the sea have significant coastal erosion. Some 
islands, including Lohachara, Bedford, Kabasgadi, and Suparibhanga, have already gone from 

the map. The most vulnerable islands to erosion include Sagar, Ghoramara, Dakshin 

Surendranagar, Mousuni, Namkhana, Dhanchi, Dalhousie, Bulchery, Bhangaduni, and 
Jambudwip. 

The earthen embankments erected in the mid-nineteenth century have eroded in some 

locations, while river 
bottoms continue to 

increase owing to 

siltation. Temporary 

building of dams and 
embankments using 

conventional 

techniques, as well as 
the rehabilitation of 

destroyed dams, have 

not been renovated or 
maintained effectively 

during the last decade. 

Thus, the challenges 
and hazards are 

growing as the 

frequency of storm surges and cyclone occurrences has increased over the last several decades, 

resulting in the penetration of very salty water as well as the introduction of invasive undesired 
species into culture ponds. Fishes in freshwater cultured ponds are increasingly exposed to 

temperature and salinity variations, which cause a variety of physiological stressors. These 

effects are becoming synergistic with other negative consequences such as low pH and oxygen 
deficiency. The current rate of sea level rise is significantly higher within the range of 1.7 

mm/year (1.5 to 1.9) between 1901 and 2010, 2.0 mm/year (1.7 to 2.3) between 1971 and 2010, 

and 3.2 mm/year (2.8 to 3.6) between 1993 to 2010. 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4. Map showing changing pattern of mangrove ((left: 1973-2023) K. Kanjin and B.M. 

Alam, 2024) and vulnerability of sea level rise((right) M. Sahana et al, 2019) 

 Description, its significance and needs for conservation against climate change: 
The Sundarbans, a UNESCO World Heritage Site with one of the world's biggest mangrove 

forests (140,000 hectares), is located in the delta of the Ganges, Brahmaputra, and Meghna 

rivers in the Bay of Bengal. It is near to India's Sundarbans World Heritage Site, which was 
designated in 1987. The location is characterized by a complex network of tidal canals, mudflats, 

and tiny islands of salt-tolerant mangrove trees, and it serves as an outstanding illustration of 

continuing biological processes. It is a dynamic and vibrating ecosystem caused by land-water 
interactions, and it is considered one of the world's most productive wetlands. Sundarban 

Fig. 3. Incidences of cyclone and severe cyclone in Indian 

Sunderbans region (data source: IMD, Pune (imdpune.gov.in) 

1951-2013) 
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includes various primary morphotypes, including as beaches, mudflats, coastal dunes, and 
estuaries. This dense mangrove forest functions as a protection. The mangroves not only aid to 

significantly lower wind speed as the storm advances across the delta, but they also help to 

break the waves and storm surge created. The territory extends throughout the West Bengal 
state of India and the neighbouring nation of Bangladesh. The Indian continent is split by the 

Hooghly River on the west, the Bay of  

 

 

Fig. 5. Bengal on the south, the Ichamati-Kalindi-Raimongal rivers on the east, and the 
Dampier-Hodges Line on the north.  

 

The property is the only surviving habitat in 
the lower Bengal Basin for a diverse range 

of wildlife species. Its extraordinary 

biodiversity is reflected in a diverse flora, 
with 334 plant species from 245 genera and 

75 families, 165 algae, and 13 orchid 

species. It also has a diverse wildlife 
population, with 693 species found in both 

terrestrial and aquatic environments, 

including 49 mammals, 59 reptiles, 8 

amphibians, and other species. Main 
attractions of this area is the diverse and 

colorful birdlife found along its canals, 

which includes waterfowl, woodland birds, 
and the spectacular white-bellied sea eagle, 

mammals like Royal Bengal Tigers, Spotted 

deers, reptiles like crocodiles, King cobra, 
Common Krait etc. 

Natural disasters, like as cyclones, have 

always presented a danger to property 
values, and salty water intrusion and 

siltation continue to be possible risks to the 

qualities. Cyclones and tidal waves inflict 

some damage to the forest at the sea-land 
interface, and have historically resulted in 

significant mortality among some kinds of 

animals, such as spotted deer. 
Overexploitation of wood resources and 

wildlife, illegal hunting and trapping, and 

agricultural encroachment all pose severe 
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challenges to the property's value and general integrity. 
Fishery (fishing and aquaculture) is recognized as a vital 

part of the Sundarban economy. Sundarban includes around 

172 species of fish, 20 species of prawns, and 44 species of 
crabs, including two commercial varieties. It is home to a vast 

number of coastal marginal communities whose livelihoods 

depend on fishing, agriculture, and related industries.  
Thus, in today's world and for future generations, the 

Sundarban is one of the most significant natural resources, 

and it serves as a wake-up call to begin conservation efforts 

and pursue the path of sustainable development in order to 
conserve and balance the ecology and economy that it 

supports. 

Solution and suggestions: 
Promotion of Salinity Tolerant Species: Finfishes like Tilapia (Oreochromis sp.), Asian Sea 

Bass (Lates Calcarifer), Mullet (Mugil cephalus), Pangas (Pangasius sp.), Milk fish (Chanos 
chanos), Common Carp (Cyprinus carpio), Rohu (Labeo rohita), Spotted Murrel (Chana 
punchatus), GIFT Tilapia, shellfishes like Tiger Shrimps (Penaeus monodon,), Prawn 
(Macrobrachium rosenbergii) etc in the culture ponds and tanks. 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

Adoption and Propagation of Seaweed Culture which are abundantly available and highly valued 
like Ulva sp., Gracilaria sp., Rhizobium sp., Cladophora sp., and Catenella sp. across coastal 
Sundarban 
Potential Sites for Seaweed Culture 

Integrated multi-trophic aquaculture (IMTA): is a sustainable integrated farming system. IMTA 
was designed and developed to reduce the environmental impact on marine cage farming. The major 

components of this system include: 

 Commercially important culture species or fed aquaculture species (e.g. finfish/shrimp) 
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 Organic extractive aquaculture species (e.g. shellfish/herbivorous fish)  

 Inorganic extractive aquaculture species (e.g. seaweed) 

Successful mangrove restoration in West Bengal Sundarban requires multi-stakeholder 

cooperation from government, commercial businesses, locals, and NGOs. Initiatives should be 

community-based restoration models or participatory approaches with effective governance, 
such as in Gujarat, Andhra Pradesh, and Odisha. Mangroves must be planted in some regions 

for restoration based on salinity, tidal range, minimum plant spacing, and other parameters. 

This can be done by direct seed sowing, raised bed plantings, or drone technology, particularly 
in inaccessible areas. (T. V. Padma, 2022) 

 

 

 
 

Mangrove degradation could be lessened by sensitisation programmes, awareness creation, 

developing alternative livelihood options and shifting away from an overreliance on natural 

resources, says Ramesh. “Restoration of degraded areas by selecting indigenous mangrove 
species for a specific site is important as this decade has been declared as the UN decade on 

ecosystem restoration.” 

A sea dike is an embankment that protects low-lying regions from flooding and works as a 
backwater to prevent coastal erosion and marine invasion. It is also highly significant for the 

conservation of coastal biodiversity, such as Sundarban bio reserves, and the residents' 

livelihood. Sea dike route is selected based on the basis of techno economical reasoning after 
considering following points:  

 Topographic and geological conditions  

 Master plan of the entire area development including transportation system, national 

security and defense  

 Evolution of coast lines, beaches and estuaries  

 Location of existing structures  

SWOT Analysis: 

Strengths: 

 Wide range of freshwater and brackishwater resources 

 Provide safe breeding grounds and home due to large mangrove network and estuarine 

area for many fishes especially high valued fish like Hilsha (T. ilisha), Freshwater eels 

(Anguilla sp.), Asian seabass (L. calcarifer), Bombay duck (Harpadon nehereus), Tiger 

shrimp (P. monodon), Freshwater Prawn (M. rosenbergii), crabs (S. serrata) etc. 

 Wide availability and bear huge potential for seaweed culture. 

 Availability of labours at low cost 

 Easy availability of raw materials for IMTA farming in cages and Pens, Sea dyke 

construction 

   Cost effective Technologies used for restoration, conservation and sustainable 

development. 
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Fig. 1. Design of sea dike shall conform to navigation development strategy and also 

adaptable to the impacts of climate change Sea dike (T G Sitharam, 2017) 

                                         
 

 

 
 

 

 

 
 

 

 
 

 

 
  

 

 
 

 

 

 
 

 

Fig. 2. Different types of sea dike cross sections 
 

Fig. 3. A typical impermeable sea dike for the coastal reservoir 

 

Weakness 
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 Lack of post-harvests and other Infrastructure: 

 Lack of proper post management system after floods and Cyclones 

 Lack of awareness and trainings regarding their potential resources, its conservation and 

mitigation measures for their properties. 

 Poor Government developmental policies (it need to be upgraded with time after getting 

discussed with researcher and academician and should be implemented with the help of 
local communities, NGOs and block level officials without delay) 

Opportunity: 

 Opportunity for export of high valued captured as well as cultured fishes and shrimps 

 Generation employment to landless farmers  

 Encouraging women empowerment through participation in the projects like Seaweed 

culture and Aquaculture 

 Scope for tourism and cultural industries and associated small enterprises, business 

and markets. 
Threats: 

 Overfishing of both juvenile and adult Tiger shrimp and Hilsha populations has led to a 

decline in their natural abundance. 

 Indiscriminate seed collection by the small and landless fishermen and women led to 
loss in species diversity. 

 Inundating of islands due sea level rise as a result of Global warming. 

 Salinity and Sea surface temperature fluctuation. 

 Destruction of mangrove ecosystem as a result of rapid urbanisation. 
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Jal Abhibhavak: An All-in-One AI Powerhouse for Water Quality Control 
 

Bhautik Savaliya, Mayuri Nag and Ganesh Kumar 

ICAR – Central Institute of Fisheries Education, Mumbai, 400061 

 

Details of Innovations  
Genesis of Idea 

Aquaculture, a critical component of the global food supply, is plagued by environmental 

challenges that affect productivity and sustainability. Water quality, poaching, bird predation, 
and biomass estimation are major concerns for fish farmers. Traditional methods of mitigating 

these issues, such as manual monitoring and chemical treatment, are often ineffective or 

unsustainable. Therefore, a need arose for a comprehensive solution that leverages artificial 
intelligence (AI) to manage these issues efficiently. Jal Abhibhavak was conceived as an 

integrated AI system capable of addressing the multifaceted problems facing aquaculture. Its 

focus is to automate water quality management, optimize feed distribution, prevent poaching, 
and provide accurate biomass estimation, ensuring a sustainable aquaculture environment. 

The Problem in Aquatic Environment Targeted by the Idea: 

Aquaculture ecosystems are highly sensitive to environmental changes. Issues such as 

fluctuating water quality, excessive feed waste, fish poaching, and bird predation pose 
significant threats to the health of aquatic organisms and the productivity of farms. For 

instance, dissolved oxygen levels, pH fluctuations, and toxic substances directly affect fish 

growth and survival. Additionally, poaching and bird attacks exacerbate the issue, resulting in 
economic losses for farmers. These challenges demand continuous monitoring and timely 

intervention, something manual methods cannot efficiently provide. Jal Abhibhavak addresses 

these problems by employing AI to deliver precise, real-time monitoring and predictive solutions. 
Brief Summary of the Idea Highlighting Its Need, Salient Features, and Utility: Jal 

Abhibhavak integrates AI, IoT, and machine learning to monitor and control various aspects of 

aquaculture systems. The system features: 

 Water Quality Monitoring: Sensors track key parameters such as dissolved oxygen, pH, 

and conductivity, sending data to a central processor for real-time analysis. 

 Smart Feed Distribution: Demand feeders use acoustic sensors to detect fish hunger and 

release food accordingly, optimizing feed usage. 

 Anti-Poaching Measures: Motion sensors and cameras alert farm managers to 

unauthorized activity, helping prevent theft. 

 Bird Repellents: The system uses sound-emitting devices to keep predatory birds away from 

the aquaculture environment. 

 Biomass Estimation: Sensors monitor biomass in real-time, providing accurate data on 
fish populations and mortality rates. 

Together, these features ensure efficient, sustainable, and secure aquaculture operations, 

minimizing risks and maximizing productivity. 
Details of Development and Implementation Process of the Idea: The development and 

implementation of Jal Abhibhavak will follow a structured, phased approach: 

 Pilot Testing: Initial deployments in select aquaculture farms will involve installing water 

quality sensors and demand feeders. This phase will help fine-tune the AI algorithms based 
on real-world data. 

 Full-Scale Deployment: After successful pilot testing, the system will be rolled out across 

various aquaculture environments. Devices such as bird repellents and anti-poaching 
cameras will be integrated into the broader system. 

 Cloud-Based Data Management: The collected data will be sent to a cloud-based platform 

for processing and analysis. Real-time alerts will be issued to farm managers regarding water 

quality fluctuations, poaching, and other issues. 

 Community and Stakeholder Involvement: Collaboration with local fish farmers and 

stakeholders is essential for widespread adoption. Workshops and training sessions will 

educate users on maximizing the benefits of the system. 

Intellectual Property (IP) Component Associated with the Idea: The project is currently in 
the developmental phase. Upon completion of development, it will proceed with patenting. 
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A 

Pictorial Representation of the Idea 
SWOT Analysis: 

Strengths: 

 Integration of AI and IoT for real-time monitoring, leading to more efficient 

management of water quality and overall aquaculture health. 

 Predictive Analytics to anticipate and address issues such as flooding and poaching 

before they escalate. 

 Comprehensive Monitoring of fish movement, sedimentation, and biomass, which 

ensures a sustainable ecosystem. 

 

 

(SYMBOL) 

*Note: This section would include a diagram or flowchart illustrating the main components 

of the Jal Abhibhavak system, such as sensor placements, communication between the IoT 

devices and the cloud, and monitoring interfaces). 
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Weaknesses: 

 High Initial Investment: Setting up the infrastructure for sensors, cameras, and cloud 

services requires significant upfront costs. 

 Technical Expertise: The system’s operation and maintenance require skilled 

personnel, which could pose a challenge in remote farming communities. 
Opportunities: 

 Scalability: The system has the potential to be adapted to various aquatic ecosystems 

across India and globally. 

 Continuous Innovation: There is scope for ongoing improvements in AI technology, IoT 
devices, and environmental data analysis. 

Threats: 

 Resistance to Change: Some communities may be hesitant to adopt new technologies 

due to a lack of understanding or perceived risks. 

 Climate Variability: Unpredictable weather conditions and climate change could affect 

the performance and accuracy of the system. 
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Green Clean: Harnessing Algal Cultures to Purge Microplastics from 
Aquatic Ecosystems 

Pritam Sarkar and Rathi Bhuvaneswari Govindarajan 

ICAR– Central Institute of Fisheries Education, Mumbai, 400061 

 

Details of Innovations 
Genesis of the Idea 

Among various pollutants, plastic pollution has a significant impact in aquatic environment 

because of its wide usage and non-biodegradable nature. After use plastics are entered into the 
environment and larger plastics are broken down into smaller ones, such as microplastics (MPs) 

(<5mm) by the action of various environmental factors. MPs due to its smaller size and physical 

properties are very challenging to remove from the aquatic environment. MPs are also reported 
to cause several damages to the biotic communities. In this context, adopting innovative 

approaches to remove microplastics from aquatic bodies becomes essential. Microalgae can play 

a crucial role in removing microplastics from aquatic environments. During my M.F.Sc 
dissertation, we discovered that microplastics adhered to the surfaces of Chlorella vulgaris and 

Spirulina platensis within 96 hours. This observation led us to propose a method for using 

microalgae in wastewater treatment plants. After microplastics attach to the microalgae, the 

microalgae-microplastic complexes can be transferred to a dedicated microplastic deposition 
unit. Here, surfactants will be applied to detach the microplastics from the microalgae, allowing 

the microalgae to be reused in subsequent cycles. The deposited microplastics can then be 

repurposed for various applications, such as road construction, industrial applications and 
other uses. 

Identified problem in aquatic environment:  

A world without plastics may be challenging to imagine in today's scenario. Initially, plastic was 
hailed as a remarkable scientific invention, but over time, it has turned into a significant 

environmental threat on a global scale. Plastic materials have become the first choice of 

humankind among all other man-made substances for their cost-effectiveness, lightweight 

nature, durability, longevity, and excellent thermal and electrical insulation properties. In 1950, 
the global production of plastic was a mere 1.5 million metric tons, but by 2020, it had surged 

to a staggering 367 million metric tons. It is now predicated that it could reach 33 billion tons 

by 2050. After use, the final destination of these plastic wastes is the ocean, which has become 
giant garbage bins for all types of plastics. Once these larger plastics entered into the ecosystem 

become fragmented by UV radiation, wave action, wind action and biological interactions and 

forming smaller size microplastics. Approximately 269,000 tonnes of plastic have been 
discovered in surface waters worldwide, with an estimated 5 trillion plastic particles believed to 

be present in the world's surface waters. It's been observed that around 1.5 trillion microplastics 

have infiltrated the water and been ingested by marine species, endangering their lives. Theses 
MPs are reported to interact with all living organisms of the aquatic ecosystem starting from 

microbes to top aquatic predators. Studies have uncovered that even planktonic larvae have the 

capacity to ingest MPs. Remarkably, MPs have been identified in the saliva of diverse aquatic 

creatures, including mammals, aquatic birds, and fish. MPs also discovered within the 
gastrointestinal tract, gallbladder, liver, pancreas, heart, brain, and tissues of a range of aquatic 

organisms such as mussels, zebrafish, zooplankton, oysters, sea urchins, fish embryos, and 

larvae. Ingesting minute plastic fragments might result in intestinal obstructions. MPs exert 
effects on various physiological, haematological, endocrine, metabolic, reproductive, and 

teratogenic processes. Generally, these small plastic elements lead to a decrease in fish growth 

and feeding rate, also affecting their swimming behaviour. Filter-feeding organisms, such as 
clams and oysters, experience   a reduction in their filtering capacity at elevated concentrations 

of MPs/NPs. In shellfish, MPs reduced the shell length and width of the organisms. Tiny plastic 

particles also adversely affect the immune system of the animal. In addition, microplastics act 
as a substrate or as a platform for many foreign elements (heavy metals, polycyclic aromatic 

hydrocarbons (PAHs), and persistent organic pollutants (POPs)) in the waterbody. In aquatic 

environments, many pollutants particularly hydrophobic materials used MPs/NPs as a vector 

to enter the organism's body. Therefore, it is crucial to prevent the entry of microplastics into 
aquatic environments and to ensure their removal during the treatment process. 
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Summary of the idea highlighting its need, salient features and utility: 
According to the literature and various global sources, plastic pollution is one of the major 

problems the world is facing today. Numerous adaptive and preventive measures have been 

undertaken by various agencies, including government bodies and pollution control boards. 
However, despite these efforts, significant results have yet to be achieved. Plastics continue to 

enter the terrestrial environment and, through various pathways such as air, water, and land, 

eventually make their way into aquatic ecosystems. Once in the environment, macro plastics 
are fragmented or broken down into microplastics and nanoplastics due to various 

environmental factors. This fragmentation process is driven by exposure to sunlight, mechanical 

forces, and biological activity. As these larger plastic pieces degrade into smaller fragments, they 

become nearly impossible to remove from the environment using conventional, pre-existing, 
traditional techniques. These micro and nanoplastics are highly persistent and can easily evade 

existing filtration and treatment processes. They pose a serious threat to wildlife, ecosystems, 

and potentially human health, as they can be ingested by aquatic organisms and enter the food 
chain. The ongoing and pervasive nature of plastic pollution underscores the urgent need for 

innovative and effective solutions. The persistence and ubiquity of microplastics demand new 

strategies and technologies that can address the problem at both the macro and micro levels, 
ensuring a more comprehensive approach to plastic waste management and environmental 

protection. 

In this context, developing new methods to remove tiny particles from the ecosystem is essential. 
Physical techniques are often impractical, and chemical methods can lead to further pollution 

and are more expensive. On the other hand, biological processes offer promising results when 

implemented effectively. We believe that our approach to removing microplastics using green 

microalgae could pave the way for a novel solution in combating plastic pollution. The primary 
application of the proposed idea will be at wastewater treatment plants, following conventional 

treatment processes, before the final release of water into the environment or discharge 

channels. The proposed idea can be classified as green technology, offering numerous 
advantages over other techniques. Using microalgae allows us to utilize organic wastewater for 

microalgae cultivation, which can then be employed to remove microplastics. Microalgae 

respond exceptionally well to organic waste in terms of growth and pigment production. 
Additionally, by using nutrients from the waste, they help reduce the waste load in the water, 

providing dual benefits: waste reduction and microplastic removal. In the process when 

microalgae will have subjected to enter in the microplastic containing water microalgae will form 
microplastic-microalgae complex. The microalgae are then transferred to a surfactant 

application tank, where the complex is detached, causing the microplastics to settle at the 

bottom while the microalgae are reused in a cyclic manner. This ensures no loss of algae, 

enabling continuous operation. The deposited microplastics can be recovered from the tank and 
repurposed for various applications. This method offers significant advantages and practical 

utility.                                         

Details of development and implementation process of the idea: 
The primary application of this idea will be at wastewater treatment plants. Additionally, it can 

be implemented at the 

industrial level to treat 
wastewater containing 

large amounts of 

microplastics. Industries 
such as plastics 

manufacturing, 

cosmetics, 

pharmaceuticals, and 
ornamental products 

often use primary 

microplastics, which are 
released in significant 

quantities during the 

washing process after 
product development. 
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Before  this wastewater is discharged into the environment or release channels, it is crucial to 
treat and remove these plastic particles. The proposed idea offers a solution to address this 

issue effectively. 

The development process of this project or idea requires extensive research work. During my 
M.F.Sc dissertation, we observed that microplastics readily attach to the surface of microalgae. 

This observation sparked the initial concept for our proposed solution. However, before this idea 

can be implemented on a practical, ground level, both basic and advanced research are 
essential. 

The points in which we have to give more focus are listed below:  

 Identifying of potential microalgae which can form microalgae-microplastics complex 

 Detailed studies are needed to understand the specific mechanisms of microplastic 
attachment to various strains of microalgae. This includes investigating the surface 

properties of the microalgae that facilitate the binding of microplastics and the 

environmental conditions that optimize this process.  

 Estimation of minimum attachment period. The time taken to form the complex 

 Optimization of the concentration or density of microalgae for the process 

 To assess the durability of the microalgae by determining how many cycles they can 

withstand before requiring a completely new inoculum 

 Identification of potential surfactant for the detachment of microalgae-microplastic 

complex after forming 
Advanced research should focus on scaling up the process from laboratory conditions to real-

world applications. This includes developing and optimizing bioreactor designs for large-scale 

operations, evaluating the cost-effectiveness of the process, and ensuring it can be integrated 
into existing wastewater treatment infrastructures. Pilot studies in industrial and municipal 

wastewater treatment plants will be essential to validate the process's effectiveness and 

efficiency on a larger scale. Overall, while the initial observations provide a promising 
foundation, a multidisciplinary approach involving microbiology, environmental science, 

engineering, and economics will be necessary to fully develop and implement this innovative 

solution for microplastic removal. 
SWOT analysis: 

Strengths 

 Innovative Solution: Utilizes a novel biological method to address the challenging issue 

of microplastic removal from water. 

 Environmental Benefits: Offers a green technology approach that can help reduce 

plastic pollution and promote sustainability. 

 Dual Functionality: Provides dual benefits by reducing waste and removing 

microplastics simultaneously. 

 Positive Preliminary Results: Initial studies during my M.F.Sc dissertation have shown 

promising results with Chlorella vulgaris and Spirulina platensis. 

Weaknesses: 

 Research and Development: Requires extensive research to fully understand the 
mechanisms and optimize the process, which can be time-consuming and costly. 

 Scalability: Scaling the method from lab-based experiments to practical, large-scale 

applications might present significant challenges. 

 Surfactant Use: Identifying and optimizing surfactants for detachment without harming 
the microalgae or causing additional pollution. 

 Operational Complexity: Managing the cyclic operation and ensuring the efficiency and 

effectiveness of the entire process could be complex. 

Opportunities: 

 Market Demand: Growing awareness and regulatory pressure to address plastic 

pollution could drive demand for innovative solutions like this. 

 Collaborations and Funding: Potential for collaboration with environmental 

organizations, wastewater treatment plants, and securing funding from government and 
private sectors. 

 Technological Advancements: Advances in biotechnology and environmental 

engineering can support the development and refinement of the method. 
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 Global Application: The method can be adapted and applied globally, addressing a 
widespread environmental issue. 

Threats: 

 Regulatory Challenges: Navigating the regulatory landscape for deploying new 

technologies in wastewater treatment plants can be complex and time-consuming. 

 Economic Viability: Ensuring the cost-effectiveness of the method compared to existing 

and alternative solutions. 
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ToxiScan Fish guard AI: Intelligent Assurance for Safe Fish Food 

Sourav Debnath 

ICAR – Central Institute of Fisheries Education, Mumbai 
 

Details of Innovations 

Genesis of the Idea 

The genesis of "ToxiScan Fishguard AI" can be traced back to the pressing need to ensure food 
safety within the fish processing industry. With the global rise in fish consumption, the industry 

encounters formidable obstacles in upholding quality and safety standards in the face of 

contaminants such as heavy metals, pesticides, and harmful microorganisms. Conventional 
testing methods are often plagued by sluggishness and inefficiency, resulting in delays in 

product releases and potential health hazards. Fishguard AI harnesses cutting-edge biosensors 

and artificial 
intelligence to deliver 

real-time monitoring 

throughout the fish 
processing stages, 

swiftly identifying 

contaminants before 

products reach the 
market. This 

innovative system 

elevates safety 
protocols and instills 

greater confidence in 

processed fish 
products among 

consumers, ultimately 

benefiting processors, 
consumers, and 

regulators alike. 

Imagine a world where 

testing fish for harmful 
contaminants like 

toxic metals and 

harmful microbes is 
fast, affordable, and 

accessible. This is the 

vision behind 
ToxiScan Fishguard 

AI. 

 Problem in Aquatic 
Environment 

Targeted by the Idea: 

In the fish processing 
industry, a significant 

challenge is the 

potential 

contamination caused 
by pollutants such as 

heavy metals, 

pesticides, and 
pathogens. As fish 

progress through 

various processing 
stages—such as 

Key Features: 
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cleaning, filleting, 
and packaging—

the risk of 

contamination 
from external 

sources or pre-

existing toxins 
absorbed from 

their environment 

increases. 

Common 
pollutants like 

mercury, 

cadmium, and 
harmful bacteria 

can survive 

processing and 
reach consumers, 

posing serious 

health risks. 
Traditional 

methods of 

detecting these 

contaminants are 
often reactive, 

testing only after 

the fish have been 
processed, 

resulting in 

delays in recalls 
and potential 

public health 

hazards. This can also harm the reputation of processing companies, leading to financial losses 
and legal issues. Furthermore, varying international regulations on fish safety standards make 

it challenging for processors to ensure that their products meet all safety requirements across 

different markets. 

In addition, contamination risks arise not only from the raw fish but also from equipment, 
storage, and handling processes within the facilities. Manual monitoring of these potential 

points of contamination is labor-intensive, inefficient, and prone to error. The fish processing 

industry requires a more reliable, scalable, and automated solution to safeguard against 
contamination at every production stage. "ToxiScan Fishguard AI" addresses this need by 

providing a real-time, intelligent system for detecting toxins and pollutants during the fish 

processing workflow. 
Brief Summary of the Idea: 

"ToxiScan Fishguard AI" is an intelligent system designed specifically for the fish processing 

industry to ensure the safety of processed fish products. By integrating artificial intelligence 
and biosensor technology, this system continuously monitors for contaminants, including heavy 

metals, pesticides, and harmful bacteria, at various stages of processing. The goal is to detect 

and eliminate toxins before they can reach consumers, ensuring safer products and more 

efficient operations for processors. 
Utility and Benefits of idea: 

For fish processors, ToxiScan Fishguard AI is an invaluable tool for ensuring product safety, 

reducing recall risks, and maintaining compliance with food safety regulations. Real-time 
monitoring improves the efficiency of quality control measures, while the integration of AI allows 

for early detection of risks that might otherwise go unnoticed. The system helps reduce the 

financial and reputational damage caused by contaminated products, giving processors a 
competitive edge in the market. From a regulatory perspective, ToxiScan makes it easier for 
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processing companies to meet food safety standards by automating reporting and providing 
traceable, verifiable data on contaminant levels. This ensures smoother export processes and 

reduces the likelihood of costly fines or sanctions.  

Moreover, consumers benefit from the enhanced safety of processed fish products, as they can 
trust that their products have been thoroughly screened for toxins and pathogens. This 

transparency helps build brand loyalty and fosters trust between consumers and processors. 

 
SWOT Analysis: 

Strengths: 

 Real-time contaminant detection during processing reduces the risk of unsafe products 

entering the market. 

 AI-driven system enhances efficiency and accuracy in identifying toxins. 

 Scalable and adaptable to various types of fish processing facilities. 

 Increases consumer confidence and brand reputation through improved product safety. 

Weaknesses: 

 Initial setup costs for biosensor technology and AI infrastructure could be high. 

 Technical expertise required for system management may be a barrier in smaller 

processing plants. 

 Dependence on internet/cloud-based infrastructure could be a challenge in regions with 

limited connectivity. 
Opportunities: 

 Growing demand for safe and traceable seafood products can drive adoption. 

 Expanding international regulations on food safety create a growing market for advanced 

safety technologies. 

 Potential for extending this system to other food processing industries (e.g., poultry, 

meat). 

Threats: 

 Competition from existing food safety technologies or other emerging systems. 

 Reluctance from traditional processing companies to invest in new technology. 

 Shifting regulatory requirements in different markets could create challenges for 

widespread implementation. 
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Cladosporium Fungi: A Natural Shield for Corals Against Harmful UV 
Radiation 

Tanushree Bhowmik  

College of Fisheries, Lembucherra, CAU 

 

Details of Innovations 
Genesis of the Idea 

Coral reefs, one of the most diverse and vital ecosystems, are increasingly threatened by climate 

change and rising UV radiation levels. Coral bleaching, which occurs when corals expel the 
symbiotic algae living in their tissues due to stress from UV radiation, has devastated marine 

biodiversity worldwide. While many interventions have been proposed to mitigate coral decline, 

few solutions address the impact of UV radiation directly.Inspired by the natural resilience of 
the Cladosporium fungal species, known for its melanin-producing properties and ability to 

thrive in extreme environments, this idea envisions using Cladosporium as a biological shield 

to protect coral reefs from harmful UV rays. These fungi, which naturally absorb radiation 
through melanin, could be applied as a protective biofilm over corals, reducing the damage 

caused by UV exposure. This method offers a sustainable, nature-based solution to safeguard 

coral reefs, improve their resilience, and support marine biodiversity. 

The concept merges the natural strengths of Cladosporium fungi with innovative conservation 
efforts, providing a new, eco-friendly approach to saving corals from the escalating threat of UV 

radiation. 

Identification of problem in Aquatic Environment: 
Coral reefs are under severe stress from climate change, with UV radiation being one of the 

primary contributors to coral bleaching. As the ozone layer depletes and UV exposure increases, 

corals, particularly those in shallow waters, suffer significant damage. UV-B radiation disrupts 
the relationship between corals and their symbiotic algae (zooxanthellae), which are essential 

for photosynthesis and coral health. When this relationship is compromised, corals expel the 

algae, leading to bleaching and, eventually, death if the environmental stress persists.The rise 
in coral bleaching events has led to the decline of coral ecosystems worldwide, impacting marine 

biodiversity, fisheries, and tourism industries that rely on healthy coral reefs. Traditional 

methods of coral conservation, such as reef restoration and artificial coral structures, focus on 

temperature and ocean acidity but rarely address the harmful effects of UV radiation directly. 
This idea targets the specific problem of UV-induced coral bleaching by introducing 

Cladosporium fungi as a biological UV shield. By leveraging the fungus’s natural ability to 

absorb UV radiation, it provides an innovative way to reduce the impact of UV rays on coral 
reefs, helping to restore and preserve these critical ecosystems. 

Summary of the Idea Highlighting Its Need, Salient Features, and Utility: 

The Need: Coral reefs, often called the "rainforests of the sea," are experiencing unprecedented 
damage due to a combination of environmental stressors, with UV radiation being a significant 

factor. As climate change accelerates, the depletion of the ozone layer has led to higher levels of 

UV-B radiation penetrating Earth's surface, affecting marine ecosystems, particularly coral 
reefs. Despite the efforts to protect reefs from rising temperatures and acidification, few 

strategies exist to mitigate UV radiation damage, a crucial but often overlooked threat. 

Salient Features of the Idea: 

 Cladosporium as a UV Shield: Cladosporium fungal species produce melanin, a pigment 
that naturally absorbs harmful radiation, including UV rays. By applying this fungus as a 

biofilm on coral reefs, it acts as a biological shield, protecting corals from excessive UV 

exposure and reducing the likelihood of bleaching. 

 Eco-Friendly Solution: This method uses a natural, sustainable approach. Cladosporium 

fungi are widespread and known for their adaptability, making them ideal candidates for 

large-scale coral protection without introducing harmful chemicals or synthetic materials 

into the marine environment. 

 Coral Resilience: The use of Cladosporium fungi not only protects corals from UV damage 

but may also improve their overall resilience to other stressors, such as warming waters and 

pollution, by preserving their symbiotic algae and photosynthetic processes. 
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 Easily Scalable: The application of fungal biofilms is scalable and can be adapted to different 
reef environments globally, providing a low-cost, high-impact solution for coral reef 

protection. 

Utility of an Idea: 

 Coral Protection: The core utility of the idea lies in providing corals with a protective 
biofilm that shields them from UV radiation. By absorbing harmful rays, the fungi help 

prevent coral bleaching and support the recovery of vulnerable coral species. 

 Marine Biodiversity Preservation: Coral reefs support a vast range of marine life, and 

protecting reefs from UV damage contributes to the overall preservation of marine 
biodiversity. Healthier reefs sustain more species, from fish to invertebrates, providing 

ecosystem stability. 

 Support for Fisheries and Tourism: Coral health is directly linked to the productivity of 
fishing industries and tourism. By mitigating coral damage, this idea contributes to the 

sustainability of these vital sectors. 

 Climate Change Mitigation: By enhancing the resilience of coral reefs, this solution 

indirectly helps combat climate change, as healthy reefs are better able to sequester carbon 
and mitigate the effects of rising CO2 levels. 

Environmental and Economic Benefits: 

 Sustainable Conservation: Cladosporium biofilms provide a self-sustaining solution to 

coral protection, reducing the need for continuous human intervention or synthetic 
treatments. 

 Cost-Effective: Compared to other coral restoration projects, applying fungal biofilms offers 

a low-cost approach that can be implemented quickly and widely. 

 Global Application: This approach can be scaled to coral ecosystems worldwide, from the 

Great Barrier Reef to the Caribbean, offering a versatile tool for global coral conservation 

efforts. 

 
 

 

In conclusion, this idea leverages the natural properties of Cladosporium fungi to address a 
critical gap in coral conservation, offering a novel, sustainable solution to protect coral reefs 

from the harmful effects of UV radiation. 

Pictorial Representation of the Idea: 

Development and Implementation Process:  
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 Research and Fungal Strain Selection: The first step involves identifying and cultivating 
specific Cladosporium species that are optimal for melanin production and UV absorption. 

This research would focus on finding strains that thrive in marine environments without 

disrupting the existing ecosystem balance. 

 Testing in Controlled Environments: The next phase would involve lab testing and 
aquarium trials. This allows for monitoring how well the fungal biofilm adheres to coral 

surfaces, the effectiveness of UV protection, and the overall health of the corals under 

controlled exposure to UV radiation. 

 Field Trials in Coral Reefs: After successful lab testing, the project would move to small-

scale field trials in natural reef environments. This phase would test the biofilm's durability 

in open water conditions, its interaction with other marine organisms, and its overall efficacy 

in reducing coral bleaching. 
Implementation Process: 

 Deployment in Vulnerable Reefs: The initial focus would be on high-risk coral 

ecosystems, such as shallow-water reefs that are most exposed to UV radiation. 

Application methods would involve divers or autonomous underwater vehicles (AUVs) 
deploying the biofilm across large areas. 

 Monitoring and Adjustment: Continuous monitoring of the corals would ensure the 

biofilm remains effective over time. Adjustments may be needed depending on 
environmental factors like water temperature, salinity, and the presence of other marine 

life. 

 Expansion to Global Reefs: Once proven successful, this biofilm application could be 

expanded to coral reefs worldwide, ensuring that the method is adaptable to various marine 
ecosystems and scalable for large-scale coral conservation efforts. 

SWOT Analysis: 

Strengths: 

 Natural UV Protection: Utilizes a naturally occurring fungus to provide an eco-friendly 

solution to coral bleaching. 

 Scalability: The system can be scaled for global reef application with minimal cost and 

environmental disruption. 

 Biological Resilience: Cladosporium is already known for thriving in extreme conditions, 

making it ideal for harsh marine environments. 

Weaknesses: 

 Long-Term Impact: The long-term ecological effects of introducing a biofilm to coral 
ecosystems are not fully understood. 

 Testing and Development Costs: Significant R&D investment is required to identify the 

best strains and ensure they are safe for coral ecosystems. 

Opportunities: 

 Global Coral Conservation: The method could become a key tool in coral conservation 

efforts around the world. 

 Climate Adaptation: As climate change exacerbates UV radiation and ocean 

temperatures, this solution could help reefs adapt 
 

 




