
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 11, March 2025 

 Copyright to IJARSCT         DOI: 10.48175/IJARSCT-26553  278 

    www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Green Synthesis of Biodegradable Nanoparticles 

for Sustainable Agricultural Pest Management 
Miss. Aarti Ashok Nadkar 

Department of Chemistry 

HET’s College of Science (Computer Science and Information Technology), Mahad-Raigad. 

aanadkar11@gmail.com 

  

Abstract: Designing goods and processes to reduce the production or use of dangerous materials is the 

main goal of green chemistry, also known as sustainable chemistry. Even though Green Chemistry is not 

a new area, it has become more important due to recently growing environmental concerns. Industries 

are now focused on implementing procedures that are primarily non-hazardous, simple to move out, 

requiring low energy and time, use reinforcement reagents, down stand rigid materials, and more cost 

effective. Green chemistry also includes catalysts that encourage chemical reactions during recovery 

and do not produce any harmful effects. This development is creative and comfortable in the field of 

chemistry. In this example, you can draw attention to how low toxic chemical pesticides are made 

possible by environmentally friendly synthesis of biodegradable nanoparticles, which supports 

permanent agriculture. 
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I. INTRODUCTION 

Definition: - A branch of chemistry called "green chemistry" or "sustainable chemistry" belongs to developed items and 

processes that use less or no dangerous materials. 

For global agricultural environment, the need for permanent pest management strategies is an important and complex 

challenge. Examples of pests that can severely damage crops and low yields and financial losses include mourning, 

fungi and insects. However, traditional insect management techniques, mainly on synthetic chemical pesticides, are 

rapidly associated with significant health and environmental risks. 

Environmentally friendly production of biodegradable nanoparticles presents a viable passage for sustainable and 

profitable agricultural pest management. Microbes and plant extracts are two environmentally friendly ways to create 

biodegradable nanoparticles. These nanoparticles show remarkable efficacy against various types of agricultural pests, 

such as nematodes, fungi and insects, in addition to their extraordinary biodegradability. 

 

Advantages of biodegradable nanoparticles for sustainable agricultural pest management: - 

 Low environmental effects: Biodegradable is decomposed over time in the form of nanoparticles, their 

environmental effects are reduced. 

 Non-goal organisms damage: Benefiting organisms can be spared from damage when biodegradable 

nanoparticles are directed against special insects. 

 Low pesticide residues in food crops: It is possible to prepare biodegradable nanoparticles so that pesticides 

are gradually issued over time, reducing pesticides in food crops. 

 Biodegradable nanoparticles are presented a promising approach to sustainable pest management as they are 

made of natural materials and can be broken by microorganisms. When compared to traditional nanoparticles, 

these nanoparticles have many benefits, eg: 

 Biocompatibility: Beneficial organisms, such as pollinators and other insects that are essential for ecosystems, 

are less likely to damage by biodegradable nanoparticles. 
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 Less ecological footprints: Biodegradable nanoparticles break over time, their long - term effects on the 

environment are reduced. 

 Targeted delivery: By reducing the total amount of the required pesticides and reducing the risk of 

environmental contamination, biodegradable nanoparticles can be engineered to release its active ingredients 

in a controlled manner. 

The manufacture of sustainable pest management strategies has heavy capacity for green synthesis of biodegradable 

nanoparticles. Biodegradable materials and ecological adaptable synthesis techniques can be used to create pest 

management plans that effectively manage pests while protecting agricultural productivity and ecosystem. 

 

Basic principles of green chemistry: - 

Green chemistry is generally based on the 12 principles of green chemistry are considered the fundaments to contribute 

to sustainable development. 

1. Waste prevention: Waste production should be kept minimal during green synthesis of biodegradable 

nanoparticles. Using sustainable feedstocks, building effective synthesis processes, and recovering and reusing 

are some ways to complete it. 

2. Atom economy: The process of creating biodegradable nanoparticles should include more and more raw 

materials in the finished product. This can be completed by using stoichiometrically balanced responses and by 

reducing products. 

3. Less dangerous chemical synthesis: Dangerous chemicals should not be used in the production of 

biodegradable nanoparticles. This can be completed by creating a safe response position and using safer 

options, such as green solvents. 

4. Designing safer chemicals: Biodegradable nanoparticles should be designed to be safe for both environment 

and human health. It can be achieved by using non-toxic substances and by designing nanoparticles that are 

easily degradable. 

5. Benign solvents and auxiliaries: Synthesis of biodegradable nanoparticles should use benign solvents and 

auxiliary. It can be obtained using water as water whenever possible and using environmentally friendly 

accessories. 

6. Design for energy efficiency: The synthesis of biodegradable nanoparticles should be designed to become 

efficient. This can be obtained using microwave radiation, ultrasound, or other energy-efficient methods. 

7. Use of renewable feedstocks: Synthesis of biodegradable nanoparticles should be used whenever possible. It 

can be obtained using plant-based materials or by recycled materials. 

8. Reduce derivatives: The synthesis of biodegradable nanoparticles should reduce the number of synthetic 

stages. It can be obtained using multi-step synthesis that avoid the formation of unnecessary derivatives. 

9. Catalysis: The synthesis of biodegradable nanoparticles should use catalysts to promote efficient and selective 

reactions. It can be obtained using homogeneous or heterogeneous catalysts. 

10. Design for degradation: Biodegradable nanoparticles should be designed to be easily degradable by 

microorganisms. It can be obtained using materials that are considered biodegradable or by designing 

nanoparticles with a controlled size and surface structure. 

11. Real-time analysis for pollution prevention: Synthesis of biodegradable nanoparticles should be monitored in 

real time to identify and prevent pollution. This can be obtained using online monitoring techniques, such as 

spectroscopy or chromatography. 

12. Inherently safer chemistry for accident prevention: Synthesis of biodegradable nanoparticles should be 

designed to be naturally safe. It can be obtained using safe materials, designing safe response conditions and 

using safe devices. 

With these concepts now in practice, we can develop sustainable pathways to produce biodegradable nanoparticles for 

agricultural pest control. These nanoparticles can reduce pesticide concentration, and associated risk of contaminating 
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the surrounding environment, if it is applied selectively. Biodegradable nanoparticles can also be utilized to develop 

new methods of insect controls that are more sustainable than conventional strategies. 

 

Key challenges to agricultural pest management:  

We need to discuss the challenges encountered by traditional agricultural pest management practices (and synthetic 

pesticides). The discussion will include the environmental, health, and stability challenges associated with these 

practices to emphasize the need for alternative approaches. 

 Pesticide Resistance: Over time, pesticide resistance has developed, in many pests, reducing the effectiveness 

of all types of conventional chemical pesticides, and making pest management more challenging. 

 Environmental Consequences: Chemical pesticides can have negative impacts in communities and the 

environment. They can contaminate soil, air, and water, and can harm non-target species such as other 

beneficial insects, birds, and aquatic organisms. 

 Health Effects: Using a range of different chemical pesticides have implications on human health, especially 

for agriculture-workers doing the spraying, but also farm neighbours and local communities. Pesticide 

applications can cause both acute and chronic health effects for those being exposed. 

 Non-Target Pests: In addition to killing the target pest, pesticides also kill beneficial species (i.e., pollinators 

such as bees) that potentially would support an integrated pest biocontrol. In some cases, pesticide-induced 

mortality can exacerbate the systemic collapse related to pest biocontrol. 

 Residue Impacts: sing pesticides can lead to residues left on the harvested commodity. Consumers have 

increased concerns about the food and feed safety of pesticide residues in the food chain. 

 Regulatory Challenges: The pesticide regulatory environment is often not simple and differs regionally or 

geographically. Achieving compliance and meeting the regulatory requirements can be very costly and often 

adds to the burden for regulators, pesticide companies, and farmers. 

 Costs and Economic Sustainability: Pesticides can be expensive, and the act of applying pesticides adds to the 

overall farmer production costs. Marketers question could non-chemical interventions in pest management 

lead to decrease cost? However, the challenge for the grower is to minimize their pesticide applications 

without affecting production. 

 Loss of Biodiversity: Pesticide use can result in losses of biodiversity in agricultural landscapes. Wider 

impacts include not only pests and the pest’s natural enemies, but also in general ecosystem health. 

 Invasive Species: Increased globalization has allowed for the introduction of new pests and diseases (and 

potentially their natural enemies) into areas that did not have such pest introductions historically. Management 

of invasive species can be challenging. 

 Weather and Climate Change: Weather patterns and climate change can impact the presence and distribution 

of pests. With warmer temperatures and precipitation patterns, pest behaviour and population dynamics are 

altered. 

 Integrated Pest Management (IPM) Adoption: Getting farmers to adopt dealer network shared integrated pest 

management strategies with pest control (multiple strategies combined), is a difficult task. For IPM to occur 

there needs to be education and changes in the way farmers produce crops. 

 Sustainable Agriculture: Sustainable agriculture has reducing reliance on chemical pesticides as a change. As 

barriers to chemical pesticide application decrease, finding pest management solutions that are effective, 

environmentally friendly, and economically viable can be complex. 

 

Biodegradable Nanoparticles:  

This paper introduces biodegradable nanoparticles; and their promise to achieve sustainable pest management. 

Biodegradable nanoparticles can be created and synthesized to be both environmentally friendly, and more efficacious 

for pest management. 
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1. Composition: Biodegradable nanoparticles are composed of biodegradable and biocompatible polymers, lipids, 

or other natural sources. Some common polymers used for biodegradable nanoparticles include; polylactic acid 

(PLA), polyyglycolic acid (PGA), poly (lactic-co-glycolic acid) (PLGA), chitosan, gelatin, and many lipids. 

2. Biodegradability: Biodegradable means that these nanoparticles can be degrade by biological means, either in 

the body, or in the environment. This is important because it lessens the chance of long-term pollution, and/or 

build up in biological systems. 

3. Medical Applications: Biodegradable nanoparticles are commonly used in medicine, primarily for drug 

delivery systems. Biodegradable nanoparticles can encapsulate drugs, proteins, or genetic material and provide 

controlled or sustained delivery. The nanoparticles will degrade, and be excreted from the body after the drug 

is released, thus reducing the chances of side effects. 

3. Targeted Drug Delivery: The surface of the nanoparticles can be altered to allow specific cells, or tissues to 

uptake the nanoparticles, providing targeted disease-related or illness-related treatment. 

4. Imaging: Biodegradable nanoparticles can also be used for imaging. For example, they can give opposite 

agents for imaging routes including MRI or CT. 

5. Environmental Applications: Biodegradable nanoparticles is widely used in environmental science. Again, 

they have been used for cleaning contaminated sites or for distribution of remediation agents as a carrier of 

agrochemical materials used in sustainable agriculture. 

6. Sustainable Agriculture: In the agriculture sector, biodegradable nanoparticles can be promoted the efficiency 

of crop protection products (i.e., pesticides and fertilizers) using controlled release and low environmental 

impact. 

7. Waste water Treatment: Biodegradable nanoparticles also has promising capacity in waste water treatment, so 

that contaminants can be removed and water quality can be improved. 

8. Cosmetics and Personal Care: Biodegradable nanoparticles are used to give more stable active materials to the 

skin in cosmetics and individual care products. 

9. Challenges: There are challenges in using biodegradable nanoparticles up to better understand further research, 

it is necessary to control the stable biodegradable nanoparticles, control the decline rate, and make sure their 

by-products are not toxic. 

11. Sustainability: Biodegradable nanoparticles correspond to green chemistry and durable materials. They can 

reduce the environmental impact of many applications. 

 

Future of Green Chemistry in agricultural pest management: - 

The green synthesis of biodegradable nanoparticles (BNPs) is a rapidly emerging and promising field in the pursuit of 

alternatives for agricultural pest management. BNPs have numerous advantages over traditional pesticides, including: 

 Targeted delivery: BNPs can be designed to contain and release the pesticide often reducing the need for 

pesticide use and an added ecological contamination risk 

 Biocompatibility: BNPs less likely to disturb important beneficial organisms such as pollinators and other 

insects important in the ecosystem 

 Reduced environmental impact: BNPs are biodegradable once in the environment and as such don't leave a 

long-term impact. 

 Enhanced efficacy: BNPs improve the efficacies of pesticides by improving susceptibilities to the pest or by 

improving stability factors. 

 There are many interesting possibilities for research in the field of green synthesis of BNP for permanent 

agricultural insect management, e.g.: 

 Developing new and better ways of synthesis: Researchers are always aesthetically pleased with the new and 

better way of BNP's synthesis, which are efficient, green and economical. 

 Developing new and better particle materials: In addition to developing new and better methods of synthesis, 

researchers also are developing new and better nanoparticles material with better properties for agricultural 
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uses in an organized manner. These materials should be biocompatible and biodegradable, have high loading 

capacity, favourable release profile of pesticides over time. 

 Developing new and better distribution systems: Researchers are developing new and better distribution 

systems of BNP, targeting insect specific identifiable non-goal pests to reduce as much as possible. These 

delivery systems need to be effective, operationally convenient and environmentally safer. 

The future of green synthesis of BNP for permanent agricultural insect management is a promising endeavour. 

Meanwhile with continued research and development, BNP could prove an invaluable agro ecological tool for 

permanent insect management. 

 

II. CONCLUSION 

Summarize the main findings of your research and their implications. Discuss how biodegradable nanoparticles can be 

used to continuously monitor agricultural pest populations, while also demonstrating examples of where this research 

continues to advance the concepts of green chemistry. Offer a vision of what a potential future of research will look 

like, whether that would improve the fabrication of nanoparticles or increase the scale of the synthesis process. Stress 

how your research will continue to expand eco-friendly and durable insect management options in agriculture. Keeping 

this structure to your research paper you are able to articulate the significance of the principles of green chemistry as a 

means to address practical problems such as sustainable agricultural insect management. As a whole, your research 

could offer opportunities for more environmentally friendly and sustainable agricultural practices. A visionary and 

hopeful path to innovation for a more flexible and durable future in biodegradable nano-structure synthesis 
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