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Abstract 

Nanopesticides have emerged as a cutting-edge innovation in the field of pest management, offering a promising 

alternative to conventional pesticides. Nanopesticides represent a significant innovation in pest management, 

offering enhanced efficacy and precision compared to traditional pesticides. By incorporating nanoscale 

materials, these formulations improve the delivery, stability, and bioavailability of active ingredients, enabling 

targeted pest control with reduced chemical usage. This advancement not only increases the effectiveness of pest 

management strategies but also holds the potential to minimize environmental impacts, such as contamination 

and harm to non-target organisms. This paper reviews the current state of nanopesticides, focusing on their 

mechanisms of action, including improved penetration, controlled release, and prolonged activity. The 

discussion extends to safety concerns, particularly the potential risks posed by nanopesticides to human health 

and the environment. Key issues such as nanoparticle toxicity, environmental persistence, and regulatory 

challenges are critically examined, highlighting the need for comprehensive risk assessments and updated safety 

guidelines. The future prospects of nanopesticides, including the integration of green chemistry principles in 

their design and the development of biodegradable nanoparticles. The potential for nanopesticides to play a 

pivotal role in sustainable agriculture is underscored, with a focus on balancing efficacy, safety, and 

environmental stewardship. In conclusion, while nanopesticides offer promising advancements in agricultural 

pest management, their widespread adoption hinges on a thorough understanding of their long-term impacts and 

the establishment of robust regulatory frameworks to ensure their safe use. 

1. Introduction 

Globally, a huge part of the population is dependent on agriculture for their livelihood and is engaged in the 

production of food, feed, and fibre crops. By 2050, it is predicted that there will be 10 billion people on the 

planet, with developing nations accounting for 95% of this growth (Carvalho, 2006). While improvements in 

technology are improving crop productivity, the growth of yields of various crops has slowed down due to the 

degradation of natural resources, the loss of biodiversity, and the spread of transboundary pests and diseases of 

plants, some of which are becoming resistant (Dhawan and Peshin, 2009). The use of pesticides is thought to be 

the most feasible option for managing weeds, infections, and insect pests. Because pesticides are readily 

available, effective, and simple to apply, they are commonly utilised agricultural environments to increase yield 
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quantity and quality. Due to the extensive use of pesticides, agriculture is currently dealing with serious issues 

such bioaccumulation, insect resistance, environmental contamination, and health risks. These issues need to be 

resolved as soon as possible (Sharma et al., 2015). 

Amongst various options, one of the solutions that can be applied is the reduction in the quantity of pesticides 

applied for a crop and or used in the protection of a stored product. In this way, nanotechnology is emerging as 

a very attractive tool for achieving the target of reducing the amount of pesticides used, thus providing new 

approaches to the production and use of a pesticide's active ingredients as well as specific active ingredients, 

which are referred to as nanopesticides (Hayles et al., 2017). The subject of nanotechnology and nanoscience 

research has overgrown in recent years, earning the nickname “tiny science”. Nanotechnology has emerged as a 

transformative force across various scientific and industrial fields, including agriculture (khan et al., 2022). 

Nanotechnology has received significant interest throughout the years and has occupied a central position in the 

discourse surrounding advancements in technology. The term nano is derived from the Greek word it's meaning 

dwarf 109 almost 1 to 100nm (Mansoori and Soelaiman, 2005).  

1.1 Definition and importance of nanopesticides: 

The concept of nanotechnology was initially introduced by physicist Professor Richard Feynman in the famous 

speech "there's plenty of room at the bottom"(Feynman, 2018).Whereas, Professor Norio Taniguchi of Tokyo 

Science University invented the word “nanotechnology” in 1974 to characterize the accuracy of manufactured 

biomaterials at the nanoscale level (Taniguchi, 1974). Nanoparticles are the essential building components of 

nanotechnology. NPs are particles between 1 and 100 nm in size made of carbon, metal, metal oxides, or organic 

matter. Compared to their bulk counterparts, NPs have higher surface charge, absorption, reactivity, surface area, 

sensitivity, stability, and strength (khan et al., 2022). 

Agriculture faces significant challenges, including crop losses due to pests and diseases. Traditional chemical 

pesticides, while effective, pose substantial risks to human health, non-target organisms, and the environment 

(Kaur et al., 2024). Traditional pesticides often suffer from issues such as poor solubility, stability, and 

bioavailability, leading to the need for higher dosages and frequent applications. They also often have an impact 

on organisms that are not meant to be targeted and contribute to environmental contamination and pest resistance 

(Pathak et al., 2022). Nanotechnology offers solutions by improving the delivery, efficacy, and specificity of 

pesticides. It has now emerged as an innovative and attractive field that offers new designing of Nano scale 

molecules along with their formulation and delivery mechanism together considered as ‘Nano-pesticides’ (Dangi 

et al., 2021). It is defined as the Nano technological application for crop protection against different economical 

insects and pests (yousef et al., 2023). Nano pesticides represent a revolutionary advancement in agricultural 

practices, offering a promising solution to the challenges of traditional pesticide use. Nano pesticides, a novel 

class of pest control agents, leverage nanotechnology to enhance the efficiency and reduce the environmental 

footprint of conventional pesticides. These innovations involve the manipulation of pesticide particles at the 

nanoscale, typically ranging from 1 to 100 nanometers (Tang et al., 2023). The global demand for food is 

increasing, necessitating advancements in agricultural practices to ensure food security (Carthy et al., 2022).  
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Figure 1: Importance of pesticides 

1.2 Context of use in sustainable agriculture and pest management 

Sustainable agriculture is defined as “the efficient production of safe, high quality agricultural products, in a way 

that protects and improves the natural environment, the social and economic conditions of farmers, their 

employees and local communities, and safeguards the health and welfare of all farmed species” (Galanakis, 

2018). By integrating environmentally sound practices, economic viability, and social responsibility, sustainable 

agriculture offers a holistic approach to food production that addresses the challenges of today while 

safeguarding resources for future generations. Pest management is a critical component of sustainability, 

bridging the gap between effective pest control and the preservation of environmental, human, and economic 

health (Ehler, 2006). By adopting sustainable practices such as Integrated Pest Management (IPM), we can 

reduce environmental impact, enhance biodiversity, promote human health, and ensure long-term agricultural 

productivity (Pimentel, 2005). 

Nanopesticides offer a promising solution to many of the challenges associated with conventional pesticides. By 

enhancing efficiency, reducing environmental impact, managing resistance, providing economic benefits, and 

supporting sustainability, they are poised to play a crucial role in the future of agriculture. Nano-pesticides are 

formulated to have a higher surface area-to-volume ratio compared to traditional pesticides, leading to enhanced 

interaction with target pests. This improved efficacy means that lower doses of nanopesticides can achieve the 

same or better results, reducing the amount of active ingredient required and minimizing the potential for 

environmental contamination (Zainab et al., 2024). The use of nanoparticles allows for more precise targeting 

of pests, minimizing the impact on non-target species, including beneficial insects and microorganisms (Jasrotia 

et al., 2022). Nanopesticides can lower the overall toxicity in the environment, protecting ecosystems and human 

health. Pests can develop resistance to conventional pesticides through repeated exposure. Nanopesticides can 

help delay the development of resistance by improving the delivery of active ingredients and enabling the use of 

multiple modes of action simultaneously. By improving pest control, nanopesticides can lead to higher crop 

yields and quality, offering economic benefits to farmers and the agricultural sector (Wang et al., 2022). 
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Nanopesticides are an emerging innovation in pest management, utilizing nanotechnology to enhance the 

effectiveness and sustainability of pesticide applications. As agriculture faces growing challenges such as pest 

resistance, environmental degradation, and the demand for increased crop yields, nanopesticides offer a 

promising alternative to traditional pesticides (Shangguan, 2024). These advanced formulations enable more 

precise and controlled delivery of active ingredients, improving pest control efficacy while minimizing 

environmental impact (Singh et al., 2020). 

2. Mechanism of action  

Nanoparticles can increase the solubility of poorly water-soluble pesticides, ensuring that they are more easily 

absorbed by the pest (Yadav et al., 2023). Nanoparticles can be developed to specifically target plant tissues or 

pests. They can be made functional, for example, by adding molecules that attach to pests' receptors. This will 

assure that the pesticide reaches the targeted organism and decrease the chance of off-target effects (Singh et al., 

2020). Nanopesticides can be engineered to bind specifically to molecular targets in pests. For instance, 

nanoparticles can be functionalized with ligands that attach to receptors or proteins on the pest’s surface. This 

targeted binding improves the specificity of the pesticide, reducing non-target effects (Sarmah et al., 2023). Due 

to their small size, nanoparticles can penetrate biological barriers such as insect cuticles or plant cell walls more 

effectively than larger particles (Barua and Mitragotri, 2014). This enhanced uptake allows for more efficient 

delivery of the active ingredient. 

2.1 Overview of how nanopesticides work at the molecular level: 

Nanoparticles can encapsulate active ingredients, protecting them from environmental degradation. This 

encapsulation can be achieved through various methods, including polymer coatings or inorganic shells (Pateiro 

et al., 2021). Nanoparticle formulations can release the active ingredient in a controlled manner. This can be 

triggered by environmental factors such as pH or temperature, ensuring that the pesticide is released at the 

optimal time and location (Chaud et al., 2021). Nanoparticles can be modified with specific molecules that bind 

to pest targets, such as enzymes or cell membrane receptors. For instance, nanoparticles functionalized with 

antibodies or peptides can selectively bind to pest-specific targets (Yetisgin et al., 2020). Nanoparticles can enter 

pest cells via endocytosis. The small size and surface characteristics of nanoparticles facilitate their uptake into 

cells, where they can deliver the active ingredient directly to intracellular targets (Sembada and Lenggoro, 2024). 

Nanopesticides often have lower volatility and reduced solubility compared to conventional pesticides, 

minimizing the risk of drift and leaching. Some nanopesticides are designed to degrade into non-toxic 

byproducts. For example, biodegradable polymer-based nanoparticles can break down into harmless substances 

after releasing the pesticide (Machado et al., 2023). Nanoparticles can carry multiple agents, such as synergists 

or adjuvants, to enhance the overall pesticidal effect. This approach can improve the efficacy of the pesticide by 

attacking multiple targets (Vishnu et al., 2024). 
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Figure 2 A detailed scientific diagram illustrating how nanopesticides work at the molecular level. 

The diagram should show nanoparticles encapsulating active pesticide ingredients, with labels indicating key 

processes such as targeted delivery, controlled release, and interaction with pest cells. It should also highlight 

the enhanced penetration of the nanopesticide through the pest's protective barriers, and how the active ingredient 

is released in a controlled manner.  

2.2 Types of nanoparticles used 

Nanoparticles used in nanopesticides are classified based on their material composition, each offering unique 

properties for enhancing the efficacy, stability, and environmental safety of pesticides. 

2.2.1 Metal-based Nanoparticles 

These nanoparticles are made from metals such as gold, silver, iron, zinc, and titanium. They have unique optical, 

electrical, and magnetic properties and high surface area and catalytic activity. Used in drug delivery, imaging, 

sensors, and antimicrobial agents (Daniel and Astruc, 2004). Gold Nanoparticles (AuNPs): Used in cancer 

therapy, drug delivery, and diagnostics. Silver Nanoparticles (AgNPs): Known for their antimicrobial properties 

(Rai et al., 2009). 

2.2.2 Polymeric Nanoparticles 

Poly (lactic-co-glycolic acid) (PLGA) Nanoparticles are biodegradable and biocompatible, PLGA nanoparticles 

are extensively used in drug delivery systems, especially for controlled release (Danhier et al., 2012). Chitosan 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g699 
 

Nanoparticles are used in gene delivery, wound healing, and as carriers for vaccines due to their mucoadhesive 

properties and biodegradability (Agnihotri et al., 2004). 

2.2.3 Carbon-Based Nanoparticles 

Fullerenes: Molecules composed entirely of carbon, in the form of a hollow sphere, ellipsoid, or tube. Fullerenes 

are used in drug delivery, electronics, and materials science (Hirsch and Brettreich, 2005). Carbon Nanotubes 

(CNTs): Cylindrical nanostructures with extraordinary mechanical, electrical, and thermal properties, used in 

electronics, nanocomposites, and drug delivery (Iijima, 1991). 

 

3. Efficacy of Nanopesticides: 

 
Figure 3: A scientific diagram illustrating the efficacy of nanopesticides. 

 

The diagram should compare traditional pesticides with nanopesticides, showing how nanopesticides provide 

improved coverage, targeted delivery, and reduced environmental impact. It should depict nanopesticides 

delivering active ingredients directly to the pest with higher precision, leading to more effective pest control. 

The diagram should include labeled sections highlighting features such as controlled release, reduced chemical 

usage, and minimized harm to non-target organisms.  

 

3.1 Comparative studies on the effectiveness of nanopesticides vs. traditional pesticides. 

Nanopesticides, which involve the use of nanotechnology in pest control, represent an innovative approach to 

improving the efficacy, safety, and environmental impact of traditional pesticides. Nanopesticides are often more 

potent than traditional pesticides due to their nanoscale size, which allows for better penetration and absorption 

by pests. For example, Khot et al. (2012) demonstrated that Nano formulations of chlorpyrifos provided superior 

pest control at significantly lower dosages than conventional formulations. This increased potency results in 

more efficient pest control and reduced chemical usage. The targeted delivery and lower dosages required for 

nanopesticides contribute to a reduced environmental footprint compared to traditional pesticides. Kah et al., 

(2013) highlighted that nanopesticides result in lower environmental loading due to the reduced amounts of 
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active ingredients needed. This minimizes the risk of runoff and contamination of soil and water bodies. The 

effectiveness of nanopesticides in maintaining consistent levels of active ingredients helps in delaying the 

development of resistance in pest populations. Gogos et al. (2012) suggested that the controlled release and 

enhanced penetration offered by nanopesticides could reduce the development of resistance, which is a 

significant issue with traditional pesticides. Despite their benefits, nanopesticides tend to be more expensive than 

traditional pesticides due to the complexity of their production. Kah and Hofmann (2014) noted that the higher 

cost and regulatory challenges might limit the adoption of Nano pesticides, especially in low-income regions. 

The study emphasized the need for further research and development to reduce costs and improve accessibility. 

3.2 Target pest control and the specificity of Nano pesticides 

Nano pesticides can be engineered to deliver the active ingredient directly to the pest, ensuring that the pesticide 

affects only the intended target. The active ingredient can be encapsulated in nanoparticles that release it slowly 

over time, ensuring a sustained effect on the pest. Nanoparticles can be engineered to target specific pests or their 

life stages with high accuracy, improving the overall efficacy of pest control (yosef et al., 2023). The specificity 

of nanopesticides is achieved through various mechanisms, such as targeted delivery systems. These systems are 

designed to ensure that the pesticide is directed precisely at the intended pest, reducing non-target exposure 

(Scott-Fordsmand et al., 2022). Nanopesticides often feature controlled release mechanisms, which allow for the 

sustained release of active ingredients. This controlled release enhances the pesticide's effectiveness and reduces 

the frequency of applications needed (Kannan et al., 2022). The small size of nanoparticles allows them to 

penetrate pest exoskeletons or plant tissues more effectively than traditional pesticides, increasing the potential 

for successful pest management (Jafir et al., 2023). The reduced environmental impact of nanopesticides is 

another significant benefit. By increasing the specificity of pesticide action, Nano pesticides minimize the 

amount of chemical used, thereby reducing potential contamination of soil and water resources (Manju et al., 

2023). Overall, nanopesticides represent a significant step forward in developing more effective and 

environmentally friendly pest control solutions, provided that ongoing evaluations ensure their safe application 

(Wang et al., 2022). 

3.3 Case studies demonstrating successful applications 

A study conducted by Kah et al. (2013) focused on the development of polymer-based nanocapsules that can 

encapsulate pesticides. These nanocapsules provide a controlled release of the active ingredient, improving the 

efficacy of pest control while reducing the amount of pesticide needed. The study found that the nanocapsules 

significantly reduced pesticide leaching into the environment, enhanced the stability of the pesticide, and 

extended its duration of action. This resulted in more effective pest control with lower doses of pesticides, 

reducing environmental impact. 

In a study conducted by Park et al. (2006), nano-silver was used as an antifungal agent against plant pathogens. 

The study evaluated the effectiveness of nano-silver in controlling fungal diseases in crops such as tomatoes. 

The results showed that nano-silver was highly effective in inhibiting the growth of fungal pathogens, such as 

Phytophthora infestans, which causes late blight in tomatoes. The use of nano-silver reduced the severity of the 

disease, leading to healthier crops and higher yields. 

A study by Barik et al. (2008) explored the use of silica nanoparticles as carriers for neem oil, a natural pesticide. 

Neem oil is known for its insecticidal properties but has limitations due to its low stability and rapid degradation 

under sunlight. The use of silica nanoparticles improved the stability of neem oil, allowing for a controlled 

release of the active compounds. This resulted in more effective pest control with reduced application frequency, 

thereby lowering the overall amount of pesticide required. 
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4. Safety and Environmental Impact 

Nanopesticides represent a promising advancement in pest control, offering potential benefits such as enhanced 

efficacy, reduced application rates, and targeted action against pests. However, their unique properties raise 

significant safety concerns, particularly regarding occupational exposure, where workers may face higher risks 

due to the increased reactivity and penetrative ability of nanoparticles (Xuan et al., 2023). The potential for 

nanopesticide residues in food and their unknown long-term health effects underscore the need for rigorous food 

safety assessments. Additionally, the environmental impact of nanopesticides is complex; while they might 

reduce the overall quantity of pesticides required, their increased persistence, mobility, and potential to 

bioaccumulate pose risks to soil and water quality, as well as to non-target organisms (Nowack and Bucheli, 

2007). 

As the use of nanopesticides continues to grow, it is crucial to assess their safety and environmental impact. This 

includes toxicological studies, understanding their environmental fate and degradation, and establishing robust 

risk assessment and regulatory frameworks (Kookana et al., 2014). 

4.1 Toxicological Studies on Nanopesticides 

Toxicological studies are essential for understanding the potential health risks posed by nanopesticides to 

humans, animals, and non-target organisms. Evaluations are conducted to determine the short-term and long-

term effects of exposure to nanopesticides (Tran et al., 2023). Acute toxicity studies often involve determining 

the lethal dose (LD50), while chronic toxicity studies assess long-term health impacts, such as carcinogenicity, 

reproductive toxicity, and effects on the nervous system. The size, shape, and surface properties of nanoparticles 

can influence their biological interactions and toxicity (Abbasi et al., 2023). Smaller particles, due to their high 

surface area-to-volume ratio, may exhibit different toxicological profiles compared to larger particles. In vitro 

studies help in understanding how nanopesticides interact with cells, including potential oxidative stress, 

inflammatory responses, and DNA damage (Awashra and Młynarz, 2023). These effects can vary depending on 

the nanoparticle's composition and the type of cells exposed (kah and hofmann, 2014). 

Toxicological studies also assess the effects of nanopesticides on non-target species such as beneficial insects, 

birds, fish, and soil microorganisms. These studies are crucial for understanding the ecological impact and 

potential for disrupting food webs (Coa et al., 2022). It is important to compare the toxicity of nanopesticides 

with conventional pesticides. Some studies suggest that nanopesticides may be more effective at lower doses, 

potentially reducing non-target exposure, but their long-term impacts remain under investigation. Studies 

examine whether nanopesticides accumulate in the tissues of organisms and magnify through the food chain, 

which could lead to long-term ecological and health effects (Rico et al., 2011). 

4.2 Environmental Fate and Degradation of Nanopesticides 

 

Nanopesticides can undergo various degradation processes, including photolysis, hydrolysis, and 

biodegradation. The rate and pathway of degradation can vary based on environmental conditions and the 

nanoparticle’s properties (Shen et al., 2023). During degradation, nanopesticides may form transformation 

products, some of which may be more toxic or persistent than the parent compound. Understanding the nature 

of these products is essential for assessing environmental risks (Kah et al., 2013). Nanopesticides can interact 

with soil and water components, affecting their mobility and bioavailability. Factors like soil pH, organic matter 

content, and water chemistry can influence how nanopesticides move through the environment (Vigneshwaran 

et al., 2006). The small size of nanoparticles can enable them to penetrate soil layers more easily, raising concerns 

about the potential for groundwater contamination. Nanopesticides may affect soil microbial communities, which 

play a vital role in nutrient cycling and plant health. Disruption of these communities could lead to long-term 
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soil degradation. In water bodies, nanopesticides can affect aquatic organisms and alter water quality (Bundschuh 

et al., 2018).  

4.3 Risk Assessment and Regulatory Frameworks 

Effective risk assessment and regulatory frameworks are crucial for ensuring the safe use of nanopesticides: This 

involves identifying the potential hazards associated with nanopesticides and characterizing the nature and 

magnitude of these hazards. It includes both toxicological data and environmental fate studies. Estimating the 

levels of human and environmental exposure to nanopesticides is a key step (Grillo et al., 2016). This includes 

considering all possible routes of exposure, such as inhalation, ingestion, and dermal contact, as well as 

environmental pathways. Combining the hazard and exposure assessments to characterize the overall risk. This 

step helps in determining whether the nanopesticide poses an unacceptable risk under the proposed conditions 

of use (Stone et al., 2017). 

One of the main challenges in regulating nanopesticides is the lack of standardized methods for testing their 

safety and efficacy. Traditional regulatory frameworks designed for conventional pesticides may not be fully 

applicable to nanopesticides (Agathokleous et al., 2020). In the absence of comprehensive data, some regulatory 

bodies may apply the precautionary principle, restricting the use of nanopesticides until more information is 

available. Given the global nature of agriculture, there is a need for international collaboration in developing 

regulatory frameworks that are harmonized across countries (Kumari et al., 2023). This ensures consistent safety 

standards and facilitates trade. Continuous monitoring of nanopesticides post-market is essential to identify any 

unforeseen adverse effects. This includes environmental monitoring and reporting of any incidents of human or 

environmental harm (Albuquerque et al., 2020). 

5. Formulation and Delivery Systems 

The development of advanced formulation and delivery systems is critical for optimizing the efficacy and safety 

of nanopesticides. These innovations focus on enhancing the stability, bioavailability, and targeted delivery of 

active ingredients, ultimately reducing the environmental impact and improving pest control efficiency (Fraceto 

et al., 2020). 

5.1 Innovations in Formulation Technologies for Enhanced Delivery 

Nanoencapsulation involves enclosing the active pesticide ingredient within a nanocarrier, such as liposomes, 

polymeric nanoparticles, or solid lipid nanoparticles. This technique enhances the stability of the pesticide, 

protects it from degradation, and allows for controlled release at the target site (Onyeaka et al., 2022). 

Nanoencapsulation improves the solubility and bioavailability of poorly water-soluble pesticides. It also reduces 

the volatility and photodegradation of the active ingredient, prolonging its efficacy in the field (Machado et al., 

2023). 

Nanoemulsions are fine, thermodynamically stable mixtures of oil and water stabilized by surfactants. 

Nanoemulsions enhance the dispersion of hydrophobic pesticides in water, improving their application and 

absorption by target pests (Gupta et al., 2024). Nanoemulsions provide uniform droplet sizes, which lead to 

consistent coverage on plant surfaces. They also enhance the penetration of pesticides into pest cuticles, 

increasing the overall effectiveness of the pesticide. Polymer-based nanocarriers can be functionalized with 

ligands or antibodies to target specific pests, reducing off-target effects and minimizing harm to non-target 

organisms (Ding et al., 2024). 
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5.2.  Controlled Release Mechanisms and Their Advantages 

 

Controlled release systems allow the gradual release of the active ingredient over an extended period, 

maintaining effective pest control for longer durations. This reduces the need for frequent applications, lowering 

the overall pesticide usage (Moskowitz et al., 2009). With a controlled release, the active ingredient is released 

at a rate that matches the pest’s biological activity, ensuring that the right amount of pesticide is available when 

needed (Khot et al., 2012). This precision reduces the required dosage and minimizes environmental 

contamination. Some advanced formulations can release the active ingredient in response to enzymes or 

biochemical signals specific to the target pest, further enhancing selectivity and reducing off-target effects. 
Controlled release formulations protect the active ingredient from environmental factors such as UV light, 

temperature fluctuations, and microbial degradation. This ensures that the pesticide remains effective throughout 

its intended period of use (Zhang et al., 2011). 

 

6. Future Prospects of Nanopesticide 
  

6.1 Emerging Trends in Nanopesticide Research 

Nanopesticide research is rapidly evolving, driven by the need for more sustainable and effective agricultural 

practices. The trend is moving towards using biodegradable materials for nanopesticide formulations. These 

materials break down naturally in the environment, reducing long-term ecological risks. There is an increasing 

interest in nanopesticides that combine multiple functions, such as pest control, plant growth promotion, and 

nutrient delivery (Mishra et al., 2017). These multifunctional systems aim to enhance overall crop productivity. 

The use of eco-friendly synthesis methods for nanopesticides, such as those using plant extracts or other 

biological sources, is gaining traction. The use of microorganisms and plant-based methods to synthesize 

nanoparticles is gaining traction, offering a greener alternative to conventional chemical synthesis. This approach 

reduces the environmental footprint of nanopesticide production (Kookana et al., 2014). 

6.2  Potential for Integration with Precision Agriculture 

Nanopesticides have significant potential for integration with precision agriculture, which aims to optimize field-

level management regarding crop farming. Nanopesticides can be precisely applied to specific areas of the field 

where pests are present, reducing the overall amount of pesticide needed (Worrall et al., 2017). This targeted 

approach aligns with the goals of precision agriculture, which seeks to minimize resource use and environmental 

impact. Advanced precision agriculture technologies, such as drones and sensors, can be used to monitor pest 

populations in real-time. Nanopesticides can be designed to work in tandem with these systems, allowing for 

timely and localized pest control measures (Kanwal et al., 2022). The ability of nanopesticides to be encapsulated 

or bound to carriers allows for slow and controlled release, providing extended protection against pests. This 

prolonged efficacy can be synchronized with precision agriculture practices that aim to optimize the timing of 

pesticide applications. The data collected from precision agriculture tools can inform the deployment of 

nanopesticides, ensuring they are used only when and where necessary. This data-driven approach enhances the 

sustainability and efficiency of pest management practices (Gogos et al., 2012). 

6.3 Challenges Facing the Adoption and Commercialization of Nanopesticides 

The lack of clear regulatory guidelines specific to nanopesticides presents a significant challenge. Current 

regulations for conventional pesticides may not adequately address the unique properties of nanopesticides, 

leading to uncertainty in approval processes. There are ongoing concerns about the potential risks associated 

with nanopesticides, particularly regarding their long-term environmental impact and safety for humans and non-

target organisms (Hansen and Baun, 2012). Addressing these concerns through comprehensive risk assessments 
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and studies is crucial for gaining public and regulatory acceptance. The production of nanopesticides can be 

more costly than traditional pesticides, potentially limiting their commercial viability. The initial investment 

required for developing and scaling up nanopesticide production may deter companies from entering the market. 

The introduction of new nanotechnology-based products in agriculture may face resistance from the public, 

particularly due to fears surrounding the unknown effects of nanomaterials (Malik et al., 2023). Effective 

communication and education efforts are needed to build trust and acceptance among consumers and farmers. 

The development and deployment of nanopesticides require advanced technical expertise and infrastructure. 

Issues such as the stability of nanomaterials, their interaction with environmental factors, and the scalability of 

production processes need to be addressed to ensure consistent and reliable performance (Ray et al., 2009). 

7. Conclusion of Nanopesticides 

Nanopesticides represent a significant advancement in agricultural technology, offering a more targeted and 

efficient approach to pest control. Their development is driven by the need to address the limitations of 

conventional pesticides, such as environmental contamination, resistance development in pests, and negative 

impacts on non-target species. As this field continues to evolve, nanopesticides have the potential to reshape 

agricultural practices, making them more sustainable and effective. 

7.1. Summary of Key Findings of Nanopesticides 

The use of nanopesticides can slow down the development of resistance in pests. By delivering active ingredients 

in novel ways, nanopesticides can help overcome existing resistance mechanisms and prolong the effectiveness 

of pest control measures. The higher efficiency and lower application rates of nanopesticides can lead to cost 

savings for farmers. Additionally, the reduced need for frequent applications can decrease labor and equipment 

costs. Despite their benefits, there are concerns about the long-term safety of nanopesticides, particularly 

regarding their potential impact on human health and the environment. The small size of nanoparticles means 

they can be more easily absorbed by organisms, raising questions about toxicity and accumulation. 

7.2. Final Thoughts on the Role of Nanopesticides in Future Agricultural Practices 

Nanopesticides hold considerable promise for the future of agriculture, offering solutions to some of the most 

pressing challenges faced by modern farming. As the global population continues to grow, the demand for food 

production will only increase, necessitating more efficient and sustainable agricultural practices. Nanopesticides 

could play a critical role in meeting this demand by improving pest control while reducing environmental harm. 

However, their widespread adoption will depend on several factors, including regulatory approval, public 

acceptance, and further research into their long-term effects. It is crucial that as the technology advances, rigorous 

testing and evaluation are conducted to ensure that nanopesticides are safe for both humans and the environment. 

In conclusion, while nanopesticides are not a panacea for all agricultural challenges, they represent a significant 

step forward. If developed and used responsibly, they could contribute to a more sustainable and productive 

agricultural system, helping to secure food supplies for future generations while protecting the planet. 

 

Acknowledgments 

We would like to acknowledge that Sumeet Jani and Srushti Joshi contributed equally to this work. Their 

collaborative efforts in research, writing, and editing were instrumental in the development of this review paper. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g705 
 

References 

 

Abbasi, R., Shineh, G., Mobaraki, M., Doughty, S., and Tayebi, L. (2023). Structural parameters of 

nanoparticles affecting their toxicity for biomedical applications: a review. Journal of Nanoparticle 

Research. 25(3): 43. 

Agathokleous, E., Feng, Z., Iavicoli, I., and Calabrese, E. J. (2020). Nano-pesticides: A great challenge for 

biodiversity? The need for a broader perspective. Nano Today. 30: 100808. 

Agnihotri, S. A., Mallikarjuna, N. N., and Aminabhavi, T. M. (2004). Recent advances on chitosan-based micro- 

and nanoparticles in drug delivery. Journal of Controlled Release. 100(1): 5-28. 

Awashra, M., and Młynarz, P. (2023). The toxicity of nanoparticles and their interaction with     cells: an in vitro 

metabolomic perspective. Nanoscale Advances. 5(10): 2674-2723. 

Barik, T. K., Sahu, B., and Swain, V. (2008). Nanosilica—From medicine to pest control. Parasitology Research. 

103(2): 253-258. 

Barua, S., and Mitragotri, S. (2014). Challenges associated with penetration of nanoparticles across cell and 

tissue barriers: a review of current status and future prospects. Nano today. 9(2): 223-243. 

Bundschuh, M., Filser, J., Lüderwald, S., McKee, M. S., Metreveli, G., Schaumann, G. E., and  Schulz, R. (2018). 

Nanoparticles in the environment: Where do we come from, where do we go to? Environmental Sciences 

Europe. 30(1): 6. 

Carvalho, F. P. (2006). Agriculture, pesticides, food security and food safety. Environmental science and 

policy. 9(7-8): 685-692. 

Chaud, M., Souto, E. B., Zielinska, A., Severino, P., Batain, F., Oliveira-Junior, J., and Alves, T. (2021). 

Nanopesticides in agriculture: Benefits and challenge in agricultural productivity, toxicological risks to 

human health and environment. Toxics. 9(6): 131. 

Côa, F., Bortolozzo, L.S., Petry, R., Da Silva, G.H., Martins, C.H., de Medeiros, A.M., Sabino, C.M., Costa, 

R.S., Khan, L.U., Delite, F.S. and Martinez, D.S.T., 2020. Environmental toxicity of nanopesticides 

against non-target organisms: the state of the art. Nanopesticides: From research and development to 

mechanisms of action and sustainable use in agriculture. 227-279. 

Dangi, K., and Verma, A. K. (2021). Efficient and eco-friendly smart nano-pesticides: Emerging prospects for 

agriculture. Materials Today: Proceedings. 45: 3819-3824. 

Danhier, F., Ansorena, E., Silva, J. M., Coco, R., Le Breton, A., and Préat, V. (2012). PLGA-based nanoparticles: 

An overview of biomedical applications. Journal of Controlled Release. 161(2): 505-522. 

Daniel, M.-C., and Astruc, D. (2004). Gold nanoparticles: Assembly, supramolecular chemistry, quantum-size-

related properties, and applications toward biology, catalysis, and nanotechnology. Chemical Reviews. 

104(1): 293-346. 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g706 
 

de Albuquerque, F. P., Preisler, A. C., Fraceto, L. F., Oliveira, H. C., and de Castro, V. L. S. (2020). Overview 

of nanopesticide environmental safety aspects and regulatory issues: the case of 

nanoatrazine. Nanopesticides: From Research and Development to Mechanisms of Action and 

Sustainable Use in Agriculture. 281-298. 

Dhawan, A. K., and Peshin, R. (2009). Integrated pest management: concept, opportunities and 

challenges. Integrated Pest Management: Innovation-Development Process: Volume 1. 51-81. 

Ding, Y., Xiao, Z., Chen, F., Yue, L., Wang, C., Fan, N., Ji, H. and Wang, Z., 2023. A mesoporous silica 

nanocarrier pesticide delivery system for loading acetamiprid: Effectively manage aphids and reduce 

plant pesticide residue. Science of The Total Environment, 863, 160900. 

Ehler, L. E. (2006). Integrated Pest Management (IPM): Definition, Historical Development and 

Implementation, and the other IPM. Pest Management Science. 62(9): 787-789. 

Feynman, R. (2018). There’s plenty of room at the bottom. In Feynman and computation CRC Press (p. 63-76). 

Fraceto, L. F., De Castro, V. L. S., Grillo, R., Ávila, D., Oliveira, H. C., and Lima, R. (2020). Nanopesticides. 

Springer International Publishing. 

Galanakis, C. M. (Ed.). (2018). Sustainable food systems from agriculture to industry: Improving production and 

processing. Academic Press. 

 

Gogos, A., Knauer, K., and Bucheli, T. D. (2012). "Nanomaterials in Plant Protection and Fertilization: Current 

State, Foreseen Applications, and Research Priorities. Journal of Agricultural and Food Chemistry. 

60(39): 9781-9792. 

Grillo, R., Abhilash, P. C., Fraceto, L. F., and Fernando, M. (2016). Nanotechnology applied to bio-encapsulation 

of pesticides. Journal of Nanobiotechnology. 14(1). 

Gupta, R., Malik, P., Rani, R., Solanki, R., Ameta, R. K., Malik, V., and Mukherjee, T. K. (2024). Recent 

Progress on Nanoemulsions Mediated Pesticides Delivery: Insights for Agricultural Sustainability. Plant 

Nano Biology. 100073. 

Hansen, S. F., and Baun, A. (2012). "European Regulation Affecting Nanomaterials—Review of Limitation and 

Future Recommendations. Dose-Response: An International Journal. 10(3): 364-383. 

 

Hayles, J., Johnson, L., Worthley, C., and Losic, D. (2017). Nanopesticides: a review of current research and 

perspectives. New pesticides and soil sensors. 193-225. 
 

Hirsch, A., and Brettreich, M. (2006). Fullerenes: chemistry and reactions. John Wiley and Sons. 

Iijima, S. (1991). Helical microtubules of graphitic carbon. nature, 354(6348): 56-58. 

 

Jafir, M., Irfan, M., Wan, X., Hafeez, F., Sabir, M.A., Zulfiqar, U., Iqbal, R., Zulfiqar, F. and Moosa, A., 2023. 

The global trend of nanomaterial usage to control the important agricultural arthropod pests: A 

comprehensive review. Plant Stress. 100208. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g707 
 

Jasrotia, P., Nagpal, M., Mishra, C.N., Sharma, A.K., Kumar, S., Kamble, U., Bhardwaj, A.K., Kashyap, P.L., 

Kumar, S. and Singh, G.P., 2022. Nanomaterials for postharvest management of insect pests: Current 

state and future perspectives. Frontiers in Nanotechnology. 3: 811056. 

 

Kah, M., and Hofmann, T. (2014). Nanopesticides: State of knowledge, environmental fate, and exposure 

modeling. Critical Reviews in Environmental Science and Technology. 44(19): 2084-2108. 

Kah, M., Beulke, S., Tiede, K., and Hofmann, T. (2013). Nanopesticides: State of knowledge, environmental 

fate, and exposure modeling. Critical Reviews in Environmental Science and Technology. 43(16): 1823-

1867. 

Kannan, M., Mohan, M., Elango, K., Govindaraju, K., and Mani, M. (2022). Principles and application of 

nanotechnology in pest management. Trends in Horticultural Entomology. 49-79. 

Kaur, R., Choudhary, D., Bali, S., Bandral, S.S., Singh, V., Ahmad, M.A., Rani, N., Singh, T.G. and 

Chandrasekaran, B., 2024. Pesticides: An alarming detrimental to health and environment. Science of 

The Total Environment. 170113. 

 

Khan, S., Mansoor, S., Rafi, Z., Kumari, B., Shoaib, A., Saeed, M., Alshehri, S., Ghoneim, M.M., Rahamathulla, 

M., Hani, U. and Shakeel, F., 2022. A review on nanotechnology: Properties, applications, and 

mechanistic insights of cellular uptake mechanisms. Journal of Molecular Liquids. 348: 118008. 

 

Khot, L. R., Sankaran, S., Maja, J. M., Ehsani, R., and Schuster, E. W. (2012). Applications of Nanomaterials in 

Agricultural Production and Crop Protection: A Review. Crop Protection. 35: 64-70. 

Kookana, R.S., Boxall, A.B., Reeves, P.T., Ashauer, R., Beulke, S., Chaudhry, Q., Cornelis, G., Fernandes, T.F., 

Gan, J., Kah, M. and Lynch, I., 2014. Nanopesticides: guiding principles for regulatory evaluation of 

environmental risks. Journal of agricultural and food chemistry. 62(19): 4227-4240. 

 

Kanwal, S., Khan, M.A., Saleem, S., Tahir, M.N., Muntaha, S.T., Samreen, T., Javed, S., Nazir, M.Z. and 

Shahzad, B., 2022. Integration of precision agriculture techniques for pest management. Environmental 

Sciences Proceedings. 23(1): 19. 
 

Kumari, R., Suman, K., Karmakar, S., Mishra, V., Lakra, S. G., Saurav, G. K., and  Mahto, B. K. (2023). 

Regulation and safety measures for nanotechnology-based agri-products. Frontiers in Genome 

Editing. 5: 1200987. 

 

Machado, S., Pereira, R., and Sousa, R. M. O. (2023). Nanobiopesticides: Are they the future of phytosanitary 

treatments in modern agriculture?. Science of the Total Environment. 166401. 

 

Manju, K., Ranjini, H.K., Raj, S.N., Nayaka, S.C., Lavanya, S.N., Chouhan, R.S., Prasad, M.N., Satish, S., 

Ashwini, P., Harini, B.P. and Baker, S., 2023. Nanoagrosomes: Future prospects in the management of 

drug resistance for sustainable agriculture. Plant Nano Biology. 4: 100039. 

 

Mansoori, G. A., & Soelaiman, T. F. (2005). Nanotechnology--An introduction for the standards community. 

Chicago: ASTM International. 

 

Mc Carthy, U., Uysal, I., Badia-Melis, R., Mercier, S., O'Donnell, C., and Ktenioudaki, A. (2018). Global food 

security–Issues, challenges and technological solutions. Trends in Food Science and Technology. 77: 

11-20. 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g708 
 

 

Mishra, S., Keswani, C., Abhilash, P. C., Fraceto, L. F., and Singh, H. B. (2017). "Integrated Approach of Agri-

nanotechnology: Challenges and Future Trends." Frontiers in Plant McScience. 8: 471. 

 

Moskowitz, H. R., Saguy, I. S., and Straus, T. (2009). An integrated approach to new food product development. 

CRC Press. 

 

Malik, S., Muhammad, K., and Waheed, Y. (2023). Nanotechnology: A revolution in modern 

industry. Molecules. 28(2): 661. 

Nowack, B., & Bucheli, T. D. (2007). "Occurrence, Behavior and Effects of Nanoparticles in the Environment." 

Environmental Pollution. 150(1): 5-22. 

Onyeaka, H., Passaretti, P., Miri, T., and Al-Sharify, Z. T. (2022). The safety of nanomaterials in food production 

and packaging. Current Research in Food Science. 5: 763-774. 

Park, H.-J., Kim, S.-H., Kim, H.-J., and Choi, S.-H. (2006). A new composition of nanosized silica-silver for 

control of various plant diseases. Plant Pathology Journal. 22(3): 295-302. 

Pateiro, M., Gómez, B., Munekata, P. E., Barba, F. J., Putnik, P., Kovačević, D. B., & Lorenzo, J. M. (2021). 

Nanoencapsulation of promising bioactive compounds to improve their absorption, stability, 

functionality and the appearance of the final food products. Molecules. 26(6): 1547. 

Pathak, V.M., Verma, V.K., Rawat, B.S., Kaur, B., Babu, N., Sharma, A., Dewali, S., Yadav, M., Kumari, R., 

Singh, S. and Mohapatra, A., 2022. Current status of pesticide effects on environment, human health and 

it’s eco-friendly management as bioremediation: A comprehensive review. Frontiers in 

microbiology. 13: 962619. 

Pimentel, D. (2005). Environmental and economic costs of the application of pesticides primarily in the United 

States. Environment, development and sustainability. 7: 229-252. 

Rai, M., Yadav, A., and Gade, A. (2009). Silver nanoparticles as a new generation of antimicrobials. 

Biotechnology Advances. 27(1): 76-83. 

Rico, C. M., Majumdar, S., Duarte-Gardea, M., Peralta-Videa, J. R., and Gardea-Torresdey, J. L. (2011). 

Interaction of nanoparticles with edible plants and their possible implications in the food chain. Journal 

of Agricultural and Food Chemistry. 59(8): 3485-3498. 

Ray, P. C., Yu, H., and Fu, P. P. (2009). Toxicity and environmental risks of nanomaterials: challenges and 

future needs. Journal of Environmental Science and Health Part C. 27(1): 1-35. 

Sarmah, K., Borah, R., Boruah, S., and Sarmah, D. (2023). Nanopesticides: Revolutionizing Pest Management 

with Nanotechnology. In Biological Forum–An International Journal. 15(7): 210-218. 

Scott-Fordsmand, J. J., Fraceto, L. F., and  Amorim, M. J. B. (2022). Nano-pesticides: the lunch-box principle—

deadly goodies (semio-chemical functionalised nanoparticles that deliver pesticide only to target 

species). Journal of Nanobiotechnology. 20(1): 13. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g709 
 

Sembada, A. A., and Lenggoro, I. W. (2024). Transport of nanoparticles into plants and their detection 

methods. Nanomaterials. 14(2): 131. 

Shangguan, W., Chen, H., Zhao, P., Cao, C., Yu, M., Huang, Q., and  Cao, L. (2024). Scenario-oriented 

Nanopesticides: Shaping Nanopesticides for Future Agriculture. Advanced Agrochem. 

Sharma, I., Bhardwaj, R., and Pati, P. K. (2015). Exogenous application of 28-homobrassinolide modulates the 

dynamics of salt and pesticides induced stress responses in an elite rice variety Pusa Basmati-1. Journal 

of plant growth regulation. 34: 509-518. 

Shen, M., Liu, S., Jiang, C., Zhang, T., and Chen, W. (2023). Recent advances in stimuli-response mechanisms 

of nano-enabled controlled-release fertilizers and pesticides. Eco-Environment and Health. 

Singh, A., Dhiman, N., Kar, A. K., Singh, D., Purohit, M. P., Ghosh, D., & Patnaik, S. (2020). Advances in 

controlled release pesticide formulations: Prospects to safer integrated pest management and sustainable 

agriculture. Journal of hazardous materials. 385: 121525. 

Stone, V., Johnston, H., and Clift, M. J. D. (2017). Air pollution, ultrafine and nanoparticle toxicology: Cellular 

and molecular interactions. IEEE Transactions on Nanobioscience, 16(5): 525-542. 

 

Tang, Y., Zhao, W., Zhu, G., Tan, Z., Huang, L., Zhang, P., Gao, L. and Rui, Y., (2023). Nano-pesticides and 

fertilizers: solutions for global food security. Nanomaterials. 14(1): 90. 

 

Taniguchi, N. (1974). On the basic concept of'nano-technology'. In Proc. Intl. Conf. Prod. Eng. Tokyo, Part II, 

1974. Japan Society of Precision Engineering. 

 

Tran, T.K., Nguyen, M.K., Lin, C., Hoang, T.D., Nguyen, T.C., Lone, A.M., Khedulkar, A.P., Gaballah, M.S., 

Singh, J., Chung, W.J. and Nguyen, D.D., 2023. Review on fate, transport, toxicity and health risk of 

nanoparticles in natural ecosystems: Emerging challenges in the modern age and solutions toward a 

sustainable environment. Science of The Total Environment. 169331. 

 

Vigneshwaran, N., Kathe, A. A., Varadarajan, P. V., Nachane, R. P., & Balasubramanya, R. H. (2006). 

Biomimetics of silver nanoparticles by white rot fungus, Phaenerochaete chrysosporium. Colloids and 

Surfaces B: Biointerfaces. 53(1): 55-59. 

 

Vishnu, M., Malaisamy, K., Soundararajan, R.P., Suganthi, A., Subramanian, A., Senthilkumar, M., Rameash, 

K., Madesh, K. and Kasivelu, G., 2024. Nano-bioformulations: emerging trends and potential 

applications in next generation crop protection. Environmental Science: Nano. 

 

Wang, D., Saleh, N.B., Byro, A., Zepp, R., Sahle-Demessie, E., Luxton, T.P., Ho, K.T., Burgess, R.M., Flury, 

M., White, J.C. and Su, C., 2022.  Nano-enabled pesticides for sustainable agriculture and global food 

security. Nature nanotechnology. 17(4): 347-360. 

 

Worrall, E. A., Hamid, A., Mody, K. T., Mitter, N., and Pappu, H. R. (2018). "Nanotechnology for Plant Disease 

Management." Agronomy. 8(12): 285. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRT2409749 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g710 
 

Xuan, L., Ju, Z., Skonieczna, M., Zhou, P. K., and Huang, R. (2023). Nanoparticles‐induced potential toxicity 

on human health: applications, toxicity mechanisms, and evaluation models. MedComm. 4(4): 327. 

 

Yadav, N., Garg, V. K., Chhillar, A. K., and Rana, J. S. (2023). Recent advances in nanotechnology for the 

improvement of conventional agricultural systems: A review. Plant Nano Biology. 4: 100032. 

 

Yetisgin, A. A., Cetinel, S., Zuvin, M., Kosar, A., and Kutlu, O. (2020). Therapeutic nanoparticles and their 

targeted delivery applications. Molecules. 25(9): 2193. 

 

Yousef, H.A., Fahmy, H.M., Arafa, F.N., Abd Allah, M.Y., Tawfik, Y.M., El Halwany, K.K., El-Ashmanty, 

B.A., Al-Anany, F.S., Mohamed, M.A. and Bassily, M.E., 2023. Nanotechnology in pest management: 

advantages, applications, and challenges. International Journal of Tropical Insect Science. 43(5): 1387-

1399. 

 

Zainab, R., Hasnain, M., Ali, F., Abideen, Z., Siddiqui, Z.S., Jamil, F., Hussain, M. and Park, Y.K., 2024. 

Prospects and challenges of nanopesticides in advancing pest management for sustainable agricultural 

and environmental service. Environmental Research. 119722. 

 

Zhang, W., Jiang, F., and Ou, J. (2011). Global pesticide consumption and pollution: With China as a focus. 

Proceedings of the International Academy of Ecology and Environmental Sciences. 1(2): 125. 

 

 

http://www.ijcrt.org/

