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Abstract: Pesticides play a crucial role in contemporary agricultural practices, serving to manage pests, weeds, and
diseases that can diminish crop yields. The application of pesticides is crucial for augmenting agricultural productivity
and ensuring food security; however, their overuse or misuse has engendered significant apprehension concerning
environmental contamination and public health. Pesticide residues can spread through soil, water, air, and food. This can
potentially harm the environment and reduce biodiversity. People exposed to pesticides can experience immediate
poisoning, neurological problems, reproductive issues, and an increased risk of cancer. This review analyses the
environmental and public health effects of pesticides, based on a thorough examination of existing research. The text
dives into the mechanisms of pesticide toxicity, the pathways of exposure, and sustainable management strategies, such
as integrated pest management and biological control. The investigation underscores a pressing need for safer ways to
apply pesticides, along with tougher rules and a shift toward more environmentally friendly options. These measures are
essential to mitigate environmental pollution and protect public health.
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INTRODUCTION

Agriculture's significance in supporting the expanding global population is undeniable, functioning as a fundamental
element for ensuring food security and fostering economic advancement. Nevertheless, agricultural productivity is
continually challenged by a range of pests, encompassing insects, weeds, fungi, and rodents, all of which inflict damage
on crops and diminish overall yields (Pawlak and Kotodziejczak 2020). Consequently, the use of pesticides has become
a vital component of modern agricultural practices, designed to combat these significant challenges. Pesticides, whether
chemical concoctions or biological agents, serve a singular purpose: to fend off, eradicate, or manage pests that threaten
crops, stored provisions, and livestock. These applications have been crucial in increasing agricultural productivity,
protecting crops from diseases, and ensuring a stable global food supply (Aktar, Sengupta, and Chowdhury 2009).

The application of pesticides saw a significant rise in the mid-20th century, especially following the Green Revolution,
which brought forth high-yield crop varieties, advanced irrigation systems, and contemporary agricultural practices
(Pretty and Bharucha 2014). Throughout this time, the widespread use of chemical pesticides emerged as a prominent
strategy for managing pests and improving agricultural yields. Agricultural producers increasingly depended on these
substances to mitigate crop losses and enhance productivity. Pesticides are now widely used in agricultural systems
worldwide. Different types of pesticides, such as insecticides, herbicides, fungicides, and rodenticides, are commonly
used in both agricultural and non-agricultural settings (Rajak et al. 2023).

Although pesticides are useful for protecting crops and increasing food production, their overuse and misuse have raised
significant concerns about environmental health and public safety. Many pesticides, designed to harm living things, have
the potential to affect non-target species (Oirdi et al. 2024). This includes beneficial insects, birds, aquatic organisms, and
soil microorganisms. Furthermore, specific pesticides demonstrate considerable environmental persistence, allowing
them to maintain activity over prolonged periods and accumulate within ecosystems (Lazarevi¢-Pasti et al. 2025). This
sustained presence heightens the potential for environmental contamination and destabilizes ecological equilibrium.
Pesticides can infiltrate the environment via multiple routes. When pesticides are used in farming, tiny particles can
become airborne. These particles then settle on the surrounding soil, water, and plants. Rainfall and irrigation can facilitate
the movement of these chemicals from agricultural fields into nearby water systems, such as rivers, lakes, and aquifers,
through runoff and leaching (Albaseer et al. 2025).

The infiltration of these substances into natural ecosystems can result in the pollution of soil, water, and the atmosphere,
thereby affecting both terrestrial and aquatic environments. Furthermore, certain pesticides can accumulate within living
organisms and propagate through the food web, a phenomenon known as bioaccumulation and biomagnification. As a
result, this process can increase the concentration of harmful substances in organisms higher up the food chain, including
humans (Nuruzzaman, Bahar, and Naidu 2025).
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The use of pesticides in the environment has significant effects, impacting both biodiversity and the overall health of
ecosystems. Beneficial organisms, encompassing pollinators, pest predators, and soil microorganisms, are indispensable
for maintaining ecological equilibrium and augmenting agricultural yields. Conversely, the application of pesticides poses
a threat to these populations, thereby contributing to a reduction in biodiversity and a disturbance of ecosystem processes
(Elhamalawy, Bakr, and Eissa 2024). For example, pollinators, such as bees, are very sensitive to certain pesticides. As a
result, their decline can negatively affect the pollination of crops and, in turn, food production. Beyond environmental
consequences, exposure to pesticides presents significant dangers to human health. People can be exposed to pesticides
in several ways. These include eating food with pesticide residues, drinking water that has been contaminated, breathing
in pesticide sprays, and direct skin contact during agricultural work. Farmers and agricultural workers face significant
risks due to their regular exposure to pesticides during handling and application (Shekhar et al. 2024).

Acute pesticide poisoning can precipitate the swift emergence of symptoms, encompassing headaches, vertigo, nausea,
respiratory difficulties, and dermal irritation. In instances of heightened exposure, more severe consequences may
manifest, potentially resulting in neurological damage or even death (Hailu et al. 2025). Furthermore, extended exposure
to low concentrations of pesticides has been correlated with a spectrum of chronic health complications. Numerous
scientific investigations have established correlations between exposure to pesticides and a spectrum of health issues,
encompassing cancer, endocrine system disruption, reproductive difficulties, developmental irregularities, and
neurological conditions like Parkinson’s disease (Thundiyil 2008).

The health risks identified underscore the necessity for careful monitoring and regulation of pesticide use, with the goal
of protecting the environment and human health. Over the past few decades, there has been a growing awareness of the
harmful effects of pesticides. Consequently, experts, policymakers, and environmental organizations have begun to
investigate safer and more sustainable alternatives (Beyuo et al. 2024). Integrated pest management (IPM), biological
pest control, and the development of eco-friendly pesticides have all gained importance. These methods aim to reduce the
use of chemical pesticides while still effectively controlling pests. and maintaining agricultural productivity. Given the
widespread use of pesticides and the potential risks they pose, a thorough understanding of their effects on the
environment and human health is essential (Zhou et al. 2024).

This review paper aims to analyze the current understanding of pesticide contamination in the environment and its effects
on ecosystems and public health. It also examines management strategies that promote sustainability, reduce pesticide-
related risks, support agricultural growth, and protect the environment. By combining existing research, this study seeks
to clarify the challenges associated with pesticides and encourage the use of safer and more sustainable farming practices.

Types of Pesticides

Pesticides are widely used in agriculture and public health to protect crops and control organisms that threaten food
production and human health. These substances can be classified in different ways, depending on the organisms they
target or their chemical structure. Understanding how pesticides are classified is essential for evaluating their
effectiveness, how they behave in the environment, and their potential effects on human health (Tudi et al. 2021).

Based on the Target Organism
Pesticides are often categorized based on the organisms they are designed to control. Different pesticides are created to
control specific pests that harm crops or spread diseases (Verdadero et al. 2025).

Insecticides are pesticides specifically formulated to control harmful insects that feed on crops or transmit diseases. They
are widely used in agriculture to protect crops from pests such as aphids, beetles, caterpillars, and mosquitoes. While
insecticides help reduce crop losses, they may also affect beneficial insects such as pollinators and natural predators
(Souto et al. 2021).

Herbicides are chemicals used to control unwanted plants or weeds that compete with crops for nutrients, sunlight, and
water. These pesticides are commonly applied in agricultural fields, lawns, and public spaces to maintain crop productivity
and manage vegetation growth (Paul, Mazumder, and Naidu 2024).

Fungicides are used to prevent or eliminate fungal infections that cause plant diseases. Fungal pathogens can significantly
reduce crop yields and quality. Fungicides help protect crops from diseases such as rust, mildew, and blight by inhibiting
fungal growth and reproduction (Islam et al. 2024).

Rodenticides are designed to control rodents such as rats and mice that damage crops, stored food, and agricultural

infrastructure. These pesticides are often used in both agricultural and urban environments to reduce rodent populations
(Fisher et al. 2019).
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Based on Chemical Structure
Pesticides can also be classified according to their chemical composition. Different chemical groups vary in terms of
toxicity, persistence, and environmental behaviour (Thapa et al. 2022).

Organochlorines, such as DDT, are highly persistent compounds that remain in the environment for long periods and
tend to accumulate in the food chain. Due to their environmental persistence and toxicity, many organochlorines have
been banned or restricted in several countries (Jayaraj, Megha, and Sreedev 2016).

Organophosphates are widely used insecticides that act by disrupting the nervous system of pests. Although effective,
they are generally more toxic to humans and animals than many other pesticide groups (Saad et al. 2025).

Carbamates are chemically similar to organophosphates and also affect the nervous system of insects. However, they
are typically less persistent in the environment (Mdeni et al. 2022).

Pyrethroids are synthetic chemicals derived from natural pyrethrins found in chrysanthemum flowers. They are
commonly used due to their effectiveness and relatively lower toxicity to mammals compared to other pesticide classes
(Ruberti 2024).

These different pesticide groups exhibit varying levels of toxicity, environmental persistence, and ecological impact,
which must be carefully considered in pesticide management and regulation (Garud et al. 2024).

ENVIRONMENTAL IMPACT OF PESTICIDES

Soil Contamination

Soil is a crucial environmental component, and it accumulates pesticide residues after these chemicals are used in
agriculture. After applying sprays or soil treatments, a significant amount of pesticides accumulates on the soil surface.
These pesticides then undergo various physical, chemical, and biological changes (Yasir, Hossain, and Pratap-Singh
2025).

Pesticides are often designed to be chemically stable, which helps them work well against pests for a long time. However,
this stability can lead to pesticide residues building up in the soil, which can cause lasting environmental damage. The
persistence of pesticides in soil is contingent upon a multitude of factors, including the pesticide's chemical structure, the
soil's composition, microbial activity, temperature, moisture content, and pH (Perpetuini et al. 2023).

Some pesticides are subject to swift degradation through microbial metabolism or chemical processes, whereas others
demonstrate stability, persisting for months or even years. Persistent pesticide residues tend to strongly bind to soil
particles and organic matter, thereby hindering their removal from the environment (Chowdhury et al. 2025). The
progressive buildup of these substances could potentially disrupt the equilibrium inherent in soil ecosystems. Soil
microorganisms, including bacteria, fungi, and actinomycetes, are essential for preserving soil vitality, facilitating nutrient
cycling, decomposing organic material, and fostering the formation of soil structure. Nonetheless, the presence of
pesticide residues can impede the growth and functionality of these microorganisms (Timmis and Ramos 2021).

Some pesticides have been observed to diminish microbial biomass and enzyme activity in soil, potentially interfering
with vital biochemical processes. This disruption could reduce the availability of nutrients for plants and lower soil
fertility. In addition to microorganisms, various beneficial soil organisms, such as earthworms, are notably affected by
pesticide contamination (Arora and Sahni 2016). Earthworms are essential for improving soil aeration, helping water to
seep in, and breaking down organic matter. When exposed to harmful pesticide residues, earthworms may experience
reduced survival, reproductive difficulties, and behavioral changes. The reduction in earthworm populations may have
detrimental effects on soil structure and can lead to decreased productivity in agricultural lands (Oleszczuk et al. 2014).
A significant environmental concern is the potential for pesticide residues to move from the soil to other parts of the
ecosystem (Verma, 2025.). Volatilization, erosion, and leaching are some of the ways that pesticides can get from the soil
to the air or groundwater. In certain instances, the continuous use of pesticides can lead to an accumulation of harmful
substances in the soil, heightening the potential for prolonged environmental pollution (Acharya et al. 2025).

In summary, the presence of pesticides in soil can significantly affect biological activity, reduce fertility, and jeopardize
the sustainability of agricultural ecosystems. Therefore, effective pesticide management practices, such as careful
application, using less persistent chemicals, and adopting sustainable agricultural methods, are crucial for reducing soil
pollution (Yahyah, Kameri-Mbote, and Kibugi 2024).

Water Pollution

The application of pesticides engenders considerable environmental challenges, especially with respect to water pollution.
Pesticides employed in agricultural practices are prone to contaminating nearby water sources through processes such as
surface runoff, spray drift, and leaching (Verma 2025b). During rainfall or irrigation, pesticide residues on the soil surface
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can be transported into diverse water bodies, encompassing rivers, lakes, streams, and reservoirs. Moreover, certain
pesticides demonstrate substantial water solubility, facilitating their movement through soil profiles and resulting in the
contamination of groundwater (Kalyabina et al. 2021).

The presence of pesticide residues within aquatic ecosystems poses considerable threats to aquatic life. Fish, algae,
amphibians, and aquatic invertebrates demonstrate increased susceptibility to chemical contaminants; even trace amounts
of pesticides can induce adverse consequences (Verma 2025a). Aquatic organisms can experience physiological changes,
reproductive issues, and developmental problems due to pesticide exposure (Saha and Dutta 2024).

In severe cases, elevated levels of contamination can precipitate fish mortality and the decline of at-risk aquatic species.
Prolonged exposure to water contaminated with pesticides has the potential to disrupt aquatic food webs and the overall
balance of ecosystems. Pesticides that adversely affect algal and plankton populations can disrupt the primary productivity
of aquatic ecosystems, a critical component of the food web's base. Likewise, detrimental effects on aquatic insects and
small invertebrates can reduce the food availability for fish and other organisms situated at higher trophic levels (Mustafa,
Al-Rudainy, and Salman 2024).

Moreover, the presence of pesticides in groundwater presents a significant environmental challenge, particularly in areas
with intensive agricultural practices. The widespread reliance on groundwater for potable and agricultural purposes
necessitates consideration of the potential hazards posed by pesticide residues, which can adversely affect both human
well-being and environmental integrity. Therefore, carefully regulating and overseeing how pesticides are used near water
sources is essential to reduce the ongoing pollution of aquatic ecosystems (Kashyap, Garg, and Arora 2024).

Impact on Non-Target Organisms

Although pesticides are designed to control specific pests, they often affect many non-target organisms present in the
environment. Non-target species include beneficial insects, birds, mammals, soil organisms, and aquatic life that play
important roles in maintaining ecological balance. Exposure to pesticides can occur directly through contact with sprayed
chemicals or indirectly through contaminated food, water, and habitats (Ahmad et al. 2024).

Pollinators such as bees, butterflies, and other insects are among the most vulnerable groups affected by pesticide
exposure. These organisms are essential for the pollination of many crops and wild plants, contributing significantly to
global food production and biodiversity. However, certain pesticides, particularly systemic insecticides, have been shown
to impair the nervous system of bees, affecting their ability to navigate, forage, and communicate. Prolonged exposure
can lead to reduced colony growth, weakened immunity, and decreased reproductive success (Sponsler et al. 2019).
Birds and other wildlife species may also be affected by pesticide contamination. Birds that feed on pesticide-treated
insects or seeds can accumulate toxic chemicals in their bodies, which may cause behavioural changes, reproductive
failure, or mortality. Similarly, natural predators such as lady beetles, spiders, and parasitic wasps—which help control
pest populations naturally—can be harmed by pesticide exposure. The reduction of these beneficial predators may
ultimately lead to increased pest outbreaks and greater dependence on chemical pesticides (Gibbons, Morrissey, and
Mineau 2015).

Bioaccumulation and Biomagnification

The phenomenon of bioaccumulation and biomagnification represents a critical environmental issue linked to the use of
pesticides. Bioaccumulation is the process by which chemical substances gradually accumulate in the tissues of living
organisms over time. Some pesticides, especially those that are persistent organic compounds, resist degradation through
biological processes and tend to accumulate in the fatty tissues of living organisms (Ray and Shaju 2023).

The consumption of contaminated organisms by predators leads to the transfer of pesticide residues throughout the food
chain. This phenomenon, referred to as biomagnification, leads to increasingly elevated levels of harmful substances at
each subsequent trophic level. For instance, diminutive aquatic organisms that take in pesticide residues from water can
be ingested by fish, which are subsequently preyed upon by larger predators like birds or mammals. At every level of the
food chain, the accumulation of pesticides intensifies, resulting in more pronounced toxic effects on organisms higher up
the chain (Acosta-Lizarraga et al. 2026).

As apex organisms in numerous ecosystems, humans exhibit a heightened susceptibility to the consequences of
biomagnification. The intake of contaminated food items, including fish, meat, fruits, and vegetables, can result in the
buildup of pesticide residues within the human body. Prolonged exposure to these substances could lead to a range of
health issues, such as neurological disorders, disruption of endocrine functions, and a heightened risk of chronic diseases
(Saidon et al. 2024).

Consequently, grasping the mechanisms of bioaccumulation and biomagnification is crucial for evaluating the enduring
environmental and health hazards linked to pesticide application and for formulating more secure pest management
approaches (Muiloz-Bautista et al. 2025).
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IMPACT OF PESTICIDES ON PUBLIC HEALTH

The extensive application of pesticides within agricultural practices has engendered considerable apprehension
concerning their potential ramifications for human well-being. Although pesticides are indispensable for safeguarding
crops and managing disease vectors, their intrinsic toxicity can precipitate a range of detrimental health outcomes
subsequent to human exposure. People can be exposed to pesticides through their jobs, environmental pollution, and
consuming food or water that has been contaminated. Both short-term and long-term exposure have been linked to serious
health problems, particularly among farmers, agricultural workers, and people living near agricultural areas
(Suwanaruang 2024).

Acute Health Effects

Acute pesticide poisoning occurs when a person comes into contact with a significant quantity of pesticide all at once.
Such exposure often happens because of accidental spills, improper handling, or using too much of the chemical.
Agricultural workers face heightened risks. Their routine mixing, loading, and application of pesticides means they have
frequent, direct exposure to these chemicals. Even short-lived exposure to these dangerous substances can lead to a range
of immediate health issues. Headaches, feelings of dizziness, nausea, vomiting, and stomach pain are frequently reported.
Pesticides frequently induce skin irritation and allergic responses upon direct contact. Exposure to the ocular region may
precipitate redness, irritation, and, in some instances, transient visual impairments (Damalas and Koutroubas 2016).
Furthermore, inhalation of pesticide vapors or aerosols can engender respiratory complications. Symptoms can include
coughing, difficulty breathing, a feeling of tightness in the chest, and a sore throat. The severity of acute pesticide
poisoning is contingent upon several variables, including the inherent toxicity of the chemical, the duration of exposure,
and the route of entry into the body. In cases of extreme exposure, contact with highly toxic pesticides, particularly certain
organophosphate and carbamate compounds, can disrupt normal neurological function (Upadhayay et al. 2020). This
disruption may manifest as muscle weakness, convulsions, impaired coordination, and, in the most severe cases,
respiratory failure or fatality. Consequently, prompt medical attention is often essential to prevent serious health
consequences (Racca et al. 2020).

Chronic Health Effects

While the immediate consequences of acute pesticide poisoning are frequently evident, the public health implications
stemming from extended exposure to low concentrations of pesticides are more complex and substantial. Sustained
exposure can arise from regular contact with pesticide residues found in food, drinking water, soil, and the atmosphere.
Consequently, even minimal exposure to these substances can accumulate within the human body over time, potentially
resulting in chronic health issues (Pathak et al. 2022).

Numerous scientific studies have shown connections between long-term exposure to pesticides and a range of serious
health problems. A significant area of research focuses on the possible link between pesticide exposure and different types
of cancer. Certain pesticides are classified as probable or possible carcinogens, which suggests a potential increase in the
risk of cancers such as leukaemia, lymphoma, and prostate cancer. Moreover, pesticides have demonstrated the capacity
to impact the nervous system. Prolonged exposure to neurotoxic pesticides could potentially trigger neurological
disorders, which may manifest as cognitive decline, memory impairments, and neurodegenerative diseases, including
Parkinson’s disease (Sarwar 2016).

The effects of these factors are especially concerning for people who are exposed to them for long periods in their jobs.
Pesticides can potentially act as endocrine disruptors, which means they can interfere with the hormonal systems that
control growth, metabolism, and reproduction. Such disruption can result in a range of adverse outcomes, including
reproductive difficulties, infertility, hormonal imbalances, and developmental problems in children. Furthermore,
pregnant women exposed to pesticides may face an elevated risk of miscarriage, congenital anomalies, or complications
related to fatal development. Consequently, these observations underscore the potential for significant long-term health
risks linked to ongoing exposure to pesticide residues (Mnif et al. 2011).

Exposure Pathways

Human exposure to pesticides can take place through various routes. A prevalent pathway involves the intake of tainted
food and water sources. Fruits, vegetables, and other agricultural products can harbour pesticide residues if they are not
adequately washed or if there is an over-application of pesticides during their cultivation (Liu et al. 2024).

The inhalation of pesticide sprays and airborne particles represents a notable exposure pathway, especially for those
engaged in agriculture and residents in proximity to treated fields. During the application of pesticides, minute droplets
may disperse through the atmosphere and be inhaled by individuals in close proximity. Skin contact serves as a significant
pathway for exposure, particularly during the processes of pesticide mixing, application, and equipment cleaning
(Boonupara et al. 2023).
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Environmental residues present in soil, dust, and household surfaces can lead to indirect exposure, especially for children,
who are particularly susceptible because of their developing immune systems and their frequent interactions with
contaminated surfaces. Inadequate management of pesticides, insufficient storage practices, and the absence of suitable
personal protective equipment significantly elevate the risk of human exposure (Buralli et al. 2025).

In summary, the possible health hazards linked to pesticide exposure highlight the necessity for enhanced safety measures,
more stringent regulatory frameworks, and greater public consciousness. Implementing effective pesticide management
strategies and advocating for safer alternatives are crucial measures for safeguarding human health and alleviating the
worldwide impact of pesticide-related illnesses (Othman Said 2026).

GLOBAL CONCERNS AND RECENT FINDINGS

In recent years, accumulating scientific evidence has underscored the escalating environmental and health issues linked
to the extensive application of pesticides. A multitude of studies carried out in various regions globally suggest that
pesticide contamination poses a considerable risk to ecosystems and biodiversity. A significant issue is the rising toxicity
of pesticide mixtures found in the environment, which can negatively impact a range of non-target organisms. Studies
indicate that insects, especially those that provide benefits like pollination, are significantly at risk from pesticide
exposure. The reduction in pollinator populations, such as bees and butterflies, has been closely associated with the
widespread application of specific chemical pesticides, which can negatively affect their navigation, reproduction, and
overall survival (Punniyakotti et al. 2024).

Alongside insects, soil organisms, including earthworms, bacteria, and fungi, experience detrimental impacts due to
pesticide contamination. The role of these organisms is essential for sustaining soil fertility, facilitating nutrient cycling,
and ensuring overall soil health. The accumulation of pesticides in soil has the potential to disrupt microbial communities,
leading to a decline in soil productivity over time (Saharan et al. 2025). In a similar vein, aquatic ecosystems face growing
threats from pesticide runoff originating from agricultural fields. A significant number of investigations have documented
the occurrence of pesticide residues in rivers, lakes, and groundwater, posing risks to fish, amphibians, and various aquatic
species (Dhuldhaj, Singh, and Singh 2022).

A rising global issue is the identification of pesticide residues in food items, especially in fruits and vegetables.
Investigations conducted across various nations have detected quantifiable amounts of pesticide residues in widely
consumed food items. While numerous residues remain within established regulatory thresholds, ongoing exposure to
minimal pesticide levels could potentially lead to long-term health concerns for consumers (Tadesse et al. 2025). The
results highlight the necessity for enhanced regulations, better monitoring frameworks, and the advocacy of safer
agricultural methods to mitigate pesticide contamination and safeguard environmental and human well-being (Mengistie,
Ray, and Iyanda 2025).

SUSTAINABLE PEST MANAGEMENT STRATEGIES

Sustainable pest management strategies have developed because of the growing environmental and health problems
caused by using too many pesticides. These strategies focus on reducing dependence on chemical pesticides while
ensuring effective pest management and sustaining agricultural output. Sustainable pest management emphasizes
practices that are kind to the environment, aiming to minimize ecological harm, safeguard biodiversity, and promote
enduring agricultural viability (Shang et al. 2024).

Integrated Pest Management (IPM)

Integrated Pest Management (IPM) stands out as a highly endorsed strategy for achieving sustainable pest control. IPM
represents a comprehensive approach that combines various pest management techniques, such as biological, cultural,
mechanical, and chemical methods. The main aim of integrated pest management is to regulate pest populations to
economically viable levels, all while reducing risks to human health and the environment. This method uses pesticides in
a targeted way, only applying them, when necessary, which reduces the use of chemicals. Integrated Pest Management
(IPM) involves observing pest populations and using crops that are resistant to pests. varieties, and the implementation
of crop rotation strategies to mitigate the risk of pest outbreaks (Karlsson Green, Stenberg, and Lankinen 2020).

Biological Control

Biological control offers a substantial strategy for reducing dependence on chemical pesticides. This technique employs
natural adversaries, encompassing predators, parasites, and microorganisms, to regulate pest populations. Within
agricultural settings, beneficial insects, like lady beetles, parasitic wasps, and spiders, are crucial for the natural
management of pest populations. Furthermore, certain bacteria and fungi function as biological agents, specifically
targeting and eradicating harmful pests. These biological control strategies offer environmental benefits by concentrating
on particular pests, thus mitigating the effects on non-target organisms and ecosystems (Shao et al. 2026).
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Bioremediation

Bioremediation offers an environmentally friendly method for reducing pesticide pollution in the environment. This
process uses microorganisms, such as bacteria and fungi, to break down or neutralize pesticide residues found in soil and
water. These microorganisms break down complex pesticide molecules into less harmful substances, which helps to
reduce pollution in the environment. Bioremediation has become a popular method for restoring polluted environments
and reducing the lasting effects of pesticide use (Kuppan et al. 2024).

DEVELOPMENT OF SAFER PESTICIDES

Growing concerns about the environmental and health effects of traditional pesticides have led to a focus on creating safer
and more sustainable alternatives. Contemporary studies focus on developing pesticides that are environmentally friendly,
exhibit lower toxicity to non-target species, and can decompose swiftly in natural settings. The development of these safer
pesticides aims to ensure effective pest management while reducing adverse impacts on ecosystems and human health
(Khursheed et al. 2022). A potentially beneficial strategy entails the creation of bio-based pesticides derived from natural
sources, including plants, bacteria, and fungi. These biological pesticides are generally considered more environmentally
sound, owing to their targeted action against specific pests and their swift degradation within soil and aquatic
environments. Moreover, advancements in nanotechnology and green chemistry are significantly contributing to the
development of more effective pesticides that demonstrate reduced environmental persistence. The evolution of safer
pesticides represents a vital advancement in sustainable agriculture, as it mitigates ecological damage and protects public
health, concurrently maintaining agricultural productivity (Ayilara et al. 2023).

CONCLUSION

Pesticides are crucial in modern agriculture, protecting crops and increasing food production. However, their widespread
and often improper use has led to significant environmental pollution and health problems. Pesticide residues introduce
pollutants into soil, water, and food webs, thereby affecting biodiversity and ecosystem equilibrium. Furthermore,
pesticide exposure poses a range of health risks, manifesting both acutely and chronically. These health effects encompass
neurological impairments, reproductive dysfunctions, and an elevated susceptibility to cancer. Therefore, implementing
sustainable pest management strategies, including integrated pest management, biological control, and bioremediation, is
crucial.

To ensure the safe and responsible use of pesticides, strong regulations, thorough farmer training, and increased public
awareness are essential. Future research should focus on creating sustainable alternatives that improve agricultural
productivity while also protecting the environment and public health.
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