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Abstract 
Pesticides, a category of agrochemicals, are widely used not only in 
agriculture but also for public health purposes. However, their 
application poses significant risks to the environment, human health, 
wildlife, and ecosystems. Currently, approximately 1,000 organic and 
inorganic compounds are utilized as pesticides. Many of these chemicals 
are not only highly toxic but also persist in the environment for extended 
periods, often accumulating in biological systems. Due to their 
persistence, pesticide residues and their byproducts infiltrate soil, surface 
water, groundwater, air, and even crop yields. Human exposure to 
pesticides occurs through inhalation, oral ingestion, or dermal contact 
with the skin and eyes. Acute exposure to pesticides can lead to a range 
of health issues, including headaches, nausea, asthma, sore throat, eye 
and skin irritation, diarrhoea, pharyngitis, nasal irritation, sinusitis, 
contact dermatitis, inflammation, and endocrine disruption.  

Chronic exposure, on the other hand, has been linked to severe health conditions such as birth defects, 
infertility, endocrine system disorders, depression, diabetes, neurological deficits, and various forms of 
cancer. In addition to their direct impact on humans, pesticides adversely affect soil health by reducing 
the population of soil microbes and disrupting soil enzymatic activity. These changes diminish soil 
fertility and degrade its nutritional quality, ultimately affecting agricultural productivity. 
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Introduction 
Pesticides, essential agrochemicals, are widely 
used in agriculture to protect crops from pests, 
serve as plant growth regulators and desiccants, 
and play a vital role in public health by 
controlling vector-borne diseases such as malaria 
and dengue fever. Their use over the past 150 
years has become deeply integrated into modern 
life. Globally, annual pesticide consumption is 
approximately 3.5 million tonnes [1]. With the 
global population projected to reach 9.7 billion by 
2050 (U.N., 2015), the demand for increased 
agricultural production, particularly in tropical 
regions, is intensifying. Meeting this demand  
 

 
often relies on agrochemicals, as evidenced by the 
4.5% annual growth of the agrochemical market. 
Approximately 1,000 organic and inorganic 
chemicals are used as pesticides. While these 
chemicals improve crop quality, protect soil 
health by controlling plant diseases, and reduce 
pest-related crop losses (which account for about 
35% of potential food crops globally before 
harvest), they also pose significant risks. Around 
95% of applied pesticides affect non-target 
organisms and are dispersed through water, air, 
and other pathways.  
 [                    
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Furthermore, certain pesticides, such as DDT and 
HCH, persist in the environment for decades, 
accumulating in soil, surface water, groundwater, 
air, and crop yields [2]. Residues have also been 
detected in wine, fruit juices, cooked meals, 
animal feeds, and even human breast milk. 
Pesticides adversely impact biodiversity and non-
target species, with their entry into the atmosphere 
occurring through volatilization from soil and 
plant surfaces, evaporation from water, drift 
during application, and wind erosion. These 
environmental challenges necessitate the 
identif ication and analysis of chemical and 
biological processes controlling pesticide 
behaviour in the environment. Improved pesticide 
management is crucial to minimizing 
contamination of natural resources and 
remediating polluted ecosystems [3]. 
This review aims to explore the environmental 
and human health effects of common pesticide 
classes, including organochlorines, 
organophosphates, carbamates, and pyrethroids. 
Types of Pesticides 
1. Organochlorine Pesticides 
Organochlorine pesticides, the first synthetic 
pesticide group, are organic compounds 
characterized by a cyclodiene ring and five or 
more chlorine atoms. Widely used in agriculture 
and public health to control vector-borne diseases, 
common examples include DDT, HCH, aldrin, 
dieldrin, and chlordane. 
2. Organophosphorus Pesticides 
First synthesized in 1937 from phosphoric acid, 
organophosphorus pesticides are broad-spectrum 
and biodegradable. They inhibit 
acetylcholinesterase activity in both vertebrates 
and invertebrates and are highly water-soluble due 
to their polar nature. Common examples include 
Parathion, Malathion, Diazinon, and Glyphosate. 
3. Carbamate and Dithiocarbamate Pesticides 
Carbamate pesticides, with the chemical structure 
R-O-CO-N-CH3-R', are broad-spectrum, 
biodegradable, and effective against pests resistant 
to organochlorine and organophosphorus 
compounds. They are used as stomach poisons, 
contact poisons, and fumigants. Examples include 
carbaryl, ox amyl, carbofuran, aminocarb, and 
propoxur. 
Dithiocarbamate pesticides, with the structure (R, 
R’) N-(C=S)-SX, are classified based on the metal 

cation present into dimethyl di, thiocarbamates 
and ethylenebis-di, thiocarbamates. These 
compounds exhibit oral and dermal toxicity, with 
ethylene thiourea linked to thyroid disruption [4] 
[5] . 
Environmental Impacts of Pesticides 
Soil Contamination and Fertility 
Pesticides infiltrate soil ecosystems, adversely 
affecting soil microbial populations and 
enzymatic activities, which are crucial for nutrient 
cycling and soil fertility. Persistent compounds 
such as DDT and HCH remain in the soil for 
decades, leading to long-term degradation of soil 
quality and reduced agricultural productivity. 
Water Pollution 
Pesticides often leach into surface water and 
groundwater through agricultural runoff, posing 
threats to aquatic ecosystems. Approximately 95% 
of applied pesticides reach non-target areas, 
contaminating rivers, lakes, and oceans. This 
contamination disrupts aquatic biodiversity and 
bioaccumulates in aquatic organisms, affecting 
food chains [6]. 
Airborne Dispersion 
Pesticides enter the atmosphere through 
volatilization, evaporation, and drift during 
application. This results in widespread 
environmental contamination, including the 
deposition of toxic residues in remote regions. 
Wind erosion further disperses pesticide particles, 
impacting air quality and human health [7]. 
Biodiversity Loss 
Pesticides have devastating effects on non-target 
species, including pollinators, birds, and aquatic 
organisms. These chemicals disrupt ecosystems, 
reduce biodiversity, and threaten the survival of 
critical species that support ecological balance [8]. 
Human Health Impacts of Pesticides 
Acute Toxicity 
Human exposure to pesticides occurs through 
inhalation, ingestion, and dermal contact. Short-
term effects include headaches, nausea, 
respiratory issues, skin and eye irritation, and 
endocrine disruption. Workers in agriculture and 
pesticide manufacturing are particularly at risk of 
acute poisoning [9]. 
Chronic Health Effects 
Prolonged exposure to pesticides has been linked 
to severe health conditions, including cancer, 
neurological disorders, endocrine disruption, 
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infertility, diabetes, and developmental defects. 
Residues have been detected in food, animal feed, 
and human breast milk, raising concerns about 
long-term health impacts. 
Towards Sustainable Practices 
Integrated Pest Management (IPM) 
IPM combines biological, cultural, mechanical, 
and chemical methods to manage pests with 
minimal environmental impact. Promoting natural 
predators, crop rotation, and selective pesticide 
use can reduce dependency on harmful chemicals. 
Development of Biopesticides 
Biopesticides derived from natural sources, such 
as plants, bacteria, and fungi, offer an eco-friendly 
alternative to synthetic pesticides. These 
compounds are biodegradable, target-specific, and 
less toxic to non-target organisms [10]. 
Policy and Regulation 
Stronger regulations on pesticide production, 
usage, and residue monitoring are essential to 
minimize environmental and health impacts. 
Policies should prioritize the adoption of safer 
alternatives and encourage sustainable farming 
practices. 
Public Awareness and Education 
Educating farmers, agricultural workers, and the 
public about the risks associated with pesticide 
use and the benefits of sustainable practices is 
crucial for fostering change. Training programs 
and community initiatives can promote safer 
pesticide handling and adoption of eco-friendly 
methods [11]. 
Sustainable Pesticide Management 
Sustainable pesticide management involves 
strategies to optimize the use of pesticides while 
minimizing their negative effects. Key practices 
include: 

• Integrated Pest Management (IPM): 
IPM combines biological, cultural, 
mechanical, and chemical tools to manage 
pests in an environmentally sound way. It 
emphasizes pest prevention, monitoring, 
and targeted interventions rather than 
blanket pesticide application. 

• Precision Agriculture: Using advanced 
technologies like drones, sensors, and 
GPS mapping, farmers can apply 
pesticides only where needed, reducing 
excessive use and environmental 
contamination. 

• Farmer Education and Training: 
Educating farmers on the correct usage, 
storage, and disposal of pesticides can 
significantly reduce misuse and 
environmental exposure. 

These methods reduce pesticide runoff into water 
bodies, minimize harm to non-target organisms, 
and lower pesticide residues on food [12]. 
2. Development of Safer Alternatives 
Innovation plays a crucial role in reducing 
dependence on traditional, harmful pesticides. 
Safer alternatives include: 

• Biopesticides: Derived from natural 
materials such as bacteria, fungi, and 
plant extracts, biopesticides are less toxic 
to humans and wildlife and often degrade 
more quickly in the environment. 

• Genetically Modified (GM) Crops: 
Some GM crops are engineered to resist 
pests, reducing the need for chemical 
pesticide application. 

• Cultural Practices: Crop rotation, 
polyculture, and companion planting can 
naturally disrupt pest life cycles and 
reduce infestations. 

• Nanotechnology: Nano-encapsulation of 
pesticides ensures controlled and targeted 
release, reducing the amount required and 
limiting environmental impact. 

By prioritizing these alternatives, the agricultural 
industry can maintain productivity while reducing 
ecological and health risks [13]. 
3. Stricter Regulatory Measures 
Governments and international organizations must 
enforce stringent regulations to mitigate the risks 
associated with pesticide use. These measures 
include: 

• Banning or Phasing Out Harmful 
Pesticides: Certain pesticides known for 
their toxicity (e.g., organophosphates, 
neonicotinoids) should be restricted or 
replaced with safer options. 

• Environmental Impact Assessments 
(EIAs): Mandating EIAs for new 
pesticides ensures their long-term effects 
on ecosystems and human health are 
thoroughly evaluated. 

• Residue Limits and Monitoring: Setting 
maximum residue limits (MRLs) for 
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pesticides in food and water helps protect 
consumers and wildlife. 

• Global Agreements: Initiatives like the 
Stockholm Convention on Persistent 
Organic Pollutants foster international 
cooperation in reducing the use of 
hazardous pesticides. 

Robust enforcement of these regulations ensures 
accountability and compliance within the 
agricultural sector [14] [15]. 
4. Adoption of Sustainable Practices 
Reducing reliance on harmful pesticides requires a 
shift toward sustainable agricultural practices. 
These include: 

• Organic Farming: Organic systems 
avoid synthetic pesticides, relying on 
natural pest control methods like 
beneficial insects and crop diversity. 

• Agroecology: This holistic approach 
integrates ecological principles into 
farming, enhancing biodiversity and 
resilience to pests naturally. 

• Agroforestry: Incorporating trees and 
shrubs into farming landscapes can create 
habitats for natural pest predators, 
reducing the need for chemical inputs. 

• Water Management: Proper irrigation 
practices can prevent water contamination 
by pesticide runoff and safeguard aquatic 
ecosystems. 

Scaling up these practices requires policy support, 
funding, and knowledge-sharing among farmers 
and stakeholders [16] [17]. 
5. Protecting Ecosystems and Human Health 
The indiscriminate use of pesticides has caused 
widespread environmental degradation and health 
issues, such as: 

• Impact on Non-Target Species: 
Pesticides harm beneficial insects (e.g., 
bees and butterflies), birds, and aquatic 
organisms, disrupting ecosystems and 
food chains. 

• Soil and Water Contamination: 
Pesticide residues can leach into soil and 
water, affecting microbial life and 
contaminating drinking water sources. 

• Human Health Risks: Chronic exposure 
to pesticides is linked to health problems, 
including cancer, neurological disorders, 

and reproductive issues, particularly 
among farmers and agricultural workers. 

By reducing pesticide use and investing in safer 
alternatives, we can protect biodiversity, preserve 
soil and water quality, and reduce health hazards 
for both producers and consumers [18] . 
Conclusion 
While pesticides are vital for agricultural 
productivity and public health, their 
environmental and human health impacts cannot 
be overlooked. Addressing these challenges 
requires a multifaceted approach that includes 
sustainable pesticide management, development 
of safer alternatives, and stricter regulatory 
measures. By adopting sustainable practices and 
reducing reliance on harmful chemicals, we can 
safeguard ecosystems, protect human health, and 
ensure a more sustainable future for 
agriculture.Addressing the challenges posed by 
pesticide use requires a balanced approach that 
ensures agricultural productivity while prioritizing 
environmental and human well-being. By 
implementing sustainable pesticide management 
practices, investing in research for safer 
alternatives, enforcing stricter regulations, and 
promoting sustainable farming, we can create a 
resilient agricultural system that aligns with the 
principles of environmental stewardship and 
public health protection. This transition is 
essential to safeguard ecosystems, support rural 
livelihoods, and secure a sustainable future for 
agriculture and humanity. 
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