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Overview

INTRODUCTION TO PESTICIDES

Pesticides are substances used to prevent, destroy, or control pests that can harm crops, livestock, and 

human health. They play a crucial role in agriculture by enhancing crop yields and protecting plants 

from diseases and pests. 

Pesticides can be classified into various categories, including herbicides, insecticides, and fungicides, 

each serving specific functions in pest management. Understanding their use and impact is essential for 

sustainable agriculture and environmental protection.



ORGANOPHOSPHATES

Key Molecules and Characteristics

• Molecules include Chlorpyrifos, Malathion, Diazinon.

• Characteristics: Inhibit acetylcholinesterase, affecting 
the nervous system.

• Used extensively in agriculture for pest control.

• Can be highly toxic to humans and wildlife if misused.

Impact and Usage

• Widely used in various crops such as corn and 
soybeans.

• Potential risks include toxicity to non-target organisms 
and environmental persistence.

• Regulations have tightened due to health concerns and 
environmental impact.

Pesticide Classes

These molecules inhibit acetylcholinesterase, which affects the nervous system by 

preventing the breakdown of acetylcholine, leading to overstimulation of nerve cells.
• Mechanism of Action



CARBAMATES

Molecules and Characteristics

• Molecules include Carbaryl, Aldicarb, and 
Carbofuran.

• Carbamates inhibit acetylcholinesterase, 
impacting nervous system function.

• They are generally less persistent in the 
environment compared to organophosphates.

Impact and Usage

• Reduced toxicity and environmental persistence 
compared to organophosphates.

• Used widely in agriculture due to their 
effectiveness and lower long-term effects.

• Important to follow safety guidelines to minimize 
health risks.

• Mechanism of Action

Pesticide Classes

Carbamates inhibit acetylcholinesterase, like organophosphates, affecting neurotransmission.



PYRETHROIDS

Molecules and Characteristics

• Molecules include Permethrin, Cypermethrin, 
and Deltamethrin.

• Synthetic versions of natural pyrethrins derived 
from chrysanthemum flowers.

• Affect sodium channels in nerve cells, impacting 
insect nervous systems.

Impact and Usage

• Commonly used in agricultural and domestic pest 
control.

• Effective against a wide range of pests, including 
mosquitoes and agricultural insects.

• Low toxicity to humans and animals when used 
correctly.

• Mechanism of Action

Pyrethroids are synthetic versions of natural pyrethrins derived from chrysanthemum flowers.

They affect sodium channels in nerve cells, leading to paralysis and death in insects.

• Note -- Natural Derivation

Pesticide Classes



NEONICOTINOIDS

Molecules and Characteristics

• Imidacloprid: A widely used neonicotinoid 
affecting insect nervous systems.

• Thiamethoxam: Known for its systemic 
properties, impacting target pests through 
ingestion.

• Clothianidin: Similar to Imidacloprid, affects the 
nervous system of insects.

Impact and Usage

• Affect nicotinic acetylcholine receptors in insects, 
disrupting normal signaling.

• Lead to paralysis and death of target pests, 
making them effective insecticides.

• Concerns over their impact on non-target species 
and pollinators.

Examples

Neonicotinoids affect nicotinic acetylcholine receptors in insects, 
disrupting their nervous system function.

• Mechanism of Action

Pesticide Classes



ORGANOCHLORINES

Key Molecules and Characteristics

• Molecules include DDT, Lindane, and Aldrin.

• Persistent in the environment, accumulating in fatty tissues.

• Have been largely banned due to their harmful effects.

Environmental Impact and Regulations

• Notable for their long-lasting presence in ecosystems.

• Bioaccumulation leads to significant ecological risks.

• Regulations implemented to restrict use due to health 
concerns.

Example - DTT

These compounds are persistent in the environment, often accumulating in fatty tissues.

Organochlorines have been largely banned due to their harmful effects.

• Environmental Persistence

• Regulatory Actions

Pesticide Classes



PHENOXY HERBICIDES

Key Molecules and Characteristics

• 2,4-D and MCPA are primary molecules used in 
phenoxy herbicides.

• 2,4-D is widely used for controlling broadleaf 
weeds in various crops.

• MCPA is commonly used in cereal crops and 
lawns to manage weeds.

Usage and Mechanism of Action

• Phenoxy herbicides disrupt plant hormone 
function, specifically auxins.

• They mimic natural plant hormones, leading to 
uncontrolled growth in target weeds.

• This disruption causes broadleaf weeds to grow 
erratically and die off, allowing crops to thrive.

Example – 2,4-DPesticide Classes



TRIAZINES

Molecules and Characteristics

• Molecules include Atrazine and Simazine.

• Triazines inhibit photosynthesis in plants, affecting their 
growth and health.

• They function by blocking the photosynthetic pathway, 
leading to reduced energy production.

Environmental Impact and Use

• Commonly used in agriculture for weed control.

• Can have residual effects in soil and water, impacting 
non-target species.

• Regulations exist to manage their application due to 
potential environmental concerns.

• Mechanism of Action
Both Atrazine and Simazine target the photosynthetic process, 

blocking the electron transport chain, which leads to plant death.

Pesticide Classes



GLYPHOSATE
Pesticides

• Glyphosate is the active ingredient in Roundup, one of the most widely used herbicides 
worldwide.

• It functions by inhibiting an enzyme essential for plant growth called EPSP synthase, 
which is crucial for the biosynthesis of aromatic amino acids.

• This inhibition affects the growth and survival of plants, making it effective for 
controlling weeds in agricultural practices.

• Glyphosate is the active ingredient in Roundup, widely used for its 

effectiveness in controlling weeds.

• Glyphosate inhibits an enzyme essential for plant growth, specifically the shikimic 

acid pathway, which is not found in animals, making it selectively toxic to plants.

• Its application has led to significant reductions in weed populations, but it has 

also raised concerns regarding environmental and health effects.

Active Ingredient in Roundup

Mechanism of Action

Usage and Impact



• Mechanism of Action

DINITROANILINES

Molecules and Characteristics

• Molecules include Trifluralin and Pendimethalin.

• Used as pre-emergent herbicides to inhibit root 
growth in plants.

• Effective in preventing the germination of weeds 
before they emerge from the soil.

Application and Usage

• Applied to soil prior to planting to control weed 
populations.

• Minimizes competition for nutrients and water 
from crops.

• Important to follow application guidelines to 
ensure effectiveness and safety.

Pesticide Classes

Example: 2,3-
Dinitroaniline  

Dinitroanilines inhibit root growth in plants, impacting their establishment and development.



• Mechanism of Action
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Pesticide Classes

Includes bacteria like Bacillus 

thuringiensis, which produces 

toxins that specifically target and kill 

certain insects, making it a valuable 

tool in pest control.

Utilizes fungi that can infect and 

control pest populations. These 

biological agents often have a 

narrow host range, minimizing harm 

to non-target species.

Involves viruses that specifically 

infect pests, leading to their death. 

These agents are derived from 

natural sources and are used for 

their specificity and reduced 

environmental impact.

NOTE ON BIOLOGICAL PESTICIDES

Viral PesticidesFungal PesticidesBacterial Pesticides



IMPORTANT NOTES AND CONSIDERATIONS

• This is not an exhaustive list, and there are other pesticide classes 

and molecules.

• The specific molecules within a class can have varying degrees of 

toxicity and environmental impact.

• Always follow label instructions when using pesticides.

• Consider integrated pest management strategies to minimize 

pesticide use.

There is variability in toxicity and environmental impact among different 

pesticide molecules. The specific molecules within a class can have 

varying degrees of toxicity and environmental impact. It is crucial to 

always follow label instructions when using pesticides, and to consider 

integrated pest management strategies to minimize their use.



Examples in this Presentation

• Organophosphates

• Carbamates

• Pyrethroids

• Neonicotinoids

• Organochlorines

• Phenoxy Herbicides

• Triazines

• Glyphosate

• Dinitroanilines

• Biological Pesticides

Web resources and Literature

https://www.sciencedirect.com/science/article/pii/S2405844024051594
https://www.ams.usda.gov/sites/default/files/media/2022PDPSummary.pdf
https://www.epa.gov/pesticides


LC MS ANALYSIS OF PESTICIDES – EXAMPLES OF EXISTING METHODS 

https://www.agilent.com/cs/library/applications/an-6470-lc-ms-pesticides-5994-5847en-agilent.pdf
https://www.epa.gov/pesticide-analytical-methods/overview-epa-pesticide-laboratories-and-methods


LC MS ANALYSIS OF PESTICIDES – EXAMPLES OF EXISTING METHODS 

https://www.agilent.com/cs/library/applications/application-pesticides-masshunter-productivity-app-ultivo-5994-0196en-agilent.pdf
https://www.waters.com/nextgen/us/en/library/application-notes/2022/detection-of-anionic-polar-pesticides-in-food-samples-using-the-xevo-tq-absolute-with-sub-kg-limits-of-quantification.html


LC MS ANALYSIS OF PESTICIDES – EXAMPLES OF EXISTING METHODS 

https://www.waters.com/nextgen/us/en/library/application-notes/2022/evaluation-of-the-performance-of-a-method-for-the-determination-of-highly-polar-anionic-pesticides-in-foodstuffs-using-lc-ms-ms.html
https://sciex.com/tech-notes/food-beverage/food-and-beverage/highly-sensitive-quantification-and-selective-identification-of-


LC MS ANALYSIS OF PESTICIDES – EXAMPLES OF EXISTING METHODS 

https://sciex.com/tech-notes/food-beverage/food-and-beverage/precise-testing-of-pesticides-in-food-using-the-sciex-triple-qua
https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/AN-617-LC-MS-Pesticides-Beets-FB-AN64284-EN.pdf
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