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	1. Pesticides
Books Ref:
1. Environmental  Chemistry, A.K. DE
2. Fundamentals of Environmental Chemistry, S.
E. Manahan, Lewis Publisher, NY
3. Environmental Chemistry, Ajay Kumar Bhagi
and G.R.Chatwal
Course no-424
Shuvo-45
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	2. Definition of Pesticides
A  pesticide is any substance or mixture of substances intended for
preventing, destroying, repelling or mitigating any pest.
In general, a pesticide is a chemical or biological agent (such as a virus,
bacterium, or fungus) that deters, incapacitates, kills, or otherwise
discourages pests.
Target pests can include insects, plant pathogens, weeds, birds,
mammals, fish, nematodes (roundworms), and microbes that destroy
property, cause nuisance, or spread disease, or are disease vectors.
Along with these benefits, pesticides also have drawbacks, such as
potential toxicity to humans and other species.
2
Shuvo-45
 


	3. History of Pesticides
Pesticides  are not recent inventions! Many ancient civilizations used
pesticides to protect their crops from insects and pests.
Ancient Sumerians used elemental sulfur to protect their crops from insects.
Whereas, Medieval farmers experimented with chemicals using arsenic, lead
on common crops.
The Chinese used arsenic and mercury compounds to control body lice
and other pests.
While, the Greeks and Romans used oil, ash, sulfur, and other materials to
protect themselves, their livestock, and their crops from various pests.
3
Meanwhile, in the nineteenth century, researchers focused more on natural
techniques involving compounds made with the roots of tropical vegetables
and chrysanthemums.
In 1939, Dichloro-Diphenyl-Trichloroethane (DDT) was discovered, which
has become extremely effective and rapidly used as the insecticide in the
world.
However, twenty years later, due to biological effects and human safety,
DDT has been banned in almost 86 countries.
 


	4. Types of Pesticides
✔  Algaecides are used for killing and/or slowing the growth of algae.
✔ Antimicrobials control germs and microbes such as bacteria and
viruses.
✔ Bio-pesticides are made of living things, come from living things, or
they are found in nature.
✔ Desiccants are used to dry up living plant tissues.
✔ Defoliants cause plants to drop their leaves.
✔ Disinfectants control germs and microbes such as bacteria and
viruses.
4
 


	5. Types of Pesticides
✔  Fungicides are used to control fungal problems like molds, mildew,
and rust.
✔ Herbicides kill or inhibit the growth of unwanted plants, aka weeds.
✔ Insecticides are used to control insects.
✔ Miticides control mites that feed on plants and animals. Mites are
not insects, exactly.
✔ Molluscicides are designed to control slugs, snails and other
molluscs.
✔ Mothballs are insecticides used to kill fabric pests by fumigation in
sealed containers.
5
 


	6. Types of Pesticides
✔  Ovicides are used to control eggs of insects and mites.
✔ Pheromones are biologically active chemicals used to attract
insects or disrupt their mating behavior. The ratio of chemicals in
the mixture is often species-specific.
✔ Repellents are designed to repel unwanted pests, often by taste
or smell.
✔ Rodenticides are used to kills rodents like mice, rats, and
gophers.
✔ Wood Preservatives are used to make wood resistant to insects,
fungus and other pests.
6
 


	7. Classification of Pesticides
Organochlorine:
Stable  compounds are too persistent in the environment and tend to
accumulate in fatty tissue.
Its main use is in the eradication of disease vectors such as malaria,
dengue. They are also used in cultivation of grapes, lettuce, tomato, alfalfa,
corn, rice, cotton and wood, for preservation.
Representative compounds in this group include DDT, methoxychlor,
dieldrin, chlordane, toxaphene, mirex, kepone, lindane, and benzene
hexachloride.
7
 


	8. Classification of Pesticides
Organochlorine:
In  humans these substances or their metabolites act primarily at the
level of central nervous system altering the electrophysiological properties
and enzymatic neuronal membranes, causing alterations in the kinetics of
the flow of Na+ and K+ through the membrane of the nerve cell, resulting in
the spread of multiple action potentials for each stimulus, causing
symptoms such as seizures and acute poisoning death from respiratory
arrest.
8
 


	9. Classification of Pesticides
Organophosphates:
They  are esters derived from phosphoric acid. In man act on the central
nervous system by inhibiting acetyl cholinesterase, an enzyme that
modulates the amount and levels of the neurotransmitter acetylcholine,
disrupting the nerve impulse by serine phosphorylation of the hydroxyl group
in the active site of the enzyme.
The symptoms are causing loss of reflexes, headache, dizziness,
nausea, convulsions, coma and even death.
9
 


	10. Classification of Pesticides
Organophosphates:
Also  described with alkylating properties, which from the point of view of
mutagenesis is paramount because they act directly on the
deoxyribonucleic acid (DNA) adding alkyl groups methyl and ethyl mainly to
the nitrogenous bases with nucleophilic groups capable of reacting with
electrophiles.
Organophosphate insecticides, such as diazinon, chlorpyrifos,
disulfoton, azinphos-methyl, and fonofos, have been used widely in
agriculture and in household applications as pesticides.
They are used in vegetable crops, fruit trees, grains, cotton, sugarcane,
among many others.
10
 


	11. Classification of Pesticides
Carbamates:
They  are esters derived from acids or dimethyl N-methyl carbamic acid
are used as insecticides, herbicides, fungicides and nematicides.
They are less persistent than organochlorines and organophosphates
and likewise the latter inhibit acetyl cholinesterase.
They are widely used in homes, gardens, and agriculture. Like the
organophosphates, their mode of action is inhibition of cholinesterase
enzymes, affecting nerve impulse transmission.
11
 


	12. Classification of Pesticides
Carbamates:
Carbamatesare  esters of N-methyl carbamic acid. Aldicarb, carbaryl,
propoxur, oxamyl and terbucarb are carbamates.
Short-term exposure can produce muscle twitching, headache, nausea,
dizziness, loss of memory, weakness, tremor, diarrhea, sweating, salivation,
tearing, constriction of pupils, and slowed heart beat.
Long-term exposure can produce delayed neurotoxicity, results damage
to the liver, kidney, immune system and bone marrow may occur. Some
carbamates are also suspected carcinogens.
12
 


	13. Classification of Pesticides
Pyrethroids:
They  originate from natural insecticide derived from pyrethrum
extract derived from chrysanthemum flowers, known as pyrethrins.
Subsequently were obtained synthetically and are presently
manufactured around 100 different commercial products.
They act on the central nervous system causing changes in the
dynamics of the Na + channels in the membrane of the nerve cell,
causing it to increase its opening time prolonging sodium current
across the membrane in both insects and vertebrates. These events
can lead to neuronal hyperexcitation.
13
 


	14. Classification of Pesticides
Pyrethroids:
Characteristics  of pyrethroids
Low in toxicity to mammals and birds
High in toxicity to fish if applied directly to water
Require very low doses to kill insects
Fast-acting
Bind tightly to soil and organic matter
Dissolve very poorly in water.
14
 


	15. Toxicity of Pesticides
Pesticide  applicators should understand the hazards and risks
associated with the pesticides they use.
Pesticides vary greatly in toxicity. Toxicity depends on the chemical
and physical properties of a substance, and may be defined as the
quality of being poisonous or harmful to animals or plants.
Pesticides have many different modes of action, but in general cause
biochemical changes which interfere with normal cell functions.
The toxicity of any compound is related to the dose. A highly toxic
substance causes severe symptoms of poisoning with small doses.
15
 


	16. Toxicity of Pesticides
A  substance with a low toxicity generally requires large doses to
produce mild symptoms.
Toxicity can be either acute or chronic.
∙ Acute toxicity is the ability of a substance to cause harmful effects
which develop rapidly following exposure, i.e. a few hours or a
day.
∙ Chronic toxicity is the ability of a substance to cause adverse
health effects resulting from long-term exposure to a substance.
16
 


	17. Toxicity of Pesticides
LD50:
The  LD50 value is the amount of pesticide (lethal dose) which kills 50% of the
test animals.
These treatments are through the skin (dermal) or through the mouth (oral).
These values are given in milligrams per kilogram of body weight of the
animal (mg/kg body wt.).
A pesticide with a lower LD50 is more toxic than a pesticide with a higher
number because it takes less of the pesticide to kill half of the test animals.
17
 


	18. Toxicity of Pesticides
LD50:
Relative  toxicity of pesticides to humans based on acute oral and
dermal LD50's.
Acute Toxicity Oral LD50 Dermal LD50
Very less than 50 mg/kg less than 200 mg/kg
Moderately 50 to 500 mg/kg 200 to 1,000 mg/kg
Slightly over 500 mg/kg over 1,000 mg/kg
18
 


	19. Toxicity of Pesticides
LC50:
The  LC50 value is a measure of the toxicity of a pesticide when test animals
breathe air mixed with pesticide dust, vapours or spray mist.
The LC50 is the concentration of pesticide which is lethal to 50% of a
population of test animals and is usually determined for a specific exposure
period (e.g. inhalation for 4 hours).
The length of exposure is important because shorter exposure periods
generally require higher pesticide concentrations to produce toxic effects.
19
LC50:
LC50 values for pesticides in air are expressed as the ratio of pesticide to air,
in parts per million (ppm) or parts per billion (ppb).
LC50 values are also determined for fish and aquatic organisms based on the
concentration of pesticide in water.
 


	20. Toxicity of Pesticides
Median  Lethal Dose (MLD):
The amount of a drug or other substance that, when administered
to a group of experimental animals, will kill 50 per cent of the
group in a specified time.
The amount of ionizing radiation that will kill 50 per cent of a
population in a specified time.
20
 


	21. Behavior of Pesticides  in Soil
There are basically two ways properly-applied pesticides may reach
surface and ground waters- through runoff and leaching.
Runoff is the physical transport of pollutants over the ground
surface by rainwater which does not penetrate the soil.
Leaching is a process whereby pollutants are flushed through the
soil by rain or irrigation water as it moves downward.
Once applied to cropland, a number of things may happen to a
pesticide.
It may be taken up by plants or ingested by animals, insects, or
microorganisms in the soil.
21
 


	22. Behavior of Pesticides  in Soil
It may move downward in the soil and either adhere to particles or
dissolve.
The pesticide may vaporize and enter the atmosphere, or break
down via microbial and chemical pathways into other, less toxic
compounds.
Pesticides may be leached out of the root zone or washed off the
surface of land by rain or irrigation water.
Evaporation of water at the ground surface can lead to upward flow
of water and pesticides.
22
 


	23. Behavior of Pesticides  in Soil
Persistence defines the "lasting-power" of a pesticide. Most pesticides
break down or "degrade" over time as a result of several chemical
and microbiological reactions in soils.
Sunlight breaks down some pesticides.
Generally, chemical pathways result in only partial deactivation of
pesticides.
Whereas soil microorganisms can completely breakdown many
pesticides to carbon dioxide, water and other inorganic constituents.
The biological activity of these substances may also have
environmental significance.
23
 


	24. Behavior of Pesticides  in Soil
Soil is a complex mixture of solids, liquids and gases that provides the
life support system for roots of growing plants and microorganisms
such as bacteria.
When a pesticide enters soil, some of it will stick to soil particles,
particularly organic matter, through a process called sorption and
some will dissolve and mix with the water between soil particles,
called "soil water."
As more water enters the soil through rain or irrigation, the sorbed
pesticide molecules may be detached from soil particles through a
process called desorption.
24
 


	25. Behavior of Pesticides  in Soil
25
 


	26. Integrated Pest Management  (IPM)
Integrated Pest Management (IPM) is an ecosystem-based strategy that
focuses on long-term prevention of pests or their damage through a
combination of techniques such as biological control, habitat
manipulation, modification of cultural practices, and use of resistant
varieties.
It is an approach to control the pest in an integrated way.
Under this method, pesticides are only used according to standard
established guidelines and treatment is done with a goal of removing
only the target organisms.
It is a method which is used to solve pest problems without or at low level
of risk to the people and the environment.
It is an eco-friendly method of pest control. 26
 


	27. Integrated Pest Management  (IPM)
Principles of IPM
Principle 1: Prevention and Suppression
Prevention is adoption of measures to reduce the chance of occurrence of
pest. Suppression is reducing the impact of the pests.
Prevention and suppression can be done by applying the different
techniques.
It is a method of preventing the spreading of harmful organisms by hygiene
measures (e.g. by regular cleansing of machinery and equipment)
One of the methods of prevention and suppression is crop rotation where it
would break the life cycle of the pests.
Prevention and suppression also include use of adequate cultivation
techniques.
27
 


	28. Integrated Pest Management  (IPM)
Principles of IPM
Principle 2: Monitoring
Harmful organisms must be monitored by adequate methods and tools,
wherever available.
Monitoring can be done through observations, use of scientifically sound
warning, forecasting and early diagnosis systems, advice from
professionally qualified advisers, etc.
Many countries like France, Denmark have adopted this monitoring and
forecasting technique.
Principle 3: Decision making
Decision making is done based on the results of the monitoring.
IPM focuses on threshold-based intervention in most of the cases.
Threshold is the defined pest density, or population level, which when
exceeded, management should occur.
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Principles of IPM
However, threshold is difficult to define in most of the cases and in case of
tolerant species, decision of intervention is based on the general
observations.
We should also be aware that specific crops, pest life cycle, climatic condition,
etc., should be considered before making any kind of decisions.
Principle 4: Non-Chemical Methods
Non-chemical methods are prioritized over chemical methods if they can
produce satisfactory results.
As chemical methods are often not sustainable, non-chemical methods are
always preferred at first hand as they are more sustainable with less
biological and environmental hazards.
Examples of non-chemical methods include soil-solarization or biological
control.
Other non-chemical methods include biological, physical and ecological
methods. 29
 


	30. Integrated Pest Management  (IPM)
Principles of IPM
Principle 5: Pesticide Selection
IPM doesn’t totally avoid the use of the pesticides.
When the alternative methods are not properly used then the pesticides
are used for pest control.
The pesticides used however needs to be as specific as possible for the
target.
The pesticides shouldn’t possess any threat to the health of human, non-
target humans and environment.
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Principles of IPM
Principle 6: Reduced Pesticide Use
Reduced pesticides use refers to the reduction in the frequency and
doses of the pesticides.
It helps in reducing the side effects of the pesticides
Principle 7: Anti- resistant Strategies
IPM focuses on the anti-resistance activities as:
Unmanaged and haphazard use of the pesticides have created the
problem of resistance and
Pests have developed the resistance and the use of pesticides have
less effect on them.
Anti-resistant strategies include use of combination of different pesticides
that has different mode of action, applied in different time.
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Principles of IPM
Principle 8: Evaluation
Evaluation is the important aspect of the IPM program.
Evaluation is done based on the records of the use of the pesticides, its
effects and many more.
Evaluation is necessary in studying the effectiveness of the plan
protective measures and plan further.
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Advantages of IPM:
1. Lower cost intervention: The application of IPM would lessen the
financial burden. Moreover, different techniques involved in IPM are
more sustainable with long lasting benefits.
2. Benefits to the environment: IPM is an eco-friendly approach and
the effects on the environment is always considered before the
application of any interventions.
3. Minimizes residue hazards of pesticides: It is obvious that in an
IPM schedule the use of pesticides will be considerably reduced,
hence the pesticide residue hazards will also get automatically
minimized.
4. Anti-Resistance: The IPM model in itself is the anti-resistant
mode for pest control. It discourages the use of chemicals and thus
creates less cases of anti-resistance.
5. Useful and best intervention for the general public: Assurance of
safe, reliable and low-cost pest control. The pest control will not
affect the crops. 33
 


	34. Environmental friendly insecticides  and pesticides
1. Garlic Spray is an environment-friendly natural pesticide
which repels many pests such as aphids, spider mites, and white
flies. Not only is this natural pesticide environmentally safe but it
is also biodegradable and does not affect flavor.
2. Hot Pepper Wax, another environment-friendly natural
pesticide, is a blend of food-grade paraffin wax, herbs, and
capsaicin, the active ingredient in hot peppers.
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3. Insecticidal Soap, a well known botanical mixture, is another
environment-friendly natural pesticide which is most effective on soft-
bodied insects such as aphids. To work best, it must remain in contact with
the pest for as long as possible, so you may want to use this natural
pesticide spray early in the morning or late afternoon/evening when it takes
longer to dry.
Its main ingredient, potassium salts of fatty acids derived from plants, is
what makes this natural pesticide mixture environment-friendly and
biodegradable. It works well because the soap spray damages the insects’
cell membranes and causes the vital cellular fluids to leak and the insect to
die.
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4. Neem, derived from the seeds of the neem tree, has an active
ingredient called azadirachtin which blocks the progression of the
insect’s life cycle. Although it might take a few days for the effects of the
neem to be seen, you will notice that as soon as Neem is applied to the
plant, the insects seem to lose their appetite.
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	37. Effects of pesticides  on environment and human health
1. Soil contamination
Pesticides enter the soil via spray drift during foliage treatment, wash-off
from treated foliage, release from granulates or from treated seeds in
soil.
Some pesticides such as soil fumigants and nematocides are applied
directly into soil to control pests and plant diseases presented in soil.
The transport, persistence or degradation of pesticides in soil depend on
their chemical properties as well as physical, chemical and biological
properties of the soil.
All these factors affect sorption/ desorption, volatilisation, degradation,
uptake by plants, run-off, and leaching of pesticides.
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2. Water contamination
Pesticides can get into water via drift during pesticide spraying, by runoff
from treated area, leaching through the soil.
In some cases pesticides can be applied directly onto water surface e.g.
for control of mosquitoes.
Water contamination depends mainly on nature of pesticides (water
solubility, hydrophobicity), soil properties, weather conditions,
landscape and also on the distance from an application site to a water
source.
Rapid transport to groundwater may be caused by heavy rainfall shortly
after application of the pesticide to wet soils.
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3. Soil organisms and processes
Soil microorganisms play a key role in soil. They are essential for
maintenance of soil structure, transformation and mineralization of
organic matter, making nutrients available for plants.
Soil microorganisms are also able to metabolise and degrade a lot of
pollutants and pesticides and thus are of great concern for using in
biotechnology.
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4. Effect on human health
Agrochemicals and their effects on the environment in Nepal concluded
that agrochemicals are considered as a powerful weapon or magic
bullets in the developing countries in order to enhance the agriculture
productivity.
However, it has been observed that agrochemicals are causing serious
hazards and certain pesticides may affect the human endocrine and
immune systems and may promote the development of cancer.
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