
PESTICIDES 



What Are Biological Pests? 
• Biological pests are                     

organisms that                               
reduce the                                  
availability, quality,                                
or value of resources                         
useful to humans 

What Are Pesticides? 
• Chemicals that kill pests 



History of Pesticide Use 
Sumerians controlled insects and 
mites with sulfur 5000 years ago 

Chinese controlled lice and insects 
with mercury and arsenic 2500 years 

ago 



History of Pesticide Use 
Greeks and Romans used sprays, lime, 
ash and sulfur 
Long history of using alcohol and spices 
(why food in low latitudes is spicy) for 
preservation 
More recently, use of synthetic chemicals 

Plants have highly evolved 
pesticides 



Agricultural Pesticide Use 
in U.S. In 1992 



The "Perfect" Pesticide 

 

 

Narrow-spectrum pesticides 
Target only intended pest (selective) 

•  Biodegradable and stay exactly where 
it was put 
Broad-spectrum pesticides 
Kill wide range of organisms 

Do not biodegrade quickly and are 
often spread to other locations 



First Generation Pesticides 
Mostly natural compounds, taken  

  from plants 

Second Generation Pesticides 

Created synthetically, 
beginning in 1939 

• Sulfur 



Second Generation Pesticides 
Active reagents include copper, 

lead, mercury and arsenic  

Extremely stable compounds that 
accumulate in soil and water 

Generally neurotoxins 



Botanicals 
Chemicals derived from plants that 
are natural defenses against pests 

• Nicotine, Rotenone, Pyrethrum, 
Turpentine, Phenols 
Biodegradable 

All are toxic to insects, some 
are toxic to humans 

(nicotine) or fish (rotenone) 



Synthetic Botanicals 
Human-made compounds produced 
by modifying natural plant toxins 

Dichloro-diphenyl-trichloroethane 
(DDT) 





Major Kinds of Insecticides 



Types of Pesticides? 

Biocide = broad spectrum pesticide 
that kills all living organisms 
Herbicide =    kills plant pests 
Insecticide =   kills insects 
Fungicide =     kills fungi 

Nematocide = kills roundworms 
Rodenticide = kills rodents 



Chlorinated Hydrocarbons 
• Synthetic organic insecticides 
• DDT, Chlordane, Aldrin, 
Paradichlorobenzene (Mothballs) 
• Block nerve signal transmission 
• Fast acting, highly toxic to 
sensitive organisms 
• Persist in soil for 15 yrs, 
stored in fatty acids of 
animals 



DDT 
Broad-spectrum insecticide 

widely used between 1940-1960 



DDT 
DDT builds up in fatty tissues of 

birds and mammals 
Before ban in 1972, predatory birds 

had very high levels 
DDT causes thinning of egg shells 





Biomagnification 



Problems with DDT 
Led to endangerment of many species 

Degrades slowly and therefore 
accumulates in environment 

Banned in USA, but India still manufactures 
(only country making & largest consumer) 

- Birds do not see boundaries 
- Migratory birds are exposed to 
DDT in other areas of the world 



DDT 
Banned due to 

Rachel Carson’s 
work “Silent 

Spring” (1962) 
Good news:  many 

endangered 
species are 

recovering from 
DDT exposure 



Organophosphates 
Phosphate containing compounds that 
are extremely hazardous 
Came from nerve gas research in WWII 

-Parathion, Malathion, 
DDVP, DEPP 

Affect nervous system 

Degrades rapidly & is widely                                    
used by high-input farms 



Organophosphates 
Toxic to mammals, birds and fish 
(more poisonous than chlorinated 

hydrocarbons or DDT) 
A single drop of DEPP on 
your skin can be lethal 



Carbamates, Urethanes 
Neurotoxin, from carbamic acid 
Carbaryl (Sevrin), Aldicarb (Temik) 
- Less toxic to mammals 
- Biodegradable 
- Extremely toxic to bees (pollinators) 



Fumigants 
Small molecules, evaporate quickly, penetrate 

Carbontetrachloride, Carbon 
Disulfide, Ethylene Dibromide 

Used to sterilize soil or 
prevent grain infestations 

Dangerous for workers who 
apply, mostly banned 



Major Kinds of Herbicides 
Selective Herbicides 

• Kill only unwanted plants 

Nonselective Herbicides 
• Kills all  vegetation 

Broad-leaf Herbicides 
• Kills only dicots 

Grass Herbicides 
• Kills grasses, safe for most other plants 



Contact & Systemic Herbicides 
Contact: work immediately upon 
spraying: taken in through stomates, 
epithelial tissue 

-Atrazine, Simazine 
Systemic: enter through roots, up 
vascular system 

-“Roundup”, Diruon 





Benefits of Pesticides 
Human Disease Control 

• Insects are the vectors (carriers) 
of many diseases 

• Malaria, Sleeping Sickness, 
Yellow fever, Encephalitis, Typhoid 

• Pesticides control                         
vector populations 





Benefits of Pesticides 
•  Insecticidal control of mosquitoes 

has prevented 50 million deaths by 
malaria over the past 50 years 



Health Risks Are Getting 
Lower 

• Benefits outweigh costs 

• Less harmful pesticides are being  
developed 

• New pesticides are 
used at lower 
concentrations than 
in the past 



Crop Protection 
• Pesticides reduce plant pathogens, 

weeds, and predation by insects 

• Pesticides must be 
used in large 
quantities due to 
agricultural practices 
resulting in 
monocultures 





Advantages for Crop Protection 
More Food supplies, lower prices 
- 55% of world’s food harvest is lost to 

pests before (35%) or after (20%) 
harvest - could be worse 



Advantages for Crop Protection 
Pests are controlled quickly and 
cheaply  
Farmers save $3 to $5 for every 

$1 spent on pesticides 



Advantages for Crop Protection 
• Long shelf-life, easily shipped 

• Many options 

• Most pesticides kill more than one pest 
(nonchemical methods tend to target 
one species) 



Pesticide Problems 



Over 500 species of insects 
have developed genetic 
resistance to pesticides 



Genetic Resistance 
• Farmer response is often 
additional or stronger pesticides 

• Pesticides almost never kill 100% of 
pests 

• Those that survive have partial 
resistance 

• Through this selection, the 
population over time becomes 
resistant 



Pest Resurgence 
• Quick rebound of a population with 

resistant individuals 





Pesticide Treadmill 
•  Cost of application increases while 

effectiveness decreases 
•  In Peru:  1950’s use of DDT increased 

cotton crop yields, but boll weevils 
quickly became resistant, and became a 

bigger problem than ever 





Pesticide Treadmill 
• Pests are becoming resistant to 

pesticides they have never been 
exposed to  --                                
vector                                    
transmission 



Pesticide Treadmill 
Although pesticide use has 

increased by 33 times, crop loss to 
pests has increased  

37% today 
31% in 1940 





Effects on Non-target Species 
98% of pesticides never 

make it to intended 
targets 

20%-35% of all bee 
colonies in U.S. are 
destroyed by pesticide use 
on flowers 



Effects on Non-target Species 
• Beneficial predator species killed 



Effects on Non-target Species 
• Train mishap 

Herbicide dumped into Sacramento river 

Entire ecosystem including 100,000 
trout killed for 45km downstream 



Resistance Management 
• Establish refuges within the 

pest populations that are not 
treated with insecticides 



Imbalances in the Ecosystem 



Creation of New Pests 
Broad-spectrum pesticides 

eliminate predator-prey 
relationships and non-pest species 

can become pests 

100 of 300 most 
destructive pests in U.S. 
are species escalated to 
pest status because of 

insecticide use 







Persistence 
Natural decomposers have not 

developed mechanisms to degrade 
most pesticides 

ALL Americans have 
detectable amounts of DDT 

in body even though 
banned since 1972 



Bioaccumulation 
The build up of a 
substance in an 

organism's tissue 
Chlorinated 

hydrocarbons are fat 
soluble and stable; 

not eliminated 
Over time, the levels 

in a body increase 



Biomagnification 
• Increase in concentration of 
pesticides in tissue as the 
pesticides pass through 
successive levels of the food chain 

• Animals highest up in 
the food chain have 

the greatest 
concentrations & show 

the greatest effects 




