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Outline of Talk

I.  Types of pesticides and their use in US, common 
pesticides used

II. Effects on human health and environment of acute 
toxics and endocrine disruptors

III. Pesticide effects on energy use and the
balance sheet

IV.  Alternatives to pesticides
V.  Precautionary principle applied with respect to 

pesticides: The case of Sweden



Who uses them?



• Developing countries 
may have higher rates 
than developed

• Comparisons of 
pesticide use by area

• Units are grams / ha



Increasingly toxic pesticides used 
though total amount has decreased



Estimated losses from insects: ave 12%



Insects developed resistance to 
pesticides

Dent, D.  1991. Insect Management

Earliest WA  San Jose 
scale on apples 
resistant to lime-
sulfur sprays 1908

In 1954 resistance to 
organochlorine in 
cotton boll weevil





Pesticide treadmill

• Pest develops resistance
• Meanwhile have killed natural enemies of 

the pest
• Need to use pesticides more frequently
• Other insects that had been held in check 

now become pests called secondary pest 
resurgence



What makes a pesticide “bad?”
• Broad spectrum (many types of organisms killed)
• High environmental acute effect and chronic effect 

within ecosystem (bioaccumulation)
• High toxicity (acute) and chronic effects within 

mammals 
– carcinogen
– developmental and reproductive toxins
– endocrine disruptors



Chemical classification of pesticides
• Heavy metals and elementals (19th century): 

Lead, Arsenic, Mercury, Sulfur, Copper 
– insecticides, fungicides, microbiocides
– PbAs: bioaccumulation, high acute mam. Tox. 

carcinogen, behavioral disorders, devel./reprod. 
toxin, As endocrine disruptor

• Organochlorines (1938): DDT, aldrin, chlordane, 
lindane, heptachlor
– insecticides, persistent bioaccumulation, low 

acute mammalian toxicity, carcinogen, 
devel/reprod toxicity, sus. endocrine disruptor



DDT
application 
in 1945



• Organophosphates (1940s): 
parathion, diazinon, malathion
– insecticide, low persistence, high acute mammalian 

toxicity, possible carcinogen,  sus. endocrine 
disruptor

• Carbamates (insecticides, 
nematicides): aldicarb, benomyl
– more persistent than OP, high acute mam. toxin, 

cholinesterase inhib, ground water, 
sus. endocrine disruptor

• Carbamate (fungicides): maneb, mancozeb
– not acute mam. tox., carcinogen, dev/reprod toxin, 

sus. endocrine disruptor, low acute aquatic



• Contact herbicides
– Paraquat: persistent, high acute mam. Toxicity, slightly 

to high toxic aquatic 
– Triazine herbicides: Atrazine- persistent, low acute 

mam. toxicity, carcinogen, 
sus endo. dis., ground water 

• Systemic herbicides
– glyphosate (OP)- not persistant, low acute mam. tox., 

slightly toxic aquatic, Porter’s new work
– hormones (2,4-D (auxin); 2,4,5-T) - not persistent, 

moderate acute mam. tox., 
poss. carcinogen; sus. endo. disruptor, 
potential ground water contaminant



Pyrethroids (botanical)
– insecticide, low persistence, moderate acute 

mammalian toxicity, carcinogen, very highly 
acute toxicity to aquatic organisms

– Permethrin (add compound so doesn’t degrade 
w/UV light), not organic

– used with salmon to eliminate sea lice



DBCP
• nematicide
• Trade name Nemagon
• Moderate acute toxicity, 

causes male sterility, 
carcinogen, suspected 
endocrine disruptor, 
slight acute toxicity

• Used in Central America 
for 10 years after known 
US sterilization

• Still court cases
• Ave $6500/person in one 

settlement



Methyl Bromide

fumigant,sterilant
– High acute mam. toxicity, 

dev/reprod toxin, moderate 
acute aquatic toxicity

– Used on many crops before 
planting

– Phaseout in Jan 2005 
Montreal convention, but 
Bush admin applied for an 
extension

– Now applying more than in 
2003



Clopyralid (pyradine herbicide) 
especially used in grasses for thistle control

50-0 ppb symptoms on 
pinto bean

50 ppb

wsu.gov/compost

Acute toxicity not available, not likely carcinogen, 
potential ground water contaminant, much not known
Problem: compost contamination



Adjuvants or additives
• Any substance added to a 

pesticide to enhance its 
performance

• Not under same regulations 
as pesticides

• “Considered to be non-
pesticidal and non-toxic”

• Includes: surfactants, 
spreader-sticker, wetting 
agents, emulsifiers, reduced 
evaporation, foaming, 
buffering

• Many chemical types
• Under “inert” or now “other”

Without
With surfactant

leaf

Surfactants reduce surface 
tension



“Inerts”
• In study from 1987-97 inerts

doubled from 1200 to 2311
• Some 26%  hazardous to human or 

environmental health
• EPA mandated public disclose and 

use decrease 97%
• 292 listed as unknown toxicity are 

registered by EPA as active ingred
in other pesticides

• EPA supports rest of ingredients 
as secret

• Many no toxicity data
• Cox, Toxic Secrets “Inert Ingred. 

In Pesticides” NCAP NCAP



Case of Roundup (glyphosate)
surfactant POEA (polyethoxylated

tallow amine), similar to spermicide
• Caroline Cox publishes paper 

1988 that surfactant in 
Roundup was poisonous to 
people/animals based on 
Japanese data

• No action
• 2005- U of Pitt Biologist 

Relyea publishes that toxic to 
tadpoles

• In article in Science News 
EPA admits that it doesn’t 
spent much time testing inerts Science News Sept 7, 2005



Where to find info…
www.pesticideinfo.org

• Mike Beug’s formulation used Atlox
surfactant- “Agramyl 135 is a modified 
starch derived from waxy maize that 
generates highly water-soluble films”

• If not pesticide but still has “inerts”: 
Household products database 
http://householdproducts.nlm.nih.gov/cg
i-
bin/household/brands?tbl=chem&id=17
54



Mode of action of certain 
insecticides on insects (acute)





II. Human and environmental 
health problems

• Consumers- acute and chronic effects of pesticide 
residues in food
– Prev to 1938 tried to regulate Pb, As and Fl on 

fruits and vegetables
– In mid 1990s still could buy PbAs in Costa 

Rica
• Farm workers- acute and chronic toxicity of 

pesticide applicators
• Wildlife- acute and toxic problems



Top 10 foods with 
pesticide residues



Impact on farmworker health

1993 
banned in ‘94



How acute toxicity determined

• Determination of safety: LD50
– Number of milligrams that kill 50% of rats or mice 

by method indicated (inhalation, cutaneous etc.)
– Acute (immediate)
LD50  
Aldicarb 1 mg/kg
Atrazine 3080 mg/kg
Nitrate  not tested for LD50 but causes blue babies



LD50 don’t take into account:
• Longterm effects
• Endocrine disruption
• Immune system effects
• Effects of low concentrations
• Mixtures of pesticides and fertilizers
• Multiple routes of exposure
• Additions (surfactants and other “inert”

ingredients)
• Physiological stressors (malnutrition)



“New” story: Endocrine 
disruptors

Theo Colborne, 1987. Our Stolen Future.
– PhD UW, observations of birds of Great Lakes
– Led to endocrine disruptor hypothesis
– Data still emerging
– National EPA still not released list of suspected 

chemicals, though Illinois EPA, Keith, Colborn
and Benbrook list and Canada and other 
countries have



Function of endocrine disruptors
• They can act like a natural hormone and 

bind to a receptor. This causes a similar 
response by the cell, known as an agonist
response. 

• They can bind to a receptor and prevent a 
normal response, known as an antagonistic
response. 

• A substance can interfere with the way 
natural hormones and receptors are 
synthesized or controlled.



Source of agricultural endocrine 
disruptors

• Agricultural runoff /Atmospheric  transport
– Organochlorine Pesticides (found in        

insecticides, many now phased out) 
• DDT, dieldrin, lindane

– Carbamate insecticides 
• **Aldicarb (PAN-pesticide database)

• Agricultural runoff  
– Pesticides currently in use

• **Atrazine, trifluralin, permethrin



Other sources of endocrine 
disruptors

• Incineration, landfill
– PCB (Polychlorinated biphenyls), PCD (PC 

dioxins)
• Municipal effluent and agricultural runoff

– Natural hormones produced naturally by 
(animals); synthetic steroids (contraceptives)

• 17-b-estradiol, estrone, testosterone; ethynyl
estradiol

• ECS Communications  Last update: September 15 1999   
http://www.ec.gc.ca/eds/fact/broch_e.htm



Dr. Warren Porter  
UW Dept. Zoology

• Testing on wild mice
– Mixtures of agrochemicals (including endocrine 

disruptors) at levels found in WI groundwater:
• Atrazine, Aldicarb, nitrate

– Concentrations at much below EPA testing
– Different times of year
– Different nutritional states

• EPA Response



Porter’s article makes 
headline news in Madison WI





Atrazine detected 
in groundwater
in Wisconsin





Porter 2000



Ability to make antibodies to foreign proteins 
significantly reduced in mixtures

Porter 2000



Porter 2000



Human health effects from this 
mixture at environmental levels

• increases in thyroid cancer
• reduction in sperm count
• depressed immune response
• increased in emotional disturbance 
• increased learning disabilities





Porter 2000













Pesticide cost on human health 
(without the more subtle effects)

From: Pimental and Greiner. 1994.  Environmental and social costs of pesticide
use. Techniques for Reducing Pesticides. Wiley



Examples of endocrine related 
effects in wild populations

• deformities and embryo mortality in birds and fish 
caused by exposure to industrial chemicals and 
organochlorine insecticides; 

• impaired reproduction and development in fish 
exposed to effluents from pulp and paper mills; 

• abnormal reproduction in snails exposed to antifouling 
substances applied to the exteriors of ships;

• depressed thyroid and immune functions in fish-eating 
birds; 

• feminization of fish near municipal effluent outlets.
http://www.ec.gc.ca/eds/fact/broch_e.htm



Destruction of natural enemies 
and honey bees

• Broad spectrum insecticides kill non-target 
organisms 

• 1920-1950 much work on “natural enemies”
and beneficial insects

• After about 1945 loss of pollinators and 
need to rent colonies of honey bees



Effects of pesticide use on energy

Pimental. 1994.  Pest Management in Agriculture.Techniques for Reducing Pesticides.
Wiley



III. Summary of environmental 
and social costs of pesticide use

From: Pimental and Greiner. 1994 Environmental and social costs of 
pesticide use. Techniques for Reducing Pesticides. Wiley



The balance sheet

• $6.5B/yr in pesticides saves $26B/yr in US 
crops

• Environmental and social costs another 
$8.3B/yr (conservative figure)
– difficult to estimate environmental and social 

costs
– how to put into $ the cost of a human life

From: Pimental and Greiner. 1994 Environmental and 
social costs of pesticide use. Techniques for Reducing 
Pesticides. Wiley



IV. Alternatives: Bio-pesticides

• Microbials- Bacillus thuringensis (Bt) stomach 
poison of a number of larvae of Lepidoptera 
(insect order which includes butterflies/moths)
– Cabbage diamondback, looper, imported cabbageworm
– Some resistance to Bt before genetically engineered 

into crops
– Resistance is now increase due to incorporation in 

genetically engineered varieties
• Biochemical- plant growth regulators, or 

substances that repel or attract pests
– pheromones, insect growth hormones



Imported Cabbageworm,
Pieris rapae, Order Lepidoptera

• Small yellow bullet-shaped eggs
• Similar larvae and damage to cabbage looper and 

diamond back moth
• Can be destructive
• Handpick in garden or spray Bacillus thuringiensis



Cabbage Looper, Trichoplusia ni
Lepidoptera moth

Major problem of cabbage family
Can be controlled through Bacillus thuringiensis



Cabbage diamondback moth
Plutella xylostella

Adult is moth
Smaller than other two
Causes holes in leaves
Manage using Bacillus thuringiensis



Alternatives, cont.
• botanical sprays and powders: 

– horsetail, pyrethrum (?)
– rotenone, derris root
– many now limited like tobacco, rotenone

• compost teas for fungal and bacterial diseases 
• dormant oils
• some limited use of copper and sulfur

– Bordeaux- hydrated lime plus copper



• High NO3-N favors 
disease 

• High NH4-N 
depresses disease

• In what form you 
apply nutrients can 
affect disease 
incidence 

Huber 1989

Fertility affects diseases: Take-all 
management with macro- and 
microelements



Substitution not that costly



IPM Programs
• Cotton, corn, alfalfa, soybeans, citrus, walnuts, 

apples, pears, vegetables and others
• In a study of 3500 growers in 15 states reduction 

of pesticide use has earned users $54 million/year 
than conventional (Rajotte et al. 1987 in BIRC)

• National Park Service reduced pesticide use 70% 
in first 3 years IPM implemented



V. Precautionary Principle for the 
adoption of new technologies

– determine if new technology is needed
– proof that it is not harmful
Currently 
– a) no need to prove it is needed
– b) proof that it is harmful



The precautionary principle 
applied: the case of Sweden

• Public concern mid 1980s caused change
• Reduction of pesticides 50% 1985-1990
• Reduction of pesticides 50% of that 1990-

1993
• As of 1993 reduction 65%

– use of lower dose less detrimental herbicides-
25-30%

– reduction in 10% due to less acreage planted
– reduction 20-25%



The case of Sweden



Has the loss of pesticides hurt 
Swedish agriculture?



Summary

• Change to precautionary approach important 
(prove safety not damage)

• Test appropriately (mixtures etc.) and in addition 
to LD50,,developmental and reproductive effects, 
immune system, endocrine disruption, learning 
disabilities

• Public education about the problem
• Investment in green products, stocks (stakeholder 

power), research 
– (Assadourian, “The Role of Stakeholders” Sept/Oct 

2005 WorldWatch)



Useful references and websites
• Pesticide Action Network 

http://www.pesticideinfo.org/index.html
• Washington Toxics Coalition

www.watoxics.org 1-800-844-SAFE
• Farm Chemicals Handbook.  Meisterpro

Reference Guides. Annual update.
• Environment Canada Communications 

http://www.ec.gc.ca/eds/fact/broch_e.htm
• US EPA http://www.epa.gov/pesticides/
• Environmental Working Group

www.ewg.org



Study questions
1) Look over information on your favorite pesticide on 

the PAN database (..www..pesticideinfo.org) 
• Look up its LD50 and calculate the #g for acute, oral, 

dermal and inhalation for a 125lb person.  What 
suspected endocrine disruptor by what list? What are 
the ecological effects? 

2) The precautionary approach is adopted by the Int’l 
Biodiversity Convention for the protection of BD, but 
not any of the other international treaties the US has 
signed.  How might this generate a conflict in a 
particular case?

3) How does a secondary pest resurgence contribute to 
the pesticide treadmill?
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