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Small Dose of Toxicology




Milestones of Toxicology




www.toxipedia.org

A free toxicology encyclopedia and
resource center that anyone can edit.

provides comprehensive,
accurate, and scientifically based
Information on the hazards and risks of
chemical and physical agents, with the goal

of advancing human and environmental
health.
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Definition - Simple

The function of a
pesticide Is to Kill or
harm some form of life.




Definition - EPA

“...a pesticide Is any substance or mixture of
substances intended for preventing,
destroying, repelling, or mitigating any pest.”

“...a pestis any harmful, destructive, or
troublesome animal, plant or microorganism.”

US Environmental Protection Agency (EPA)
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Definition - FIFRA

“... any substance or mixture of substances
iIntended for preventing, destroying, repelling
or mitigating any insects, rodents, nematodes,
fungi, or weeds or any other form of life
declared to be pests. ... and any substance or
mixture of substances intended for use as a
plant regulator, defoliant or desiccant.”

Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA — 1947)
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Ancient Awareness

P

Istory records many examples of
agues and efforts to control them

1000 BC China Sulfur used as a

fumigant to kill bacteria and fungus

Sulfur is widely used to day, e.q.
protecting wine barrels and in wine.
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Historical Awareness

1690 — Nicotine - water extracted from
tobacco leaves sprayed on plants as
Insecticide

1700’s — Strychnine — extracted from plant
used to kill rodents

1800’s — Arsenic trioxide — weed killer

1800’s — Rotenone — extracted from plants
as insecticide

1800’s — Pyrethrum — extracted from
chrysanthemum as insecticide

1900’s — lead arsenate — orchard insecticide
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What Is This Pesticide?
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Home Pesticides
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Pesticide Application




Key Words

Dose / Response
Risk =
Hazard X Exposure

Individual Sensitivity
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Insecticides

Insecticides (kill insects)

 Organochlorines

e Organophosphates
o Carbamates

o Synthetic Pyrethroids
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Mechanism of Action

Oganochlorines & Pyrethroids

- Enzymes, axonal membranes

— (Na*, K*, Ca**, ClI)
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Organophosphates &
Carbamates
- excess acetylcholine
—

—
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Dose / Response

10 mg/kg Is lethal

Adult 70 kg (150 Ibs) /00 mg
Child 10 kg (22 Ibs) 100 mg

Insect 1 mg 0.00001 mg

Example — killing fleas on pets
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Pesticides: the Health Effects

Yaqui Indian Pesticide - Anthropomorphic Study
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The First Bioethicist

Aldo Leopold

"A thing Is right when it tends to
preserve the integrity, stability, and
beauty of the biotic community. It is

wrong when it tends otherwise." -
Aldo Leopold, 1949, A Sand County
Almanac
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Limits on Freedom

“An ethic, ecologically, Is
a limitation on freedom of
action in the struggle for
existence”
Aldo Leopold




“The Commons”

The Tragedy of the Commons
By Garrett Hardin, Science, 1968
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Technical Solutions

“It IS our considered
professional judgment that
this dilemma has no
technical solution.”

The Tragedy of the Commons
By Garrett Hardin, Science, 1968
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Problems — Solutions?

Lead and kids

Fetal alcohol syndrome
Nuclear disarmament
Bioterrorism

Ocean Fisheries
Persistent chemicals
The Commons
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Precautionary Principle

“When an activity raises threats of harm to
human health or the environment,
precautionary measures should be take even if
some cause and effect relationships are not
fully established scientifically.”

Wingspread Conference, 1998.
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Central components

e Setting goals (Health indicators)

e Taking preventive action in the face of
uncertainty

o Shifting the burden of responsibllity to the
proponents of an activity (Who benefits?)

 EXxploring a wide range of alternatives to
possibly harmful actions (Is it necessary?)

e Increasing public participation in decision
making (transparency of information &
environmental justice)
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Children’s exposure-1

Measurement of Children's
Exposure to Pesticides: Analysis
of Urinary Metabolite Levels in a
Probability-Based Sample

John L. Adgate,1 Dana B. Barr,2 C. Andrew Clayton,3  Lynn E. Eberly,1 Natalie C.G.
Freeman,4 Paul J. Lioy,4 Larry L. Needham,2 Edo D.  Pellizzari,3 James J.
Quackenboss,5 Amit Roy,4 and Ken Sextonl

Environmental Health Perspectives Volume 109, Numbe r 6,
June 2001

Insecticides and herbicides: carbamates and
related compounds (1-NAP) -45%-, atrazine
(AM) -2% -, malathion (MDA) -37%-, and
chlorpyrifos and related compounds (TCPy) -
93%-.
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Children’s exposure-2

Children's Exposure to Chlorpyrifos
and Parathion in an Agricultural
Community in Central
Washington State

Richard A. Fenske, Chensheng Lu, Dana Barr, and Larr y Needham
Environmental Health Perspectives Volume 110, Numbe r 5, May 2002

Chlorpyrifos was measurable in the house dust
of all homes, whereas we found parathion in
only 41% of the homes. Twenty-four percent
of the urine samples from study children had
measurable 3,5,6-trichloro-2-pyridinol (TCPYy)

N A Small Dose of Toxicology Neurotox — Pesticides — 10/21/08




Children’s exposure-3

Organic Diets Significantly Lower
Children's Dietary Exposure to

Organophosphorus Pesticides

Chensheng Lu, Kathryn Toepel, Rene Irish, Richard A. Fenske,
Dana B. Barr, and Roberto Bravo

Environmental Health Perspectives Volume 114, Numbe r 2, February
2006

We found that the median urinary
concentrations of the specific metabolites for
malathion and chlorpyrifos decreased to the
nondetect levels immediately after the
Introduction of organic diets and remained
nondetectable until the conventional diets
were reintroduced.
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Children’s exposure-4

A Longitudinal Approach to
Assessing Urban and Suburban

Children's Exposure to Pyrethroid
Pesticides

Chensheng Lu, Dana B. Barr, Melanie Pearson, Scott
Bartell, and Roberto Bravo

Environmental Health Perspectives Volume 114, Numbe r 9, September
2006

We found an association between the parents'
self-reported pyrethroid use in the residential
environment and elevated pyrethroid
metabolite levels found in their children's
urine. Children were also exposed to
pyrethroids

N A Small Dose of Toxicology Neurotox — Pesticides — 10/21/08




Children’s exposure-5

Dietary Intake and lts Contribution
to Longitudinal
Organophosphorus Pesticide
Exposure in Urban/Suburban
Children

Chensheng Lu, Dana B. Barr, Melanie A. Pearson, and Lance A.
Waller

Environmental Health Perspectives Volume 116, Numbe  r 4, April 2008

The findings from this study
demonstrate that dietary intake of OP
pesticides represents the major source
of exposure in young children
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Conclusion

The Precautionary Principle Is
part of the evolution in our
thinking and decision making
toward ensuring human and
environmental health.




IPMopedia

Wwww.lpmopedia.org
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The Potential of Children
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Additional Information

icide Action Network North America
W\W.panna.org

pxics Coalition

ICS.0rg

- http /A
Pesticide Datal
- http://lwww.pesticIC
US EPA Office of Pesti
- http://lwww.epa.gov/pesit '
USGS - NAWQA Pesticide 0 IS
Project - http://water.wr.usgs.govVipnsi
University of lllinois — Pesticide Impac
Assessment - http://ext.agn.uiuc.edu/piap/
Toxipedia — www.toxipedia.org
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Organochlorines

Examples
DDT, methoxychlor, aldrin, dieldrin, endrin,
heptachlor, kepone, lindane, chlordane
Toxicity
Acute toxicity variable, CNS — convulsions,
coma
Environmental characteristics

Highly persistent in environment, fat soluble,
bioaccumulation, biomagnification

Mostly banned in US and Europe
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Aldrin Bottle

N A Small Dose of Toxicology

Neurotox — Pesticides — 10/21/08




Organophosphates-1

Examples

Malathion, parathion, guthion, diazinon,
TPN, TOCP, nerve gases — tabun, sarin,
soman, VX

Toxicity
Acute toxicity highly variable —

Parathion, TPN, sarin very toxic,
malathion much less

Environmental characteristics

Rapidly degrade in outdoor environment
(last longer in doors), do not
bioaccumulate
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Organophosphates-2

Mechanism of toxicity

Inhibition of acetylcholinesterase (AchE) in
nerve tissue

Symptoms

Over-stimulation of parasympathetic nervous
system --- salivation, constricted pupils,
diarrhea, sweating, muscle twitching, CNS
disturbances — coma and death

Treatment

Reverse AchE inhibition effects — use
Atropine to block Ach receptors or AchE
Inhibiton with 2-PAM
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Organophosphates-3

Other Toxic Effects
o Delayed peripheral neuropathy (TOCP)
 Not a carcinogen

e Long term neurological consequences
from repeated exposures
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Organophosphates Map

Organophosphorus pesticide occurrence and distribut lon In
surface and ground water of the United States, 1992 -97

http://ga.water.usgs.gov/publications/abstracts/ofr 00-187.html
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Multiple Exposures

Neurotoxicological and Statistical

Analyses of a Mixture of Five

Organophosphorus Pesticides Using a

Ray Design

V. C. Moser, M. Casey, A. Hamm, W. H.
Carter, Jr., J. E. Simmons, and C.
Gennings

TOXICOLOGICAL SCIENCES 86(1), 101-
115 (2005)
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Multiple Generational Effects

Epigenetic Transgenerational Actions of

Endocrine Disruptors and Male Fertility

Matthew D. Anway, Andrea S. Cupp,*
Mehmet Uzumcu,.Michael K. Skinner

SCIENCE 3 JUNE 2005 VOL 308

“The ability of an environmental factor (for exampl e,
endocrine disruptor) to reprogram the germ line and
to promote a transgenerational disease state has
significant implications for evolutionary biology a nd
disease etiology.”

N A Small Dose of Toxicology Neurotox — Pesticides — 10/21/08




Chlorpyrifos (Lorsban)

Cl Cl

/\D// \\D RN C]

Organophosphorus Insecticide
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Federal Requlatory Status

1947 Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA)

Food and Drug Administration

1972 — EPA takes over FIFRA — expanded
registration and safety requirements

1996 — Food Quality Protection Act
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NW Public Health

Public Health and
the Precautionary
Principle

By Steven G. Gilbert

See: http://healthlinks.washington.edu/nwcphp/nph/
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Safety & Efficacy vs Harm

FDA regulations of Drugs (1938)

FDA regulations of Dietary

Supplements (Dietary Supplement
Health and Education Act of 1994
(DSHEA))

Ephedra present an unreasonable risk
of illness or injury (Dec, 2003)
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Central components

e Taking preventive action in the face of
uncertainty

e Shifting the burden of proof/responsibility
to the proponents of an activity

 EXxploring a wide range of alternatives to
possibly harmful actions

e Increasing public participation in decision
making (environmental justice)

Wingspread Conference, 1998.
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Historical Events

1930’s — “ginger jake paralysis” —
during prohibition, alcoholic Jamaican
ginger

1962 — “Silent Spring” by Rachel
Carson exposed the hazards of DDT

1975 — Works made ill from Kepone
manufacture in Hopewell, Virginia
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Chlordane

“Chlordane America’s leading lawn and
garden insecticide. Used extensively by

pest control operators for termite control,

because of its long lasting effectiveness.”

Velsicol Chemical Corporation —
Advertisement — 1959

U.S. EPA lists chlordane as a persistent
bioaccumulative toxic. In 1978, EPA
cancelled use of chlordane on food crops

and 1988 all use was banned.

N A Small Dose of Toxicology Neurotox — Pesticides — 10/21/08




What Is This?

OO




DDT

O

 Organochlorine insecticide

e 1945 control of mosquitoes
o Effective but very persistent
 Very soluble in fat

« Damaged bird eggs
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DDT Container
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DDT Advertisement
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Use In the US and Globally

How many pounds of
pesticide are use each year
In the US? In the world?

How many dollars Is this?




US Total - 1997

Billions of
Type Pounds Percent
Conventional Pesticides 0.97 21
Other pesticides chemicals 0.26 6
Subtotal (Agriculture Based) 1.23 27
Wood preservatives 0.66 14
Specialty biocides 0.27 6
Chlorine/hypochlorites 2.46 53
Grand Total 4.63 100

Chlorine/hypochlorites: water disinfectants

Source: EPA OPP, 1997
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US & World Use - 1997

Agriculture Based Pesticides

Volume of Active Ingredient (Billions of Pounds)

U.S. Market World Market
Pesticide Class (B Ib.) (%) (B Ib.) (%)
Herbicides 0.57 46% 2.25 40%
Insecticides 0.13 10% 1.47 26%
Fungicides 0.08 7% 0.54 9%
Other* 0.45 37% 1.42 25%
Total 1.23 100% 5.68 100%

10ther - Dose not cover industrial wood preservatives , Specialty biocides and chlorine/hypochlorites

Source: EPA OPP, 1997
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US & World Use - 1997

Agriculture Based Pesticides

User Expenditures (Billions of Dollars)

U.S. Market World Market
Pesticide Class ($ B) (%) ($ B) (%)
Herbicides $6.85 58% $16.89 46%
Insecticides $3.55 30% $11.59 31%
Fungicides $0.80 7% $6.04 16%
Other* $0.70 6% $2.53 7%
Total $11.90 100% $37.05 100%

10ther - Dose not cover industrial wood preservatives , Specialty biocides and chlorine/hypochlorites

Source: EPA OPP, 1997
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Problems

 Bioaccumulate — example DDT, PCB

e 35,000 or more commercial
products that use pesticides

« Many pesticides are neurotoxic
(affect the nervous system)

 Many kill desirable insects or plants
e Contaminate streams and lakes
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Absorption

Ingestion
Inhalation (lung)
Skin (dermal)




Home Exposure

Accidental ingestion
Lawn and garden use
Insect control

Food supply

Water supply




Occupational Exposure

Farms & Farm worker
Pesticide applicator
Manufacture

Mixing and handling
Landscapers

Many more ......
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Other Exposure

Dietary exposure
 Pesticide residues on crops

Community exposure
e Airborne drift from commercial app

Contaminated drinking water
 Leaching from solls to ground water
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Carbamates

Examples

Sevin (carbaryl), Baygon (propoxur), Temik
(aldicarb)

Toxicity
Aldicarb very toxic, others less toxic

Mechanism and signs of toxicity
Similar to organophosphates

Environmental characteristics
Not persistent in environment
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Pyrethroids

Svnthetic Pyrethroids

Based on naturally occurring pyrethrums —
from chrysanthemum flowers

Discovered by Chinese in 100 AD

First commercial use in 1800’s

First synthetic pyrethroids in 1980

Relatively low animal toxicity

Effects movement of cellular Na * (sodium)
Use Growing rapidly
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Herbicides (Kill Plants)

Silvex, 2,4-D, D,4,5-T
Most widely used

Possible carcinogen
Once contaminated with TCDD (dioxin)

Paraguat & diquat
Serious toxicity following accumulation
In lungs — production of oxygen “free
radicals” — often fatal once started

Atrazine
Inhibits photosynthesis, used on corn
76 million Ibs per year, hazardous to
frogs

N A Small Dose of Toxicology Neurotox — Pesticides — 10/21/08




Herbicides 2,4-D

Cl

One of the most widely used herbicides
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Paraquat Use
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Atrazine Use
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Rodenticides (kill rodents)

Botanicals

Red squill — effects heart
Strychnine — blocks glycine receptors in
spinal cord - convulsions
Inorganics
Phosphorous — Gl track

Thallium — hair loss, nervous system
Zinc phosphide — Gl track

Anticoagulants
Warfarin — inhibits blood clotting
Vacor — newer blood clot inhibitors
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Fungicides (kill fungi/mold)

Early Examples
Sulfur, cooper sulfate
Mercury based compounds

Hexachlorobenzene
Pentachlorophenol
Dithiocarbamates
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Integrated Pest Management (IPM)

 Focus — long-term prevention of pest
problems

 Reduce or eliminate chemical pest
control methods

 Monitor for the presence of pests before
treating

 Nonchemical strategies (make habitat
less attractive, physical controls)

e Learn about your pests
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Summary

Reduce use
Reduce Exposure

Seek alternatives
Integrated Pest Management (IPM)

Beware of local and global
use
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Classes Of Pesticides

Insecticides (kill insects)

e QOrganochlorines
 QOrganophosphates

e Carbamates

o Synthetic Pyrethroids

Herbicides (kill plants)
Rodenticides (kill rodents)
Fungicides (kill fungus)
Fumigants (kill whatever)
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